 YRSNARUFYRAY3 YR
DS2LRfAGAOFE wAaj

#PARDEE CENTER
ForR INTERNATIONAL FUTURES

W! UNIVERSITYor

¥ DENVER

JOSEF KORBEL SCHOOL of
INTERNATIONAL STUDIES

ReferenceReport from the
Frederick S. Pardee Center for International Futures
Josef Korbel School of International Studies
University of Denver
pardee.du.edu

Supporting the publiation of
Our World TransformedGeopolitical Shocks and Risks

David K. Bohl, Taylor L. Hanna, BrenddWapes, Jonathan D. Moyer, Kanishka Narayan,
Kumail Wasif

May, 2017

Sponsored by Zurich Insurance Group
In collaboration with Atlantic Council

We acknowledge the following people for their contribution to this reference report: From the
Atlantic Council, Mat Burrows (Director of the Strategic Foresight Initiative). From the Zurich
Insurance Group, Gregory Renand (Global Head of the Thoughrgk@daitiative). From the
Frederick S. Pardee Center for International Futures, Steve Hedden (Research System
Developer), Barry Hughes (Senior Scientist and Mentor), Jess Rettig (Project Management
Officer), José Solérzano (Lead System Developer), BdegtarsonRrogram Officey.






Table of Contents

EXECULIVE SUMIMAIY. ...ttt mr e e e e e e e e e e e e e e e e e e e eeeeeeeamsnnnnnnnnnnnes 5
oo 18 o 1o o TP 7
Chapter 1: International Futures and the Base Case SCenariQ...........ccccvvvueeseccvvnnnneeenn. 11
INTErNALIONAL FULUIES ... .ottt e e e e et e e e e e e e e e et be e e e e sannn e e eeeas 11
BASE CBE FBSUILS......eeiiiiiii e ee ittt e ettt s ettt e e e e e et e e e e stbaa e e e emttnn e e e e e eeeeenrnnas 14
Chapter 2: Trade ProteCtONISIL........ooiiiiiiiiii i e e e e e e e e e e e e e eeeees 23
1] 1o o 11X 1o o SRR 23
Background @nd thEOIY .........eeiiiiiiiieeee e 24
HISTOMICAI trENTUS.....eeiieieiiie e e e e st e e e e s e e e e e e s abbbeeeeeeeeanes 24
Trade and GrOWLN.........ooiiii e e e e e e e e e e e 27
Employment and iNEQUAIILY...........cooooiiiiii e e e e e aanes 29
Trade and CONTlICL........ooiiiieeie e e e s e e e e e s s b reeeeeeeaaas 30

S T g lo R 1o ST o L= L (] = 30
Yo =T 0L PP 31
Globalism Resurgence and ProtectioniSt VICIOLY.......ccccccciiuuiiiiiiiiiiiiiiieierreee e e e e e eeaaeeeeeeen 31
USChinese dynamiC at FiSK ..........coooiiii i e e e e e e e e e e e aae e 41
(O] 0 Tox 11 ][ o PP 42
Chapter 3: EUrOpeaNn UNILY..........ciiiiiiiiieeiiiime et e e e et semee e e e e e e e e e aanna e e e eeeanas 44
T oo [ Tox (o o R PP 44
Background @nd thEOIY.......coooiiiiiii e e e e 45
DY SR oYl 1 (=T [ = L1 (o] o PP PP PPPPPPPIN 45
Subnational riSK faCOIS. .......uuiiiiiiiiiiiiie e rrrereereee e ee e BB
NAIONAI FISK FACIOTS ....eeiiieiieiiiii e e e e e e e e e e e e e e e e e e e e e e e e e 47

N Ao S ] (G = (e (0] £ SRRt 47
Yo =T = 101 48
LU 0] ] F= T o 11 O PP PO P PP PPPPPTPPRPPPRP 48
(0] o] 1§17 o 1 52
Chapter 4: Global Water CriSIS.........ooiiiiiiiiiiiiiiiiie s e e e e e e eeeeeeeeees 54
1] 1o o 11X 1o o SRR 54
Background @nd thEOIY .........uiiiiiiiiiiiiee e 55
Risks and drivers of risk at thetimaal leVel.............ccoovvviiiii 55
Risks at the subnational IEVEL..............ueiiiiii e 56
Risks at the international (networked) [EVEL..........uuweviiiiiiiii e, 57
Yo7 = T 0P 58
N Lo I = g 1 o TSP SPPPPPP 60
SEVEIE WEATNE. ...ttt e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeees 63
(0] o Tod 1 o 1 64
Chapter 5: ChindUS RelatiONS............oiiiiiiiiicie e e e e e eaes 65
1] 1o o 18 ox 1 o] o SRR 65

(2 F=Tod (o [ (o 18T o IF=T 0o 11 aT=To o 20U 66
Global value chains, economic interdependence and employment outcomes............cccc....... 69
POWETr @nd CONML. .......ooiieiiiiiiiei ettt e e e e e e e e e e e e e e e aaaaaaaaaaans 70
Spheres of influence and their capabiliies. ... 12



Yo=Y = 10 13 76

NEW COIO WAK.....ceiiieiiiiiii ettt e e e ettt e e e e s s b b et e e e e e anbbbaeeeeeeeanens 76
(O] 0 Tox 11 ][] o PP 79
Chapter 6: High energy prices stemming from l¢¥&audi conflict...................coevvviiiiennnnns 81
T oo L8 Tox (o o RPN 81
Background @nd thEOIY.......cooeeeiiiii e e e e e 82

[ 1153 (0] 2P PPPPPPPP R PPPPPPRPPP 82
SOUICES OF CONTIICL. ...t eeeeeeeeees 83
ENErgy IMPIICALIONS. .....eeiiiiiiiii e e e e e e e e e e e 84
Yo =T = 0L 85
(0] o o] 1§13 o 1 94
(@] o Tod 181 [0 o PR SRUPPPRRPRP 96
=] o] Te]o | £=1 o] 1) YA PP P PP PPPPPPPPPPRPPRRTRN 97
Appendix A: Scenario ASSUMPLIONS .......cooeiiiiiiiiiiie ittt e e e e e 107



Executive Summary

Over the past few decadeglobal human development has improved across multiple dimendtmerty
hasfallen, incomes have grown, and improvements in educatfa@glth, infrastructure, and governance
have been sustainetHowever, the drivers of thsuccesgtechnology and globalization in particular) have
created new sets of problems that threaten these p@stld War achievementgVe forecast thempacts

of five potential geopolitical disruptionsincreased global trade protectionisnthe collapse of the
European Unionheightened politicaimilitary tensions between China and thaitéd Statesan energy
shortage stemming from Middle East conflict, and global watearcity acrossfive measures of
development global GDP, extreme poverty, middéand upperclass sizeénternal political instabilityand
networks of dependencé

This project utilizes the International Futures (lé®)l, a freely available integted assessment model.
Download or use the tool from pardee.du.edu

The analysis is rooted in the IFs Base Case, a dynamic forecast for 186 countries across the following
interconnected issue areasagriculture, demographics,economy, education, energyenvironment,
governancegovernment financehealth, infrastructure, international politics, and technolode Base

Case sets reasonable expectations for how the wmilght unfold without major geopolitical disruptions.

Seven of the scenarios expéatin this report are:

9 Protectionist VictoryGobaly, in this scenarioGDPwould be $18 trillionlower, 25 millionmore
people would live in extreme poverty4 million fewer people would fall intine middleor upper
class, and 63nore countrieswould experience heightened risk dfiternal political instability
compared to the BaseaSe.

 EUollapse Gobal trade is restructured as formerly EU states intensify trade withEammpean
countries. In this scenario, global Gi@Buld be $4 trillion lower, 4 million fewer people would
fall intothe middle or upperclassand twoadditionalcountrieswould experience heightened risk
of instability, compared to the Basas§k.

9 Arid EarthlIn this scenario, which assumgeaterwater scarcity worldwide,auntries withmore
robust water resources and capacity to increase food exports acquire prominence in the trade
network. Overall global GDPwould be $1.8 trillion lower, and 15 more countries would
experiene increased risk of instabilitycompared to the BaseaSe. In countries that do not
become net exposrs of agricultural goods, the number of people in extreme poverbyld
increase by 6.8 million antll.5 million fewer people would fall inttthe middle or upper class
compared to the BaseaSe.

9 Severe Weathr: This scenario assumes thabvgrnmentswould divert resourcesfrom other
productive sectoréo make their agricultural sectors more resilient. Consequently, compared to
the BaseCase, global GDRould be$6.7 trillionlower, and 21 more countrieaould experience
higher risk of instabilityln 2032 when global yield lossese forecast tgpeak,21 million more
people would liven extreme poverty an®8 million fewer people would fall intthe middleor
upper classcompared to theBaseCase.

9 New ColdWar. In this scenario, which assumes heightened polticgitary tensions between
China and the United Stateglobal GDRvould be$34.5 trillionlower, 22.6 million more people

1 For a detailed description of the parameters used in each scenario see Appendix A.



would live inextreme poverty, 88 milliofewer peoplewould fall into the niddle or upper class
and 46more countries experience greateisk ofinstability, compared to th®aseCase

9 Constrained Energyn this scenario, which assumes a tightening of global energy resources due
to Middle East conflict,Igbal GDRvould be$54.4trillion lower, 23 millionmore people would
live in extreme poverty93 million peopldewer people would fall into the middle or upper class
and 26more countrieswould experience heightened risk afistability, compared to thdBase
Case

9 Accelerated Reewables In this scenario, which simulates a global push for renewables in lieu of
constraints on other energy resource$plgal GDPwould be$46.4 trillionlower, 16 millionmore
people would live in extreme poverty6 millionfewer people would fall ito the middle or upper
class and 24more countries wouldexperiene greater risk of instability, compared to tH&ase

Case
Cumulative Extreme Middle Instabilit
GDP Poverty Class y
- Million Million Number of
Bl People People Countries
2016 81,960 950 2,475 -
Base Case
2035 141,410 711 3,950 -
Protectionism Protectionist Victory| 2035 -18,040 33 54 63
: Arid Earth| 2035 -1,830 6.8** -11.5% 15
Climate
Severe Weather| 2035|  -7,000 21 -38** 21
Europe EU Collapse | 2035 -3,991 0.014 4 2
ChinaUs New Cold War| 2035 -34,540 20 -88 46
.| Accelerated Renewable 2035 -46,360 16 -76 24
Iran-Saudi .
Constrained Energy 2035 -54.400 23 -93 26

Tablel: Overview of findings fageopolitical riskscenarios. Nte: TheBase Casmdicates values for 2016 and 2035, whereas all
other scenarios are represented as the difference relative tB#se Cas&DP is reported as the cumulative difference between
Base Casand eachscenariothrough 2035.Extreme poverty masures those living on less thah.® per day Middle class
includes those living on greater than $10 per.dagtability is reported as the number of countries experiencing higher levels of
internal politicalinstability relative to thdBase Cas&ouce: IFs 7.28For the EU Collapse scenario, results for poverty and middle
class pertain only to that of the EU withabe United Kingdont*Reported for countries that experience an increase in poverty
and a reduction in the size of the middle clasatied to theBase Case™* Reported for 2032 (a peak year in yield loss). During
peak years of crop loss in the Severe Weather scenario, A8adyintries experience an increased probabdftinternal political
instability.

The greatest disruption tglobal GD®ccursin the two energy crisis scenarios. The greatest increase in
extreme povertytakes placein the protectionist scenariowhich also shows the highest numbef
countries experiencing heightened risk of domestic conflict. The greatesttieduin the number of
people in the middl®r upperclass is seeacross energy scenarios aindhe scenario that modetsonflict
between China and thenited States.



Introduction

Aresurgence of 19th century ideals abdaissezfaire economic libealismoccurred in the 19709uring

this period, @vernmentsacross the world started implementirgplicies of privatization, fiscal austerity,
dereguldion and free trade. The ensuing upsurge in global economic growthssatiatedechnological
advanceded to progress in multiple dimensions of human wellbeinghe past three decadespperty

fallen and incomes increased. Strong advances were made in health, education and infrastructure.
Moreover, quality of governance has improvede number of demaracies has riserand conflict has
declined. However, strong economic growth and technological advantes very drivers of this
success also engendered their own political, economic and environmental problems, and failed to
address others. This projecv&uates how these geopoliticatoblemscould undermine progress over

the next20years.

Economic growth and technological advances have not been a panacea. Economic liberalism has
exacerbated inequality in mardeveloped countries. This has ledaevave of trade protectionism, which

could threaten prominent international trading blocgcluding the EUand constrainglobal economic

growth

This is not to suggest that contemporary geopolitical stresses are solely an outcome of economic growth
and libealisnt far from it. Increased automation and cultural shifts associated with technological
advances hee contributed a great deal to a global sense of malaise. Our purpose here is to stress that we
face varied challenges despite and because of this ecanana technological progress. In this report, we
focus on five geopolitical risksicreased global trade protectionism, EU collapse, heightened pdlitical
military tensions between th€hina and U%n energy shock emanating from the Middle East, and ¢jloba
water scarcity.

Comparable wdcard type events have dramatically shifted incentives and changed the pmdiking
environment in the past. As the world changes with increasing rapiditgharacter of globalization and
the diffusion of technology suchrisks are becoming more acute, impactful, and less predictabis. |
possible thata world oxerwhelmed by information reducethe ability of decisiormakers torespond to
such risks The surprise and uncertainty with which many decisionakers reacted taecent global
transitions seems to suppothis view but we believebusiness and governmental decisiorakers can
be equipped with tools to understand the world in which they make decisions.

This project provides toaisconceptual frameworks andhodels to help decisioamakers visualize,
evaluate and manage the impacts aftpntial disruptions irthe future. But before we proceed to the
conceptual frameworlkand model analysjst is important to exm@in our understanding of geopolitical
risk. We define geagitical risk as the potential for disruption of politieatonomic trends conducive to
human wellbeing Admittedly, the termWellbeindQis subjective Here we focuson the physical

requirements of human prosperity.

We think ofgeopolitical riskas emanging from three interconnected systems: (a) political, (b) economic,

and (c) natural. A risk is political if it is a product of interaction between actors engaged in power
competition. The most drastic manifestation of this risk is violent conBiat it can include other forms

of disruptive competition. A risk sconomic if it originates from the dynamics of market interaction. A
recent example of this risk is the financial shock caused by the collapse of the US housing market. A risk is
natural if it 8 produced by changes in the rboman environment, even if these changes are produced

by human activity. Climate change has engendesethe natural risks, notably water scarcity. It is



important to recognize that these risks unfold not only within systdmsacross them. For example,
water scarcity (a natural risk) can result in military tensions (a political risk) which can cause the disruption
of trade (an economic risk). Understanding the system(s) in which the risk originates and the process of
crosssystem contagion are important to our approach.

Our conceptualization of geopolitical riglsoinvolves three interacting levels of analygi¥subnationa)

(i) national, and (iii) networked. Theubnationallevel of analysis is characterized by astthat have
competing interests within a national context. For instance, provinces or political parties that are
differentially affected by economic or natural disruptions can have diverging interests within a country.
At the nationalevel,we are interested in how sovereign actors interact with their broader environment,
both in response to changingubnationalpressures as well as a changing international context. The
networked level of analysis encompasses the broader interrelation of actors in itierawithin, across,

and outside of national unitddere we are interested in how unfoldirdjsruptionscascade through
clusters of connected state and natate actors. This level of analysis focuses ornver@bles that result

from the interaction of ators in the international system

Economic

Political / Security

Natural Sub-

National

Figurel: Conceptual framework for thinking about geopolitical risks.

We usethe International Futures (IFs) integrated forecasting platftorevaluate the potential impact of

geopolitical disuptions on measures of global humarellbeingover the next 20 years. We begin our

analysis with the Base Case. This scenario models dynamic interactions within and across these systems
F2N) 0KS SYGANB ¢g2NIR® L A& goifgSo pioeediwithdut @amatc Y I G A 2
policy interventions, environmental transformations or largeale wildcard events. We compare the Base

Case to fivalternative futurescapturing a world affected by each geopolitical risk. This allows us to gauge

the effects ofeachgeopolitical risk on humawellbeingcompared to what we would expect otherwise.

The variables used to measure humaellbeingin this reportare global growth, global extreme poverty,

the global middle clasthe probability of internal pofical instability

We build scenarios exploring five geopolitical risks: increased global trade protectionism, EU collapse,
heightened politicamilitary tensions between the US and China, direct conflict between Iran and Saudi
Arabia, adl global waterscarcity.Tablel lists howeach risk scenario differs from the Base Gaderms

of human prosperity outcome§ his is obviously not an exhaustive list of geopolitical risks, but rather a



starting point that attenpts to compare across risk profiles that can be more broadly applied to additional
risks in the future.

These results frame uncertainty araate designed tdelp people think aboutheir shared futuresThey
should not be interpreted asrpdictionswhich, as we define themare specific claims about when and
where certain things will occur.

The assumptions used in this analysis can be found in the appendix, and the tool primarily used to create
these results can be downloaded for free at pardee.du.éduunderstanding of IFs architecture will be
helpful to anyone seeking a deeper understanding of these and other scenarios.

The first bapter of this report explains the Base Casgreater detailas it provides essential contefar
interpreting altenative scenarios resultsThe following chapters, two through six, discuss each set of
scenarios in more detail, providimgstorical background, a discussion of the drivers (framed in the levels
of analysis)a discussion of the Base Ca®it relates ¢ the scenario, an explanation of the scenario
model, a description of model results, and an explanation of the implications.



A world of sustained
trade protectionism

A Collapse of the
European Union

An Arid Earth

A New Cold War
between China and
the Unted States

Constrained Energy
Production in the
Middle East

Scenario
Intervention:

Compared with a world
where economic
openness increases at
similar rates to the
period of peak
globalization, a
sustained period of
trade protectionism
would lead to:

Compared with a world
where the European
Union continues to
incrementally grow in
institutional strength,
an unraveling of the EU

would lead to:

Compared with a world
where water resources
were continually
constrained, though not
dramatically
constrained, a Ingterm
globalwater crisis
would lead to:

Compared with a world
of increasing economic|
and institutional
interdependence where
China and the US
remain competitive but
cooperative, a world of
overt conflict between
China and the US woul
lead to:

Comparedwith a world
of low energy prices anc
little overt conflict
between rivals in the
Middle East, a world
where conflict between
Saudi Arabia and Iran
drivesincreased energy|
prices would lead to:

Networked
Effects:

A shift in economic

interdependencewith
China playing a more

central role in global
trade, and an increase ir
regionalism.

EU core remains
connected, but

periphery states scatter
and Russia sees

increased influence.

Increased focus on
states sharing river
basins and a shift in
global economic
interdependence with
largeagriculture-
producing states driving
trade.

A shift in global poles
with clear and distinct
spheres of influence
that broadly compete.

An increase in domestic
production of fossil fuelg
and investment in
renewable energy drive
down economic
interdependence.

National
Effects:

A reduction in global
cumulativeGDP of $18
trillion.

A reduction in
cumulative GDP of
former EU members by
$3.9 trillion.

A decline in global
cumulative GDP of $1.§
trillion.

A decline in global
cumulativeGDP of $35
trillion.

A decline in global
cumulative GDP of $54
trillion.

Subnational
Effects:

An increase in global
poverty by 24 million
andupper/middle class
reduced by 48 million.

A reduction in the EU
upper/middle classby
4.1 million.

An increase imglobal
poverty by 13 million
and a reduction in the
upper/middle class by 4
million.

An increase in global

poverty by 23 million

and a reduction in the

upper/middle class by
83 million.

An increase in global

poverty by 23 million

and a reduction in the

upper/middle class by
92 million

Table2: Summary of scenarios covered in this repoi2035 Source: Frederick S. Pardee Center for International Futu
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Chapter linternationalFuturesand theBase Casscenario

Internationd Futures

The guantitative component of this project relies largely on the International Futures (IFs) tool housed at
the Frederick S. Pardee Center for International Futuréisealosef Korbel School of International Studies

at the University of DenveiThe IFs tool is an integrated assessment model that quantitatively connects
variables across countries, time, and issue areas. Specifically, it models macro trends within arfiPacross
substantive issue areas for 186 countries and ti@eractions (sed-igure2). Thetool incorporates a
database of more than 3,500 series with data from 1960, when available.

IFs has been used to inform strategic planning and thinking across a wide range of development contexts,
including for the US National Intelligence Cou@@&lobal Trends reportshe UN Global Environmental
Outlook, various projects for the European Commission and other national governments, NGOs, and
businesses See pardee.du.edto download the tool, accesfull model documentation, and learn more
about this open research.

Education Demographics

International

Governance Economics o
I Politics
Fin

Agriculture

ance I Technology

Infrastructure Environment

Figure2: Submodules of the International Futures (IFs) Forecasting System.

A quick introduction to each modelay help readers as a referenfeom Hughes2015, pg. 2-5):

The demographic model uses a standard coltornponent representation, portraying
demographics in fyear categories (adequate for most users), but building on underhyyepd
categories. Both fertility and mortality are computed endogesly. Migration is specified
exogenously, currently using forecasts friidaSA

2 For more information regarding the projects, and partnerships, and publications that use IFs see:
http://pardee.du.edu/researckand-projects Referenced in textJS NIG2008, 2012)UNER2007)and Cave et a{2009)

3 As a result of project work connected to the Shared Secmomic Pathway§SSP)nitiative discussed latethe IFs system
includes in its databadéASA forecasts on migration and education, Organization for Cooperation and Development and Potsdam
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The economic model structure represents the contributions to production from labor, capital, and
multifactor productivity (which is substantially an endogenous functiohushan capital, social
capital/governance, physical capitaifrastructure and energyand knowledge capital). A social
accounting matrix structure flows across sectors and agent categasssring full financial flow
consistency, including agefluencedsavings and consumption patterns and relationships with
government via taxes and transfers.

The education model represents the progression of students,-ggaear, through primary,
lower secondary, upper secondary, and tertiary education, with someesgmtation also of
vocational education and the portion of tertiary students in science and engineering. Government
spending on education per student and overall education spending is also important.

The IFs global health model uses drivers at both d{s&al income, education, and technology)
and proximate (e.g. risk factors such as smoking rates and undernutrition levels) drivers to
produce outcomesThis approach enables users to explore dynamic age, sex, and cepatific
health outcomes relatetb 15 individual and clustered causes of mortality.

The domestic governance model represents governance in terms of three dimensions: security,
capacity, and inclusion, each of which involves two or more elaborating variables. Variables
connected to the dimensions include risk of domestic conflict, corruption, government
effectiveness, democracy, and gender empowerment. Change in these variables is driven by
variables across the other models, especially by income and educational levels but also
demographé structure. Change in the three governance dimensions, in turn, drives other aspects
of the integrated system, including economic productivity growth.

Revenues and expenditures are another critical element of governance represented in the model.
Revenuesnvolve streams from firms, households, and, in the case of foreign aid, from other
governments. Expenditures involve streams to transfer payments and to direct expenditure on
the military, education, health, infrastructure, R&D, and a residual othergoaye Government
revenues and expenditures are fully integrated within the larger social accounting matrix system.

Energy and agricultural models are partial equilibrium with a physical basis that is translated
to monetary terms for interface with the eocomic model. The energy model represents
resources and reserves on the production side, which differentiates oil, gas, coal, hydroelectric,
nuclear, and otherenewable sources. The dynamics around the stocks of fossil resources and
their use and thoseround the development of renewable forms are critical. The agricultural
model represents landsage on the production side, which differentiates crops, meat and fish.
As in the economic modgdroductionsiderepresentations are key to loAgrm dynamics. Tade

in the energy, agriculturaind broader economic models uses a pooled approach rather than
bilateral flows.

The energy model is driven on the demand side by the size of economies and
populations representing also the continued reduction of eneigiensities in most countries.

Institute for Climate Impact Research forecasts of GDP, and National Center for Atmospheric Research forecasts of nrbanizatio
The system also includésrecasts on its key variables from many other sources, allowing systematic comparison of those with
each other and with the forecasts of IFs.

12



On the supplside, production requires not only resource bases, but also the accumulation of
capital stock vifnvestment in competition with other sectors. Trade is responsive to differential
cost and pricestructures acros countries. Interventions by the user can represent geopolitically
based constrainin the growth of production, as well as decisions to restrain exports. Global prices
are normallycalculated so as to clear the market, but user interventions can ovemiaidet
prices. Most datare from the International Energy Agency. A recent update of the model added
data on andorecasting of contributions from unconventional fossil resources (aggregating shale
oil and gastight oil, coalbed methane, etc.).

The agricultural model is similar to the energy model in general structure. Demand is very
responsive to population and income levels; assumptions about future meat demand of emerging
countries are important to longerm dynamics. On the supply side, crop ¢gi@er hectare is
critical. Trade and price equilibration are similar to those in energy. Most data are from the UN
Food andAgriculture Organization. The project is now substantially extending its treatment of
aguacultureand wild fisheries.

The infrastucture model addresses selected formtd transportation (roads and paved
percentageof them), electricity generation and access, water and sanitation, and information and
communications technology (ladohes, mobile telephones and broadband connectivity b
mobile phone or line). Demand and supply are related through the interaction of financial
requirementsand availability of private and public funds. Many parameters for setting and
pursuing targets ofccess are available, and data are drawn from manyces.

The environmental model is closely tied to energy and agriculture, because both demands from
those systems (for fossil fuels, land, fish, and water) and outputs from them (especially carbon
dioxide) are key drivers of the model. The model repmsatmospheric carbon as a stock and
feeds its level forward to temperature and precipitation changes that, in turn, affect agriculture.

Technology is not actually a separate model. Rather, technology is represented across and within
all the other modes, for instance in changing cost structures for energy forms and rates of
progress iraising agricultural yields.

The international political model calculates national material power (from inputs such as
economicoutput, population, military spendingna a proxy for technological advance), but also
allows theuser flexibility around including and weighting these and other elements. Whether
countries pose dhreat to each other is a complex function of such power and of a number of
other variablesncludng level of democratization and trade relationships. The variables of the
international political model are primarily satellites to the rest of the IFs system, but power
dynamics do affecimilitary spending levels directly and therefore all governmentrice
indirectly.

The strengths of the model include (1) its representation of a wide range of fundamental structures in
global issue systems, (2) the extensive data foundations of the system, (3) its integration of important
global subsystems, and (4% itsability and transparency. It allows us to analyze the mecomomic,

financial, and social implications geopolitical risk that we have sketched here and to which we now turn.
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Base Caseesults

The IFs Base Case is a collection of forecasts thatsemtre dynamically interactive continuation of
current policy choices and environmental conditions. Although the Base Case generally demonstrates
continuity with historical patterns, it provides a structure that generates -tio@ar, dynamic, and
endogenos forecasts rather than just a simple linear extrapolation of historical trefas.Base Case
assumes no major paradigm shifts, policy changes or low probability but disruptive events, such as a global
pandemic or a nuclear war. Given that the Base Gdsailt from initial conditions of all historical variables

and is periodically analyzed in comparison to many other forecasts, it is a good starting point to carry out
scenario analysis and construct alternative future scenaiiibss section briefly cove some important

trends that we will revisit in the scenario analysis sections throughout this report.

In the Base CaseGlobal GDP is forecast to increasebia@l trillion by the year 203%om $81 trillion

today? Chinese GDP is forecast to increasenf$9.3 trillion today to$31 trillion by 2035surpasng the

GDPs of bothJnited Statesand the EiropeanUnion by the mid to late 2020sThe belav figures show
GDP at MER for the United Stat&hina, BEropeanUnion and the rest of the worldrom 1960 b 2035°

GDP at Market Exchange Rates
I USA B China Il EU B Rest of World

140+

120+

100+

80

Trillion USD

60

40+

20+

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
Year

Figure3: GDP at MER for major regionsthe Base Casdorecastto 2035 SourceHistorical data fromiMF (2016)and forecast
from IFs 7.28.

By 2035, Chindhe United States, India, Japsand Germany are forecasi be the largest economies in
the world in terms of GDP. The table below shows the change in the sizes of the ten largest economies in
the world between 2016 and 2035.

4 Currency forecasts are in real US dollars, and do not assume a particular rate of inflation.
5 Unless otherwis@oted, the European Union refers to the current member states excluding the United Kingdom.
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GDP at GDP at Change | GDP at Change
MER in MER in in Rank | MER in in Rank
trillion trillion from trillion from
dollars | Rankin | dollars | Rankin | 2016 dollars | Rankin | 2016
Country (2016) | 2016 (2021) | 2021 2021 (2035) | 2035 2035
United
States 17.2 1 19.0 1|- 23.1 21 Q@
China 10.7 2 14.4 2| - 31.0 1|m
Japan 6.2 3 6.3 3- 6.7 4| @
Germany 4.0 4 4.2 4 - 4.5 5| @
France 3.0 5 3.2 6| Q@ 3.8 7@
United
Kingdom 2.9 6 3.1 7@ 3.8 6|-
India 2.6 7 3.8 5/ m 9.9 3|
Brazil 25 8 2.8 8- 3.6 8-
Italy 2.2 9 2.3 9 - 2.5 11| @
Canala 1.9 10 2.1 10| - 2.6 10 -

Table3: The 10 biggest economies in the world in 2016, 2021 and 2035 Basee CaseSourceForecast fromFs 7.281sing

historical data from IMF (2016)

With increasing levels of globalization, ingdjty between countries has reduced significantly and global
incomes have risen, and this trend is forecast to continue up to 2035 in the Base Case. However, even
though inequality between nations falling, inequality withinsomenations has risen corggrably in the

past years. The Base Case forecasts this trend to remain an obstacle to reducing poverty and extending
accesgo basic services many countries.

Globally, the number of people living on less than $1.90 per day is forecast to fall fromil86d today

to 735 million in 2035 in thBase Casewith extreme poverty in Chinaloneforecast to reduce from 69
million people today to 51 million people in 2035. The population without access to electricity is forecast
to reduce by 217 million pedp by 2035 in theBase CaseSimilarly, the undernourished population is
forecast to reduce by 288 million people compared to 2016 by 2035 and the population without access to
improved water resources is forecast to reduce by 30 million people compar2@16. The threat of
internal, or domestic, politicahstability (as shown in the figure below) is forecast to reduce across all
World Bankcountry groups in the world up to 2035.

6 For more information regarding the measure of domestic instability used in this report please see Hughes et al., (2014).
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Domestic Instability
5-year moving average
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Figure4: Threat of domestic instability acrossuntry groupgfive-year moving averageh the Base CaseSourcelFs Index from
Hughes et al(2014)and forecasts froniFs 7.28.

Globally, eergy demand is forecast to rise from around 90 billion barrels of oil equivalent (BBOE) in 2016
to over 140 BBOE by 2035. However, the production mix required to meet this demand is forecast to
change significantly by 2035. Coal production is forecadbt® down by 2035 and will likely be replaced

by gas and renewables as primary sosrokenergy production. Gas production is forecast to rise from

23 BBOE in 2016 to 39 BBOE by 2035. Renewables are forecast to constitute approximately 18 percent of
total energy production by 2035 in the Base Case compared to 5 percent today. The figure below shows
energy production by type gfrimaryenergy source.

Energy Production by Type

Billion Barrels of Oil Equivalent
Il Oif HEN Gas HE Coal HEM Renewable BB Hydro and Nuclear

140+

120

100

0
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
Year

Figure5: Global energy production by type of enerfgrecast to 2035Note: Tie renewable category excludes hydropower
production.SourceHistorical data fronthe International Energy Agenc2q13 and forecast fromlFs7.28.
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In the Base Case, military spending in the United States is forecast to fall from 3.4 pe@BR Gbugly

$590 billion)to 2.4 percent ofGDP ($560 billion) in 2035. Chinese military spending is forecast to surpass
that of the United Stateduring the late 20208 LY RA | Q&
of GDP ($65 billion) in 2016 278 percent ofGDP ($270 billion) by 203Behind the United States and
ChinaJndia, Russia and Saudi Arabia are forecast to have the next largest share of global military spending
by 2035. The table below shows the changes in military spending amonertliggest spenders up to

2035 in the Base Case.

YATAGE NE

ALISYRAY3I Aa

Change in| Military

Military Global | Military Global | Rank spending Change in

spending | Rank | spending | Rank | between | in Global | Rank

in billions | in in billions | in 2016 billions Rank n | between
Country | (2016) 2016 | (2021) 2021 | 2021 (2035) 2035 20162035
USA 586.8 1 555.6 1 - 559.9 @
China 217.0 2 345.9 2 - 718.3 13
Russia 84.7 3 85.0 4 Q@ 90.2 Q@
Saudi
Arabia 80.9 4 77.9 5 Q@ 102.9 4 -
India 65.3 5 100.4 3 13 274.6 3 13
France 65.3 6 61.4 7 0] 68.6 6 -
United
Kingdom 56.9 7 56.1 8 @ 66.5 7 -
Japan 56.6 8 40.4 11 Q@ 21.9 20 Q@
Germany 48.1 9 49.4 9 - 49.2 10 Q@
South
Korea 36.0 10 41.9 10 - 54.9 9 1)

Table4: Military spendng along with global ranks in tHgase Casdorecast i016, 2@1 and 2035Source: |F5.28.

Participation in intergovernmental organizations (IGiSdprecast to rissteadily through2035 Chinese
participationis forecast to rise more quickly than that of the US, though the US is still forecast #0
member ofa greater number of important IGO#& terms ofthe share of global poweas defined by the
Global Power Index (GPQhina, United States, India, France and the UK are forecast to be the five most
powerful countries in the world by 2038China is forecst to surpass the United States@PIby the late
2020sin the Base Cas€The table below shows changes in tBBlacross thel0 most powerful countries

in the Base Casm 2016, 2021 and 2035.

Country

GPlin 2016

Global
Rank in | GPI in
2016 2021

Change

in rank
Global | from
Rank in | 2016 GPl in
2021 2021 2035

Global
Rank in
2035

Change
in rank
from
2016
2035

7 We use the Global Power Index (GPI)measure and forecast relative power within the interstate system. The GPI is a

O LI dzNB2D50! Povietiis défthad in this deNad a ehdasu@ Df2 0 | f
state<ilitary, economy, technology, politiceapacity, and human capital. Additionally, each variable contains multiple proxies

with a variety of data sources that are updated annually. These variables are weighted based up@ritideand technological

Ydzt GAQGFNAI 0SS AYyRSE

advances

0K G
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USA 23.3 1 21.9 1]- 18.0 2@
China 13.1 2 15.6 2| - 21.7 1|
Japan 5.4 3 4.8 3] - 3.5 6| Q@
Germany 51 4 4.7 4 - 3.4 7@
France 4.9 5 4.6 5]- 3.8 4|
United

Kingdom 4.5 6 4.3 6| - 3.8 5(m
Russia 4.1 7 3.8 8| Q@ 3.1 8| Q@
India 3.1 8 4.1 7| 7.0 3|
Brazil 2.3 9 2.2 9| - 2.0 9] -
Italy 2.2 10 2.0 10| - 15 14| @

Table5: Change in GPI across countries in 2016, 2021 and EiBceDiplometricsat the Frederick S. Pardee Center for
International Future$2016) andFs7.28.

The IFBase Castorecasts that globlatrade will grow at a slower rate than what was observed prior to
the recession. Howevebarring any major disruptions to global value chains or trade patterns, including
widespread and lasting backlash against globalization, trade networks are foi@basbme increasingly
denseand interconnected Since the early 2000s, the trade network has seen a significant increase in
both the number of ties andhe value of goods and services traded between partnd@tss trend is
forecast to continue, though a somewhat slower rate compared with precession levels, through
2035.More specificallythe agricultural trade network has undergone more rapid expansion over the last
decade While this has helped provide access to a wide variety of good$andiffused value aded
across globe, it may also create greater vulnerability to economic and wesdlaged shocks.

Today, China and the USA are the two nuzsitral countries in the global trade netwotBy 2035, IFs
forecastghat some lighrincome countrés like the United Stateend Germangouldbecome less central

as countries like India and Indonesia become more deeply embedded in global value chains. Nevertheless,
countries like France and Turkey, which have strong connections with both thénhimhe economies

and many of these rising exporters, are forecast to become more central by 2035. In both energy and
agricultural trade networks, China is forecast to become significantly more central over the horizon.

Total Trade Network Agriculture Trade Network
2015 2035 2015 2035
China China USA USA Netherlands China
USA India France India Germany Netherlands
Germany USA UK China USA USA
India Germany Germany France France France
France France China Nigeria China Germany
Italy Netherlands Australia UK Italy Italy
Netherlands Italy Netherlands Spain Belgium Brazil
UK UK Italy South Korea Spain Belgium

8 Here, density is calculated #se sum of the value of agricultural exports between all countries, divided by the product of the
largest export value observed between two countries and the total number of possible trade partnerships.

9 In this report, unless otherwise stated, centnglitefers to the eigenvector centrality of a country within a given network,
calculated by year for a sample netwpwkhich excludes ties less than one standard deviation above the mean in 2015.
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Spain Turkey Spain Italy Brazil UK
South Korea Spain Russia Australia UK Spain
Japan South Korea Canada Brazil Russia India
Russia Japan South Africa Germany Malaysia Russia
Turkey Switzerland Japan Indonesia Turkey Turkey
Switzerland Belgium Nigeria Netherlands Thailand Vietham
Belgium Russia South Koea South Africa Poland Thailand
Brazil UAE India Russia India Malaysia
Sweden Ireland Brazil Canada Argentina Argentina
Canada Indonesia Algeria Saudi Arabia Canada Poland
UAE Canada Norway Japan Vietnam Indonesia
Thailand Brazil Saudi Arabia Algeria Japan Ireland
Table6: Top 20 most central countries by year and network. Source: IFs 7.28

Over time, centrality has become more evenly distributed, and this trend is forecast to continue across
each network.This indicates thasmaller, less developed, or more isolated countries are playing an
increasingly important role in global value chaih. Yy RA I Q& AYLER NIl yOS +a | GNI
developed and developing world has grown substantially oveptst decade and a half, and is forecast

to surpass the US in terms of centrality in the global tradivork by the earlyto mid-2020s.

10while higher levels of centrality are indicative of deepatbeddedness in global value chains, since the network in question
includes trade across all sectors, centrality does not by itself imply any particular position within the production process.
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Trade Network Centrality
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Figure6: Eigenvector centrality within the global trade network for select countriestratie network includes observations that
were one standard deviation above the mean level of logged dyadic expouse: Glculated by the Frederick S. Pardee Center
for International Futures with historical data from CEPII (2016) and forecasts sah28-

Economic communities are shaped by multiple economic, political, and geographicfdrc@€15 the
community detection algorithm detectefive communities: (1) onef primarily countries in theWestern
Hemisphere, (2) another centered on therBpean Union and peripheral trade partners in Europe, the
Middle East, and Africa, (3h@sian bloc with China acting as a hub, (4) a smdikstern Europe and
Western Asia community with strong ties to Rusaia](5) some of the core Southern Africav@e®pment
Community (SADC) membétShe first three of these communities account for over 90 percent of global
trade and power (measured by ti&P).

11 Unless explicitly stated, communities, in reference to trag¢works, refer to sulmetworks of countrieghat tend to trade

more among themselves than with the rest of the world.

12 The community detection algorithm used for this calculation comes from Blondel €04l8) It is important to note that
network visualization is a partially inductive process and results should be understood to be indicative of clusters of $pheres o
influence and not definitive measures of economic communities or spheres of influence. There is substantial uncertaigty of lo
range forecasts of network structusgiven the importance of social and political factors in their development.
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Global Trade Network Base Case
g — 2015

Figure7: Global trade network in 2016 the Base Casé& he strength of tigis visualized usintpe natural log of exports between
countries. Connection color is determined by the community of the exporting caDaloys groupings are determined byrse
standard deviation above the mean level of logged dyadic ttadeshold The size of each node represents the relative power of
the nation (according to th&P). Node colors indicate communities within a network defined by bilateral exports as a percent of
total imports of the partner country. The community detection alganitised for this calculation comes from Bloretel. (2008)
Source: IFs 7.28.

@ HnopX GKS d&aOSy (i SsNdregast toshift thwiaédthe@GbbaEkiuth @s Iinflia (briddask S
to be the third most powerful country in terms of GPI) deepens relations across the globe, particularly
with Eastern Africa and its most proximatuth Asian neighbors. Nigeria and other members of the
Economic Community of West Afric&8tates (ECOWAS) are also forecast to strengthen economic
interdependence South Africa and other SADC members contitaugend towards greater integration
with India and other countries in its community. In addition, IFs forecasts greater interdependence
between European states, extending Russia and Turkey. Many countries that were previously in
wdza & Al Q& 02 Y Y dagweieRothdr sudh assKazakistain, Uzbekistan, and Kyrgyzstan are
drawn more towards China.
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Global Trade Network Base Case
2035

Figure8: Global trade network in 2036 the Base Casé& he strength of ties igsualized usinthe natural log of exports between
countries. Connection color is determined by the community of the exporting ca@adigrs groupings are determined bgree
standard deviation above the mean level of logged dyadic tiadeshold. The size of each node represents the relative power of
the nation (according to the Global Power Index). Node colors indicate communities within a network defined by bilatésal expo
as a percent of total imports of the partner country. The community detection algorithm used for this calculation comes from
Blondé et al. (2009. Source: IFs 7.28.

Some caveats about the Base Case are worth notirgB&se Case not a prediction ofvhat will happen
Rather,it is one of many possible scenarios and semgsstarting point to construct and evaluat
alternative future scenarioslFsBase Caséorecasts are informed extensions of current trends and
dynamics built uporassumptionsabout development patterns. While there are limits to any modeling
endeavor(i.e., using them to predict specific rare events in the futufelecastings a necessary human
activity. Thinking systematically about the future, with the assistance of quarttatodelscancreate

a platform for people to plan their future more effectiveven in the face of uncertaintyVhen forecasts

are explicit and transparent, the utility of the analysis is enhanced. The IFs software provides that
transparency, therebyelping policymakers thinkmore carefullyabout some ofthe risks and tradeoffs

that accompany their choices.

22


































































































































































































































































