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DISCLAIMER

The preceding has been presented for informational purposes only. None of the information contained herein constitutes an
offerto sell, or a solicitation of an offer to buy any security or investmentvehicle, nor does it constitute an investment
recommendation orlegal, tax, accountingor investmentadvice by Hedgeye or any of its employees, officers, agents or guests.
This information is presented without regard for individual investment preferencesor risk parameters and is general, non-
tailored, non-specific information.This contentis based on information from sources believed to be reliable. Hedgeye is not
responsible for errors,inaccuracies or omissions of information. The opinions and conclusionscontained in this report are
those of the individual expressing those opinions or conclusion and are intended solely for the use of Hedgeye’s subscribers and
the authorized recipients of the content. Allinvestments entail a certain degree of risk and financial instrumentprices can

fluctuate based on several factors, including those not considered in the preparation of the content. Consultyour financial
professional before investing.

TERMS OF USE

The informationcontained herein is protected by United States and foreign copyright laws and is intended solely for the use of
its authorizedrecipient. Access must be provided directly by Hedgeye.

Redistribution orrepublicationis strictly prohibited. For more detail please refer to the Terms of Service at
https://www.hedgeye.com/terms_of_service.
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LOW FERTILITY COUNTRIES GROW

Percent of Total Countries/Territories by Fertility Level*, 1950-2020
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*“Very High Fertility” refers to a TFR above 4.0. “Above Replacement” refers to a TFR between 2.1 and 4.0. “Below Replacement” refers to a TFR of less than 2.1 but at least 1.5.
“Very Low Fertility” refers to a TFR of less than 1.5.

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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FERTILITY COMPARED

TFR* for World Regions, 1960-2020

(Share of 2020 World Population)
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*Rounded to the nearest tenth.

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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FERTILITY IN EUROPE

TFR* for Select European Countries, 1960-2019
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*Rounded to the nearest tenth

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



FERTILITY IN EAST ASIA

TFR* for Select East Asian Countries, 1960-2019
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*Rounded to the nearest tenth

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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FERTILITY IN CENTRAL AND SOUTHERN ASIA 9

TFR* for Select Central and Southern Asian Countries, 1960-2019
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*Rounded to the nearest tenth

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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FERTILITY IN NORTH AFRICA AND MIDDLE EAST B

TFR* for Select North African and
Middle Eastern Countries, 1960-2019
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*Rounded to the nearest tenth

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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FERTILITY IN SUB-SAHARAN AFRICA

TFR* for Select Sub-Saharan African Countries, 1960-2019
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*Rounded to the nearest tenth

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



FERTILITY IN LATIN AMERICA

TFR* for Select Latin American Countries, 1960-2019
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*Rounded to the nearest tenth

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.
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SOUTH KOREA KEEPS BREAKING RECORDS

South Korea Live Births (in thousands) and TFR, 1970-2020*
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* Preliminary numbers for 2020

SOURCE: Statistics Korea, “Vital Statistics of Korea” (2021) © Hedgeye Risk Management LLC. All Rights Reserved.



CHINA’S ANNUAL BIRTHS TUMBLE

China’s Annual Births and Deaths in Millions, 2010-2020

20
== Births
Deaths
18
—@—Hedgeye Predicted Births
—— Possible NBS Revisions*
16 Ee——
14
2020 Births
12 Hedgeye Prediction: 12.5M
Official Census Results: 12.0M
10
8
0 Q NG N N H o Q 2 2 O
DY P S DY DY D DY P D QO S

*2020 birth numbers according to 2020 Census. Earlier annual births from annual estimates that will be revised.

SOURCE: National Bureau of Statistics, “2019 China Statistical Yearbook” (2019)
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CHINA BABY BOOMS

China’s Annual Births in Millions and TFR, 1950-2020
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SOURCE National Bureau of Statistics, “2019 China Statistical Yearbook” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



X1 BABY BOOM ALREADY OVER?

L Population Pyramid
=l
100 +
95-99
O — O] Female
55—-89
50—-584
7579
FO—-74
55—59 | <« Founding Wave
50-64 [
@ 35-59 | Cultural
E"' 50-54 |<- Revolution
45—-49 | Wave
40-44 I
35-39 |
30-34 |4 Dengwave
25-29 |
20-24 I
15-19 [
10-14 |
5—9 | < Xl Wave?
0-4 I
S0OM GOM S0 20M 0 20M M SOM S0OM
Population
.5 Census Bureau nternational Data Base
2021

SOURCE: US Census Bureau, “International Data Base” (2021) © Hedgeye Risk Management LLC. All Rights Reserved.



BABY BUST LOOMS
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RUSSIA’S BABY BOOMS AND BUSTS

Russia’s Annual Births in Millions and TFR, 1950-2020
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SOURCE World Bank, “World Bank Open Data” (2021) © Hedgeye Risk Management LLC. All Rights Reserved.



WILL FERTILITY WEAKEN RUSSIA’S MILITARY?

Russian Male Population, Ages 0-4 and 20-29 (in thousands)
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.
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PANDEMIC BABY BUST

o When Covid-19 first hit, some media outlets predicted that all that extra time at home might lead to a baby boom.
But instead, we’ve seen the opposite.

o In multiple high-income countries, birthrates declined sharply nine months after stay-at-home orders went into
effect, beginning in November 2020.

o Declines were especially strong in southern Europe: Births in Italy, Spain, and Portugal fell an average of 6% to 10%
YoY between November 2020 and March 2021.

o In some countries (e.g. Spain, Italy, and France), birthrates began to climb again in March 2021, referring to babies
conceived in June 2020. For these countries, summer 2020 was when the first wave of the pandemic subsided. But
these rebounds did not last: Births dipped again from April to June 2021.

o Although the countries that initially saw sharp birthrate declines have since seen births rebound from their lowest
point, few have returned to pre-pandemic level birthrates.

© Hedgeye Risk Management LLC. All Rights Reserved..



ITALY BIRTHS

Italy: Monthly Births Index, Jan 2020-Jun 2021
(100=YoY Over Identical Months in 2018/2019 AVG)
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



SPAIN BIRTHS

Spain: Monthly Births Index, Jan 2020-Jun 2021
(100=YoY Over Identical Months in 2018/2019 AVG)
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



FRANCE BIRTHS

France: Monthly Births Index, Jan 2020-Jun 2021
(100=YoY Over Identical Months in 2018/2019 AVG)
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



PANDEMIC EFFECTS ON BIRTHS

YoY Difference in Mean Monthly Crude Birth Rates,
by Country (Pre-Pandemic* vs. During Pandemic**)
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*Pre-Pandemic: January 2016-October 2020. **During Pandemic: November 2020-February 2021

SOURCE Arnstein Aassve, et al. “Early Assessment of the Relationship Between Covid-19 Pandemic and Births in High Income Countries” (PNAS, March 2021) © Hedgeye Risk Management LLC. All Rights Reserved.



US BIRTHS AFFECTED BY C19 AND MOBILITY

A. COVID-19 cases per capita
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B. Mobility reductions
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Figure 6. Ratio of births to 2016-2019 average and (A) COVID-19 cases per capita and (B) mobility
reductions. With linear fits weighted by population. Points are scaled to population size. Counties
with population >1 million are labeled.
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SOURCE: Philip N. Cohen, “Baby Bust: Falling Fertility in US Counties Is Associated With Covid-19 Prevalence and Mobility” (SOCArXix, July 2021)
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US REBOUND?

Rate of Change in 2020 Monthly Births vs. 2019 For Select States

Figure 2: Change in State Monthly Births vs. 2019
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“BABY BONUSES” ABOUND

Recently Instituted Pronatalist Policies by Country

“Baby Bonuses” Estonia, France, Japan, Poland, Russia, Singapore
“Baby Bonuses” Plus Monthly Stipends South Korea

Tax Breaks China, Hungary, Russia, Singapore, United States
Subsidized Child Care Belgium, China, France, Germany, Singapore
Enhanced Family Leave Czech Republic, Singapore

State-Sponsored Matchmaking Iran, Japan

Civic Marketing and Awards Denmark, Hungary, Italy, Russia, Singapore
Other Perks* Russia, Singapore

Relaxing Birth Restrictions China

* Includes miscellaneous perks such as preferential housing, free school lunch for kids, etc.

SOURCE: EURACTIV (2011), Smithsonian (2012), Slate (2013), The Washington Post (2014-2021), BBC (2015), The Economist(2015), DW News (2018), The New York Times (2018-2021),
The Wall Street Journal (2018-2021)

© Hedgeye Risk Management LLC. All Rights Reserved.



BUT DO BABY BONUSES WORK?

o Baby bonuses fall into two “baskets”:

* Flexibility: how much society accepts women as both mothers and workers, and the flexibility of schools
and workplaces to accommodate both roles

* Public Incentives: how much the government, in the way it distributes taxes and benefits, reward or punish
women who decide to become mothers

o In most liberal democracies, the public incentives focus mainly on spending more on programs that will help
mothers in the workforce.

o Ex: mandatory paid leave, paid childcare, universal public pre-K

o In more autocratic countries, the public incentives focus mainly on programs that will reward mothers whether
they work or not.

o Ex:tax breaks, loan cancellations, direct cash benefits

o But do baby bonuses work? The evidence is mixed.
o The countries where pronatalist campaigns have worked tend to be doing better economically, and citizens
are more likely to have positive expectations for the future. Nations that lean on a nationalistic, values-
oriented agenda have also seen some of the largest fertility increases.

© Hedgeye Risk Management LLC. All Rights



FERTILITY IN COUNTRIES W/BABY BONUSES

TFR in Select Countries with Baby Bonuses, 1980-2019
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.
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LIFE EXPECTANCY COMPARED

Life Expectancy At Birth for Select Regions
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



LIFE EXPECTANCY IN EUROPE

Life Expectancy At Birth for Select European Regions + US
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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LIFE EXPECTANCY IN EUROPE

Life Expectancy At Birth for Select European Countries
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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LIFE EXPECTANCY IN EAST AND SOUTHEAST ASIA

Life Expectancy At Birth for
Select East and Southeast Asian Countries
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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LIFE EXPECTANCY IN CENTRAL AND SOUTHERN ASIA

Life Expectancy At Birth for
Select Central and South Asian Countries
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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LIFE EXPECTANCY IN N. AFRICA AND MIDDLE EAST

Life Expectancy At Birth for
Select North African and Middle Eastern Countries
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



LIFE EXPECTANCY IN SUB-SAHARAN AFRICA

Life Expectancy At Birth for Select Sub-Saharan African Countries
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LIFE EXPECTANCY IN LATIN AMERICA

Life Expectancy At Birth for Select Latin American Countries
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LIFE EXPECTANCY GAINS FALTER IN OECD

Fig. 1: Gains in life expectancy over four six-year periods, 1990-1996,1997-2003,
2004-2010 and 2011-2017.

From: Recent trends and increasing differences in life expectancy present opportunities for multidisciplinary research on aging

2.5
2.0
1.5-
o
g 10 1
05 N ! | |
O_ i | | | 1 | . I
T 4 e o %, 4
7
% %, %, % &, % 2, %, Q‘@ % %
/‘%, %, %, QO,’? 2, S /b% @ M
S G, e R L T @
@e(& D %, e, Ty Yy T, % Ny

1990-1996 ' 1997-2003 W 2004-2010% W 2011-2017

Dark orange bars indicate lower increases in life expectancy in 2011-2017 than 2004-2010, and light orange bars indicate greater recent increases in life
expectancy. Relatively low gains in years of life expectancy from 2011-2017 can be seen in 20 out of 23 OECD countries compared to 2004-2010.

SOURCE: Eileen M.Crimmins, “Recent Trends and Increasing Differences in Life Expectancy...” (Nature, Jan 2021) © Hedgeye Risk Management LLC. All Rights Reserved.



US NOW BELOW OECD

Life Expectancy at Birth for OECD Nations and US, 1961-2019
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



LIFE EXPECTANCY: OECD VS US

Figure 4
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US LIFE EXPECTANCY BY COHORT
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C19 DEATHS BY REGION

Covid-19 Deaths per Million People in Select Global Regions

Cumulative confirmed COVID-19 deaths per million people
Limited testing and challenges in the attribution of the cause of death means that the number of confirmed deaths may not be an accurate count of the true number
of deaths from COVID-19.
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C19 DEATHS IN EUROPE

Covid-19 Deaths per Million People in
Select European Countries/US and Canada

Cumulative confirmed COVID-19 deaths per million people
Limited testing and challenges in the attribution of the cause of death means that the number of confirmed deaths may not be an accurate count of the true number
of deaths from COVID-19.
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C19 DEATHS IN EAST AND SOUTHEAST ASIA

Covid-19 Deaths per Million People in
Select East and Southeast Asian Countries

Cumulative confirmed COVID-19 deaths per million people
Limited testing and challenges in the attribution of the cause of death means that the number of confirmed deaths may not be an accurate count of the true number
of deaths from COVID-12.
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C19 DEATHS IN CENTRAL AND SOUTHERN ASIA

Covid-19 Deaths per Million People in
Select Central and Southern Asian Countries

Cumulative confirmed COVID-19 deaths per million people
Limited testing and challenges in the attribution of the cause of death means that the number of confirmed deaths may not be an accurate count of the true number
of deaths from COVID-19.
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C19 DEATHS IN NORTH AFRICA AND MIDDLE EAST

Covid-19 Deaths per Million People in Select
North African and Middle Eastern Countries

Cumulative confirmed COVID-19 deaths per million people
Limited testing and challenges in the attribution of the cause of death means that the number of confirmed deaths may not be an accurate count of the true number
of deaths from COVID-15.
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C19 DEATHS IN SUB-SAHARAN AFRICA

Covid-19 Deaths per Million People
in Select Sub-Saharan African Countries

Cumulative confirmed COVID-19 deaths per million people
Limited testing and challenges in the attribution of the cause of death means that the number of confirmed deaths may not be an accurate count of the true number
of deaths from COVID-19.
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C19 DEATHS IN LATIN AMERICA

Covid-19 Deaths per Million People
in Select Latin American Countries

Cumulative confirmed COVID-19 deaths per million people eAR
Limited testing and challenges in the attribution of the cause of death means that the number of confirmed deaths may not be an accurate count of the true number
of deaths from COVID-19.
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TRUE GLOBAL COVID-19 DEATH COUNT

Global estimated excess deaths and official covid-19 deaths
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GLOBAL C19 VACCINATION RATES

World Map of Vaccination Rates, Sept 20, 2021

World Map of Vaccinations
More than 5.95 billion doses have been administered—enocugh to fully
vaccinate 38.7% of the global population

no data 5 15 30 60% of population covered

2

Mote: “Population covered” divides the doses administered for each vaccine type by the number of
doses required for full vaccination. Data gathered from government agencies, public statements,
Bloomberg interviews and the World Health Organization and JJohns Hopkins University.

SOURCE: Bloomberg
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BILATERAL FLOWS BETWEEN 196 COUNTRIES

The bilateral flows between 196 countries are estimated from sequen-
tial stock tables (see overleaf for details). They are com

parable across countries and capture the number

of people who changed their country of

residence between mid-2005 and

mid-2010.

These fiows represent 75%t of all human movement from 2005-2010.
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MIGRATION BETWEEN REGIONS

Net Migration Rate (per 1,000 pop) for Select Regions
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)



MIGRATION IN EUROPE

Net Migration Rate (per 1,000 pop) for Select European Countries

13 Finland Russia Spain

n Italy Poland Hungary

9 UK = Germany Germany L UK
7

)

3
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MIGRATION IN EAST AND SOUTHEAST ASIA

Net Migration Rate (per 1,000 pop) for
Select East and Southeast Asian Countries
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MIGRATION IN CENTRAL AND SOUTHERN ASIA

Net Migration Rate (per 1,000 pop) for
Select Central and South Asian Countries
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MIGRATION IN NORTH AFRICA AND MIDDLE EAST

Net Migration Rate (per 1,000 pop) for
Select North African and Middle Eastern Countries
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MIGRATION IN SUB-SAHARAN AFRICA

Net Migration Rate (per 1,000 pop) for
Select Sub-Saharan African Countries
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MIGRATION IN LATIN AMERICA

Net Migration Rate (per 1,000 pop) for
Select Latin American Countries
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MIGRATION TO BIG COUNTRIES

Net Migration Rate (per 1,000 pop)
for Select Big Countries, 2015-2020
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PANDEMIC AIR TRAVEL RESTRICTIONS

Travel Restrictions wmarch 2020-August 2021 (Global UN Tracker)

Percent of All Countries’ Covid-19 Air Travel Rules by Type
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IMMIGRANT PERMITS PLUNGE DUE TO C19 "

% Change in Number of New Work/Residency Permits Issued
Between 15t Semester + Q2 of 2019 and 2020, Select G20 Countries

Figure 3. Change in the number of new permits issues between the first semester of 2019 and 2020 in
selected G20 countries
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SOURCE: OECD, “2020 Annual International Migration and Forced Displacement trends and Policies Report to the G20” (2020) © Hedgeye Risk Management LLC. All Rights Reserved.



DEMOGRAPHY REVIEW: WORLD

O Fertility
. Global Trends
. Special Issues
. Pandemic Baby Bust
. Policy Measures

O Mortalityand Covid-19
. Life Expectancy
. C19 Comparing Regions
. True C19 Death Count

O Migration
*  Comparing Regions
e Effects of the Pandemic

O Population Projections
|+ Working Age Population |
*  Dependency Ratios
*  When Will Global Population Peak?

© Hedgeye Risk Management LLC. All Rights Reserved.



POPULATION PROJECTIONS

Total Population History and Projections
for Select Regions (in thousands), 1990-1960
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WORKING AGE GROWTH GLOBAL REGIONS

20-64 Pop. Projections: Global Regions (Index: 100 = Year 1990)
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WORKING AGE GROWTH EUROPE

20-64 Pop. Projections: Europe (Index: 100 = Year 1990)
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WORKING AGE GROWTH EAST/SOUTHEAST ASIA

20-64 Pop. Projections: East and
Southeast Asia (Index: 100 = Year 1990)

Diamond = Peak Working Age Pop. Growth
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WORKING AGE GROWTH SOUTHERN/CENTRAL ASIA

20-64 Pop. Projections:
Southern/Central Asia (Index: 100 = Year 1990)
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WORKING AGE GROWTH N. AFRICA AND MIDDLE EAST

20-64 Pop. Projections:
North Africa and Middle East (Index: 100 = Year 1990)

Diamond = Peak Working Age Pop. Growth
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WORKING AGE GROWTH SUB-SAHARAN AFRICA

20-64 Pop. Projections: Sub-Saharan Africa (Index: 100 = Year 1990)
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WORKING AGE GROWTH LATIN AMERICA

20-64 Pop. Projections: Latin America (Index: 100 = Year 1990)
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WORKING AGE GROWTH EUROPE

20-64 Pop. Projections for 2030 + 2040:
Europe (Index: 100 = Year 2020)
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WORKING AGE GROWTH EAST/SOUTHEAST ASIA

20-64 Pop. Projections 2030 + 2040:
East and Southeast Asia (Index: 100 = Year 2020)
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WORKING AGE GROWTH CENTRAL/SOUTH ASIA

20-64 Pop. Projections 2030 + 2040 :
Southern and Central Asia (Index: 100 = Year 2020)
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WORKING AGE GROWTH NORTH AFRICA/MID. EAST 8

20-64 Pop. Projections 2030 + 2040:
North Africa and Middle East (Index: 100 = Year 2020)
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WORKING AGE GROWTH SUB-SAHARAN AFRICA

20-64 Pop. Projections 2030 + 2040:
Sub-Saharan Africa (Index: 100 = Year 2020)
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WORKING AGE GROWTH LATIN AMERICA

20-64 Pop. Projections 2030 + 2040:
Latin America (Index: 100 = Year 2020)
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OLD-AGE DEPENDENCY RATIO: REGIONAL

Population Aged 65+
per 100 Pop Age 15-64: Global Regions
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SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



OLD-AGE DEPENDENCY RATIO: EUROPE

Population Aged 65+
per 100 Pop Age 15-64 : Select European Countries
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OLD-AGE DEPENDENCY RATIO: EAST ASIA

Population Aged 65+
per 100 Pop Age 15-64 : Select East Asian Countries

100 -
%0 ===China HISTORY | PROJECTION South Korea
Japan 1990-2015 | 2020-2060
80 e South Korea
20 Indonesia
=== Philippines
60 —Singapore
50 ——Vietnam
40 ——New Zealand
30
/
10— p— t/ T—
0
Q \e} Q e} Q \ O %) Q e Q e O e O
) 2 QO QO ) o {2 v $e) > % I ) \] ©
) ) ’Z/O Q/O ) o) ,2/0 Q/O Q/O Q/O ,?/O Q/O Q/O ,2/0 Q/O

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019)
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OLD-AGE DEPENDENCY RATIO: CENTRAL & S. ASIA

Population Aged 65+
per 100 Pop Age 15-64 : Select Central and Southern Asian Countries
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OLD-AGE DEPENDENCY RATIO: N. AFRICA + M. EAST

Population Aged 65+ per 100 Pop Age 15-64 :
Select North African and Middle Eastern Countries
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OLD-AGE DEPENDENCY RATIO: S. AFRICA

Population Aged 65+
per 100 Pop Age 15-64 : Select Sub-Saharan African Countries
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OLD-AGE DEPENDENCY RATIO: LATIN AMERICA

Population Aged 65+
per 100 Pop Age 15-64 : Select Latin American Countries

60

e===Honduras HISTORY | PROJECTION
50 a— MexXico 1990-2015 | 2020-2060
e Argentina
40 Brazil
Colombia
30 Peru Argentina
Venezuela
20
10 zr’;/ T
Mexico
0
\0)q>° '\OJQ)% ‘?/000 %00(0 ’?/O\O ’?/0'\(0 Q,OQ’O q,OQﬁo q,Orbo q,O(b(o Q,Ob(o Q,Obfo Q,o<°o q,o<°<° q,OCoO

SOURCE: UN Population Division, “2019 Revision of World Population Prospects” (2019) © Hedgeye Risk Management LLC. All Rights Reserved.



DEMOGRAPHY REVIEW: WORLD

O Fertility
. Global Trends
. Special Issues
. Pandemic Baby Bust
. Policy Measures

O Mortalityand Covid-19
. Life Expectancy
. C19 Comparing Regions
. True C19 Death Count

O Migration
*  Comparing Regions
e Effects of the Pandemic

O Population Projections
*  Working Age Population
*  Dependency Ratios
[+ When Will Global Population Peak?|

© Hedgeye Risk Management LLC. All Rights Reserved.



WHEN WILL GLOBAL POPULATION

e e Hoions Projected
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SOURCES: *David Adam, “How Far Will Global Population Rise? Researchers Can’t Agree” (Nature; Sept 21, 2021)

'United Nations Department of Economic and Social Affairs, “World Population Prospects: Highlights” (2019)

2Wolfgang Lutz, et al. “Demographic and human capital scenarios for the 21st century: 2018 assessment for 201 countries” (European Commission Joint Research Centre, 2018)
3Christopher J.L. Murray, et al. “Fertility, mortality, migration, and population scenarios for 195 countries and territories...” (The Lancet, Oct 2020)
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WHEN WILL GLOBAL POPULATION PEAK?

IHME Projections' UNPD Projections?
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O Hedgeye Risk Management LLC. All Rights Reserved.



WHY DO THESE ESTIMATES DIFFER?

o The UNPD forecast is generally considered the gold standard among demographers. But some argue that they
ignore the long-term social and cultural forces that are driving down fertility.

o The UNPD expects that some of today’s very low-fertility societies (e.g.in Europe and East Asia) will see rising TFRs
over the next several decades and gravitate back up to replacement rate.

o The llIASA and IHME disagree with this take. They see no reason to expect a TFR reversal in any society. They also
expect fertility to decelerate as female educational attainment continues to advance.

o In 2020, a major study from the IHME (published in The Lancet) presented a new forecast based on this POV. The
researchers tied each society's TFR to two critical variables:

o average years of educational attainment

o availability of female contraception expressed as a ratio to the number of women who express a desire to
limit their family size

o The authors found a very high correlation between these two variables on the one hand and completed female
fertility on the other. Their projections are tilted toward lower fertility and lower population growth almost

everywhere.
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FEMALE EDUCATION AND FERTILITY

= completed
cohort fertility
before age 50

\

CCF50

Super-region
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SOURCE: Christopher J.L. Murray, et al. “Fertility, mortality, migration, and population scenarios for 195 countries and territories...” (The Lancet, Oct 2020)
NOTES: CCF50-fitted trends are presented as a function of education across varying levels of contraceptive met need. Each point represents a single location-year of past data, and they are
colored by GBD 2017 super-regions. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.
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TFR ALREADY LESS THAN 2.1 IN MOST OF WORLD

Estimated Year When Net TFR Falls Below Replacement Level

Years

I Before 2000 [ 2050-59

B 2000-09 [ 2060-69
= 2010-19 & 2070-79

3 2020-29 2080-89

[ 2030-39 I 2090-99

[ 2040-49 W 2100 onward

SOURCE: Christopher J.L. Murray, et al. “Fertility, mortality, migration, and population scenarios for 195 countries and territories...” (The Lancet, Oct 2020)
NOTES: Replacement is defined as a net reproduction rate of 1. Past estimates are calculated on the basis of GBD 2017 estimates and future estimates are calculated from the reference forecast.
GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.
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FINAL THOUGHTS

o The IHME predicts that global population will peak nearly four decades earlier than the UNPD does (2064 vs. 2100).

o Overall, | have mixed feelings about their projections.

o AGREEMENT: Fertility rates are not likely to gravitate toward replacement in the long run. If current social and
cultural trends continue on autopilot, global population is likely to decline a lot more than the UNPD projects.

o DISAGREEMENT: The researchers believe they have found a stable recent relationship linking fertility to education
and contraception. But how can they know if this relationship will remain stable in future decades? What about
the impact of nationalism, war, depression, advanced technologies, etc...?

o DISAGREEMENT: The IHME model does not check its living-standard projections against economic plausibility.
Even assuming falling fertility, the economy of Nigeria--based mostly on subsistence agriculture--is someday
supposed to support a population nearly double the size of the European Union. Not likely.

o Further reading:

* Empty Planet: The Shock of Global Population Decline, by Darrell Bricker and John Ibbitson (2019)
* The Human Tide: How Population Shaped the Modern World, by Paul Moreland (2019)
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