Vermont Forest Future
Future Think-Tank

PART 1

Forces of change

Think-Tank
Part 1



The Vermont Forest Future
Strategic Roadmap will identify
actionable strategies to
strengthen, modernize, promote,
and protect Vermont’s forest
products sector and the broader
forest economy.

What is the future of Vermont’s forest economy? This
project will examine critical emerging trends in forested
areas nationwide to create an understanding of local
implications and opportunities.
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FOCUSED

DATA

DRIVEN
CREATIVE
ALIGNMENT

Structured people-focused
stakeholder input will
build knowledge and
strengthen the statewide
forest economy.

Data-driven analysis of
project engagement
results will empower

leadership to make
research-based decisions.



Vermont Forest Future
Strategic Roadmap Development
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STEP 1 STEP 2 STEP 3 STEP 4
Explore Future Scenarios Develop Draft Forest Future
Perceptions and Implications Strategic Roadmap Strategic Roadmap

Review research
Industry Roundtables

Stakeholder Survey #1
Interviews

Current Conditions
Report

November — January

Future Think Tanks Build strategic framework
Vision workshops Identify key themes
Stakeholder survey #2 Focus Groups

Identify Preferred Future Draft Recommendations

Scenarios of the Draft Recommendations
Future Report Report
December - March April — May

Final Roadmap
Report

June - November
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Vermont Forest Future - Think-Tank process

Part 1 — Forces of change Part 2 — Future Scenarios

* Macro trends shaping the future Develop plausible scenarios of the future

* Identify key drives shaping the future * Examine implications
of the VT forest economy * Identify expected and preferred futures
* Rating future impact of drivers * Begin identifying strategic pillars
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The Importance of Future Thinking



The key to effective future thinking...

- Explore and anticipate a range of plausible futures.

- Consider both trajectory (direction of change) and velocity
(speed of change).

- Explore the combined impacts of multiple potential trends.

Explore potential ‘shape and contours’ of the future.




futures 1@

Create Future Intelligence™

The challenge for the Think-Tank

- Explore the future -
- Ask the hard questions -
- Think creatively -

The outcome may be a new view of the future.
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In a time of change and uncertainty....

* Which trends are being amplified and accelerated?

* What changes might be more elastic?

* Where are the potential tipping points?




Forces impacting the
world, regions and
people

What are the emerging
macro drivers...




Macro Trends and
Forces of Change Related to . ..

* Demographics, population and mass urbanization
*Energy, food, water & climate change

*Technology driving change
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Demographics,
population and
mass urbanization




Global Population Growth Is Driven By Developing Countries.

World population in billions, 1g50-2050 (projected)

10
: Global
population
6
4
Population in Less Developed Countries
2
Population in More Developed Countries
0
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Source: United Nations, World Population Prospects:
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This graphic depicts countries and territories with 2050 urban populations
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Hover over a country to see how urban it is (percentage of people living in
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This graphic depicts countries and territories with 2050 urban populations

exceeding 100,000. Circles are scaled in proportion to urban population size.

Hover over a country to see how urban it is (percentage of people living in
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Arc of Innovation
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Future-Splitting

Questions™ Driving change
and innovation in
lifestyles
Society is re-distributing into mega- Production and

cities and specialized regional centers recreation landscapes
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US Projected population by generation (millions)

90

ST , YOO T o Millennial cohort

72.J""\'_“._ s 5 PSS, will dominate for

the next 30 years

20

Boomer

23

The decade of the 2020’s
will see rapid shift in
generational influence -
Workforce and
2019 2028 2033 2050 Workplaces will

transform
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US POPULATION COHORTS - MILLIONS

Silent

Source: PEW Research Center - tabulations based on U.S. Census Bureau population estimates released April 2020 and population projections released
December 2017, (Millennials refers to the population ages of 23 to 28, as of 2019).



Foreign-Born People Living in the United States: 1850 to 2010, Projected 202 to 2060
By 2028, the foreign-born share of the U.S. population is projected to be higher than at any time since 1850.

Projection
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Source: U.S. Census Bureau, 1850-2000 Decennial Censuses, American Community Survey 2010, 2017 National Population Projections for 2020-2060.
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future>|
Predictions and observations

* Generational change is coming which will trigger
widespread upheaval of norms.

* People and industries will continue to cluster around mega-
cities, in specialized cities and regional centers.
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FhiT T S e g
Demographic + Population + Mass Urbanization
What does this mean for the

the future of the Vermont forest industries and
economy?
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Energy + Water + Food +
Climate Change
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60%
INCREASED DEMAND BY 2050 |
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% .' 40% * P
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2050 2050

Adapted from work by Prof. Nicholas Jordan, University of Minnesota (2015)



Renewable Energy Potential for

unlimited
cheap energy

Electrification of the
world is accelerating,

driven by renewable
energy




- FRESH WATER

*Nearly 450 million people in 29
countries now face severe water
shortages

* As much as 2/3 of the world population
could be water-stressed by 2025

 Half the world’s rivers and lakes are
seriously polluted pr-



* Irrigation uses 70%
of the world’s fresh
water

Upper-middle and

* Water scarcity will
northeast USA

be the chief

constraint to has 20% of

increased food global surface

production freshwater
resources

 The threat to water

resources stands as .

one of the major RN

crises facing the e i:'

planet



2 BILLION

PEOPLE DON'T GET ENOUCH VITAMINS AND MINERALS

795 MILLION

PEOPLE DON'T CET ENOUGH CALORIES

161 MILLION

CHILDREN ARE CHRONICALLY UNDERNOURISHED

WE HAVE A BIG PROBLEM WITH

UNDERNUTRITION

1.9 BILLION

ADULTS ARE OVERWHEICHT OR OBESE

WE HAVE A BIG PROBLEM WITH

OVERWEIGHT & OBESITY 1in 12

ADULTS HAVE DIABETES

42 MILLION

CHILDREN ARE OVERWEIGHT
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Projected impact of climate change on agricultural yields

Increases
and

decreases

;g‘i‘;':ﬁﬁﬂ'ri'ﬂf i'ﬁr?im.ﬁ;" ceeheb fAFood security and

photosynthesis in many important {...)
crops such as wheat, rice, and — prodUCtion Capability
zoybeans nge ? clencerta th jj Ch i icultural productivity

owever, is far from certain on the ange In agricuitural productivi ra idl becomin a more
::’;e:::fr::::n:':::a:: ) J{ . between 2003 and the 2080 pIdly g4

I
beneficial carbon fertilisation processes. - - ] I I | B R | Im po rta nt g I 0 ba I ISS u e
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Source: Cline W., 2007, Global Warming and Agriculture.



Biomass Resources of the United States
Forest Residues

orest residues include logging residues and other removable material left
after carrying out silviculture operations and site conversions. Logging
residue comprises unused portions of trees, cut or killed by logging and left
in the woods. Other removable materials are the unutilized volume of trees
cut or killed during logging operations. Source: USDA, Forest Service’s Timber
Product Output database, 2007. = e

the data’s time period.
Nati

Thousand

Dry Tonnes/Year
> 100
50-100
25-50

B 10-25
5-10

| <5

Not Estimated

A

For more information on the data development, please refer to /,'-‘\\ -I
http//www.nrel.gov/docs/fy060sti/39181.pdf Although, the document " " hl ?-
contains the methodology for the development of an older assessment, the \\s-’// s -
information is applicable to this assessment as well. The difference is only in A 4 www.nrel.gov/gis

This map was produced by the
onal Renewable Energy Laboratory

Author :Billy Roberts - September 23,2009 for the U.S.Department of Energy.

Regional
biomass
capability

Northern corridor will
become increasingly
important region for the
bio-economy




NeW Climate MapS ShOW a AN DA In a paper published in the
Transformed United States . Proceedings of the National ,

¥ Academy of Sciences, a team of
\ researchers modeled the human
climate “niche”: the regions where

- { : ' temperature and precipitation have
U N;',', T E DRSITA'T E‘.‘@ been most suitable for humans to

A

’
by Al Shaw, Abrahm Lustgarten, ProPublica, and Jeremy W. Goldsmith, ! !
Special to ProPublica, September 15, 2020. 4 !

In the United States, that niche
today blankets the heart of the
country, from the Atlantic
seaboard through northern Texas

live in over the past 6,000 years. {

-, a3
More suitable —

and Nebraska, and the California Most suitable zone by ' \
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According to new data from the Rhodium Group analyzed by » ]
ProPublica and The New York Times Magazine, warming - - 1
temperatures and changing rainfall will drive agriculture and - . PROPUBLICA
temperate climates northward, while sea level rise will consume [ ™ E . 4 J © Copyright 2022 Pro Publica Inc.
coastlines and dangerous levels of humidity will swamp the ' < ¥ : /
. . . . .. El ) ¥
Mississippi River valley. : ’ / /



But as the climate warms, the niche
could shift drastically northward.
Under even a moderate carbon
emissions scenario (known as RCP
4.5), by 2070 much of the Southeast
becomes less suitable and the niche
shifts toward the Midwest.

New Climate Maps showa by :
Transformed United States

by Al Shaw, Abrahm Lustgarten, ProPublica, and Jeremy W. Goldsmith,
Special to ProPublica, September 15, 2020.

According to new data from the Rhodium Group analyzed by
ProPublica and The New York Times Magazine, warming
temperatures and changing rainfall will drive agriculture and
temperate climates northward, while sea level rise will consume
coastlines and dangerous levels of humidity will swamp the
Mississippi River valley.

In a paper published in the
Proceedings of the National
Academy of Sciences, a team of
researchers modeled the human
climate “niche”: the regions where
temperature and precipitation have
been most suitable for humans to
4 g ey live in over the past 6,000 years.
s 2 B ]

More suitable —

CANADA

The suitable zone will
move northward by
2070
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D1 PROPUBLICA

© Copyright 2022 Pro Publica Inc.

https://projects.propublica.org/climate-migration/
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Farm Crop Yields: 2040-2060

I 0 T

-205 -158 65 -3 0 3 6.5

Percent decline in yields

13 44 67 92

Moderate Emissions

Corn and soy production is more sensitive to heat than drought,
and it will decrease for every degree of warming. By midcentury,
North Dakota @ , which already harvests millions of acres of

both crops, will warm enough to allow for more growing days and
higher yields. But parts of Texas and Oklahoma may see

yields drop by more than 70%.

91 PROPUBLICA

© Copyright 2022 Pro Publica Inc.
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Extreme Heat and Humidity: 2040-2060

Heat is one of the largest drivers
changing the niche of human
habitability. Rhodium Group
researchers estimate that under the
RCP 8.5 scenario, between 2040
and 2060 extreme temperatures
will become commonplace in the
South and Southwest, with some
counties in Arizona experiencing
temperatures above 95 degrees for
half the year.

o s — D1 PROPUBLICA

weeks per year above 95 degrees F © Copyright 2022 Pro Publica Inc.



91 PROPUBLICA

© Copyright 2022 Pro Publica Inc.
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0.01

High Emissions

0.03 004 005 01 02 033 0.5

Average number of very large fires per year

1

245

ok

Large Wildfires: 2040-2071

Pad

By midcentury, the northern Great Basin, though not a densely
forested region, will become the epicenter of large wildfires @ .

These large, remote counties in Nevada and Oregon see cycles of
wet and dry weather that turn the grassland into the fuel for fires
that can easily rip through 10,000 acres a day with strong winds,
said John Abatzoglou, one of the authors of the study.

' 40



High Emissions Moderate Emissions ﬂﬁ

Sea Level Rise: 2040-2060

- I
0 0.05 2 5 10 15 25

Some 50 million Americans live in eight of the largest U.S. metro

areas — Miami @ New York and Boston @ among

them — which all lie in some of the most affected counties in the
= J’L/\W U.S.

Percentage of property below high tide
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© Copyright 2022 Pro Publica Inc.



Long term
GDP impact

positive in
north

Climate change may
drive migration patterns
within US may move to
‘north’, and from ‘west

to center’

-13-10 -5 0 5 10 15 20 25 28
Total economic damage (% county GDP)

Potential economic damages are shown at the county level in a scenario in which emissions of greenhouse gases continue at
current rates. Green indicates areas that could see economic benefits. To see an interactive version of this map, click here.

Hsiang, Kopp, Jina, Rising, et al./Science
Source: Christopher Joyce, MPR News, June 29, 2017| 42



Predictions and observations future>

Create Future Intelligence

* Growing global disconnect between where food and
fiber will be consumed, and where it can be grown.

* Northern corridor in USA is poised to capitalize on
intersect of water, energy and biomass / food
production capability.

* New migration patterns are emerging
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SR TORN Yoy
Food, Energy, Water and Climate Change
What do these trends mean for the

the future of the Vermont forest industries and
economy?



Technology
and the speed
of change

futures 1

Create Future Intelligence™




What makes this industrial
revolution different?

* Machine learning / Artificial
Intelligence

* Converging technologies

* Exponential impacts

1.0 ]

2.0 1
3.0 |

3.5 |
4.0 1

1780 - Mechanisation

Industrial production based on machines
powered by water and steam

1870 - Electrification

Mass-production using assembly lines

1970 - Automation

Automation using electronics and
computers

1980 - Globalisation

Offshoring of production to low-
cost economies

Today - Digitalisation

Introduction of connected devices,

data analytics and artificial intelligence
technologies to automate processes further

BY BEN ROSSI - MARCH 7, 2018



CUMULATIVE CAPABILITY

1950

THE INCREASING CAPABILITY OF DIGITAL TECHNOLOGIES

Artificial Intelligence
emerging as driving
digital technology

loT and smart
machine

Big Data, analytics,
V|sual|zat|on

Web 2.0, cloud, mobile

Web 1.0 eCommerce
Artificial
intelligence

— TIME

Client-server
and PCs

Mainframe

1960 1970 1980 1990 2000 2010 2020

Digital Transformation Initiative Mining and Metals Industry, White Paper, World Economic Forum / Accenture analysis, January 2017 17



Technology is driving down cost of

DNA SEQUENCING COSTS OVER TIME fascinating new developments, that
2100,000,000 promise to transform industry,
~ human health and society
$10,000,000
2003 Moore's Law Calculation
s1.000000 Human Genome
Sequence
Completed
$100,000
2005
Next-generation
610, :
10,000 Slequzncmc? NHGRI
ntroduce DATA
»1o0e 2014
“$1,000 Genome”
Sequencer
100 Announced
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

48
Source: https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Costs-Data



When will Al outperform people?

Al WILL LIKELY OUTPERFORM HUMANS AT...

2024 2027 2053
Translating Driving A Truck
Language ® (OXO)
2020 2030 2050
_—
(A
2022 2026 2049
Folding Laundry Writing Writing A
High School Best-Selling
Essays Book

Al is reshaping our lives
and industries — right
now

2060
Working As A.l. Will Be Able
A Surgeon To Do All

’ Human Tasks

2060

2059

Performing
Math Research

Source: 'You Will Lose Your Job to a Robot—and Sooner Than You Think'. Kevin Drum, Mother Jones, November / December Issue, 2017. (adapted from ‘When

will Al exceed human performance? Evidence from Al Experts, Oxford and Yale University 2017) "

Reproduced from Next Industrial Revolution, Future iQ, 2018
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Closed loop and ‘Cradle to cradle’
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CITIES OF THE FUTURE

ANTICIPATING TRENDS AND POSSIBILITIES



Rapid
systemic

change and
technology
integration

Adapted from: Source:
Deloitte. 2014. Industry
4.0 Challenges and
solutions for the digital
transformation and use
of exponential
technologies

SPEED OF TECHNOLOGICAL CHANGE

EXPONENTIAL TECHNOLOGIES

Technological Development

Moore's Law: The power of chips,
bandwith and computer doubles
appr. every 18 months.

The Human Factor

Technological dev. feeds and
enables various trends in
society: Democratisation,

Social Connection, DIY,
Decentralisation.
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Global technology and
innovation landscape
might change rapidly
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High skiled and technology intensive Metarsh (1= @ . e
manufacturing exports (US billion dollars) .

US$900 billion "

US$600 billion

US$300 billion

US$30 billion

Note: Figure in parenthesis represent the projected 2020 GMCI rank by CEOs

Source: Deloitte Touche Tohmatsu Limited and US Council on Competitiveness, 2016 Global Manufacturing Competitiveness Index,

Deloitte analysis based on UNCTAD data’®
53



Predictions and observations

* Waves of disruption and technology are reshaping
education, industries and manufacturing

* Speed of change is exponential
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Headline Innovation Index

| Headline Innovation Index |

» . Human Capital and Knowledge Creation -
» . Business Dynamics 53 65 76 87 98 110 121 132 143

> . Business Profile

» . Employment and Productivity

» . Economic Well-Being

The Innovation Index includes both
innovation inputs and outputs in order to
measure both innovation capacity and
innovation outcomes.

Vermont forest sector
and economy —is it
part of the NE
innovation cluster?
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Demographics + Resources +
Technology + Innovation

What does all this mean to the contextual
future of the Vermont forest economy?



Key Drivers:
What key drivers do you think are most

important for the future of the Vermont forest
economy (and forest products sector)?

(Key drivers are events, trends, developments, catalysts
or forces that actively influence or cause change.)

Table brainstorm
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DRIVER NAME:

Key emergent high-level trends associated with this driver:

Potential impacts on the Vermont forest economy over the next decade:

Building an
understanding

of each
driver




What is the big “FUTURE-SPLITTING QUESTION” for this driver?

Future predictions - how impacts may “play out” for this driver over the next decade:

1.
Building an
understanding
2 of each

driver
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Rate each driver in terms of likely future impacts on the following
dimensions of the forest economy.

IMPACT SCALE: 1 = Low relative impact; 10 = Very high relative impact

Dimensions
Driver | Overall Forest Economy Quality of Working Innovation in Fo.rest Demand for VT Forest
Forests Product Enterprises Products
1
2
3 Rating future impact
* of each driver -

individual scoring
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