Deutsche Bank
Research

Global Strategy

Thematic Research

Davos 2020: We need to talk about
(sustainable) growth...

Economic growth has been a wonderful asset to humankind. For centuries prior to
the first Industrial Revolution in the late-1700s, there was little observable
economic growth, and standards of living and health were stagnant. The vast
majority of the world's population lived in a bleak world. The economic growth that
was then kick-started by the first Industrial Revolution provided the necessary
conditions forthe improvementsin sanitation and medicine in the second Industrial
Revolution a century later. That was agame changerforhealth and living standards.
Since then, dramatic improvements in child mortality rates, lifespans, education,
and personal security have occurred while, more recently, globalisation has helped
pull billions out of poverty.

However, in recent years awareness has increasingly surfaced of the negative side
effects of economic growth. Debt has exploded and inequality has increased. The
most pressing side effect has been the damage to the environment. 21 of the
planet's hottest years on record have been seen over the last 23 years. Damage
caused by the first two need not be cumulative, whereas many scientists believe
that we've passed a tipping point in terms of permanent environmental damage. It
also seems that a tipping point has recently been reached in the public awareness
of the impact humans are having on the environment, and action is increasingly
being sought. However, we think we will soon enter a stage where there will be a
realisation of the immense economic and personal trade-offs we will collectively
have to make in order to hit climate targets. Such sacrifices may shock citizens and
be difficult to administer in democracies. Will human progress be stalled or
reversed if we decide that tackling the environment is the priority over growth?

This piece is organised into four sections. First, we explain several different ways in
which growth has given humanity great benefits. Second, we examine the negative
side effects of growth — particularly debt, inequality, and climate change. Third, we
examine the trade-offs involved in taking aggressive action to address climate
change. Finally, we look at how progress is being made and how it might continue
inthe years ahead. The purpose of this exercise is notto promote any specific course
of political action. Rather, it is to ensure that when policymakers have these
discussions, they do so fully aware of the economic consequences and can plan
accordingly.
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Growth has historically been a game changer for human development.
Until the first Industrial Revolution, there was little economic growth. Since
then, continuous growth has led to huge improvements in living standards.
Over the last century, life expectancy has nearly doubled after centuries of
stagnation. Global poverty rates have collapsed, and over the last 40 years,
global extreme poverty has fallen from 42% to under 10%. Child mortality
has fallen from over 40% in 1800 to ¢.5% today.

Economic growth has also coincided with decreasing inequality. From the
second Industrial Revolution up until 1984, the share of wealth in the UK
owned by the top 1% fell from 70% to 15%. Although global inequality
continuestodecline, it has stalled (or even reversed) in the developed world
since the 1980s, thus helping to encourage populism.

Overthelast40years, the total debt (public and private) of G7 countries has
doubled relative to GDP.

Since the first Industrial Revolution, the UK economy has grown 146-fold in
real terms, supported by a 42-fold growth in carbon emissions. Over that
time, carbon density in the world’s atmosphere has risen by over 30%, well
above the many, relatively uniform cyclical peaks seen overthe last 800,000
years. Furthermore, 21 of the hottest years on record have occurred in the
last 23.

Industrialisation is still associated with pollution. China's overall carbon
emissions tripled during the 2000s although they only increased about ten
per cent in the 2010s and are unlikely to get close on a per capita basis to
the developed world peaks in recent decades. In India, overall emissions
have climbed 266% since 2000 and steadily continue to increase.

Therich overwhelmingly pollute more than the poor. The top 10% of people
in the world (by income) generate almost half of carbon emissions. Indeed,
the poorest half of the Chinese population (over 600m people) has a total
emissions footprint that is still only one-third that of the richest 10% of US
citizens (around 30m people).

As economies orient towards services, emissions fall. The US has reduced
its emissions on a per capita basis for several decades, and its total
emissions are now similar to what they were in 1970. Similarly, in the UK,
carbon emissions have fallen 40% since their peak in 1971, and yet the
economy has grown over 2.5 times in real terms.

Awareness of the trade-offs will now grow. For example, one controversial
study calculated that having one fewer child is 24 times better for the
environment than the next-best alternative of living without a car. Expected
global population growth of ¢80 million per year and a growing economy
will mean that demand offsets energy-efficiency gains.

To meet 2030 emission targets, the price of an average regular petrol car
will rise by nearly €4,000, and a premium car by €7,000.

The IEA estimate that despite huge investment in renewables, the share of
fossil fuels in global primary energy demand will only fall from 81% to 74%
by 2040.

One risk is that if we do nothing to mitigate climate change, the global
economic impact could be minimal even with much higher temperatures.
Studies suggest that by 2100 global growth might be only 7.2% lower per
capita than it would otherwise have been. This may reduce the incentive to
act. For context, a historically low 2% pa growth rate would lift global GDP
388% by 2100.
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Abstract

Ahead of the World Economic Forum’s meeting in Davos, this piece summarises our
presentations and debate points for the conversations we will have with leaders of
global organisations, politicians, entrepreneurs, investors, and other experts. The
topic — growth — is one of the broadest and thorniest facing the world, so we do not
pretend to have all the answers. But we have views on a different narrative of growth
that we are keen to present for the conversation at Davos.

Economic growth has been a wonderful asset to humankind. For centuries prior to
the first Industrial Revolution in the late-1700s, there was little observable
economic growth and standards of living and health were stagnant. In many ways,
the vast majority of the world's population lived in a bleak world. The economic
growth that was then kick-started by the first Industrial Revolution provided the
necessary conditions for the improvements in sanitation and medicine in the
second Industrial Revolution a century later. That was a game changer for health
and living standards.

Since then, dramatic improvements in child mortality rates, lifespans, education,
and personal security have occurred while, more recently, globalisation has helped
pull billions out of poverty. In 1980, those living in extreme poverty amounted to
42% of the global population. As we start 2020 that number has collapsed to 7.7%
and has been almost eradicated in China as the country has embraced growth and
globalisation.

However, in recent years awareness has increasingly surfaced of the negative side
effects of economic growth. Over the last four decades global debt has exploded
relative to growth. That suggests that maintaining current levels of activity is not
sustainable. Also, one of the contradictions of our age is that although the poorest
parts of the world have prospered over this period, wealth inequality has increased
in developed countries due to the elite benefiting from globalisation and outsized
asset price gains. In contrast, the 'left behinds’ have suffered from being exposed
to globalisation (cheap labour in emerging markets and declining industries in
developed ones). In addition, they have had less opportunity to benefit from soaring
asset prices. Populism s at the highest levels since the 1930s and poses many risks
to growth and society.

As Figure 1 shows, global growth has held relatively steady over the last few
decades butonlyviaalarge outpacing of emerging markets versus developed ones.
Thisin itself is creating sustainability issues with just one symptom being the trade
war between the US and China.
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| Figure 1: Real Global GDP Growth (year-on-year, %)
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Growth in emerging markets has generally been generated via a rapid
industrialisation of their economies. That brings us to the most pressing
sustainability issue of our generation — the environment. Although on a relative
basis emerging market emissions are increasing relative to those in developed
markets, more advanced countries are still, in aggregate, the biggest polluters.
They have spent nearly two centuries going through heavy industrialisation in an
era when the environmental consequences were not as readily understood. As
such, this is a global problem that is coming to a head now, as 21 of the planet's
hottest years on record have been seen over the last 23 years.

Bringing all this together, debt, inequality and environmental damage are major
issues for growth sustainability. However, one could argue that the first two are
cyclical whereas the third is potentially structural. Debt problems should eventually
self-correct as every debt is an asset to someone else. As such the debt problem is
arguably a distribution one and will be solved via default, inflation or growth. The
same can be said about domestic inequality. Eventually all high-valuation assets
will need to be owned by subsequent generations. Unless theirincomes rise, asset
prices will have to cheapen. Either way domestic debt and inequality are largely
cyclical—albeit working in very long cycles —even if they can cause major economic
imbalances for a prolonged period. In the shorter term these imbalances could
correct more quickly via financial crises, but whilst history tells us that they can be
very damaging, this is not necessarily permanent over the longer term. Economies
can bounce back.

However, itis unlikely that the same can be said about the environment, with many
scientists believing that we've passed a tipping point in terms of permanent
damage. It also seems that a tipping point has recently been reached in the public
awareness of the impact humans are having on the environment, and action is
increasingly being sought. We think we will soon enter a stage where there will be
arealisation of the immense economic and personal trade-offs we will collectively
have to make in order to hit domestic and globally agreed climate targets. Such
sacrifices may shock citizens and be difficult to administer in democracies.

The problem for the environmental lobby is that a world without economic growth
may create a damaging backlash against such climate policies. Nevertheless, the
problem with the status quo is that the irreversible damage to our planet will
increase. Growth along the lines of the last few decades could lead to
environmental catastrophes that forever change the world and humankind.

Page 4
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We therefore need to find a way to create sustainable growth (and even boost it) to
balance the simultaneous need for human progress whilst dealing with debt and
inequality and protecting the planet. We think this requires game-changing levels
of investment in green technologies and technology (as a source of future growth
overindustrial ‘dirty’ means) overall. With debt levels already so high, this will likely
have to come from freshly printed money. If we do have a climate emergency, any
side effects of such policies would likely be a small price to pay to make growth more
sustainable for the planet.

So as the skies become more polluted by humans, expect to see more and more
green helicopters dropping money from above to encourage investments to tackle
this great challenge of our generation.

This piece is organised into four sections. First, we explain several different ways in
which growth has given humanity great benefits. Second, we examine the negative
side effects of growth — particularly debt, inequality, and climate change. Third, we
examine the trade-offs involved in taking aggressive action to address climate
change. Finally, we look at how progress is being made and how it might continue
inthe years ahead. The purpose of this exercise is notto promote any specific course
of political action. Rather, it is to ensure that when policymakers have these
discussions, they do so fully aware of the economic consequences and can plan
accordingly.

Growth has transformed our lives relative to our forefathers

Our modern era of economic growth is historically exceptional. There is simply no
other period in history that has seen sustained growth at the rates seen since the
first Industrial Revolution. This has enabled unparalleled technological advances,
and standards of living across the world have never been higher than they are today.

The following graphs show that until we entered the Industrial Revolution era, for
much of human history, there was frequent or continuous economic stagnation. '

1 For UK, Thomas R and Dimsdale, N (2017) "A Millennium of UK Data", Bank of England OBRA dataset,
http://www.bankofengland.co.uk/research/Pages/onebank/threecenturies.aspx . For  France,
Maddison Project Database, version 2018. Bolt, Jutta, Robert Inklaar, Herman de Jong and Jan Luiten
van Zanden (2018), “Rebasing ‘Maddison’: new income comparisons and the shape of long-run
economic development”, Madison Project Working Paper 10.
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Figure 2: English Real GDP per capita (log scale, 1270 = 100),
1270-2016
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Source : Bank of England: A millennium of macroeconomic data for the UK, Deutsche Bank

Figure 3: French Real GDP per capita (log scale, 1280 = 100),
1280-2016
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Note: French Revolution data (1790-1819) interpolated as unavailable.

Human health

Before the first Industrial Revolution, generation after generation of people could
expect to live a life very similar to that of their predecessors — in terms of their
standard of living as well as their lifespan. Figure 4 shows long-term life expectancy
over time. In particular, it shows that longevity grew considerably after the second
Industrial Revolution — when improvements in sanitation and medicine began to
eliminate basic diseases. Of course, these developments would not have been
possible without the advancements made during the first Industrial Revolution.

Figure 4: Life Expectancy (Years)
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As the graph shows, UK life expectancy hardly changed between the mid-1500s
and the mid-to late 1800s. Some people reading this report likely had grandparents
or great grandparents that at birth were expected to live little longer than their
forefathers several hundred years before. Yet since then, life expectancy has
roughly doubled. There is little doubt that economic growth helped facilitate this.

Itis difficult to measure health over the very long run, but a good proxy is to look at
average heights through history. Figure 5 shows that over the last 200 years, males
have grown 10-15cm. This contrasts with the preceding centuries, with an analysis
by Kopke and Baten (2003) finding that heights were broadly constant over the two
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thousand years before that.?So once the spoils of the first two Industrial
Revolutions spread, humans saw huge health and life expectancy benefits.

Figure 5: Average height of men by year of birth (cm)
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As economic growth boosted quality of life and health, a self-reinforcing cycle was
established that boosted economic growth further as populations surged around
the globe. Infant mortality collapsed (Figure 6) and the world population (Figure 7)
started to increase notably in the nineteenth century relative to the earlier years of
the prior millennium. However, the real population explosion was in the twentieth
century as these economic and health gains spread around the globe and
compounded in an exponential manner.

Figure 6: Child mortality has plummeted

Figure 7: While the world population has soared
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Source : Our World in Data, United Nations, Haver Analytics, Deutsche Bank

Related to improved health outcomes is the increase in safety. Indeed, countries
with stagnant growth are far more likely to have higher homicide rates compared
with countries with higher growth. This suggests that people are more likely to try

to increase their share of a static pie by taking from others and eliminating their
competition for scarce resources.

2 Kopke, Nikola; Baten, Jorg (2003) : The biological standard of living in Europe during the last two
millennia, Tubinger Diskussionsbeitrdge, No. 265, Eberhard Karls Universitdt Tubingen,
Wirtschaftswissenschaftliche Fakultat, Tubingen
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Poverty and inequality

It has not just been since the first Industrial Revolution that a selective proportion
of the global population has benefited economically. Figure 8 shows that global
poverty measures have declined from almost universal levels 200 years ago to
today’s relatively low levels.

Figure 8: Extreme poverty reduction
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Source : Bourguignon and Morrison (2002), World Bank, Deutsche Bank |

If anything, global poverty has collapsed at the fastest pace in history over the last
40 years. It is no coincidence that this was the period during which growth spread
most widely across the globe. This globalisation has also been a catalyst for
reducing inequality. In fact, in a world with a growing population, growth is a vital
way to reduce inequality. That is because if there are more people striving to be
successful, they can achieve their goals only if the overall pie is expanding.

Another way to see the benefits of economic growth is to look at what happens
without it. Just one recent example is Venezuela. With an economy heavily
leveraged to the price of oil, the collapse in the price of crude in 2014 exposed the
lack of economic development elsewhere and put the brakes on economic growth.
Populist government policies, including price controls and expropriations,
disincentivised business growth and worsened the effects of a lack of growth. The
result was hyperinflation and widespread social chaos. In 2019, the country
experienced its sixth consecutive year of economic contraction — the IMF's World
Economic Outlook in October showed a one-third contraction in 2019. The country
can expect a further ten per cent contraction in 2020. Tragically, Venezuela also has
one of the highest homicide rates in the world, with the UN Office on Drugs and
Crime putting the rate in 2016 at 56 per 100,000 people.

The negative side effects of growth over the last 50 years

Although growth has undeniably been a positive force in so many areas over the last
200-plus years, the side effects have often been ignored. In this section we address
three key side effects — debt, inequality, and the environment.

Debt

With debt piles at record levels, and demography suggesting more debt is likely, a
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world without growth invites a financial crisis of epic proportions. If we can’t grow
our way out of the increasing debt burden, our economic system is very vulnerable.
Sustainable growth is therefore essential.

A look at recent history shows that to achieve the living standards people have
collectively demanded, governments and individuals have accumulated more and
more debt. This has particularly been the case over the last half century.

Figure 9: G7 GDP-weighted total (public and private) debt (% of GDP)
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Afterthefinancial crisis, thisdebt begantolook more unsustainable in free markets,
and central banks embarked on policies of very low interest rates, aggressive
money printing, and debt purchases that continue to this day. While that has had
the effect of making high debt loads more sustainable today, it is setting the
conditions for a debt crisis in the future, especially if we downplay the importance
of economic growth. The reality is that many places around the globe have already
passed the point at which debt can be sustainable without regular central bank
money printing.

Inequality as a negative side effect of growth — an increase after centuries of
decline

As Figure 10 shows, at a global level income inequality has actually narrowed in
recent decades, which chimes with our earlier analysis on the recent big reduction
in poverty during the globalisation era. So in that respect we should celebrate this
era of global growth. However, there is evidence that inequality has increased in
some countries, especially in the developed world and particularly in terms of
wealth, as we'll see below.

Deutsche Bank AG/London
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Figure 10:Global Income Inequality, 1988-2013
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While there are flaws, it appears that the combination of capitalism and
globalisation is the best way to build an economic system that fosters growth and
wealth for all. However, over the last four decades, societies have not ensured
redistribution to those left behind by globalisation. This has led to extreme
inequalityin many areas butis perhaps more acute in terms of wealth overincomes.
Notonlyisthisdangerousforsociety, butitrisks fuelling more populist movements.

In the end, these populist movements may eventually support anti-capitalist and
anti-globalisation policies. Not only would this risk curtailing growth, butit may also
have more impact on those with lower incomes. That is because while everyone
would be made poorer, the poor would be less able to afford to absorb their losses.

Prior to the twentieth century, wealth was heavily concentrated in the elites of
society. Figures 11and 12 show this for France and the UK (where we have long time
series). From around 1900 to the end of the 1970s, both nations’ wealth spread out
from the top one per centand ten per cent of the population. Since then, this spread
has stopped. It is interesting that even though France is one of the more
redistributive societies in the world, even here, the trend started to plateau and
steadily reverse.

Figure 11: French Wealth Shares Figure 12: UK Wealth Shares
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If France is one of the more redistributive countries in the world, the US is arguably
atthe other end of the spectrum and as Figure 13 shows, the share of the pie owned
by the bottom 90 per cent of the population rose consistently between the time of
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the Great Depression in the 1930s to the start of the 1980s. From this point, it has
fallen sharply with the share owned by the top 0.1 per cent having approached the
share owned by the bottom 90 per centin recentyears, after being farapartjust four
decades ago.

Figure 13: US Wealth Shares
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Inmany ways, this change in wealthis tied to asset prices. Figure 14 shows an index
we have created of 15 developed market government bond markets and 15 equity
markets over the last 200 years. The cheapest valuation mark is zero per cent, and
100 per cent is the most expensive. As can be seen, assets (typically owned by the
better-off in society) have gone full circle from being the cheapestin history around
the turn of the 1980s to the most expensive in recent years.

Figure 14: Global equity and bond market valuations (cheapest=0, most
expensive=100)
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Exacerbating the problem shown in this chart is that fact that it does not include
housing. With the explosion of widespread property ownership in recent decades,
the increase in debt, and the reduction of interest rates, we have seen a huge rise
in house prices. Anyone who has ridden this rise in property prices will now likely
have higher wealth than those who have not. This certainly helps to widen wealth
inequality. It also causes big inter-generational problems as the young have less
means to buy property.

So while there are some unresolved questions over income inequality, there is little
doubt that those exposed to asset price growth have done exceptionally well over

Deutsche Bank AG/London
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the last 40 years. This has left a society of haves and have nots and a generational
divide between young and old. Given that the assets of the older generation will
eventually be passed on to today’s young, in some way or another, this is not a
permanent problem but in the immediate period it adds to a divided society.

Environmental issues

Financial crises — as painful as they are — can be fixed over time, and their impact
might not be cumulative. However, damage to the environment is more likely to be
irreversible if a tipping pointis reached. In the eyes of many scientists, such a point
is close if not already passed. Just as growth in emissions is falling, the public’s
agitation on the issue has reached the point at which it now affects politics, policy,
consumer behaviour, and share prices. Public support is moving towards
environmental issues at a breathtaking pace, and governments and companies
need to make sure they keep up.

At the start of this piece we showed that for most of the last millennium there was
little economic growth, and little improvement in living standards or life
expectancy. The Industrial Revolution was a key tipping point foreconomic growth,
and it subsequently facilitated massively improved living standards, health,
education, personal security, and, eventually, the extraordinary population growth
of the twentieth century.

While correlation doesn’t equal causality, there is widespread scientific agreement
that humans have created the dramatic increases in carbon in the Earth’s
atmosphere. Today’'s levels are unprecedented in at least 800,000 years.
Furthermore, when we zoom in on the last 2,000 years, we can see that carbon
density in the atmosphere shot up right after the first Industrial Revolution.

Figure 15: The amount of carbon dioxide in the atmosphere Figure 16: Looking atthe same graph overthelast2000years
has reached unprecedented levels (CO2, parts per million by shows the dramatic transformation since the first Industrial
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Source : World Data Center for Paleoclimatology, Boulder and NOAA Paleoclimatology Program, Deutsche Source : World Data Center for Paleoclimatology, Boulder and NOAA Paleoclimatology Program, Deutsche
Bank Bank

While the US is the largest contributor to carbon emissions, the rapid emergence
of China and India in the globalisation era has led to them emitting a greater share.
The good news is that the US has reduced its emissions on a per capita basis for
several decades, even if its total emissions are now similar to what they were in
1970. On the whole, they do seem to have declined slightly from their peak in the
early years of this century.

Page 12 Deutsche Bank AG/London
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The EU has done an even better job in managing its emissions on both measures
since the 1970s. Of course, many developed countries have ‘outsourced’ their
emissions as they have moved factory production to emerging countries. This
reduces the beneficial impact of lower emission data. That said, some countries
that outsource emissions are still lowering their 'consumption emissions'. For
example, the UK's 'consumption’ emissions are still below 1990 levels based on the

latest data from the University of Leeds, even though 'territorial' emissions are well
below.

Meanwhile there is good evidence that China’s emissions will level off at much
lower levels on a per capita basis than the US saw at its peak.

Figure 17: Fossil CO2 Emissions (1990 = 100) (LHS) and Fossil CO2 Emissions Per Capita (tonnes CO2/capita/year) (RHS)
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Source : European Commission, EDGAR - Emissions Database for Global Atmospheric Research, Deutsche Bank

There is also an interesting link between emissions and inequality. Work by Oxfam
shows that the rich overwhelmingly pollute more than the poor. For example, the
poorest half of the Chinese population (over 600m people) have a total emissions
footprint that is still only one-third that of the richest ten per cent of US citizens
(around 30m people). Similarly, the poorest half of the Indian population (around
600m people) emits only half as much — again, about the same — as the richest ten
per cent of people in Japan (around 12m people).

Figure 18: Percentage of CO2 emissions by income decile, world population. The
top 10% by income generate nearly 50% of emissions

60% 1
50% A

40%

1

30%

20%

1

10% A

0% - T T I T . T - . - e
1 2 3 4 5

Source : Oxfam, Deutsche Bank |

This fact also feeds into one of the key difficulties in the climate change debate.
While the rich are responsible for most emissions on a consumption basis, the
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production of the things they consume is frequently done in less-well-off countries.
So while some emerging countries use dirty forms of power generation compared
with some advanced countries, the poorer countries have a legitimate argument to
make that they should not be penalised for both the demands of advanced
consumers and the fact that their standard of living is still catching up. In other
words, many now-advanced countries acquired their wealth by polluting the
environment, so it can be seen as unfair for them to now limit the capacity of poorer
countries to catch up. There are, of course, complexities around this debate, and it
is one to which policymakers need to be particularly attuned.

Public support and the awareness of trade-offs

There is no question that climate change is one of the biggest and most tangible
challenges the world has ever faced. And there is no question that coordinated
global action is urgently needed. But when the discussions about this action are
taking place, policymakers must have an understanding of the trade-offs involved
so they can act to mitigate any negative consequences. That is what this section
aims to present.

The last few years have seen a significant tipping point in the awareness of the
human impact on the environment. Even in the US where there has been more
scepticism, Figure 19 shows that in the last two years alone, the proportion of
Americans who think that global warming is caused by natural changes in the
environment has fallen sharply from 33 per cent to 23 per cent after a near decade
of being static at the former figure. Meanwhile in the EU, over the last 18 months,
the share that suggests that environment-related issues are among the two most
important issues in their country has doubled to 20 per cent.

Figure 19: Public Opinion on climate change in the US Figure 20: Percentage saying the environment, climate and
energy issues are among the two most important issues
facing the EU
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It's not unreasonable to suggest that this awareness and concern will continue to
spread. However, the difficulty might come when we all become aware of the hard
choices that need to be made on a personal level and how many noble lifestyle
changes might in reality make limited difference.
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Do we have the luxury of time?

According to the United Nations Climate Change group, to avoid the worst effects
of climate change, science tells us we need to limit global temperatures to a rise of
1.5 degrees Celsius, or a maximum of 2 degrees above pre-industrial levels. This is
also the central goal of the Paris Agreement. According to the UN, the warming is
now at 1.1 degrees and could easily reach 1.5 degrees by 2030.

While itis difficult to precisely predict how much time the world has before climate
change results in irreversible damage, it seems certain that governments around
the world will take more assertive action on the issue. The extent to which
governments take action is a matter of public policy and something that voters will
effectively approve or reject. As policymakers are considering their action, it is
important that they understand the trade-offs involved.

The trade-offs and the risks of international disagreement

Itis clearthat we have reached a tipping point for public awareness around the need
to act on climate change. However, we think there is much less understanding of
the economic and lifestyle trade-offs that are needed to meet current climate
targets.

While there are certainly environmental benefits to making individual lifestyle
changes, such as moving to a plant-based diet, it remains that about three-quarters
of carbon emissions come from three sources: transport, industry, and electricity
generation. So while the small changes that people make to their lifestyle should be
applauded, even in aggregate, some of these may not make a material dent in the
globe’s emission profile if aggressive short-term climate action is required.

To really have an impact in the short term, there must be action on the big-picture
items that matter—and thatinvolves hard decisions and trade-offs. For a small taste
of the difficult big-picture decisions that need to be made, consider a controversial
study by Wynes & Nicholas in 2017. This showed that having one fewer child is 24
times as effective at reducing personal annual carbon emissions as the next-best
alternative of living car-free.

Figure 21: Tonnes of CO2 equivalent per year
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Hang-dry clothes
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Source : Wynes & Nicholas, Environmental Research Letters, 2017, Deutsche Bank |

According to this research, while other lifestyle choices have a positive impact on
aperson’semissions, they do notbeginto compare to the impact of reducing family
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sizes. While this work has been debated since its publication, the pointis thatasthe
environmentbecomes more and more importantanissue acrossthe globe, toreally
make a difference, populations will increasingly be confronted with incredibly
difficult choices. These are not just related to family sizes but other big macro
issues.

Notwithstanding the moral and ethical landmine within this part of the study,
population growth has historically been a big component of economic growth. And
with aheavy debtburdenandanageing population, without continuous population
growth, the current economic model will become unsustainable.

Another example of why a big-picture holistic solution is needed comes from
research by Levine in 2019 (Global Warming: What Sort of Mess Have We Made?).
In this study, he argues the resources being used to combat climate change can be
inefficiently allocated as most countries focus only on their own use of carbon. For
example, some rich cities spent large amounts of money electrifying buses. Yet, if
that money were used to subsidise green energy in a developing country, it could
offeramuch greater environmental benefit. Many of the hurdles here are, of course,
political.

Even if humans do nothing to mitigate climate change, the economic impact is
likely to be minimal. Toillustrate, the oft-cited Stern Review points out that warming
of 8.6 degrees will reduce per capita global GDP by 13.8 per cent by 2200 and only
2.9% by 2100 (4.3 degrees). In addition, a recent NBER report estimated that world
real per capita GDP could fall 7.2 per cent by 2100 if nothing is done about climate
change.

Eventhe IPCC’s most severe scenario, RCP 8.5, would entail a mean warming of the
global temperatures of 3.7C by 2081-2100 relative to the 1986-2005 average. And
the upper end of the 90% confidence interval (for what is already the most extreme
scenario published) is 4.8C warming.

Of course, thisis not to say that the effects of a warming planet are purely economic
and therefore should be ignored. Many of the effects of climate change, such as the
effect on air quality or the heightened risks of natural disasters and loss of life,
cannot be measured simply in terms of national accounting. Neither can the wide
regional distribution of the likely damage. But it would be unsurprising if some
countries chose to prioritise the economics over environmental concerns. Indeed,
given the global nature of climate change, at an individual level it may well be
advantageous to free-ride off the efforts of others.

Looking forward to the coming century, even if the global economy were to grow
by just 1% every year (and bearin mind that since 1983 there has been only one year
when the global economy grew by less than 2%), the global economy would still
expand by 170% over the next 100 years. And if the global economy sustained
growth of 2% a year for the next 100 years, then we would see a 624% expansion
over the next century. So from an economic standpoint, losing just a fraction of that
future growth would still leave a country vastly richer than it is today.

Given the potential for free-riding, multilateral solutions are therefore mandatory.
The worry hereis that disagreement between some countries makesitpossible that
the next trade war could be an environmental one. Consider that proposals in both
the US and Europe could see the implementation of country or region-specific
‘carbon border adjustment taxes'. These could levy a tariff on imports based on the
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carbon used in creating the product.

From one point of view, this could be a good way to discourage countries from
‘exporting’ their emissions. The tax would ensure that carbon is taxed where it is
consumed rather than where it is generated. From another point of view, the
policies could be usedto protectlocal businesses. Consequently, itseems likely that
while internal political pressure may see some countries implement such a tax, it
may ignite a disagreement with a trade partner that could turn into a trade war.

Aside from potential taxes on imported products, countries need to accept that if
they wish to pursue a path of aggressive, short-term emission reduction, it will
necessarily involve targeting transport, industry, and electricity generation. This
could involve policies that restrict factory production at certain times, that restrict
transport, in particular people’s ability to drive their cars, and that cut peak load
power generation at certain times.

There is evidence from both developed and developing countries that have
implemented these types of schemes for various reasons. But while it can have
positive environmental effects, there are tangible economic consequences that
may make those environmental policies unsustainable.

First, consider how these polices to reduce emissions may affect the workforce. It
has been observed that mandated hours for factories can lead to unemployment or
underemployment. Given how it has recently become very visible that the loss of
manufacturing jobs over the last few decades has contributed to a fractured society
and politics, this is a topic that needs to be included in the conversation.

For transport, a blanket restriction on the proportion of cars that can be driven on
acertain day means people have fewer employmentoptions, while businesses may
have to offer longer delivery times. Furthermore, policies to force people into more
efficient or electric cars could have the flow-on effect of making existing cars
unsellable. For lower-income owners, that could present a very serious problem,
especially if their car is financed with debt.

Staying with autos, hitting emission targets will be hard for carmakers. Reaching
the goal of halving vehicle emissions by 2030 implies engine efficiency
improvements of five per centeach year, well above the three per cent seen over the
last decade. Assuming carmakers strive to hit their targets, there are three key
things they can do — but there are costs associated with each.

The first is further improving the combustion engine. If the halving of emissions is
to be achieved this way, then they need to fall from 119 grams of carbon per
kilometre to 60. As a rule of thumb, every gram per kilometre of carbon reduction
costs €65 for mass market vehicles and €120 for premium cars. So, if carmakers
pass on the entire cost, the price of the average regular petrol car will rise by nearly
€4,000, and a premium car by €7,000. At the same time they may have to accept
lighter, less powerful cars. How will consumers react to more basic cars and a
higher cost? Will it impact their willingness to urgently tackle climate change?

Regarding electricity generation, shortages because of load restrictions on high-
pollution power plants will inevitably cause or exacerbate economic problems.
Relatively quick alternatives risk political argument. Already, there have been
protests in Germany about ending coal-fired electricity. This may be a perfectly
good policy, butunless renewable power plants can be brought up to the same level
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of capacity as existing high-pollution plants, the only alternative may be
widespread nuclear power — a policy for which there is fractured support. The cold
truth is that there are still no powerful, reliable, cost-efficient and low-carbon
technologies that can satisfy the world’s growing appetite for energy.

Onthedemand side, the global populationis growing atarate of c.80m people each
year with a constantly growing economy. This means energy consumption will also
increase further in absolute terms. Sadly, efficiency gains are being more than
offset by the rebound effect of more users and more intensive usage.

On the supply side, despite the considerable investments, renewable energies,
such as wind power and photovoltaics, are still not capable of satisfying the
growing global energy demand. Moreover, inexpensive and efficient industrial-
sized storage technologies are still lacking, making it impossible to store enough
surplus power from renewable sources.

The IEA baseline scenario forecasts that the share of all renewable sources of
energy (including hydro and bioenergy) in global electricity generation will rise from
26 per cent currently to 44 per cent by 2040. More than half of this total is to be
provided by wind and solar power in 2040. At the same time, the IEA expects the
share of wind and solar power in primary energy demand to rise from two per cent
currently to seven per cent by 2040. Meanwhile, the share of fossil fuels in global
primary energy demand should only decline from 81 per cent currently to 74 per
cent by 2040.

The good news is that investments in renewables look set to rise further in the
coming decades; the bad news is that this is already factored into forecasts that
suggest fossil fuels will still be overwhelmingly dominant over this period.

According to the baseline scenario presented in the latest World Energy Outlook by
the IEA, aggregate investments in renewables are likely to amount to c. USD 8 trn
by 2040. This means that they will exceed the sum of all investments in all other
sources of energy (oil, coal, natural gas, nuclear energy) taken together. Despite
these huge sums, the |IEA expects energy-related carbon emissions to rise by 0.3
per cent each year until 2040 on average.

A price worth paying?

Some will argue that the side effects to the wider economy are a price worth paying
to more quickly reduce emissions. But while there is certainly a debate to be had
over the extent of the economic price worth paying, those involved in the debate
should also understand how these policies can contribute to widening inequality.

The reason why the sweeping policies that have the effect of restricting growth can
hurtthe poorestin societyis thatthey are the people that can least afford to mitigate
the effects of those policies ontheirlives. Take, forexample, the policy implemented
several times in Paris that has banned cars from driving into the capital on
alternating days based on whether the number plate is odd or even. For those who
could afford two cars, with alternating number plates, there was relatively little
impacton their lives. In contrast, those who could afford only one car were severely
impacted. Compounding the problem for one-car families is the fact that workers
in lower-income groups tend to have less ability to negotiate their work hours.
Indeed, anger of this type was exactly the type of motivation that contributed to the
Gilets Jaunes protests in France.
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Protest movements of this type should be eye-opening for policymakers as they
show that aggressive environmental action, without due respect to the economic
consequences, can change the mood of the public which, in turn, may eventually
seek new leadership. Consider that one of the key catalysts for the Gilets Jaunes
protests was a fuel tax that was intended to disincentivise the use of fossil fuels.
Given the power of protest movement, President Macron has responded to some
of their demands.

The alternative to blanket restrictions on carbon emissions is to raise prices to
disincentivise their use. This can come in the form of higher power prices, higher
taxes forold cars, mandatory charges on goods that are made in polluting factories,
or many other such initiatives. Again, these widen inequality as those who can’t
afford to pay are either worse off or miss out.

How to mitigate these pain points

One way around the pain points associated with environmental policies that restrict
growth is enormous government spending, particularly on renewable energy
projects. This includes subsidies to help refit factories and industrial plants. In the
absence of a sharp uptick in inflation, it seems likely that ‘Green Quantitative
Easing’ is inevitable despite the merits of this type of policy not yet being fully
discussed.

The problem is that this inevitably means governments taking on more debt right
when they already have a debt problem. Of course, the current low level of bond
yields means the large debt pile is manageable. However, the picture becomes
scary ifand whenyields rise. Thatis why increasing amounts of debt will be bought
by central banks, eithertofinance greeninitiatives or toensure thatlegacy debt built
up in the years of excess does not default en masse and topple economies.

The other option is placing the onus on the private sector. This would involve
enacting policies that make it the obligation of an individual company to refashion
itself to reduce carbon within a fixed timeframe. On the face of it, this may seem like
a sensible plan. After all, companies are generally in great shape.

Yet there are significantissues to consider. Given the costs involved in aggressively
reducing carbon, companies would have to raise large amounts of capital, putting
pressure on their ability to create jobs and on equity and debt markets and
potentially reducing the value of pension pots.

Finally, thereis atough choice to be made by democratic governments. Should they
press ahead with policies to aggressively reduce carbon emissions, thenitis almost
certain that at least some of the side effects noted above will eventuate. As most
governments have a poorrecord of being re-elected during an economic downturn,
those governments will have to implement their policies knowing that there is arisk
they will lose their jobs.

Furthermore, as the last decade has shown, economic malaise fuels populism. So
if governments with well-meaning environmental policies are subsequently voted
out, there seems to be a material chance that a replacement, populist government
will reverse those policies and, if current trends are a guide, become less willing to
partake in the multilateral action that is necessary to combat the environmental
issues faced by the world.
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The good news

While there are trade-offs and hard decisions to be made, there is good news.
Specifically, the evidence shows that economic growth does not depend on
emissions and can indeed disconnect from them. If this evidence holds more
broadly, it means that growth does not have to come at the expense of the
environment — and the reason why it has, particularly over the last half century, is
that it has been easy to do so and there has been no penalty. Given that
environmental externalities have been well known for some time, this essentially
means there has been an inefficiency in the market system.

The UKis agood example of what can be done when an economy moves from being
an industry-based economy to being one based on services. The following charts
show how economic growth and carbon emissions were tightly tied duringthe UK's
period of industrialisation. However, since the UK finished its industrialisation
process, emissions have disconnected from growth, particularly over the last 50
years.

Figure 22: Carbon emissions and economic growth went Figure 23: Carbon Emissions disconnected from growth in
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A similar trend of disconnection can be seen when emissions are compared with
wages and productivity.

In summary, the trajectory of the UK’s economic growth has continued in a
relatively stable direction whilst carbon emissions have fallen. Of course, some of
the drop in carbon emissions can be accounted for by the ‘exporting’ of emissions
to other countries for manufacturing, but the phenomenon of this decoupling of
emissions from growth has persisted nonetheless.

Against the backdrop of the largest developed countries having seen much
economic and technological progress since their emissions peaked, it seems
unlikely that rapidly developing emerging nations will reach the same emission
peaks. Butif developed countries are serious about reducing global emissions, and
not just embarking on virtue-signaling domestic policies, they need to help the
developing world transition. Therefore, multilateral agreements are critical. If they
can be made, itis not unreasonable to suggest that we are not too far away from a
world in which emissions fall everywhere. That said, it is worrying that at the very
time that multilateral organisations are needed the most to combat climate change
and help deal with inequality and debt, the world faces a backlash against
globalisation in some quarters and these organisations are under fire.
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We can draw some optimism from the evidence that global growth potential is
higher than at many times in the past. That is because globalisation has eroded
some of the roadblocks that previously held back some countries. ‘Technology
skips’ have already been witnessed in telecommunications, particularly in Africa
and India where the uptake of smartphones and data usage is exponential. This has
helped millions of people engage in the local and global economy and boost their
incomes, without the country needing a build-up of heavy industry.

The investment world is changing fast too, so there is now a financial incentive to
‘do the right thing’. AlImost half of the world’s assets under management fall under
an ESG banner in some way, and this will likely increase to 95 per cent over the
coming decade.

The greater awareness of how ESG issues affect companies is already having an
impact on share prices. The following chart shows that positive climate change
news and actions lead to higher company share prices; the move towards more
assets coming under an ESG umbrella should only amplify this trend.

Figure 24: Stocks with positive climate change news outperform the market
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This gives weight to the evidence that environmental degradationis notan inherent
part of economic growth and that the relationship between growth and carbon
emissions cannotonly be severed, butitcan actually be reversed so thatcompanies
have financial incentives to maintain a sustainable business model.

We need new sources of growth

Even if there is evidence that growth can coincide with falling emissions, the need
to accelerate progress is fairly urgent if you accept the climate emergency. Given
thatthe economic growth and financial performance we are familiar with have been
tied to environmental damage, it is necessary to find new sources of growth to take
advantage of the fact that growth and pollution do not have to be linked.

One avenue for growth is to take advantage of new technologies. Indeed, there is
reason to hope thatif the world is on the cusp of a fourth Industrial Revolution —one
of artificialintelligence —then technological advancements could reach a point over
the coming decade where they begin to be implemented at a rapid pace. This could
also help reverse the hard-to-explain dip in productivity growth over the last few
decades.
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Cutting-edge advancements bear much promise for growth. Just one example
comes from the industrials sector, where the Internet of Things is just beginning to
shake up manufacturing and logistics. Indeed, ABB, the engineering group,
estimates that digitalisation technologies could be a $20bn revenue opportunity
and result in $1tn of annual savings in operating expenditures for its customers.

Furthermore, new technologies are beginning to help combat climate change and
other environmental issues. For example, Australia is developing a blockchain tool
to help make its complex water rights and trading systems more efficient. Water is
also critical to India, where the country has developed an loT cloud-based system
to help clean up the Ganges, while another loT system in Kanpur is helping improve
air quality. Across the world, countries are implementing new technologies that
allow real-time monitoring of environmental infrastructure to maximise efficiency
and minimise downtime.

While there is real and legitimate excitement in the promise of technologies such
as artificial intelligence and 5G communications, itis necessary to be pragmatic as
well as hopeful. After all, Al and associated technologies — such as the Industrial
Internet of Things — are currently nowhere near as widespread as they need to be
to have a material impact on any of the mainstream measures of growth. Together,
they contribute to around one per cent or less of global production. And consider
that robotics, now a decades-old technology, contributes to less than ten per cent
of global production. These figures need to push up to 20 per cent or more in order
to meaningfully add to GDP growth.

Due to the slow contribution to growth of cutting-edge technology, some of the ‘big
picture’ gains may be found elsewhere. We discussed earlier that it is the
developing world where some of the best uses of funds to mitigate climate change
can be applied. Similarly, we should look to the developing world to find the most
reliable sources of growth. This is because if developing countries can be assisted
to implement technologies that are already established and proven in advanced
countries, they can provide an outsized contribution to global growth compared
with advanced countries trying to implement as-yet-unproven new technologies.

Conclusion

There is no question that climate change, inequality, and debt are amongst the
biggest issues of our time. And given that a deterioration in all three for many
countries has been accompanied by solid global economic growth over the last four
decades, itis no wonder that many question whether growth is a false necessity or
even a phenomenon the world can do without. As this conversation takes place, it
is vital that policymakers consider three things.

First, the historical evidence strongly suggests a world without growth would be
bad for human health and progress. Indeed, as the world’s population inevitably
grows, economic growth, managed the right way, is not just a key mechanism to
solving all three problems, itis a necessity. Therefore, we need to find a way to grow
the global economy while managing debt, reducing inequality and, above all else,
respecting the environment for future generations.

Second, as atipping pointhas beenreached interms of climate awareness, the next

stage of the conversation will likely move to the discussion of the huge trade-offs
associated with tackling climate issues. It is therefore vital that policymakers fully
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appreciate the flow-on effects from the significant changes required in transport,
industry, and electricity generation, which could include unemployment, increased
inequality, and a possible debt-centred financial crisis.

Third, if assertive action is taken, it will have to be managed very carefully. History
shows that countries are hard to govern during times of economic malaise.
Democratic governments may find themselves removed from office and replaced
with more populist politicians. With this in mind, globally coordinated policy is
necessary. This would facilitate ‘technology skips’ in developing countries. If
advanced countries can assist in bringing proven technologies to developing
countries, not only can swathes of ‘dirty’ industry be quickly cleaned up, but also,
more people can be connected to job opportunities and equality gaps can be
shrunk.

Whatever short-term trade-offs are made, significant investment is required in
clean technology, research, and infrastructure for the future. As government
balance sheets are stretched and advanced countries face demographic
constraints, this will not allow for a direct large green investment program without
risks of setting off a debtcrisis. As suchitis likely that central banks willincreasingly
create money to finance 'Green projects' either directly, through buying
government bonds that finance it, or through vehicles such as the European
Investment Bank.

While this will add to large existing debt piles, the reality is that this debt may never
be repaid to central banks or will be partially inflated away over time. As such, it
could be akin to a ‘cost free’ fiscal injection into the economy. Even the most
prudent of governments could use the cover afforded by a response to climate
change to authorise such green helicopter money.

Perhaps the most worrying thing is that just as global co-ordination becomes
increasingly important in tackling these problems, so the world is seeing a reversal
of multilateralism. Without multilateral solutions it will be near impossible to meet
UN-sponsored targets for the climate. As a result, countries may choose to impose
unilateral measures, including carbon border adjustment taxes that may ignite new
trade wars and be counterproductive for growth.

With a multilateral ‘grand bargain’ and sizeable investments in technology (green
and otherwise) it may still be possible to see economic growth that works towards
the goals of greater equality, debt sustainability, and climate security. As the debate
over sustainable growth intensifies though, we need to be aware of how difficult
and complicated this topic is and consider all the associated trade-offs before we
make grand policy decisions.
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shorter-term trade ideas that may be inconsistent with Deutsche Bank's existing longer-term ratings. Some trade ideas for
equities are listed as Catalyst Calls on the Research Website (https://research.db.com/Research/) , and can be found on the
general coverage listand also on the covered company’s page. A Catalyst Call represents a high-conviction belief by an analyst
that a stock will outperform or underperform the market and/or a specified sector over a time frame of no less than two weeks
and no more than three months. In addition to Catalyst Calls, analysts may occasionally discuss with our clients, and with
Deutsche Bank salespersons and traders, trading strategies or ideas that reference catalysts or events that may have a near-
term or medium-term impact on the market price of the securities discussed in this report, which impact may be directionally
counter to the analysts' current 12-month view of total return or investment return as described herein. Deutsche Bank has
no obligation to update, modify oramend this report or to otherwise notify a recipient thereof if an opinion, forecast or estimate
changes or becomes inaccurate. Coverage and the frequency of changes in market conditions and in both general and
company-specific economic prospects make it difficult to update research at defined intervals. Updates are at the sole
discretion of the coverage analyst or of the Research Department Management, and the majority of reports are published at
irregular intervals. This report is provided for informational purposes only and does not take into account the particular
investment objectives, financial situations, or needs of individual clients. It is not an offer or a solicitation of an offer to buy or
sell any financial instruments or to participate in any particular trading strategy. Target prices are inherently imprecise and a
product of the analyst’s judgment. The financial instruments discussed in this report may not be suitable for all investors, and
investors must make their own informed investment decisions. Prices and availability of financial instruments are subject to
change without notice, and investment transactions can lead to losses as a result of price fluctuations and other factors. If a
financial instrumentis denominated in a currency otherthan aninvestor's currency, a change in exchange rates may adversely
affect the investment. Past performance is not necessarily indicative of future results. Performance calculations exclude
transaction costs, unless otherwise indicated. Unless otherwise indicated, prices are current as of the end of the previous
trading session and are sourced from local exchanges via Reuters, Bloomberg and other vendors. Data is also sourced from
Deutsche Bank, subject companies, and other parties.

The Deutsche Bank Research Department is independent of other business divisions of the Bank. Details regarding our
organizational arrangements and information barriers we have to prevent and avoid conflicts of interest with respect to our
research are available on our website (https://research.db.com/Research/) under Disclaimer.

Macroeconomic fluctuations often account for most of the risks associated with exposures to instruments that promise to pay
fixed or variable interest rates. For an investor who is long fixed-rate instruments (thus receiving these cash flows), increases
in interest rates naturally lift the discount factors applied to the expected cash flows and thus cause a loss. The longer the
maturity of a certain cash flow and the higher the move in the discount factor, the higher will be the loss. Upside surprises in
inflation, fiscal funding needs, and FX depreciation rates are among the most common adverse macroeconomic shocks to
receivers. But counterparty exposure, issuer creditworthiness, client segmentation, regulation (including changes in assets
holding limits for different types of investors), changes in tax policies, currency convertibility (which may constrain currency
conversion, repatriation of profits and/or liquidation of positions), and settlement issues related to local clearing houses are
also important risk factors. The sensitivity of fixed-income instruments to macroeconomic shocks may be mitigated by
indexing the contracted cash flows to inflation, to FX depreciation, or to specified interest rates — these are common in
emerging markets. The index fixings may — by construction — lag or mis-measure the actual move in the underlying variables
they are intended to track. The choice of the proper fixing (or metric) is particularly importantin swaps markets, where floating
coupon rates (i.e., coupons indexed to a typically short-dated interest rate reference index) are exchanged for fixed coupons.
Funding in a currency that differs from the currency in which coupons are denominated carries FX risk. Options on swaps
(swaptions) the risks typical to options in addition to the risks related to rates movements.

Derivative transactions involve numerous risks including market, counterparty default and illiquidity risk. The appropriateness
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of these products for use by investors depends on the investors' own circumstances, including their tax position, their
regulatory environment and the nature of their other assets and liabilities; as such, investors should take expert legal and
financial advice before entering into any transaction similar to or inspired by the contents of this publication. The risk of loss
in futures trading and options, foreign or domestic, can be substantial. As a result of the high degree of leverage obtainable
in futures and options trading, losses may be incurred that are greater than the amount of funds initially deposited — up to
theoretically unlimited losses. Trading in options involves risk and is not suitable for all investors. Prior to buying or selling an
option, investors must review the 'Characteristics and Risks of Standardized Options”, at http://www.optionsclearing.com/
about/publications/character-risks.isp. If you are unable to access the website, please contact your Deutsche Bank
representative for a copy of this important document.

Participants in foreign exchange transactions may incurrisks arising from several factors, including the following: (i) exchange
rates can be volatile and are subject to large fluctuations; (ii) the value of currencies may be affected by numerous market
factors, including world and national economic, political and regulatory events, events in equity and debt markets and changes
in interest rates; and (iii) currencies may be subject to devaluation or government-imposed exchange controls, which could
affect the value of the currency. Investors in securities such as ADRs, whose values are affected by the currency of an
underlying security, effectively assume currency risk.

Unless governing law provides otherwise, all transactions should be executed through the Deutsche Bank entity in the
investor's home jurisdiction. Aside from within this report, important conflict disclosures can also be found at https://
research.db.com/Research/ on each company’s research page. Investors are strongly encouraged to review this information
before investing.

Deutsche Bank (which includes Deutsche Bank AG, its branches and affiliated companies) is not acting as a financial adviser,
consultant or fiduciary to you or any of your agents (collectively, “You” or “Your”) with respect to any information provided in
this report. Deutsche Bank does not provide investment, legal, tax or accounting advice, Deutsche Bank is not acting as your
impartial adviser, and does not express any opinion orrecommendation whatsoever as to any strategies, products orany other
information presented in the materials. Information contained herein is being provided solely on the basis that the recipient
will make an independent assessment of the merits of any investment decision, and it does not constitute arecommendation
of, or express an opinion on, any product or service or any trading strategy.

Theinformation presentedis generalin nature andis notdirected to retirementaccounts orany specific person oraccounttype,
and is therefore provided to You on the express basis that itis notadvice, and You may not rely upon itin making Your decision.
The information we provide is being directed only to persons we believe to be financially sophisticated, who are capable of
evaluating investment risks independently, both in general and with regard to particular transactions and investment
strategies, and who understand that Deutsche Bank has financial interests in the offering of its products and services. If this
isnotthe case, orif You are an IRA or other retail investor receiving this directly from us, we ask that you inform us immediately.

InJuly 2018, Deutsche Bank revised its rating system for short term ideas whereby the branding has been changed to Catalyst
Calls (“CC”) from SOLAR ideas; the rating categories for Catalyst Calls originated in the Americas region have been made
consistent with the categories used by Analysts globally; and the effective time period for CCs has been reduced from a
maximum of 180 days to 90 days.

United States: Approved and/or distributed by Deutsche Bank Securities Incorporated, a member of FINRA, NFA and SIPC.
Analysts located outside of the United States are employed by non-US affiliates that are not subject to FINRA regulations.

Germany: Approved and/or distributed by Deutsche Bank AG, a joint stock corporation with limited liability incorporated in
the Federal Republic of Germany with its principal office in Frankfurtam Main. Deutsche Bank AG is authorized under German
Banking Law and is subject to supervision by the European Central Bank and by BaFin, Germany's Federal Financial
Supervisory Authority.

United Kingdom: Approved and/or distributed by Deutsche Bank AG acting through its London Branch at Winchester House,
1 Great Winchester Street, London EC2N 2DB. Deutsche Bank AG in the United Kingdom is authorised by the Prudential
Regulation Authority and is subject to limited regulation by the Prudential Regulation Authority and Financial Conduct
Authority. Details about the extent of our authorisation and regulation are available on request.

Hong Kong SAR: Distributed by Deutsche Bank AG, Hong Kong Branch, except for any research content relating to futures
contracts within the meaning of the Hong Kong Securities and Futures Ordinance Cap. 571. Research reports on such futures
contracts are not intended for access by persons who are located, incorporated, constituted or resident in Hong Kong. The
author(s) of aresearch report may not be licensed to carry on regulated activities in Hong Kong, and if not licensed, do not hold
themselves out as being able to do so. The provisions set out above in the 'Additional Information' section shall apply to the
fullest extent permissible by local laws and regulations, including without limitation the Code of Conduct for Persons Licensed
or Registered with the Securities and Futures Commission. This report is intended for distribution only to 'professional
investors' as defined in Part 1 of Schedule of the SFO. This document must not be acted or relied on by persons who are not
professional investors. Any investment or investment activity to which this document relates is only available to professional
investors and will be engaged only with professional investors.

India: Prepared by Deutsche Equities India Private Limited (DEIPL) having CIN: U65990MH2002PTC137431 and registered
office at 14th Floor, The Capital, C-70, G Block, Bandra Kurla Complex Mumbai (India) 400051. Tel: + 91 22 7180 4444. It is
registered by the Securities and Exchange Board of India (SEBI) as a Stock broker bearing registration no.: INZ000252437;
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Merchant Banker bearing SEBI Registration no.: INM000010833 and Research Analyst bearing SEBI Registration no.:
INHO00001741. DEIPL may have received administrative warnings from the SEBI for breaches of Indian regulations. Deutsche
Bank and/or its affiliate(s) may have debt holdings or positions in the subject company. With regard to information on
associates, please refer to the “Shareholdings” section in the Annual Report at: https:/www.db.com/ir/en/annual-

reports.htm.

Japan: Approved and/or distributed by Deutsche Securities Inc.(DSI). Registration number - Registered as a financial
instruments dealer by the Head of the Kanto Local Finance Bureau (Kinsho) No. 117. Member of associations: JSDA, Type ||
Financial Instruments Firms Association and The Financial Futures Association of Japan. Commissions and risks involved in
stock transactions - for stock transactions, we charge stock commissions and consumption tax by multiplying the transaction
amount by the commission rate agreed with each customer. Stock transactions can lead to losses as a result of share price
fluctuations and other factors. Transactions in foreign stocks can lead to additional losses stemming from foreign exchange
fluctuations. We may also charge commissions and fees for certain categories of investment advice, products and services.
Recommended investment strategies, products and services carry the risk of losses to principal and other losses as a result
of changesin marketand/oreconomic trends, and/or fluctuations in market value. Before deciding on the purchase of financial
products and/or services, customers should carefully read the relevant disclosures, prospectuses and other documentation.
'Moody's', 'Standard Poor's', and 'Fitch' mentioned in this report are not registered credit rating agencies in Japan unless
Japan or 'Nippon' is specifically designated in the name of the entity. Reports on Japanese listed companies not written by
analysts of DSI are written by Deutsche Bank Group's analysts with the coverage companies specified by DSI. Some of the
foreign securities stated on this report are not disclosed according to the Financial Instruments and Exchange Law of Japan.
Target prices set by Deutsche Bank's equity analysts are based on a 12-month forecast period..

Korea: Distributed by Deutsche Securities Korea Co.

South Africa: Deutsche Bank AG Johannesburg is incorporated in the Federal Republic of Germany (Branch Register Number
in South Africa: 1998/003298/10).

Singapore: This report is issued by Deutsche Bank AG, Singapore Branch (One Raffles Quay #18-00 South Tower Singapore
048583, 65 6423 8001), which may be contacted in respect of any matters arising from, or in connection with, this report.
Where thisreportisissued or promulgated by Deutsche Bankin Singapore to a person whois not an accredited investor, expert
investor or institutional investor (as defined in the applicable Singapore laws and regulations), they accept legal responsibility
to such person for its contents.

Taiwan: Information on securities/investments that trade in Taiwan is for your reference only. Readers should independently
evaluate investment risks and are solely responsible for their investment decisions. Deutsche Bank research may not be
distributed to the Taiwan public media or quoted or used by the Taiwan public media without written consent. Information on
securities/instruments that do not trade in Taiwan is for informational purposes only and is not to be construed as a
recommendation to trade in such securities/instruments. Deutsche Securities Asia Limited, Taipei Branch may not execute
transactions for clients in these securities/instruments.

Qatar: Deutsche Bank AG in the Qatar Financial Centre (registered no. 00032) is regulated by the Qatar Financial Centre
Regulatory Authority. Deutsche Bank AG - QFC Branch may undertake only the financial services activities that fall within the
scope of its existing QFCRA license. Its principal place of business in the QFC: Qatar Financial Centre, Tower, \West Bay, Level
5, PO Box 14928, Doha, Qatar. This information has been distributed by Deutsche Bank AG. Related financial products or
services are only available only to Business Customers, as defined by the Qatar Financial Centre Regulatory Authority.

Russia: The information, interpretation and opinions submitted herein are not in the context of, and do not constitute, any
appraisal or evaluation activity requiring a license in the Russian Federation.

Kingdom of Saudi Arabia: Deutsche Securities Saudi Arabia LLC Company (registered no. 07073-37) is regulated by the
Capital Market Authority. Deutsche Securities Saudi Arabia may undertake only the financial services activities that fall within
the scope of its existing CMA license. Its principal place of business in Saudi Arabia: King Fahad Road, Al Olaya District, P.O.
Box 301809, Faisaliah Tower - 17th Floor, 11372 Riyadh, Saudi Arabia.

United Arab Emirates: Deutsche Bank AG in the Dubai International Financial Centre (registered no. 00045) is regulated by
the Dubai Financial Services Authority. Deutsche Bank AG - DIFC Branch may only undertake the financial services activities
that fall within the scope of its existing DFSA license. Principal place of business in the DIFC: Dubai International Financial
Centre, The Gate Village, Building 5, PO Box 504902, Dubai, U.A.E. This information has been distributed by Deutsche Bank
AG. Related financial products or services are available only to Professional Clients, as defined by the Dubai Financial Services
Authority.

Australia and New Zealand: This research is intended only for 'wholesale clients' within the meaning of the Australian
Corporations Actand New Zealand Financial Advisors Act, respectively. Please refer to Australia-specific research disclosures
and related information at https://australia.db.com/australia/content/research-information.html \Where research refers to any
particular financial product recipients of the research should consider any product disclosure statement, prospectus or other
applicable disclosure document before making any decision about whether to acquire the product. In preparing this report,
the primary analyst or an individual who assisted in the preparation of this report has likely been in contact with the company
thatisthe subject of this research for confirmation/clarification of data, facts, statements, permissionto use company-sourced
material in the report, and/or site-visit attendance. Without prior approval from Research Management, analysts may not
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accept from current or potential Banking clients the costs of travel, accommodations, or other expenses incurred by analysts
attending site visits, conferences, social events, and the like. Similarly, without prior approval from Research Managementand
Anti-Bribery and Corruption (“ABC"”) team, analysts may not accept perks or other items of value for their personal use from
issuers they cover.

Additional information relative to securities, other financial products or issuers discussed in this report is available upon
request. This report may not be reproduced, distributed or published without Deutsche Bank's prior written consent.
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