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l. Introduction

This paper provides a stretest template for financial supervisors to simulate potential losdeson k s 0
and i nbalancesheatstundedifferent COVID-19 pandemic scenarios over the next 36 months.

It develops the nature of these scenaaimdpovides loss estimates that can be used as inputs to analysis
of bankHKs & nbalanceeshest¥While valuation losses and credit spreads have already moved
dramatically in the past month, this paper is not designed to recalculate what is alrealiiydniode
rather provide a toolkit for financial supervisors and institutions to scenario planxtt@énaonths.

The stresdest scenarios cannot unfortunately enjoy a back office of a team of modellers developing
scenarios over time and testing and c¢alilng them to ensure stretest scenarios for this pandemic

are ready and off the shelf. Unforttiely, financial supervision by and large still remains wedded to
traditional stres¢ est f or mats without ensur i ntgmrpireksad,e dofe
which pandemicisondongt er m ri sks i n this cont ex(eehigse i n t
below), which relates to 1 in 1000 type events which are very unlikely to happen at any given point but

very likely to happermat some point

The work on climate change strassting and scenario analysis has been a welcome exception to this
rule, although these exercises have struggled to break through and into mainstream frameworks.
Moreover, outside of climate change, saveaféewthink pieces and note'swork on supervising long

term risks has been limited to rewristent.

Type of Risk Definition Risk Profile

Risk
* Risks are slow to build at first but gain
momentum over time so the expected
impact of an event risk grows at a greater-

Slow-Building than-linear rate over time.

* Linear cash flow projections neglect the
non-linear trajectory of the risk.

Time

* Statusquo relies on artificial or regulatory
safeguards or barrier(s) to competition. If
barriers are removed, the risk to the
future cash flows of incumbents spikes

De-Anchoring dramatically.

* Linear cash-flow projections assume an
artificial ‘risk anchor’, and thus do not
account for the potential that it could be
removed. Time

Risk

*  Probability of a high-impact event
occurring in the short-term is low, but
almost certain to materialize at some

L unforeseen point-in-time over the long-
Point-in-Time L

Risk

* Linear cash flow projections do not take
such high-impact events with low '
immediate probability into account.

Time

! https://www.dnb.nl/en/binaries/QuartBullMar06_tcratiZ7068.pdf



The pandenu stresgest scenario developed in this paper should be read in light of a reality that
sophisticated models doné6t exist to develop sucl
6 g u e s smodeftiray isin@ historical relationslsijdentified in the academic and financial literafure

and applying them to a series of scenarios for the further evolution of COd/ID builds on these

historical scenarios, but seekbenpossible to use forwatdoking modelling of potential cashoflvs

to idertify valuation effects of this pandemic. Instead of a-fidtlged macroeconomic model, it uses

simple assumptions around the supply shock to labour due to mortality and sick days, as well as the
demand shock due to mortality, to arrive at GOfeats. It augments these effects using simple
assumptions around changes in sentiment and policy intervehtpmsstive or negative.

The pandemic stredest scenarios presented here lack a number of key indicators, notably exchange
rates, sovereign spads (angbotential defaults), as well as unemployment. It thus is for all intents and
purposes an incomplete exercise. However, to the extent that it does provide indicators, it represents
the first attempt at developing a strésst scenario specifio tthe typeof pandemic currently under

way in the form of COVID19.

The paper should be readth an appreciation for the unchartered territory it seeks to enter. There are
of course a range of studies on the potential financial effects of a pandemieialg&he past few
weeks have also seen a range of reports, blogs-ed®pefine potential effects to different markets,
whether it be credithousing’ or equity, to cite just a few exampleblere, a first attempt is made to
represent, as close as seems atlyaealistic, an attempt at understanding what a COV@stress

test should or could look like.

The stresdest scenarios in this report are organized according to a series of arsti€ggt®n 2)
yielding 24 potential stregest scenarios, of whidh are presented in further detail$ection 3 The

reality is that a streg®est like a pandemic must always anticipate an Armageddon scenario, which could
be dramatically worse than ahytg modelled in this papea scenario explored in Section And
finally, it is important to understand the lessons for designing financial supervision moving forward,
notabl the need tgraduate from shotterm to longterm supervision as a way to peee for risks like
pandemics, climate changmdother mega risksdjore they materializ€&Section 5)

2 Both the literature on pandemics and the broader sesiag and economics literature.

3 https://www.eonomics.ox.ac.uk/materials/working_papers/paper43&pdiL | oyds fPandemic insurance i mpact
4 https://www.ft.com/content/445573%8bc 1 1eab3f3-fe4680ea68b5

5 https://www.nytimes:om/2020/03/13/business/buyiaghomecoronavirus.html

8 https://emergingmiets.blog.franklintempleton.com/2020/01/28/coronavis theimplicationsfor-emergingmarkets/
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Il Scenario archetypes

When designing a scenario archetype for a pandemic $t®sshere are three key elements to the
simulation:

- The actual evolution of the virus itself in terms of its effect on public healtrherslibsequent
implications for economic activity 6 heal t;h ef f ect 0)

- Thebé s e nt i meadithe vieus ifi 'erms dd investment and consumption patterns;

- Thedpol i oy sotd snpgerms of monetary and fiscal policy trather offsets or
aggravatesghe first and second component.

In total, this paper outlines 24 different outcomes for the global economy and financial markets over
the next 36 months, based on fourfaliént health trajectories, two different sentiment responses, and
three different typs of policy responseSection 3 will then go on to model 6 variations of these 24
possible combinations.

i) Health Effects

The stresdest scenario involvefour potentialhealth outcomes for the virus over the next-28
months:

Under a normal stregest scenario, the least dramatic outcome would not be simulated (e.g. low
penetration, low mortality). However, in the context of a pandemic, this scenario stilghave a
material effect that should be managed.

Globally, health effects are considered fribra perspective of

1) How many individuals will be infected at whi

2) How severe will the infection be in terms of lagsproductivity, measured here in sick days
(Aseverityo)?

3) What mortality rate will be associatedtwh t he pandemi ¢ (fAmortality)

These different factors are of course inmelated and may be mutually reinforcing. Higher levels of the
pandemic penetratiomill likely increase mortality as healthcare services cannot sufficiently response
to critical case. Higher mortality will also likely be related to higher degrees of severity.

When thinking about these factors in a stites$ scenario, the key criticadditional question is the
timeline. Traditional strestests will frequently assume some levelboiunce back at the end of the
stresstest period. For the particular case of the pandemic, a similar dynamic seems likely, either as a
result of a vaccinain solution or higher immunity levelslowever, he presence / deployment of these

two aspects reni@s uncertain.

One critical choice that had to be made is whether mortality and penetration is dynamic in the sense of
increasing / decreasing over time.

The health effects have a number of implications in terms of modelling their effects on the economy

- Loss of demand due to mortality The mortality rate will drive ashetter m 6 de mand s h
Mortality seems to be focused in particular on the older fatipn, which in some cases has
higher and in other parts of the world lower purchasing power velaiged markets, the older
popul ation (ABaby boomerso) tend to have hig
assuming it is concentrated in the erl@djeneratiori would be expected tbave a higher than
3% effect on demandOn the other hand, trdemand of these individuals is driven by fixed
assets rather than income in many cases, which would suggest that there may be a positive

"https://revelsystems.com/resources/generatibredkdowrpurchasingpatterns/



wealth effect ashese fixed assets get transferrnpdtentially offsettingsome ofthe demand
shock. To avoid ovecomplication, the first order demand shock will be calculated based on
mortality, by simply assuming that the negative effect on GDP ist@o@e correlatedvith

the loss in demand frowictims of the virus

- Loss of labour supply due to ilinessGiven theconcentration of mortality among older people,
mortality is likely to have a limited effect on the overall supply of lapallreit not zeroFor
this exercise, we assume that only ab@ 2f mortality is among individuals workiriggiven
the current eidence of the distribution of mortality ratéslowever, it is likely to have a more
pronounced effect on the availability of labour as altes illness. While at the moment the
virus appears mild in the majority of cases, quarantine action and pbfeniia mutations
may c¢change that. The Al ow mortalityo scenari
availability given the assumptiotmat lower mortality implies lower number of sick days.
Nevertheless, given the need to quarantine and generataingearound the flu, as well as
the objective to frame this as a strésst, the scenarios developed here assusraags labour
loss forevery ill patient under a low mortality scenario andady loss under a high mortality
scenarioThe 10 day los would be truly dramatic, effectively doubling the average number of
sick days in most jurisdictiorfs.

Concretely, that means thahagh mortality, high penetration scenario will lead to a loss of

roughly 13% in labour supply. A low penetration, low nality scenario in turn only leads to

a labour supply loss of roughly 2.7%.r uci al | vy, this O6supply shoc
translde oneto-one into GDP losses. First, labour is only one input into the production
function, and as outlined below, itssas unlikely that capital and land will see a commensurate

negative shockalthough of course some capital may be stranded in thexcohgipply chain

disruption and temporary undetilizatonn. Second, whil e the | iterat:
days 0 do not transl at e asguantifiecdachroogh DR sormeccasksp s s i n
it may reduce the quality of a good (eagreport written by a think tank builds @nlower

number ofresearctdayg, or the availability of a good not captured GDP indicators (e.qg.

certain types of public servicehousehold functions A study by the Institute of Labour

Economics suggests that a 1% percentage point increase in sick days translates to a 0.25% loss

in outputi® This percentage loss is appliedhe total labour supply loss to derive GDP effects.

- Effect onfixed assetgcapital and land). In principle, it is unclear how capitahd landvould
be affectedy the pandemic, unless restrictions on international trade are put in place by policy
actiors. At this stage, the scenarios assume that the effect on fixed assaisadtlzengh this
ef fect wildl be revisited under the o6isol ati ol

It is unclear how these different factors reinforce and articulate with each other. listhenegative

supply shock and a negative demand shock at the saméttimeld be argued thaihe market simply

resets at a new equilibriurR.e o pl e wi | | purchase | ess,Inshadhta t her e
scenario, the two shocks are not alative. However, the different scenarios for the COM®virus

sometimes dmaonstrate a higher supply shock and sometimes a higher demand shock. Moreover, there

are obviously market frictions. For example, the health care sector will likely be panriaffadted

by a supply shock aslabourintensiveindustry highly exposed tthe virus. At the same time, the

8 This figure is derived from the distribution of COVID cases using data fraly
(https://www.statista.com/statistics/1103023/coronavaasegdistributionby-agegroupitaly/) and global death rate data
(https://wwwworldometers.info/coronavirus/coronavirage sexdemographics/).

9 https://gateway.euro.who.int/en/indicators/hfa_2¥00-absenteeisArom-work-dueto-illnessdaysperemployeeper-year/
10 http://ftp.iza.org/dp11543.pdf



https://www.statista.com/statistics/1103023/coronavirus-cases-distribution-by-age-group-italy/

demand shock for that sector should be positive in the short run. Inversely, those affected by death are
likely to have a higher share of thekpenditure on health care services, in turn reducing demand.

In short, the nteraction and articulation of supply and demand during a pandemic is corfipéex.
scenarios presented here represent these effects as cumulative, but the application coslyg alseiou

consider that the demand shdcgiven that it is lower than the sply shock in almost all casésloes

not aggravate the supply sho€X.course, as has been argued by sthheh e s e
and so one might anticipate that the emay revitalizeswhen they subside. On the other hand, the

supply shock driven by mortality is secular in the sense that they represent an irreversible loss in

productive capacity.

The figure below shows the estimated supply and demand shock respectigelytiwa four health

shocks

ar e

scenariosAs these options are applied in later sections, it is assumed that immunity and vaccination

drivers donodét Kkick itedssuntil year three of

Name Penetration Severity | Mortality Lost Loss If If considered
output demand averaged | cumulative

High Penetration 0 ; 0 5 a0 1 a0 5 a0 e
High Mortality 80% High 3% 2.8% 1.8% 2.3% 4.6%
High Penetration 0 0 1 20 N RO 10 100
Low Mortality 80% Low 1% 1.3% 0.6% 1% 1.9%
Low Penetration, o : o N Qo N oo N oo 170
High Mortality 40% High 3% 0.8% 0.9% 0.9% 1.7%
Low Penetration, 459, Low 1% -0.7% -0.3% -0.5% 1%
Low Mortality

second year.

THIRD PARTY SCENARIO: IMPERIAL 12
Scientist at Imperial university in an analysis of the UK and US market predict that without
response, roughly 81% of the population would be infected. The-tstsEenario agied here
assumes 80% asveorstcasescenario for penetration, achievedthe latest by the end of the

are limited

THIRD PARTY SCENARIO: BROOKINGS *3
The Brookings Institute develops a number of scenarios in terms of preparation, all of which
thelower end of the scale. Their scenarios only present attack rates foa.Chit assume these

Scen

ario Countries Seve Attack Rate
Affected rity for China

1 China Low 1.0%

2 China Mid 10.0%
3 China High 30.0%
4 Global Low 10.0%
5 Global Mid 20.0%
6 Global High 30.0%
7 Global Low 10.0%

1 Including the UK Prime MinisteBoris Johnson https://www.standard.co.uk/news/uk/ecoraagngbackcoronavirusboris-johnson

a4388901.html

12 https://www.imperial.ac.uk/mrglobatinfectiousdiseaseanalysis/nas--wuhancoronavirus/
18 https://www.imperial.ac.uk/mrglobatinfectiousdiseaseanalysis/newswuhancoronavirus/
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i) Sentiment effect

Thefirst part of the stredse st scenari o, the pure Ohealth effect
From a strestestperspectivethere are two options in terms of modelling the sentiment effect.

1) The scenario design can assume that the senmttigfifect is essentially zero, implying that any
shortt e r m -rGeoavcet defioad bere as a reaction not commensurate hgthdtual impact
on output and demaridwill be offset orrecalibrated over a time horizarnth nomaterial affect
the outcomesf the stresgest.

2) The alternative is a sentiment shoskher e t her e i s -reactighpethemanent
fundamental driversf the healtheffect over the time horizon of the strasst (36 months)
There is limited to no meaningful literature on what such aneaation would look like, how
it would materialize, and where exactly it would have an economic effect. To eser r
example,stockpiling one type of potential oveeaction, has had jpositive effect on UK
growth preBrexit.!4

Modelling sentiment shock is by design subjectithere is no meaningful way to anticipate what
sentiment is likely to be, at least natwthe tools currently available. Future strésst scenarios may
beneft from sentiment analysis of the kind currently being piloted by a number of central banks and
financial supervisor$.

For the purposes of the scovwaeadiaisdefmedasanovwered her
reaction that persists over the tilmarizon of the strestest, will have three effects. First, it will depress

financial market prices more than the underlying fundamentals would suggest. Second, it is likely to
depres investmentThird, it may depress demand as consumers try to congolftzr balance sheet

in the face of uncertaintfgach of these aspects will be briefly discussed

In terms of fixed capital formation, there is some evidence in the liteia&m@of course basic intuition

- that business confidence drives investmewngls. Khan et al. (2017) highlight this relationship based

on the OECD business confidence index and US investment 1&Jdls.question then however is a)

what the expected businesmfidence index effect will be of each health scenario and if trexttedfill

be consistent; b) how exactly that effect will depress investment; and c) how that depressed investment
will impact growth.

Without further analysis and estimations, quamtifya)}c) is currently not feasible, in particular not

within the scope of the exercise suggested here. However, one option is to simply assume that effect on
out put i s equi val enntified la this tase, tidelsapply shack forh fatemert 6 1 d €
doubled. Such an impact cannot reasonably be derived from existing quantitative relationships, nor is
itclearwhethei gi ven t hat it 1 isshoaldidmaeticdifierrarder tiffeens Heaitle k

scenarios as consumers and businesse®tanticipate which scenario will actually materialize prior

to it materializing (this is particularly the case given the potential for the virus to mutate over time).
However, a commensurate shock tbdar provides a neat concept for a design of adoexjpry

scenario analysis of the kind suggested h&lternatively, existing shocks from standard stresgs

could be considered. For example, the EBA hd®&ashock to investment growth.

In terms ofdemand shock, uncertainty is similarly high andmjification similarly impossible at this

stage. However, there are certain reasons to believe that consumer sentiment shock is likely to be lower
than the shock for capital. First, a loss in labour supg@il other things being equélshould lead to

tighter labour markets which means thagative wageffects may be limited. Second, to the extent

that there are shocks in demand for ladioiror exampl e i n the figig econon

14 https:/iwww.ifs.org.uk/uploads/GB20iChapter2-Recenitrendsto-the-UK -economy.pdf
15 https://bankunderground.co.uk/2019/02/28/whatthe-newstext-basedconfidenceindicesand-growth-forecasts/
16 https://carleton.ca/economics/vepntent/uploads/cepaT3.pdf



confaences, or the hospitality industry, such effects/rhe transient. They are visible right now, but

once the pandemic scenari o has fisettledo it seer
Moreover, while there may be a more permanent shockrtain types of consumption (e.qg. travel), it

is unclear whether this will actually increase savings rates, in partictilasifwill be discussed latér

monetary policy intervention will depress interest rates. Again, the overall scale of the segfieotnt

however remainganclear. In both cases, thgesst e s t scenario in section 3
of 1.5 and a high shock of 2.

Finall vy, the question is what the potentt al ef f
s h o dHers tda, quantification is impossible. A numbéstudies find that consumer sentiment does

not drive negative stock returbflsHowever, financial market participants responses to disasters can
dramatically overshodf A study looking at aviation distess suggests that market corrections
overshoot actuatosts by a factor of 60 but tend to normalize relatively quitkB.uc h -Afover
estimatiomof t he costs would suggest that i f-20000r exan
a sentiment shockauld amplify such a shock to perhagf% or-60%.

The existing academic literature on this topic is wildly inconsistent, with some studies finding no

evidence of overeaction?®othersi| i ke t he fAaviationo st-teattionlyescr i b
a factor of 60. A scenario with no overactionwould hen be consi stent with a
concept. A somewhat dat e, i f semi nal cont-ri buti c
reactiondé6 to | oser se¢rencelpaint wilfbe asedofar thel scehdri@owherdd i s r

seniment shock amplifies less.

17 http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.471.8901&rep=rep1&type=pdf

18
https://reader.elsevier.com/reader/sd/pii/&A976910000840?token=70A2BE860E07C5A28D1443015AC92BDCD079ECDDBE79F2C5A
425C184D4E1AE3A494F8A5471C7ABCE9CDA9FOFA99CECS84

19 https://www.sciencedirect.com/science/article/abs/pii/S0304405X09002086

20 hitps://www.imes.boj.or.jp/cbrc/cbht2. pdf



iii) Policy responses

The policy response is the third component of the pandemic-sdstsdn principle, three types of
scenarios can be envisioned for a policy respassieh can act individually or in some combination

1. Isolation response.An isolation response will involve creating barriers to the flow of people
as well as goods and services. This response is likely to amplify thetstsessenario results,
given tha it will increase costs, reduce supply given breakdoWwsupply chains, and more
broadly inhibit the efficient trade of goods and services. The isolation response effect is likely
to be primarily felt as a result of potential barriers to trade of goodiservices. It is unclear
what exact effect a reducticof travel will have. A study sponsored by the Global Business
Travel Association focused on the Canadian market suggests a 1.5% effect on GDP, although
this study is obviously part of an industry keting effort* Mor eover, we donoét
see a 10% shock to business travel. For this exercise, a third of that effect may be reasonable
as a baseline (0.5% loss of GI¥P)n terms of trade of goods and services, analysis of more
recent introductin of trade barriers tends to suffer from the fact thathmof these trade
barriers relate to standards (e.g. protection of intellectual property, licensing) rather than
concretely quotas, and try to understand the economic effects of the dismantlich ose
barriers. As a result, analysis of the econoeffects tends to suggest that trade liberalization
is limited. Very recent US policy interventions on trade are likely too recent to draw meaningful
conclusions and the analysis on Brexit tradeibarrtends to conflate both trade and other
effects assaated with the departure of the United Kingdom from the European Union. One
interesting rol e nicalbeatl somevhat datedsonehag beithe Gregb ol i cy
Depression. Recent analysisggests a negative effect of the Smddéwley Tariff Ad, the
defining policy intervention by the US government as way of erecting trade barriers, of around
1.2% reduction total factor productivity The isolation policy will thus assume an additional
negative shock to GDP of 1.2%.

2. Limited response.A limited to no response scenario essentially assumes that there is no policy
intervention. The results of such a scenario then are zero in terms of their effect on the health
and sentiment outcomes described abtveeems unlikely that such a resporsads to dw
mortality ratesOf cour s e, even in a |limited response
welfare system would be expected to offset some of the effects.

3. Aggressive responséAn aggressive policy responisapliesfiscal policy offsetting a negatyv
demand shock through government expenditures and / or a negative supply shock through
various bailouts or credit lines that allow business to sur@avernment policies of course
will determine or at the very least inénce the direction of the heakffect and the sentiment
effect, aswell as effects on credit defaults and stock prices. The case could be made that a high
penetration, high mortality outcome in the context of an aggressive policy resporsesed
onwhat we know now, not a realiscenario. In terms of GDP, there is no meaningful way to
forecast a stimulus that does not exist. However, using the assumption that roughly 40% of
aggregate demand is the public sector, the scenario around an aggpe$isiveesponse
provides a simplt&c assumption that 40% of the demand shock is offset by government fiscal
policy. Of course, more ambitious scenarios could assume that the government offsets an even
larger proportion.

21 hitps://www.gbtaorg/membershignd-communities/chapterandregions/canada/pressreleases/pages/rls_042215

22 Of course, business travel wile affected independent of the policy response in the-&rant as evidenced now. However, the overall

6shockd t o ibsusliinkeeslsy ttroavaeblat e once the pandemic dynamic 6nor mali ze
2 https://cdn.vanderbilt.edu/vany/wp-content/uploads/sites/2/2811/09/14093131/202&18034BCPR.pdf

% http://faculty.haas.berkeley.edu/arose/FM599.pdf
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iv)

Scenario combinations

The stresdest scenario framework suggestsete involvedour different components (penetration,
mortality, sentiment, policy). It assumes essentially that the d&ssscenario stems from a health

effect consisting of the penetration of COVID and its mortaty, amplified or mitigated by a

sentiment effect and a policy response.

In theory, this framework generates 24 different scenario combinations. In practice however, it seems

reasonable to assume that certain combinations are unlikely. For example, Stuseiely that a
60 beni gn 6of the pandemiinieenign in inverted commaswill be coupled with an isolationist

policy or a high sentiment effect.

That is not to say it is impossible that such a combination may materialize, simply that it seems more
likely that isolationist policiesill be coupled with a malign outcome of the pandemic. Similarly, based

on current available evidence, high mortality seems unlikely in the context of low penetration, given
the extent to which mortality will be a functi@f overburdened health care sgms.

For this paper, the shocks will be modelled based on five potential outcomes. These outcomes are

c |

assi fi

ed

as

either

6benignd, i

nvol vi

ng

ow perl

penetration ath high mortality. The second tymé label is managed, involving low sentiment effects
and aggressive policy responses, unmanaged, involving high sentiment effects and limited policy
response, and aggravated, involving high sentiment effects and isalapiolity responses. The table
below summarizes thgix scenario combinations.

Maligned
Benign & | Benign & | Malign & & . | Malign & | Malign &
managedi
managed | unmanaged| managed Low unmanaged | aggravated
Mortality
Penetration | Low Low High High High High
Mortality Low Low High Low High High
Sentiment | Low High Low Low High High
Policy Aggressive| Limited Aggressive| Aggressive| Limited Isolation

1. Benign & managed.Virus penetration remains low, wi0% penetration by December 2020
and40% by December 2024nd the wide deployment of vaccineggmg penetration &0%

until 2022. Health care serviceglespite some early disruptionslltimately are able to cope

with the outbreak, ensuring mortalitydentained at 1% on an annual basis. Despite some short

term disruption$ largely addressedithugh governmental interventiérsentiment effects are
6fundament al

mited,

amplifying
able to ofset roughly 50% of the loss in demand. This mitigates some stock market effects and
reduces dit default.

t he

s O

of t h

2. Benign & unmanaged. This scenario largely reflects the benign & managed health effect,
albeit with a high sentiment shock and limited policy response.

3. Malign & managed. Virus penetration cannot be meaningfully contained, reackdsg by

December 2020 an80% by December 202 The benefit of the high penetration is higher
degrees of immunity, ensuring a reductiod@®o of cases by 2024 1% mortality potentially
partly supported by the deployment of vaccines. A structured and effgoéoy responsé

despite the seveyitof the outbreak mitigates sentiment effects to a degree, keeping them at

11



roughly the level of a benign & managed outbreak. Policy response also ensures some offset of
demand losses and broader support of credistyak marketsThis scenario will actally be

split into two categories, one where mortality rate is high (3%), and a second one where it is
assumes that a managed policy response hel ps

Malign & unmanaged. The nalign & unmanaged scenario largelyrrois that of the malign

& managed scenario, except policy intervention remains limitédt@the extent that it does
take placé provide ineffective. Sentiment shocks are high, doubling the expected GDP effects
of the virus. Monetary policy is in placbut can only mitigate credit default and support asset
prices to a point.

Malign & aggravated. This scenario largely mirrors the malign & managed scenario, however
with policy response aggravating the health effémtsugh the implementation of bamseto

the flow of goods, services, and people across borders on a permanent level. This scenario is
also supported blyigh sentiment effects.
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V. Stresstest scenario indicators

i) GDP

Theworstcasescenarianodelled inhisrepori e x cept f or t he AAr mageddono
next sectiori is a global drop of real GDP from a baseline value of 3.3% (based on IMF forecast) to
minus2.6%, for a total decline of 5.9%. Such a scenario assumes a pandemic with aridjtyrend

penetration rate, a significant sentiment aggravation of the adjustment and an isolationist policy
response. The real GDP decline of such a pandentgves than the8.3% shock anticipated in the

EBA 2020 Adverse Growth Scenario strésst® for exampe, as well ashe shock of the Federal

Reserve stress test scendfid he equi valent scenario with a #Alir
would yield a negative shock of 4.6%

Crucially, these effects are specific to the pandemic. They may t@otmded byreinforcing
additional mechanisms, notably wealth effects depressing dem&yd extension, the exact
ramifications of a secular shock to output in the context of a g&etscenario versus the cyclical
nature of shocks is unclear.

Loss - Health Loss - Isolation
Loss - Health effect Sentiment Sentiment Loss - IsolatiorEffect (Goods
Baseline effect (Supply) (Demand) effect (Low) effect (High) Effect (People) & services)
4%

.
=

% -2%
O 4%
-6%
-8% [ ]
-10%

The fdlowing table highlight the GDP effecis terms of GDP reduction relative to baseline growth
under the 5 scenario combinations selected above.

2020 2021 2022 Cumulative
loss ofoutput

Benign & managed -0.7% -1.4% -1.4% -3.5%
Benign & unmanaged | -1.1% -2.1% -2.1% -5.3%
Malign & managed -3.4% -6.8% -1.4% -11.6%
Malign & managed i

Low mortality -1.4% -2.9% -1.4% -5.7%
Malign & unmanaged | -5.29 -10.3% -2.1% -17.6%
Malign & aggravated | -6.6% -11.8% -3.6% -22.0%

THIRD PARTY SCENARIO: ECB #

While not publising specific forecasts, the ECB Governor Lagarde has communicated to heg
state estimates of GDP effects of between 2 to 10% in 2020, with 10% being an extreme ou
and a more likely range of2%. These estimates are consistent with the GDP shotkis paper,
although a 10% shock does materialize in 2021 as the pandemic exacerbates.

2 hitps://www.esrb.europa.eu/mppa/stresared/pdf/esrb.stress_test200131~09dbe748d4.en.pdf

% https://www.federalreserve.gov/newsevents/pressreleases/files/bcrégaeaa. pdf

27 hitps://www.faz.net/aktuell/wirtschaft/coronaviragb-chefinerwartetkonjunktureinbruchvon-5-prozent
16684805.htmI?6&PC=s5&premium=0x793244b1e977d613c82ebe0d472e199b
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THIRD PARTY SCENARIO: BROOKINGS 28
The Brookings Institute provides shocks to consumption demand, which are driven by both 1
and other factors (notably uneiogment). The worst case scenarios modelled in this paper
closely adhere to the SO5 scenario (see table below) andigmdicantly lower than the SO
scenario shocks.One primary driver of the difference is that the scenarios only consider a $¢
multiplier to the Ohealthd related deman(
aggravate these effectsn@e other hand, this paper also assumes that first we have a supply
and then the demand s h osHock,iwithoub @dadfying hawahese Ity
drivers articulate and will in practice be additional. When taking the supply anthé shock
together, the worst case scenarios presented in this paper are roughly consistent with t
scenario below, althougthis paper also then adds other negative drivers to GDP.

Meanwhile the aggregate GDP effects of the paper are similar t@tiges of this report.

Table 7 — Shocks to consumption demand

Region S04 S05 S06 S07
Argentina -0.83 -2.09 -3.76 -0.83
Australia -0.90 -2.26 -4.07 -0.90
Brazil -0.92 -2.31 -4.16 -0.92
Canada -0.90 -2.26 -4.07 -0.90
China - 1.00 -2.50 -4.50 - 1.00
France -0.93 -2.31 -4.16 -0.93
Germany -0.95 -2.36 -4.25 -0.95
India -0.91 -2.29 -4.11 -0.91
Indonesia -0.86 -2.15 -3.86 -0.86
Italy -0.93 -2.32 -4.18 -0.93
Japan - 1.01 -2.51 -4.52 - 1.01
Mexico -0.89 -2.22 -4.00 -0.89
Other Asia -0.95 -2.38 -4.28 -0.95
Other o1l producing countries -0.92 -2.31 -4.16 -0.92
Republic of Korea -0.89 -2.23 -4.01 -0.89
Rest of Euro Zone -0.98 -2.45 -4.40 -0.98
Rest of OECD -0.92 -2.31 -4.16 -0.92
Rest of the World -0.98 -2.45 -4.42 -0.98
Russia -0.92 -2.31 -4.16 -0.92
Saudi Arabia -0.74 - 1.86 -3.35 -0.74
South Africa -0.82 -2.05 -3.69 -0.82
Turkey -0.88 -2.19 -3.95 - 0.88
United Kingdom -0.94 -2.34 -4.22 -0.94
United States of America -1.06 -2.66 -4.78 - 1.06

2 https://www.imperial.ac.uk/mrglobatinfectiousdiseaseanalysis/newswuhancoronavirus/
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ii) Inflation & oil prices

All four health scenarios are likely to have a negative effect on inflatibtmuglh the policy efforts

may offset thatNegative effects on inflation will be driven by reduction in growth putting less pressure
on prices, and the high sensitivity of commodities to growth. The already apparent drop in oil prices is
testament to thadffect. At the same time, it seems likehat health care goods for example will see a
positive effect on inflation, as already evidenced anecdotally for hand sanitizer and face mask products.
Without a macroeconomic inflation model, the best that caddme at the moment is to provide
educated gesses as to the sensitivity of inflation.

The o6directd heal t h penfaflyeifett coommodity pricés given thersensitwity | i k e |
of commodities to demand and the volatility of pric@#.prices in particular will be affected giveine

reduction in transport demand. Already, oil prices have dropped around 50% (see Fig. Uslogha

relationship of 0.17 between oil prices and agricultural commodities identified by Baffes {20&7),

immediate inflation effect ofan oil price shok on agricultural commodities for example is 0.17.
Depending on the consumer basket used to measure inflation, the exact shock of commodities and its
passthrough across a broad set of sectors, this effect wilbokly be different.
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Moreover, this sl leaves unresolved the broader relationship between inflation and gidadelling

the sentiment and policy effect on inflation is again less intuitivaumber of aspects are likely to
mitigate deflationary gessures, notably price increase in thalthesector, the expected limited effect

on housing prices (discussion below), and potential offsets through government demand. Again
however, an inflation model would be required to fully map these effects.

®Baffes, John (2007, Aug.) O60il spills on other ssednl®m063R01R]li esd. Wor |
Available from: &lt;http://www
wds.worldbank.org/servlet/WDSContentServer/WDSP/IB/2007/08/28/0001583420228090538/Rendered/PDF/wps4333.pdf&gt;.
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THIRD PARTY SCENARIO: BROOKINGS *°

TheBrookings scenario does not explicitly model inflation, but does provide indication for
increased production costs which reach up to 0.5%. The higher bound is used in thitestress
scenario as the inflation above 0% e@eence point for all other sectars

The following approaches could be consideretipped to the health scenarios described above,
although of coursé given the uncertainty either outcome or a different outcome may be associated
with these dynamicd.he estimates are based on the HhaBket of the European Union and would of
course be different in different markets

The zero-inflation outcome under a low penetration scenario The pandemic essentially
causes inflation to go to 0% across all sectocepixfor the health care sector,avl pressure

on prices creates significant inflation of around 10Athile some shorterm inflationary
pressures on certain goods (e.g. groceries) may materialize, these do not persist in the scenario.
Prices are preverdefrom going into deflation territy by government and monetary policy
intervention, as well as a low penetration scenario ultimately mitigating some of the GDP
effects. Under such a scenario, overall inflation is likely to drop 50%. In Europe, this would
imply a drop of inflation from 1% to 0.7% and globally from 3.4% to 1.7%.

The deflation outcomeunder a high penetration scenario The high penetration scenario
shock to growth, coupled with a collapse in agricultural commodity and oil prices, aad pric
wars in the hotel and transpodcsor create a deflationary dynamic. A 10% price drop in air
transport and 0% inflation for transport more generally, a 10% drop in agricultural
commodities, coupled with a 25% price drop in fuel prices, partially offiget 10% price
increase in healthate serviceswith all other inflation drivers staying constant, wollidr the
European Unioii imply deflation of roughly1.8%.

Name Health Food & | Air Fuels Other Other Baseline | Scenario
costs beverage | transport transport (EV)

Malign

(ADef | a| +10% -10% -10% -25% 0% Unchanged | 1.4% -1.8%

out come

Benign

(@ Inflation | +10% 0.5% 0.5% 0.5% 0.5% 0.5% 1.4% 1%

out come

30 https://www.imperial.ac.uk/mrglobatinfectiousdiseaseanalysis/newswuhancoronavius/
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iii) Unemployment effects

A limited set of existingstudies suggest a meditterm positive effect opandemics on employment
and wages. This is intuitive, since pandengtslifferingscales represeatnegative shock to labour
supply. That is why the core modelling work presented here does not focuslograen effects, both
in the previous and subagent sections. That is not to suggest shamt negative and positive
fluctuations, but rather over3d year periods.

However, there are potential negative shocks accruing from social isolation and distaagihgve
significant negative employment effectn service sectors affected by these practices (tourism,
restaurants, etc.). In Europe the relevsattor(ETOVG_I: Distrib. trade, repairs; transp.; accommaod.,
food serv. actiy.represents about 25% otal employment.

For simplicity andgiventhatcertain subsectors under this category are not affected, we assume a 10%
shock to the employment in that sector under a benign scenario and a 20% shock under a malign
scenario, multiplied by the standard &rkd 2x sentiment factors. It is assumed théitpoffsets 40%

of the unemployment shock under a managed scemdwi@dditional unemployment aggravation is
assumed under the aggravated scenario.

2020 | 2021 2022
Benign & managed 1.4% | 1.4%
Benign & unmanaged 48% | 4.8%
Malign & managed 29% | 2.9%
. . : - 0.0%
Malign & managed; Low Mortality 29% | 2.9%
Malign & unmanaged 9.6% | 9.6%
Malign & aggravated 9.6% | 9.6%
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iv) Real estate prices

The empirical evidence on the relationship between real estate prices and pandiemted as it isi

suggests a vegrlimited effect of pandemics and related health events on housing mdrketgice
elasticity ofhousingdemand is relatively limitednd given the incredible pressure on housing in many
jurisdictions, this anal yullleadtsaraggt®sih miceintreases, 6 a t
but not a shock to housing prices.

At the same time, the potential economic dislocatiagirexered by policymandated or consumer and
employer driven social distancing policies and actions may generate araddiisruption to housing
markets in response to employment effects. This section will first present housing price shocks focusing
on the pure supphdemand dynamic without material permanent employment effeetsg then

provide an additional scenanidhich takes into account employment effects from the social isolation &
distancing policy.

The particular nature of how a pandemic aeGDP suggests that other typical drivers depressing
housing prices are not in play neither. Reduction in the suppabofiri all other things being equal

T is likely to have a positive effect on wages. Of course, the only real role raoted scaleinder
consideration here is the Spanish Flu or going back further, events like the Bubonic Plague, for which
data is saae and comparability unclear.

The two most striking effects why the immediate health effect should have limited effects on real estate
prices are the following:

M. With the exception of the Global Financial Crisis, where the crisis was a result of a housing
downturn, real estate prices tend to be relatively resilient to recessions.

(\VA While mortality will depress demand given a reductiorugipy, the statistical relationship
will be limited. An 80% penetration, 3% mortality rate implies an eventual reduation
demand of 1.8%. If we take the statistical relationship as gesery 1% reduction in
population growth reduces housing pricesabput 1.6%2 The challenge here is that the
analysis from the IMF involves almost exclusively examples with positivalatpn
growth so it remains unclear if the relationship lsaddl negative levels. Moreover, the
statistical fit is relatively poor, suggesting a range of different outcomes.

Figure 8. House Prices and Population
(Average annual percent change from 1995: Q1 to 2016: Q4)
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Sources: OECD, Dallas FED, and IMF staff calculations.

31 permanent, defined here as elsewhere as existing over the time horizon of tHesitseenario.
32 https://www.imforg/en/Publications/WP/Issues/2018/07/13/Fundamd@nisers-of-HousePricesin-AdvancedEconomiest6053
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Policy interventions, notably by supervisors and central banks, would baexkpeenitigate some of
these effects, if they are not of igbbnist nature. Sentiment effects on the other hand may amplify
shocks to housinddowever, it is difficult to mitigate effects from a policy perspective when driven by
fundamentals of the kind pandemic generates at the basis of supply and demandstApbkcy
intervention can likely impact sentiment effects.

The table below provides the strasst indicators for housing prices. The shocks are calibrated based
on the assumption of 0% pdption growth at longun pricehousing pricegrowthat that evelof 1.8%.
Obviously, they would need to be recalibrated based on specific jurisdictions baselines.

2020 2021 2022
Benign & managed 1.3% 0.8% 0.8%
Benign & unmanaged 1.2% 0.5% 0.5%
Malign & managed 1.1% -4.0% 1.1%
Malign & managed i
Low Mortality 0.8% -0.1% 0.8%
Malign & unmanaged -2.0% 5.9% 0.5%
Malign & aggravated 2.0% -5.9% 0.5%

There is really no maningfulempirical reference point we could identify on the question of how
unemployment might affect housing prices. While there is some understanding of the relationship
between default rates and home prices (spea sectioly the broader dynamic remains uncleBine
empirical literature on the relationship between employmenhaunding prices is mixed, with a lot of

the literature actually focusing on the impact of housing prices on empld¥#hent when looking at

both variables find a stronger relationghfrom housing prices to unemployméht.

One challenge is the lack panel and time series data that meaningfully captures that relationship, with
the Global Financial Crisis being usually the dataset of choice when looking at this question. The
challerge of course is that the unique dynamic of inflated housing pricesufapdirae mortgages
somewhat potentially confuses the picture when using that reference point.

For the moment, the stressst scenario provided here is thus unable to simulate aggieefféets
through unemployment.

33 http://www.centreformaceconomics.ac.uk/Discussidtapers/2015/CFMDP204&7-Paper.pdf
34 hitp://www.centreformacroeconomics.ac.uk/Discus$tapers/215/CFMDP2018)7-Paper.pdf
35

https://www.um.edu.mo/fba/irer/papers/forthcoming/IR170105R2%20Asymmetric%20Causality%20UnemployréénZaRouse%20P
rice%20in%20USA%20(Bahma®@skooee%20&%20Ghodsi).pdf
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V) Mortgage default

Again, assuming a Idgn employment and house price trajectory, mortgage default rates will likely be
constrained. However, more dramatic employment effects at-semanent levels are likely to
meaningtlly elevate mortgage defaults.

One of the most relevant studies foe #ixercise of interest here is from 2014 looking at micro data and
housing price movementslt finds that a 1% increase in unemployment incredse monthly default
risk by 3.6 to 6.3 basis points. Using 50 basis points as a baseline, that implieg addigiP% increase

in defauls relative to the baselinassuming this relationship getsriséated into actual default§he
baseline default rates for a series of jurisdictions is provided Félow.

As outlined above, the immediate unemployment effetthe pure health effect are expectedéo

limited and depending on the exact nature of the pandemic, could even be positive as a function of a
negative labour supply shock. We thus assume very treftiects to mortgage defaults, which are not
further modelled here. However broader economic disruption through social distancing / isolation
policies may generate more pronounced unemployment effects, in particular in specific sectors. As
outlined abovemeasuring and modelling such effects is unchartexeidory. However, the results of

such estimates can be considered in how they might affect default rates.

36 https://faculty.wharton.upenn.edu/vepntent/uploads/2d105/Reconcilingtheoryandempiricson-the-Role-of-Unemploymenin-
MortgageDefault.pdf
37 hitps://www.Ima.eu.com/application/filei?15/5066/7567/Global_Housing_and_Mortgage Outloak019.pdf
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