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Introduction 

Governments and corporations have made bold commitments 
to tackle climate change. Initiatives such as the Paris Agree-
ment aim to limit the rise in global temperatures to less than 
two degrees Celsius above pre-industrial levels by the end of 
the century. 

Numerous bodies of research suggest that failing to cap tem-
perature rises could have major economic and social conse-
quences. The European Commission’s JRC Science for Policy 
Report concludes that consumption by EU citizens could fall by 
EUR 240bn every year at the end of this century if global tem-
peratures exceed pre-industrial levels by more than three de-
grees Celsius1 . 

Should temperatures climb in an unmitigated way (as pre-
dicted by the Intergovernmental Panel on Climate Change’s 
RCP 8.5 scenario of an average 0.04 degree Celsius rise in av-
erage global temperatures every year until 2100), global real 
GDP per head could drop by 7% and by 10.5% for the US, 
based on an August 2019 working paper from the National 
Bureau of Economic Research2 . 

And the World Bank Group finds that, without immediate cli-
mate action, another 100 million people could sink into pov-
erty by 20303. 

Technological solutions and disruptive forces lie at the heart of 
preventing (and even reversing) climate change. They are also 
central to unlocking major investment opportunities for corpo-
rations and investors. 

In this paper, we explore: 

1. The size of the investment opportunity, including the 
investment themes that help to counter further climate 
change and may even contribute to reversing it. 

2. The technologies with wider implications for driving 
positive changes from businesses, individuals, investors, 
and financial institutions to avert climate-damaging activi-
ties and/or reverse climate change. 

Technologies to better measure climate change 
Technological advances will continue to underpin our collective efforts to track climate change. By gaining greater under-
standing of its historical progression, countries, corporations, and individuals will be able better to assess their prepared-
ness and the potential economic and social impact of it. 

We identify three key technological trends driving better measurement and prediction of climate change: 

1. Widespread use of sensors to collect more comprehensive data from everyday objects. This data should align with 
the objectives and key performance indicators of the major climate-related UN Sustainable Development Goals (SDGs 
7 and 13). Technological advances such as ubiquitous sensors will increasingly capture real world phenomena such as 
temperature, speed, and heat across industrial systems, utility grids, and transportation systems. They can support new 
or enhanced approaches to forecasting climate patterns and their impact on populations, resources, and assets. 

2. The Internet of Things (IoT) and 5G wireless networks as an ecosystem will become a valuable infrastructure 
that transmits climate change data to governments, corporations, and investors with equality of access. This raw input 
will define Big Data in that it will be generated at high speed, in vast volumes, and often in highly variable format. 

3. Cloud data centers and machine learning will use artificial technology systems to transform this Big Data into 
coherent information that governments, businesses, and investors can analyze to make informed decisions. Technolog-
ical advances have enabled scientists to quickly create, store and analyze data that, until recently, would have taken 
years to compile. 
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Chapter 1 

How big is the investment opportunity? 

Achieving all the UN Sustainable Development Goals (of which 
climate change is a part) will require between USD 5trn and 
USD 7trn of annual investment until 2030, according to the 
2017 UBS WEF white paper Mobilizing private wealth for pub-
lic good. As former World Bank President Jim Yong Kim noted 
at last year’s World Bank Meetings, this figure compares to 
USD 150-160bn of annual official development assistance. Pri-
vate households, by contrast, have vast savings – US house-
holds and non-profits alone held USD 130trn of assets as of 
June 2019, according to the Federal Reserve. 

Private investment is therefore critical to tackling climate change. 
But where can private investors best deploy their money? 

We explore two categories of investment. 

The first comprises thematic investments in technologies 
and disruptive companies that look to prevent further 
climate change. These investments support sustained eco-
nomic growth by using resources more efficiently and produc-
ing fewer emissions of global greenhouse gases (GHG). This 
section also links to themes that help Executives and Entrepre-
neurs improve their business operations (by lowering costs, 
opening new, greener ways of generating revenue, and avoid-
ing environmental degradation). 

The second category consists of investment concepts (of-
ten powered by climate technology) that have a posi-
tive social impact and the potential to help reverse cli-
mate change. 

Please see CIO’s Longer Term Investment themes 
(linked on the following pages) and CIO’s Executives 
and Entrepreneurs hub for more content. 
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How big is the investment opportunity? 

Thematic investments that counteract 
further climate change 

Energy efficiency 

What are the main investible technologies 
underpinning the theme? 

The Internet of Things (IoT) would use sensors or smart 
tags to enable intelligent network and machine-to-machine in-
teraction. Machines that can predict system failures and trig-
ger maintenance automatically save considerable time and en-
ergy, especially in the manufacturing sector. Industry studies 
by firms such as Ericsson indicate that IoT can reduce energy 
consumption by up to 25%. 

Smart systems apply IoT and artificial intelligence (AI) capa-
bilities to slash energy consumption. For example, smart build-
ings, complete with building-management systems, centralize 
resource control and manage lighting, heating, ventilation, 
and air conditioning systems in an efficient and well-coordi-
nated way. 

Cloud computing is a model for enabling convenient, on-de-
mand network access to a shared pool of computing re-
sources. IT infrastructure-related investments typically account 
for one-fifth of enterprise capital expenditure. Studies by com-
panies such as Amazon and IBM conclude that enterprises 
could more than halve their carbon emissions if they migrate 
their data storage operations to the cloud. 

Buildings construction and operation account for: 

36% 
of global final energy use and 

39% 
of direct and indirect CO

2
 emissions 

In which sectors/verticals do these 
technologies have the greatest potential? 

Buildings offer the greatest opportunity for reducing energy 
consumption. They and their construction currently account 
for 36% of global final energy use and 39% of direct and indi-
rect CO

2
 emissions4. In 2018 alone direct emissions from build-

ings exceeded three gigatons of CO
2 

5. Population growth and 
urbanization are expected to increase commercial and residen-
tial floor space, leading to soaring energy demand. Yet new 
technologies and techniques for constructing and retrofitting 
buildings could improve energy efficiency by nearly 40% by 
2040, according to the IEA6 . 

Traditional electricity supply systems would benefit from 
an upgrade to a “smart grid.” This innovation incorporates de-
centralized, smaller electricity-generation resources, including 
solar panels and energy storage (via electric cars). It also en-
ables grid operators to collect data on energy use for the pur-
pose of analyzing electricity demand in real time and adjusting 
how much of it is generated. A 2010 report from the US De-
partment of Energy (Pacific Northwest National Laboratory) 
estimated that smart grids could trim electricity use and utility 
sector carbon emissions by at least 12% by 20307. 

Transportation is also a sector ripe for disruption. We iden-
tify particular promise in mass transit systems, including trains. 
Video-conferencing and telecommuting via networking tech-
nologies can save US and UK businesses billions of dollars 
while cutting CO

2
 emissions by 5.5m metric tons by 2020, 

equivalent to retiring one million passenger cars from the 
roads, according to AT&T. 

For more information please explore CIO’s Longer Term 
Investment theme: Energy efficiency. 

Source: International Energy Agency and the United Nations Environment 
Programme (2018) 
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How big is the investment opportunity? 

Smart mobility 

What are the main investible technologies 
underpinning the theme? 

Electrification is critical to reducing per-vehicle CO
2
 emissions 

and replacing internal combustion engines (ICEs) where con-
straints exist on making further emissions cuts. Its benefits, 
however, depend on the electricity being generated from sus-
tainable and renewable sources, not fossil fuels. Technological 
advances in battery cell chemistry and developments that 
lower the cost and increase the availability of charging infra-
structure are also likely to be transformative (although safe re-
cycling and waste disposal of batteries will also be vital to 
avoid hurting the environment). 

Connectivity technologies (such as 5G networks and Big 
Data analytics) are the building blocks for integrating vehicles 
into complex systems such as traffic management, charging in-
frastructures, and communications networks. Quicker and more 
comprehensive connectivity (between vehicles, and between 
vehicles and critical infrastructure) will advance the rise of mo-
bility-as-a-service models (such as car sharing and robotaxis). 

25% 
of new vehicles sold worldwide 
could be electrified by 2025 

10% 15% 
battery powered plug-in or 
full electric full hybrid 

In which sectors/verticals do these 
technologies have the greatest potential? 

Electric powertrains will lower GHG emissions by powering 
either fully electric, hybrid, or plug-in hybrid vehicles. UBS esti-
mates that around 25% of new vehicles sold worldwide could 
be electrified by 2025, with at least 10% of them being bat-
tery electric and the rest plug-in or full hybrids. Electric vehi-
cles in the US emit around 40% less greenhouse gases than 
conventional vehicles do, according to a US government study 
(see Figure 1). 

Figure 1 

Emissions and fuel cost for a 100-mile trip 

Vehicle Greenhouse Gas Emissions Total Fuel Cost 
(compact sedans) (pounds of CO2) equivalent (US Dollars) 

Conventional 87 lb CO
2 

8.33 

Hybrid Electric 57 lb CO
2 

5.48 

Plug-in Hybrid Electric 62 lb CO
2 

5.43 

All-Electric 54 lb CO
2 

3.74 

Source: US Department of Energy 

Mobility-as-a-service operating models, such as car hail-
ing and car sharing, can help to cut emissions by making vehi-
cle use more efficient. According to the US’s Transportation 
Sustainability Research Center, each car owned by ridesharing 
services removes 5.5–12.7 tons of GHG emissions per year. 

For more information please explore CIO’s Longer Term 
Investment theme: Smart mobility. 

Source: UBS 
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How big is the investment opportunity? 

Renewable energy 

What are the main investible technologies 
underpinning the theme? 

Hydroelectric power’s share in global power generation al-
ready surpasses 15%, with global capacity topping 1,000 GW 
and generation hitting 4,100 TWh in 2017. Hydropower is ex-
pected to account for 17% of total electricity generation by 
2030. Rates of its growth will vary by country because of geo-
graphical restrictions and relatively high capital intensity. The In-
ternational Energy Agency estimated hydroelectric power gen-
eration increased over 3% in 2018, but would need to continue 
to grow at a sustained rate of at least 2.5% every year until 
2030 to meet its Sustainable Development Scenario target. 

Wind power’s total global capacity is expected to exceed 
1,000 GW by 2025 (from 600 GW at the end of 2018). Its 
share of the global power generation mix is forecast to climb 
to 10% (from today’s 4%-5%). Unlike most fossil energy 
sources, wind power has no fuel costs or exposure to com-
modity price risk. Operating and maintenance costs are rela-
tively low, and in recent years efficiency has greatly improved. 

Solar photovoltaic (PV) global electricity production is an-
ticipated to more than triple by 2025 compared to 2016 lev-
els (based on International Renewable Energy Agency data) 
and approach 1,400 terawatt hours (TWh). The solar industry 
has focused on cutting soft costs by optimizing and improv-
ing equipment, using robotic technologies, and boosting 
module efficiency. 

Today, global power generation is approximately: 

15% 5% 2% 
hydroelectric wind powered solar photovoltaic 

In the future, it’s expected to be approximately: 

17% 10% 6% 
hydroelectric wind powered solar photovoltaic 

(by 2030) (by 2025) (by 2025) 

In which sectors/verticals do these 
technologies have the greatest potential? 

Power generation accounted for 42% of all energy-related 
emissions in 2018, according to the International Energy 
Agency. Power generation (especially coal-fired plants) is par-
ticularly carbon intensive. Fulfilling national commitments to 
limit global temperature rises to two degrees above pre-indus-
trial levels (via reductions in CO

2
 output) would require global 

utility companies to continue switching their energy base from 
fossil fuel to renewable energy sources. 

Solar cells, a kind of semiconductor material, generate en-
ergy with one of the lowest carbon footprints of any source. 
As polysilicon prices and assembly and system-management 
costs have plummeted, the levelized cost of solar power has 
become very attractive. When it comes to the carbon intensity 
of electricity generation, solar cells rate high: every kWh pro-
duced by them measures only a fraction of the figure of fossil 
fuels like coal or oil. 

For more information please explore CIO’s Longer Term 
Investment theme: Renewable energy. 

Source: International Energy Agency 
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How big is the investment opportunity? 

Automation and robotics 

What are the main investible technologies 
underpinning the theme? 

Industrial software presents an opportunity both to consid-
erably reduce emissions and increase investment. Software can 
help identify energy-inefficient manufacturing activities and 
propose ways to improve them. When combined with Big 
Data analytics, it can predict future energy consumption and 
offer details on how to reduce energy use, helping to prevent 
further climate change. 

Robotics and drones can offer greener production and deliv-
ery options than traditional channels reliant on fossil fuels for 
power. And the use of drones to deliver goods weighing less 
than 1kg over short distances (2–4km) can also make the e-
commerce industry much greener relative to fossil fuel-based 
transport systems. In agriculture, progress in robotics and 
drone technology is already enhancing farm productivity and 
water use efficiency. 

99% 
water consumption reduction from vertical farming as 
compared to conventional agricultural methods 

In which sectors/verticals do these 
technologies have the greatest potential? 

Precision agriculture can deliver environmental savings to 
mitigate climate change. Excluding land-use change, agricul-
ture is estimated to account for around 11% of GHG emis-
sions, mainly associated with crop and livestock production, 
according to the US Environmental Protection Agency8. When 
including land-use change, it accounts for 24% of net emis-
sions based on the same source data9. Vertical farming (which 
typically relies on technologies such as LED lighting, automa-
tion, and Big Data to control lighting, heating, and irrigation) 
is becoming more widespread, reducing water consumption 
by as much as 99%. It uses no pesticides, herbicides, or fungi-
cides, and needs less fertilizer than traditional agriculture ap-
proaches. Conservatively we estimate the market could grow 
from USD 15bn to USD 90bn by 2030. 

E-commerce and its increased adoption should result in con-
sumers traveling less to purchase items, while leveraging the 
efficient warehousing and logistics platforms of e-commerce 
providers. A Carnegie Mellon study suggests that e-commerce 
consumes 35% less energy than the traditional brick-and-mor-
tar retail model. 

For more information please explore CIO’s Longer Term 
Investment theme: Automation and robotics and 
CIO’s white paper “The Food Revolution.” 

Source: Crop One Holdings 
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How big is the investment opportunity? 

Investment themes with the potential to 
reverse climate change 

Carbon capture and storage (or sequestration) promise to 
have the largest environmental impact. We expect scalable 
technologies centered on carbon capture and sequestration, 
currently under development, to become investable in the 
next 3-5 years. 

Regenerative agriculture that keeps gases in the soil and 
improves productivity boasts significant potential. At present 
the global food chain accounts for roughly 30% of GHG emis-
sions and 70% of fresh water consumption (according to a 
2019 report from the World Economic Forum), as well as 
37.5% of land use (based on a 2017 report from the UN Food 
and Agriculture Organization). The US National Academy of 
Sciences (2018) estimated in a study last year that global farm-
land could reverse climate change by capturing and storing as 
much as 3 billion more tons of CO

2
 if farmers adopted a num-

ber of improved practices, including adding organic matter or 
planting crops that transfer more of their carbon to the soil. 

350 million 
tons of CO

2
 per annum capture  

capacity target for 2030 

Reforestation and improved land management are also 
necessary subsidiary practices to achieve true positive environ-
mental impact. For example, in agriculture, the first and most 
important priority is to stop further land clearances and to 
conserve or restore peatlands. 

The three approaches outlined above must be developed in a 
way that makes economic sense and actively reverses the ef-
fects of climate change rather than just avoiding further fossil 
fuel emissions. Investment opportunities in these fields are in 
their early stages, and chiefly confined to private markets. 

These three approaches also lack wider industry uptake and 
rapid commercialization. For example, the International Energy 
Agency reports that only two large-scale carbon capture proj-
ects were operating at the end of 2018, with combined capture 
capacity of 2.4 million tons of CO

2
 per annum (just 0.7% of the 

IEA’s Sustainable Development Scenario target for 2030). 

0.7% 2.4 million 
of the IEA’s Sustainable Development tons of CO  per annum capture 

2

Source: International Energy Agency Scenario target for 2030 capacity at the end of 2018 
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External interview 

Cyrill Gutsch, Parley for the Oceans 

Technology, collaboration, and eco-innovation key to preserving our oceans and 
tackling climate change 

The world’s oceans play a key role in tackling climate change 
and capturing carbon. Cyrill Gutsch, award-winning designer, 
founder of Parley for the Oceans, and a UBS Global Visionary, 
discusses how technology can support cleaner oceans and 
positive environmental impact. 

UBS: How important are the oceans in protecting us from cli-
mate change? 

Cyrill Gutsch: It’s hard to put into words how vital the oceans 
really are. Globally, they’ve absorbed most of the heat and 
carbon dioxide human beings have produced since the indus-
trial revolution. In doing so, the oceans have become warmer 
and more acidic, threatening marine life. And all that life, the 
tiny creatures and plankton and fish and whales, is what keeps 
the oceans healthy. So it’s a cycle, and it’s a cycle we’re dis-
rupting. The oceans have protected us—now it’s our turn to 
protect the oceans. 

Technology and climate change 10 



External interview

 
 

 

 
 

 

UBS: What technologies are helping us to preserve the oceans? UBS: How can technology help us all to tackle climate change 
and even reverse it through the oceans? 

Cyrill Gutsch: Technology, collaboration, and eco-innovation 
are key. The oceans are so vast that no one country or tech- Cyrill Gutsch: There is no magic bullet that will fix everything 
nology can solve this problem alone, we must work together. in five years. But with the right ideas, we can use the oceans 
To develop a scalable model for government and industry-led and future technologies to make a real impact. Kelp and sea-
responses to major ocean and climate threats requires us to weed farming and remediation, what we’re calling Deep Car-
avoid, intercept, and redesign so fewer harmful materials enter bon, could draw down huge amounts of CO

2
 and enable us to 

our oceans. Future technology, renewable energy solutions, scale up biomaterials. Robotics and small satellites will play a 
and new research and development will be needed to develop key role, and of course protecting ocean wildlife, especially 
a new economy in which harmful materials become relics of whales and plankton, has huge benefits for the carbon cycle. 
the toxic past. For example, using drones to study whales in a non-invasive 

way can provide lots of data that can be used to educate oth-
ers on how to use technology for the oceans’ benefit, includ-
ing placing this technology on submarines to build a more 
comprehensive picture of ocean health and then find targeted 
ways to improve it. 

Biography 
Cyrill Gutsch is an award-winning designer and brand and product developer. In 2012, a meeting with 
activist Captain Paul Watson, founder of Sea Shepherd Conservation Society and co-founder of Green-
peace, convinced Gutsch to take on the most challenging client, the world’s oceans, with the particular 
objective of focusing attention on the multiple threats facing this vital ecosystem and on establishing a 
new business culture where it is more lucrative to protect the oceans than to destroy them. Cyrill then 
founded Parley For the Oceans as a collaboration network to unite scientists, artists, major brands and 

Cyrill Gutsch 
environmentalists for the oceans cause, acting as a mediator translating creative energy and environ- Founder, Parley 
mental expertise into business strategy. for the Oceans 
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Chapter 2 

The technologies and new sciences to 
drive positive change for the planet 
Preventing further climate change or even reversing it requires In this section we briefly examine the overarching technolo-
collective action. Private wealth can deploy its capital in cli- gies and scientific fields that have the greatest chance 
mate-friendly investments. But real change depends on differ- of influencing behavior and either preventing climate 
ent, widespread, more climate-aware behavior. change or reducing greenhouse gas emissions. 

Individuals, businesses, and financial institutions must follow 
one of two paths: either we accept a decline in living stan-
dards to limit environmentally damaging activities or we use 
technologies and new sciences to live more efficiently, doing 
more with fewer resources and even living and working in 
ways that improve the environment (by capturing carbon or 
adopting less carbon-intensive diets, for example). 
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The technologies and new sciences to drive positive change for the planet 

Which technologies and scientific 
breakthroughs help individuals 
tackle climate change? 

New food technologies can help individuals reduce their cli-
mate impact. 

Reducing – much faster, much more comprehensively – food 
waste (which, if it were a country, would be the third-largest 
GHG emitter after the US and China according to the UN FAO) 
depends on increasing the use of robotics and sensors in 
kitchens, of Big Data in processing inventory data manage-
ment, and of blockchain in handling food waste data securely. 

Wider adoption of plant-based diets and alternative protein 
sources could also contribute to lower emissions and a health-
ier planet. A recent UBS CIO report – “The Food Revolution” – 
found that plant-based meats produce up to 90% less green-
house gas than beef, require 95% less land, and use up to 
99% less water. 

For more details please see UBS’s CIO report, 
“The Food Revolution.” 

Environmental impact of 
switching from beef to 

plant-based meat 

Which technologies and scientific 
breakthroughs help businesses 
tackle climate change? 

Satellite and sensor technology can enable companies to bet-
ter measure a project’s environmental impact. This should en-
able resources and capital to be allocated to the most profit-
able and least polluting opportunities. 

Better measurement of the asset price implications of climate 
change provides more information to corporate decision mak-
ers on how to adapt business models to protect against risks 
or capitalize on related opportunities, using new technologies 
or scientific methods. 

For example, gene-editing technologies can create new plant 
varieties that require fewer fertilizer applications, or vaccines 
that suppress methane-producing microbes. Lower chemical 
use would in turn reduce chemical runoff into oceans, a major 
store of carbon and a rich source of biodiversity. 

90% 
less greenhouse 
gas produced 

95% 
less land required 

99% 
less water used 

Source: Beyond Meat’s Beyond Burger Life Cycle Assessment, September 2012, Food policy, December 2012, LCA Update, 2019, Value of water research report series no. 48, 2010 
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The technologies and new sciences to drive positive change for the planet 

Which technologies help financial 
institutions support policymakers, 
consumers, and corporates to tackle 
climate change? 
Greater availability of data and advances in machine learning 
and AI are assisting financial institutions in modeling the po-
tential financial impact of climate change (on specific assets 
and multi-asset portfolios). This enhances the understanding 
investors have of their climate risk exposure, and enables 
them to identify assets that meet their financial and environ-
mental objectives. 

Financial institutions can direct institutional and private invest-
ment either into assets more resilient to the effects of climate 
change or into technologies that combat it. Several financial 
data providers are currently building or buying climate risk 
models and assimilating them into their portfolio manage-
ment process. 

Last, financial institutions can devise innovative financing 
models that steer client money to promising new client-
friendly corporate projects and cutting-edge startups. 
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Global Visionaries Disclaimer 

This material is for informational and educational purposes only and should not be relied upon as investment advice or the basis for making any 
investment decisions. It is not intended to be regarded as investment research, a sales prospectus, as an offer, or a solicitation of an offer, to buy 
or sell any product or other specific service. The views and opinions expressed in this material are those of the respective speakers/authors and 
are not necessarily those of UBS Switzerland AG, its subsidiaries or affiliates (“UBS”). Neither UBS nor any of its directors, officers, employees or 
agents accepts any liability for any loss or damage arising out of the use of all or any part of this material or reliance upon any information con-
tained or provided herein. The information and data presented by the speaker/author may be deemed reliable; however, their accuracy and 
completeness is not guaranteed or verified by UBS and providing you with this information is not to be considered a solicitation with respect to 
the purchase or sale of any securities, investments, strategies or products that may be mentioned. The information, data and any opinions 
expressed in this material are current as of the date of publication of this material, are subject to change without notice and may differ or be 
contrary to opinions expressed by UBS. UBS is under no obligation to update or keep current the information contained in this material. The 
viewer/reader should not construe the contents of this material as legal, tax, accounting, regulatory, or other specialist or technical advice or 
services, or investment advice or a personal recommendation or a substitute for the exercise of his/her own judgment. Viewers/readers should 
refer to their own professional advisors and consultants for specialist or technical advice or services. 

In providing wealth management services to clients, we offer both investment advisory and brokerage services which are separate and distinct 
and differ in material ways. For information, including the different laws and contracts that govern, visit ubs.com/workingwithus. 

No affiliation, association, sponsorship or endorsement is suggested or implied by UBS to any person, entity, company or organization appearing, 
featured or mentioned in this material. 

UBS specifically prohibits the redistribution or reproduction of this material in whole or in part without the prior written permission of UBS. UBS 
accepts no liability whatsoever for any claims or lawsuits from any third parties arising from the use or distribution of this material. 

USA: Distributed to US persons by UBS Financial Services Inc., a subsidiary of UBS AG and a member of FINRA/SIPC. UBS Securities LLC is a sub-
sidiary of UBS AG and an affiliate of UBS Financial Services Inc. 

© UBS 2019. The key symbol and UBS are among the registered and unregistered trademarks of UBS. All rights reserved. 

Disclaimer 

UBS Chief Investment Office’s (“CIO”) investment views are prepared and published by the Global Wealth Management business of UBS 
Switzerland AG (regulated by FINMA in Switzerland) or its affiliates (“UBS”). 
The investment views have been prepared in accordance with legal requirements designed to promote the independence of investment research. 

Generic investment research – Risk information: 
This publication is for your information only and is not intended as an offer, or a solicitation of an offer, to buy or sell any investment or other 
specific product. The analysis contained herein does not constitute a personal recommendation or take into account the particular investment 
objectives, investment strategies, financial situation and needs of any specific recipient. It is based on numerous assumptions. Different assump-
tions could result in materially different results. Certain services and products are subject to legal restrictions and cannot be offered worldwide 
on an unrestricted basis and/or may not be eligible for sale to all investors. All information and opinions expressed in this document were 
obtained from sources believed to be reliable and in good faith, but no representation or warranty, express or implied, is made as to its accuracy 
or completeness (other than disclosures relating to UBS). All information and opinions as well as any forecasts, estimates and market prices indi-
cated are current as of the date of this report, and are subject to change without notice. Opinions expressed herein may differ or be contrary to 
those expressed by other business areas or divisions of UBS as a result of using different assumptions and/or criteria. 

In no circumstances may this document or any of the information (including any forecast, value, index or other calculated amount (“Values”)) be 
used for any of the following purposes (i) valuation or accounting purposes; (ii) to determine the amounts due or payable, the price or the value 
of any financial instrument or financial contract; or (iii) to measure the performance of any financial instrument including, without limitation, for 
the purpose of tracking the return or performance of any Value or of defining the asset allocation of portfolio or of computing performance fees. 
By receiving this document and the information you will be deemed to represent and warrant to UBS that you will not use this document or oth-
erwise rely on any of the information for any of the above purposes. UBS and any of its directors or employees may be entitled at any time to hold 
long or short positions in investment instruments referred to herein, carry out transactions involving relevant investment instruments in the capac-
ity of principal or agent, or provide any other services or have officers, who serve as directors, either to/for the issuer, the investment instrument 
itself or to/for any company commercially or financially affiliated to such issuers. At any time, investment decisions (including whether to buy, sell 
or hold securities) made by UBS and its employees may differ from or be contrary to the opinions expressed in UBS research publications. Some 
investments may not be readily realizable since the market in the securities is illiquid and therefore valuing the investment and identifying the risk 
to which you are exposed may be difficult to quantify. UBS relies on information barriers to control the flow of information contained in one or 
more areas within UBS, into other areas, units, divisions or affiliates of UBS. Futures and options trading is not suitable for every investor as there 
is a substantial risk of loss, and losses in excess of an initial investment may occur. Past performance of an investment is no guarantee for its future 
performance. Additional information will be made available upon request. Some investments may be subject to sudden and large falls in value 
and on realization you may receive back less than you invested or may be required to pay more. Changes in foreign exchange rates may have an 
adverse effect on the price, value or income of an investment. The analyst(s) responsible for the preparation of this report may interact with trad-
ing desk personnel, sales personnel and other constituencies for the purpose of gathering, synthesizing and interpreting market information. 

Tax treatment depends on the individual circumstances and may be subject to change in the future. UBS does not provide legal or tax advice and 
makes no representations as to the tax treatment of assets or the investment returns thereon both in general or with reference to specific client’s 
circumstances and needs. We are of necessity unable to take into account the particular investment objectives, financial situation and needs of 
our individual clients and we would recommend that you take financial and/or tax advice as to the implications (including tax) of investing in any 
of the products mentioned herein. 
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This material may not be reproduced or copies circulated without prior authority of UBS. Unless otherwise agreed in writing UBS expressly prohibits 
the distribution and transfer of this material to third parties for any reason. UBS accepts no liability whatsoever for any claims or lawsuits from any third 
parties arising from the use or distribution of this material. This report is for distribution only under such circumstances as may be permitted by appli-
cable law. For information on the ways in which CIO manages conflicts and maintains independence of its investment views and publication offering, 
and research and rating methodologies, please visit www.ubs.com/research. Additional information on the relevant authors of this publication and 
other CIO publication(s) referenced in this report; and copies of any past reports on this topic; are available upon request from your client advisor. 

Important Information About Sustainable Investing Strategies: Sustainable investing strategies aim to consider and incorporate environmen-
tal, social and governance (ESG) factors into investment process and portfolio construction. Strategies across geographies and styles approach ESG 
analysis and incorporate the findings in a variety of ways. Incorporating ESG factors or Sustainable Investing considerations may inhibit the portfolio 
manager’s ability to participate in certain investment opportunities that otherwise would be consistent with its investment objective and other prin-
cipal investment strategies. The returns on a portfolio consisting primarily of sustainable investments may be lower or higher than portfolios where 
ESG factors, exclusions, or other sustainability issues are not considered by the portfolio manager, and the investment opportunities available to such 
portfolios may differ. Companies may not necessarily meet high performance standards on all aspects of ESG or sustainable investing issues; there is 
also no guarantee that any company will meet expectations in connection with corporate responsibility, sustainability, and/or impact performance. 

Distributed to US persons by UBS Financial Services Inc. or UBS Securities LLC, subsidiaries of UBS AG. UBS Switzerland AG, UBS Europe SE, 
UBS  Bank, S.A., UBS Brasil Administradora de Valores Mobiliarios Ltda, UBS Asesores Mexico, S.A. de C.V., UBS Securities Japan Co., Ltd, 
UBS Wealth Management Israel Ltd and UBS Menkul Degerler AS are affiliates of UBS AG. UBS Financial Services Incorporated of Puerto Rico is a 
subsidiary of UBS Financial Services Inc. UBS Financial Services Inc. accepts responsibility for the content of a report prepared by a non-
US affiliate when it distributes reports to US persons. All transactions by a US person in the securities mentioned in this report 
should be effected through a US-registered broker dealer affiliated with UBS, and not through a non-US affiliate. The contents of 
this report have not been and will not be approved by any securities or investment authority in the United States or elsewhere. 
UBS Financial Services Inc. is not acting as a municipal advisor to any municipal entity or obligated person within the meaning of 
Section 15B of the Securities Exchange Act (the “Municipal Advisor Rule”) and the opinions or views contained herein are not 
intended to be, and do not constitute, advice within the meaning of the Municipal Advisor Rule. 

External Asset Managers / External Financial Consultants: In case this research or publication is provided to an External Asset Manager or 
an External Financial Consultant, UBS expressly prohibits that it is redistributed by the External Asset Manager or the External Financial Consultant 
and is made available to their clients and/or third parties. 

Austria: This publication is not intended to constitute a public offer under Austrian law. It is distributed only for information purposes to clients of UBS 
Europe SE, Niederlassung Österreich, with place of business at Wächtergasse 1, A-1010 Wien. UBS Europe SE, Niederlassung Österreich is subject to the 
joint supervision of the European Central Bank (“ECB”), the German Central Bank (Deutsche Bundesbank), the German Federal Financial Services 
Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufsicht), as well as of the Austrian Financial Market Authority (Finanzmarktaufsicht), to 
which this publication has not been submitted for approval. UBS Europe SE is a credit institution constituted under German law in the form of a Societas 
Europaea, duly authorized by the ECB. Bahrain: UBS is a Swiss bank not licensed, supervised or regulated in Bahrain by the Central Bank of Bahrain and 
does not undertake banking or investment business activities in Bahrain. Therefore, clients have no protection under local banking and investment ser-
vices laws and regulations. Brazil: This publication is not intended to constitute a public offer under Brazilian law or a research analysis report as per the 
definition contained under the Comissão de Valores Mobiliários (“CVM”) Instruction 598/2018. It is distributed only for information purposes to clients 
of UBS Brasil Administradora de Valores Mobiliários Ltda. and/or of UBS Consenso Investimentos Ltda., entities regulated by CVM. Canada: In Canada, 
this publication is distributed to clients of UBS Wealth Management Canada by UBS Investment Management Canada Inc.. China: This report is pre-
pared by UBS Switzerland AG or its offshore subsidiary or affiliate (collectively as “UBS Offshore”). UBS Offshore is an entity incorporated out of China 
and is not licensed, supervised or regulated in China to carry out banking or securities business. The recipient should not contact the analysts or UBS 
Offshore which produced this report for advice as they are not licensed to provide securities investment advice in China. UBS Investment Bank (including 
Research) has its own wholly independent research and views which at times may vary from the views of UBS Global Wealth Management. This report 
shall not be regarded as providing specific securities related analysis. The recipient should not use this document or otherwise rely on any of the informa-
tion contained in this report in making investment decisions and UBS takes no responsibility in this regard. Czech Republic: UBS is not a licensed bank 
in the Czech Republic and thus is not allowed to provide regulated banking or investment services in the Czech Republic. Please notify UBS if you do not 
wish to receive any further correspondence. Denmark: This publication is not intended to constitute a public offer under Danish law. It is distributed 
only for information purposes to clients of UBS Europe SE, Denmark Branch, filial af UBS Europe SE, with place of business at Sankt Annae Plads 13, 1250 
Copenhagen, Denmark, registered with the Danish Commerce and Companies Agency, under No. 38 17 24 33. UBS Europe SE, Denmark Branch, filial 
af UBS Europe SE is subject to the joint supervision of the European Central Bank (“ECB”), the German Central Bank (Deutsche Bundesbank), the 
German Federal Financial Services Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufsicht), as well as of the Danish Financial Supervisory 
Authority (Finanstilsynet), to which this publication has not been submitted for approval. UBS Europe SE is a credit institution constituted under German 
law in the form of a Societas Europaea, duly authorized by the ECB. France: This publication is distributed by UBS (France) S.A., French “société ano-
nyme” with share capital of € 132.975.556, 69, boulevard Haussmann F-75008 Paris, R.C.S. Paris B 421 255 670, to its clients and prospects. UBS 
(France) S.A. is a provider of investment services duly authorized according to the terms of the “Code Monétaire et Financier”, regulated by French 
banking and financial authorities as the “Autorité de Contrôle Prudentiel et de Résolution”. Germany: This publication is not intended to constitute a 
public offer under German law. It is distributed only for information purposes to clients of UBS Europe SE, Germany, with place of business at 
Bockenheimer Landstrasse 2–4, 60306 Frankfurt am Main. UBS Europe SE is a credit institution constituted under German law in the form of a Societas 
Europaea, duly authorized by the European Central Bank (“ECB”), and supervised by the ECB, the German Central Bank (Deutsche Bundesbank) and the 
German Federal Financial Services Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufsicht), to which this publication has not been sub-
mitted for approval. Greece: UBS Switzerland AG and its affiliates (UBS) are not licensed as a bank or financial institution under Greek legislation and 
do not provide banking and financial services in Greece. Consequently, UBS provides such services from branches outside of Greece, only. This docu-
ment may not be considered as a public offering made or to be made to residents of Greece. Hong Kong: This publication is distributed to clients of 
UBS AG Hong Kong Branch by UBS AG Hong Kong Branch, a licensed bank under the Hong Kong Banking Ordinance and a registered institution under 
the Securities and Futures Ordinance. UBS AG Hong Kong Branch is incorporated in Switzerland with limited liability. India: UBS Securities India Private 
Ltd. (Corporate Identity Number U67120MH1996PTC097299) 2/F, 2 North Avenue, Maker Maxity, Bandra Kurla Complex, Bandra (East), Mumbai (India) 
400051. Phone: +912261556000. It provides brokerage services bearing SEBI Registration Number INZ000259830; merchant banking services bearing 
SEBI Registration Number: INM000010809 and Research Analyst services bearing SEBI Registration Number: INH000001204. UBS AG, its affiliates or 
subsidiaries may have debt holdings or positions in the subject Indian company/companies. Within the past 12 months, UBS AG, its affiliates or subsidiar-
ies may have received compensation for non-investment banking securities-related services and/or non-securities services from the subject Indian com-
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pany/companies. The subject company/companies may have been a client/clients of UBS AG, its affiliates or subsidiaries during the 12 months preceding 
the date of distribution of the research report with respect to investment banking and/or non-investment banking securities-related services and/or 
non-securities services. With regard to information on associates, please refer to the Annual Report at: http://www.ubs.com/global/en/about_ubs/ 
investor_relations/annualreporting.html. Indonesia, Malaysia, Philippines, Thailand: This material was provided to you as a result of a request 
received by UBS from you and/or persons entitled to make the request on your behalf. Should you have received the material erroneously, UBS asks that 
you kindly destroy/delete it and inform UBS immediately. Any and all advice provided and/or trades executed by UBS pursuant to the material will only 
have been provided upon your specific request or executed upon your specific instructions, as the case may be, and may be deemed as such by UBS and 
you. The material may not have been reviewed, approved, disapproved or endorsed by any financial or regulatory authority in your jurisdiction. The 
relevant investments will be subject to restrictions and obligations on transfer as set forth in the material, and by receiving the material you undertake 
to comply fully with such restrictions and obligations. You should carefully study and ensure that you understand and exercise due care and discretion 
in considering your investment objective, risk appetite and personal circumstances against the risk of the investment. You are advised to seek indepen-
dent professional advice in case of doubt. Israel: UBS is a premier global financial firm offering wealth management, asset management and investment 
banking services from its headquarters in Switzerland and its operations in over 50 countries worldwide to individual, corporate and institutional inves-
tors. In Israel, UBS Switzerland AG is registered as Foreign Dealer in cooperation with UBS Wealth Management Israel Ltd., a wholly owned UBS subsid-
iary. UBS Wealth Management Israel Ltd. is a Portfolio Manager licensee which engages also in Investment Marketing and is regulated by the Israel 
Securities Authority. This publication is intended for information only and is not intended as an offer to buy or solicitation of an offer. Furthermore, this 
publication is not intended as an investment advice and/or investment marketing and is not replacing any investment advice and/or investment market-
ing provided by the relevant licensee which is adjusted to each person needs. The word “advice” and/or any of its derivatives shall be read and construed 
in conjunction with the definition of the term “investment marketing” as defined under the Israeli Regulation of Investment Advice, Investment 
Marketing and Portfolio Management Law, 1995. Italy: This publication is not intended to constitute a public offer under Italian law. It is distributed 
only for information purposes to clients of UBS Europe SE, Succursale Italia, with place of business at Via del Vecchio Politecnico, 3-20121 Milano. UBS 
Europe SE, Succursale Italia is subject to the joint supervision of the European Central Bank (“ECB”), the German Central Bank (Deutsche Bundesbank), 
the German Federal Financial Services Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufsicht), as well as of the Bank of Italy (Banca 
d’Italia) and the Italian Financial Markets Supervisory Authority (CONSOB - Commissione Nazionale per le Società e la Borsa), to which this publication 
has not been submitted for approval. UBS Europe SE is a credit institution constituted under German law in the form of a Societas Europaea, duly autho-
rized by the ECB. Jersey: UBS AG, Jersey Branch, is regulated and authorized by the Jersey Financial Services Commission for the conduct of banking, 
funds and investment business. Where services are provided from outside Jersey, they will not be covered by the Jersey regulatory regime. UBS AG, 
Jersey Branch is a branch of UBS AG a public company limited by shares, incorporated in Switzerland whose registered offices are at Aeschenvorstadt 1, 
CH-4051 Basel and Bahnhofstrasse 45, CH 8001 Zurich. UBS AG, Jersey Branch’s principal place business is 1, IFC Jersey, St Helier, Jersey, JE2 3BX. 
Luxembourg: This publication is not intended to constitute a public offer under Luxembourg law. It is distributed only for information purposes to cli-
ents of UBS Europe SE, Luxembourg Branch, with place of business at 33A, Avenue J. F. Kennedy, L-1855 Luxembourg. UBS Europe SE, Luxembourg 
Branch is subject to the joint supervision of the European Central Bank (“ECB”), the German Central bank (Deutsche Bundesbank), the German Federal 
Financial Services Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufsicht), as well as of the Luxembourg supervisory authority 
(Commission de Surveillance du Secteur Financier), to which this publication has not been submitted for approval. UBS Europe SE is a credit institution 
constituted under German law in the form of a Societas Europaea, duly authorized by the ECB. Mexico: This information is distributed by UBS Asesores 
México, S.A. de C.V. (“UBS Asesores”), an affiliate of UBS Switzerland AG, incorporated as a non-independent investment advisor under the Securities 
Market Law due to the relation with a Foreign Bank. UBS Asesores is a regulated entity and it is subject to the supervision of the Mexican Banking and 
Securities Commission (“CNBV”), which exclusively regulates UBS Asesores regarding the rendering of portfolio management, as well as on securities 
investment advisory services, analysis and issuance of individual investment recommendations, so that the CNBV has no surveillance faculties nor may 
have over any other service provided by UBS Asesores. UBS Asesores is registered before CNBV under Registry number 30060. You are being provided 
with this UBS publication or material because you have indicated to UBS Asesores that you are a Sophisticated Qualified Investor located in Mexico. The 
compensation of the analyst(s) who prepared this report is determined exclusively by research management and senior management of any entity of 
UBS Group to which such analyst(s) render services. Nigeria: UBS Switzerland AG and its affiliates (UBS) are not licensed, supervised or regulated in 
Nigeria by the Central Bank of Nigeria or the Nigerian Securities and Exchange Commission and do not undertake banking or investment business 
activities in Nigeria. Portugal: UBS Switzerland AG is not licensed to conduct banking and financial activities in Portugal nor is UBS Switzerland AG 
supervised by the portuguese regulators (Bank of Portugal “Banco de Portugal” and Portuguese Securities Exchange Commission “Comissão do 
Mercado de Valores Mobiliários”). Singapore: This material was provided to you as a result of a request received by UBS from you and/or persons 
entitled to make the request on your behalf. Should you have received the material erroneously, UBS asks that you kindly destroy/delete it and inform 
UBS immediately. Clients of UBS AG Singapore branch are asked to please contact UBS AG Singapore branch, an exempt financial adviser under the 
Singapore Financial Advisers Act (Cap. 110) and a wholesale bank licensed under the Singapore Banking Act (Cap. 19) regulated by the Monetary 
Authority of Singapore, in respect of any matters arising from, or in connection with, the analysis or report. Spain: This publication is not intended to 
constitute a public offer under Spanish law. It is distributed only for information purposes to clients of UBS Europe SE, Sucursal en España, with place of 
business at Calle María de Molina 4, C.P. 28006, Madrid. UBS Europe SE, Sucursal en España is subject to the joint supervision of the European Central 
Bank (“ECB”), the German Central bank (Deutsche Bundesbank), the German Federal Financial Services Supervisory Authority (Bundesanstalt für 
Finanzdienstleistungsaufsicht), as well as of the Spanish supervisory authority (Banco de España), to which this publication has not been submitted for 
approval. Additionally it is authorized to provide investment services on securities and financial instruments, regarding which it is supervised by the 
Comisión Nacional del Mercado de Valores as well. UBS Europe SE, Sucursal en España is a branch of UBS Europe SE, a credit institution constituted 
under German law in the form of a Societas Europaea, duly authorized by the ECB. Sweden: This publication is not intended to constitute a public offer 
under Swedish law. It is distributed only for information purposes to clients of UBS Europe SE, Sweden Bankfilial, with place of business at Regeringsgatan 
38, 11153 Stockholm, Sweden, registered with the Swedish Companies Registration Office under Reg. No 516406-1011. UBS Europe SE, Sweden 
Bankfilial is subject to the joint supervision of the European Central Bank (“ECB”), the German Central bank (Deutsche Bundesbank), the German 
Federal Financial Services Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufsicht), as well as of the Swedish supervisory authority 
(Finansinspektionen), to which this publication has not been submitted for approval. UBS Europe SE is a credit institution constituted under German law 
in the form of a Societas Europaea, duly authorized by the ECB. Taiwan: This material is provided by UBS AG, Taipei Branch in accordance with laws 
of Taiwan, in agreement with or at the request of clients/prospects. UAE: UBS is not licensed in the UAE by the Central Bank of UAE or by the Securities 
& Commodities Authority. The UBS AG Dubai Branch is licensed in the DIFC by the Dubai Financial Services Authority as an authorised firm. UK: This 
document is issued by UBS Wealth Management, a division of UBS AG which is authorised and regulated by the Financial Market Supervisory Authority 
in Switzerland. In the United Kingdom, UBS AG is authorised by the Prudential Regulation Authority and is subject to regulation by the Financial Conduct 
Authority and limited regulation by the Prudential Regulation Authority. Details about the extent of regulation by the Prudential Regulation Authority 
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