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The JPMCC is positioned as a collaboration between business and academia across the
broad agriculture, metals, and energy commodity sectors. Our focuses include Commodity

Business Education, Applied Commodity Research, and Commodity-Related Public Forums
& Discourse.

Specialization in Commodities
We offer a commodities specialization certificate to both undergraduate and graduate-level
students. Starting in Fall 2022, all graduate courses will be taught in an 8-week, fully online format
We will be also offering our new undergraduate courses in a 16-week, in-person format, targeting
topics that will support students in acquiring internships and jobs in the commodities sector.

Professional Education Opportunities
We offer various professional education courses throughout the year. Our classes are currently:

Energy & Commodity Analytics for Analysts | Masterclass in Commodity Trading & Hedging
Sustainable Commodities Production, Markets, and Supply Chain
Leadership in Commodity Trade & Supply Networks

Commodity Research
In addition to the GCARD, the JPMCC sponsors an annual Commodities Research Symposium where

global commodity thought leaders and prominent stakeholders from both academia and industry
convene to discuss critical thinking and new research related to commodities.

Upcoming Webinars & Recorded Sessions
Follow us on LinkedIn and our Website for information.

Contact Erica Hyman for more information or to schedule a visit to the Business School.
Erica.Hyman@ucdenver.edu; 303-315-8019
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The Global Commodities Applied Research Digest (GCARD) is produced by the J.P. Morgan Center for
Commodities (JPMCC) at the University of Colorado Denver Business School in association with Premia
Education, Inc.

The JPMCC’s leadership team is as follows. Thomas Brady, Ph.D., is the CoBank Executive Director of the
JPMCC. The JPMCC's Research Director is Jian Yang, Ph.D., CFA, who is also the J.P. Morgan Endowed
Research Chair, JPMCC Research Director, and Discipline Director and Professor of Finance and Risk
Management at the University of Colorado Denver Business School. The JPMCC’s Assistant Director, in
turn, is Erica Hyman. Periodic updates on the JPMCC's activities can be found at
https://www.linkedin.com/school/cu-denver-center-for-commodities/.

The JPMCC’s scholars are as follows. Hilary Till is the JPMCC'’s Solich Scholar, and Robert Greer is the
Center’s Scholar in Residence. In addition, the Chairman of the JPMCC’s Industry Advisory Council is Chris
Calger, Managing Director, Global Commodities, J.P. Morgan.

The aim of the GCARD is to serve the JPMCC'’s applied research mission by informing commodity industry
practitioners on innovative research that will either directly impact their businesses or will impact public
policy in the near future. The digest covers topical issues in the agricultural, metals and mining, and energy
markets as well as in commodity finance.

The GCARD was seeded by a generous grant from the CME Group Foundation and is published twice per
year. The GCARD is currently supported by funding from CoBank, Integrated Portfolio Intelligence LLC;
FourPoint Energy; and the CME Group.

Complimentary subscriptions to the GCARD are available at: http://www.jpmcc-gcard.com/subscribe.
Periodic updates on GCARD-related activities can be found at:
https://www.linkedin.com/company/jpmcc-gcard/.

The GCARD benefits from the involvement of its distinguished Editorial Advisory Board. This international
advisory board consists of experts from across all commodity segments. The board is composed of
academics, researchers, educators, policy advisors, and practitioners, all of whom have an interest in
disseminating thoughtful research on commodities to a wider audience.

The GCARD also benefits from its academic and professional society partnerships in furthering the
international recognition of the digest. These partners include ECOMFIN (a co-sponsor of the publication),
the IAQF, and CAIA. Specifically, the Director of the Energy and Commodity Finance Research Center
(ECOMFIN) at the ESSEC Business School (France, Singapore) serves on the GCARD’s Editorial Advisory
Board while the GCARD’s professional society partners include the International Association for
Quantitative Finance (IAQF) and the Chartered Alternative Investment Analyst (CAIA) Association.
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The Commodity Trading Association (CTA) is the latest professional society partner for the GCARD. This
association comprises the professional graduates in commodity trading programs at the University of
Geneva (Switzerland) and has distinguished itself over the past few years by organizing outstanding
professional events that create unique networking opportunities for active professionals in the
commodity trading, shipping, and financing industries.

The GCARD’s logo and cover designs were produced by Jell Creative, and its website was created by
PS.Design. The GCARD’s layout was conceived by Ms. Barbara Mack, MPA, of Pingry Hill Enterprises.

As noted, the Global Commodities Applied
Research Digest (GCARD) is produced by the J.P. .

Morgan Center for Commodities (JPMCC) at the @ PREMIA EDUCATION, INC.
University of Colorado Denver Business School in ~

association with Premia Education, Inc.

The GCARD’s editorial staff is as follows. The GCARD’s Contributing Editor is Hilary Till, M.Sc. (Statistics)
and Member of both the JPMCC’s Research Council and the Center’s Industry Advisory Council. Till edits
the GCARD under the aegis of Premia Education, Inc. The GCARD’s Associate Editors are Ana-Maria
Fuertes, Ph.D., Professor in Financial Econometrics at Bayes Business School, City, University of London
(U.K.) and Joseph Eagleeye, Principal, Premia Research LLC. The GCARD’s Editorial Assistant, in turn, is
Katherine Farren, CAIA, who is also a Research Associate at Premia Education, Inc.

© The Regents of the University of Colorado, a body corporate. All rights reserved. Reproduction in whole or in part of any of this work without written
permission is prohibited. The opinions expressed in the GCARD are those of the individual authors.
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J.P. Morgan Center for Commodities

(JPMCC)

Welcome to the JPMCC!

The JPMCC is positioned as a collaboration
between business and academia across the
broad agriculture, metals, and energy
commodity sectors. Our mission includes
commodity business education, applied
commodity research, and commodity-
related public forums & discourse.

Introduction

Introduction

The Global Commodities Applied Research
Digest (GCARD) is produced by the J.P.
Morgan Center for Commodities (JPMCC) at
the University of Colorado Denver Business
School in association with Premia Education,
Inc. The JPMCC's leadership team is as
follows. Thomas Brady, Ph.D., is the JPMCC’s
CoBank Executive Director. The JPMCC’s
Research Director is Jian Yang, Ph.D., CFA,
who is also the J.P. Morgan Endowed
Research Chair, JPMCC Research Director,
and Discipline Director and Professor of
Finance and Risk Management at the
University of Colorado Denver Business
School. The JPMCC’s Assistant Director, in
turn, is Erica Hyman. In addition, the
JPMCC'’s scholars are as follows. Hilary Till is
the JPMCC’s Solich Scholar, and Robert
Greer is the Center’s Scholar in Residence.

TABLE OF CONTENTS
Vol. 7, No. 1: Summer 2022

Update from the Executive Director

Update from the CoBank Executive Director
of the J.P. Morgan Center for Commodities

This article provides a brief update from Dr.
Thomas Brady on the many events and
initiatives that have taken place this year,
including (a) the addition of four new
Industry Advisory Council members; (b) the
appointment of four new GCARD Editorial
Advisory Board members; (c) the Center’s
outreach & applied research, which has
included energy transition webinars with the
Commodity Trading Alumni Association (of
Geneva, Switzerland); (d) the redesign of
graduate and undergraduate courses; (e) the
JPMCC’s professional education courses,
including the Center’s partnership with
Erasmus University Rotterdam in the
“Leadership in Commodity Trading & Supply
Networks” Executive Program; and (f) the
JPMCC’s 5th Annual International
Commodities Symposium. The symposium,
in turn, was co-organized by Dr. Jian Yang,
CFA, the JPMCC’s Research Director, and Dr.
Brady with Erica Hyman, the JPMCC'’s
Assistant Director, providing logistical
coordination.
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Executive Director’s Commentary Advisory Council

An Overview of the Lithium Supply Chain
By Thomas Brady, Ph.D., CoBank Executive
Director, J.P. Morgan Center for Commodities,
University of Colorado Denver Business School;
and Managing Director and Editor, Commodities
Report, Capitalight Research, Canada

This digest article provides an overview of
the global lithium supply chain from the
mining of ore through the processing of
intermediate compounds to the
manufacture of lithium-ion batteries. Driven
by increasing global demand for batteries,
the search for new mine supply sources and
processing techniques alongside the
evolution of battery chemistries, this supply
flow is guaranteed to change in the future.

Research Director Report

Update from the Research Director of the
J.P. Morgan Center for Commodities

By Jian Yang, Ph.D., CFA, J.P. Morgan Endowed
Research Chair, JPMCC Research Director, and
Discipline Director and Professor of Finance and
Risk Management, University of Colorado Denver
Business School

In this report, Dr. Jian Yang provides updates
about recent JPMCC research activities. In
particular, Dr. Yang discusses (a) the JPMCC’s
closer collaboration with the World Bank on
applied commodity research; (b) a study
investigating the price discovery function of
China’s crude oil futures contracts; (c) media
interviews on commodity prices and
inflation; and (d) the JPMCC’s 5th Annual
International Commodities Symposium.

14

22

Advisory Council

The JPMCC’s Advisory Council consists of
members of the business community who
provide guidance and financial support for
the activities of the JPMCC, including unique
opportunities for students. Advisory Council
members also contribute practitioner-
oriented articles to the GCARD. The
Chairman of the JPMCC’s Industry Advisory
Council is Chris Calger, Managing Director,
Global Commodities, J.P. Morgan.

Research Council

Research Council

The JPMCC is honored to have a
distinguished Research Council that provides
advice on shaping the research agenda of
the Center. Amongst its articles, the GCARD
periodically draws from insightful work by
the JPMCC’s Research Council members.

Editorial Advisory Board

Editorial Advisory Board

The GCARD'’s international Editorial Advisory
Board consists of experts from across all
commodity segments, each of whom have

an interest in disseminating thoughtful
research on commodities to a wider
audience.
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Research Council Corner

ECONOMIST’S EDGE

The Day Oil Markets Reacted to Omicron
By Bluford Putnam, Ph.D., Chief Economist, CME
Group and Member of the JPMCC’s Research
Council; and Arthur Yu, Manager, Data Science,
CME Group

The authors put in context how the oil
markets responded to the Omicron news
shock in late November 2021, noting how
the markets followed a pattern seen on
other event risk days. They also provide
useful real-time metrics for interpreting a
market’s response during eventful periods.

Research Digest Articles

Risk-Neutral Skewness and Commodity
Futures Pricing

Research by Ana-Maria Fuertes, Ph.D., Bayes
Business School, City, University of London, U.K.
and Associate Editor of the GCARD; Zhenya Liu,
Ph.D., Renmin University, China; and Weiqging
Tang, Ph.D., Senior Quantitative  Risk
Management Associate, CME Group Inc., U.K.

This paper investigates the predictive
content of a risk-neutral skewness (RNSK)
signal for the dynamics of commodity
futures prices. A trading strategy that buys
futures with positive RNSK and sells futures
with negative RNSK generates a significant
excess return, which suggests a positive
RNSK-return nexus. The risk premia that can
be extracted through the RNSK signal is more
pronounced in the contango than
backwardation phase. After accounting for
traditional commodity futures predictors,
the RNSK signal exhibits a relatively stable
and prolonged predictive ability. The
directional-learning hypothesis is able to
rationalize the positive nexus in terms of

28

36

arbitrage risks and illiquidity (positive RNSK)
and overpricing (negative RNSK).

One Hundred Years of Rare Disaster
Concerns and Commodity Prices

By Qunzi Zhang, Ph.D., Shandong University,
China

This paper shows that rare disaster concern,
defined as the news-implied volatility,
performs very well at predicting the return
of index commodity futures throughout the
whole nearly century period of 1926 to 2016.
This result holds after controlling for the
current business cycle conditions, the
macroeconomic variables, and the Volatility
Index (VIX). The paper finds that rare
disaster concern performs very well at
predicting index commodity futures returns
out-of-sample. The results remain robust
while considering different macroeconomic
conditions such as recession (expansion),
contango (backwardation), or increased
(decreased) inflation.

The Crop with no Futures: Explaining the
Absence of Derivatives Trading in the Rice
Market

By Sulian Lizé, Ph.D., Research Economist, LMC
International

This research explores the reasons behind
the low financial development (materialized
by the use of derivatives trading) of the rice
market, unique within the realm of large
commodity markets. Through a comparison
with crops with highly liquid futures markets
(coffee, sugar and wheat), this article argues
that the low financial development of rice is
not due to one impeding factor but the
accumulation of many instead. Of these, the
most prominent are the disincentives for the
participation of financially sophisticated
(Continued on the next page.)
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Research Digest Articles Advisory Council Analysis
(Continued)

actors, and the politicization of rice. The
author argues that both factors find their
root in the geographical organization of the
market, which is highly concentrated in
developing economies.

Long-Run Reversal in Commodity Returns:
Insights from Seven Centuries of Evidence
By Adam Zaremba, Ph.D., Montpellier Business
School, Montpellier, France and Poznan
University of Economics and Business, Poland;
Robert Bianchi, Ph.D., Griffith Business School,
Griffith  University, Australia; and Mateusz
Mikutowski, Ph.D., Poznan University of
Economics and Business, Poland

This study examines the long-term reversal
effect in commodity spot markets using
seven centuries of data. The research is the
longest study of the long-term reversal
effect covering 52 agricultural, industrial and
energy markets from 1265 to 2017
employing U.K.- and U.S.-based commodity
prices. Returns over the previous one-to-
three years negatively predict subsequent
performance in the cross-section of returns.
The long-run reversal effect is strong and
robust after surviving a variety of robustness
checks. The effect cannot be explained by
statistical biases, extreme events, or
macroeconomic risks. The study reveals that
the long-run reversal effect is driven by
supply-and-demand adjustments in physical
commodities through time.

56

Carbon Cap-and-Trade:

We See a Compelling Opportunity

By Nic Johnson, Former Head of Commodities at
PIMCO and Member of the JPMCC’s Advisory
Council; and Klaus Thuerbach, Co-Chief
Investment Officer at Klima Capital Advisors

This article discusses potential opportunities
in  California’s cap-and-trade  carbon
emissions market. It discusses how cap-and-
trade works, California’s Carbon Allowances
(CCAs), as well as Environmental, Social and
Governance (ESG) considerations of CCA
investing. The article also provides two
valuation methods and an outlook for the
California carbon allowance market.

Editorial Advisory Board Analysis

Resources and Diplomacy: Commodity
Signposts to a Post-War Economic Order

By Colin Waugh, Founding Editorial Advisory
Board Member, Global Commodities Applied
Research Digest

The author discusses how a new economic
and political reality has engulfed Europe, its
populations, policy makers and larger
economic actors, regionally as well as
internationally, as a result of the outbreak of
major conventional warfare on the
European continent for the first time in over
80 years. The situation has required a radical
re-ordering of resource allocation, with
concomitant shocks to corporate, public and
personal finances that this will inevitably
entail.
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Industry Analyses

What Drives Gold Prices?

By Robert Barsky, Ph.D., Senior Economist and
Economic Advisor, Federal Reserve Bank of
Chicago; Craig Epstein, Research Assistant,
Reserve Bank of Chicago; Adrian Lafont-Mueller,
Senijor Analyst, Federal Reserve Bank of New
York; and Younggeun Yoo, Ph.D. Candidate in
Economics, University of Chicago

A half century after gold ceased to play a
significant formal role in the international
monetary system, it still captures a great
deal of attention in the financial press and
the popular imagination. Yet there has been
very little scrutiny of the primary factors
determining the price of gold since its dollar
price was first allowed to vary freely in 1971.
In this article, the authors attempt to fill in
that gap by highlighting three considerations
that are commonly cited as drivers of gold
prices: inflationary expectations, real
interest rates, and pessimism about future
macroeconomic conditions.

Assessment of Cryptocurrency Risk for

Institutional Investors
By Thomas Blackburn, Ph.D., Senior Risk Analyst,
Northfield Information Services; Dan

DiBartolomeo, Founder and President, Northfield
Information Services; and William Zieff, Director,
Northfield Information Services

In this article, the authors note that it is
necessary to have methods in place to assess
the risk of holding cryptocurrencies and the
incremental impact of crypto holdings on
overall institutional portfolios. The main
portion of their research focuses on key
building blocks for understanding the risk of
cryptocurrencies and what magnitude of
return expectations would justify those risks
for a typical investor.

83

93

The Problem of Widespread “Basis” and
“Flat Price” Risk in Agricultural Commodity
Markets

By Michael Nepveux, Senior Protein Analyst,
Stable Group Ltd; Paola Luporini, Senior Analyst,
Stable Group Ltd; Sam Horsfield, Grains Analyst,
Stable Group Ltd; Sakshi Mehta, Junior Analyst,
Stable Group Ltd; and Joe Brooker, Vice
President, Research, Stable Group Ltd

Stable’s research covers the widespread
issue of “basis” and “flat price” risk within
the agricultural commodities sector. This
article defines the term “basis” to describe
the difference between a cash market price
and the corresponding futures market price
with “flat price” risk defined as the risk
where the market operator is exposed to the
full spot price of a commodity. The article
drills into the level of coverage that liquid
futures contracts offer in the agricultural
commodity markets and highlights the
shortcomings in the sector. Overall, Stable
finds that only 16% of global agricultural
commodity markets are covered by liquid
futures markets. This provides a significant
issue for risk management in the sector with
widespread “basis” and “flat price” risk
occurring. A case study on the organic corn
market highlights the challenges of price risk
management in a relatively new product
within the market where no exchange-
traded contract exists. This is in contrast
with the conventional corn market, which
has some of the most established futures
contracts in the agricultural commodities
sector. Another case study examines the
recent price volatility in beef, which was
caused by plant closures during the COVID-
19 pandemic. The move in prices has
disrupted the once tightly knit relationship
between the Chicago Mercantile Exchange
(CME) live cattle futures and the price of
(Continued of the next page.)
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Industry Analyses
(Continued)

beef, leaving industry participants without a
suitable hedging tool for their price
exposure. Stable concludes that the market
is in need of a modern, targeted solution for
the age-old problem of “basis” and “flat
price” risk  within  the agricultural
commodities sector.

Interview with Sharon (Hyman) Weintraub 109

Senior Vice President, Gas and Power Trading
International at bp

In this issue of the GCARD, we are delighted
to interview Sharon (Hyman) Weintraub,
who is the Senior Vice President for Gas and
Power Trading |International at bp.
Weintraub’s career spans commodity
derivatives trading, risk management, and
chief financial officer duties in positions
across the globe, including in Chicago,
Houston, London, and Singapore. She is also
a member of the JPMCC's prestigious
Industry Advisory Council.

In this issue’s GCARD interview, Weintraub
describes her 30+ year career along with her
view on the significant changes in the
industry that have occurred during her
career in the energy markets. She then
discusses her current role at bp as well as
some of the initiatives of the JPMCC’s
Industry Advisory Council. The interview
concludes with her advice for students and
young professionals interested in a career in
the commodities and/or energy markets.

CU Denver Business School

Global Energy Management (GEM)
Program

University of Colorado Denver Business
School’s Global Energy Management (GEM)

Program 113

CU Denver Business School’s commodity
expertise includes not only the J.P. Morgan
Center for Commodities, but also its Global
Energy Management (GEM) program. The
Business School’s Master of Science in
Global Energy Management program is a
business and leadership degree, offered in a
hybrid format that turns today’s energy
professionals into tomorrow’s leaders. This
degree prepares students to advance in their
current field or to shift into a new role or
sector.

Editorial Advisory Board News

Editorial Advisory Board (EAB) Member

News 115

This section provides professional updates
on EAB members, as well as news on (a) their
participation in conferences, (b) publication
activity, (c) citations, and (d) public
appearances.
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Update from the CoBank Executive Director of the J.P. Morgan Center for Commodities

J.P. MORGAN
CENTER FOR
COMMODITIES

Industry Advisory Council

We are happy to celebrate the 10™ anniversary of the J.P.
Morgan Center for Commaodities (JPMCC)! In our first decade,
the JPMCC has enrolled over 450 students in our commodity-
focused classes, awarded over $280K in scholarships,
published thirteen issues of the Global Commodity Applied
Research Digest (GCARD), held five Applied Commodity
Research Symposiums, as well as hosted timely webinars,
podcasts, speaking and networking events.

At this milestone, we want to thank members of both the
JPMCC’s Research and Advisory Councils, who continue to
support this publication and the overall Center by providing
insightful commodity-related articles from both academia and
industry.

Dr. Tom Brady, the CoBank Executive Director of the J.P. Morgan Center for Commodities, would like to
introduce four new additions to our prestigious Industry Advisory Council: Froydis Cameron-Johansson,
Bernadette Johnson, Thomas Lord, and Deanna Reitman (in alphabetical order.)

Dr. Thomas Brady, Ph.D., presenting at a JPMCC international commodities symposium. Dr. Brady is the JPMCC’s CoBank
Executive Director at the University of Colorado Denver Business School and is also a Managing Director at Capitalight Research

in Canada.
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Update from the CoBank Executive Director of the J.P. Morgan Center for Commaodities -

Industry Advisory Council (Continued)

Our new Council members have the following affiliations: Froydis Cameron-Johansson is the Group Head
of International Government and Sustainability Relations at Anglo American; Bernadette Johnson is the
Senior Vice-President and Head of Power and Renewables for Enverus; Deanna Reitman is Of Counsel in
the Finance, Energy & Commodities Practice of DLA Piper; and we welcome the return of Thomas Lord,
who is currently a Senior Risk Consultant at Norton Rose Fulbright. We look forward to adding their
expertise to our Advisory Council as we improve our Center offerings in areas from classes to internship
opportunities, research and scholarships.

GCARD Editorial Advisory Board

We are also happy to announce the appointment of four additional commodity experts to the GCARD’s
Editorial Advisory Board (EAB): Dr. Jennifer Considine, Dr. Adrian Fernandez-Perez, David Fyfe, and Adila
Mchich (in alphabetical order.) Jennifer Considine is a Visiting Researcher at the King Abdullah Petroleum
Studies and Research Center (KAPSARC) in Saudi Arabia and a Senior Research Fellow at the Centre for
Energy, Petroleum and Mineral Law & Policy, University of Dundee in the U.K.; Adrian Fernandez-Perez is
the Acting Director of the Auckland Centre for Financial Research in New Zealand; David Fyfe is the Senior
Economist for Argus Media in the U.K.; and Adila Mchich is a Director in Energy Research & Product
Development at the CME Group. Each of the GCARD’s new EAB members have been generous
contributors to the Center’s digest.

Adila Mchich, Director in Energy Research & Product Development at the CME Group and Hilary Till, Contributing Editor of the
GCARD, at the International Association for Quantitative Finance (IAQF)/Northfield Information Services annual award dinner
at the Yale Club in NYC in May 2022. Mchich recently joined the GCARD’s Editorial Advisory Board; and Till is also a board
member of the IAQF.
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Update from the CoBank Executive Director of the J.P. Morgan Center for Commaodities -

Center Outreach & Applied Research

This past Spring the JPMCC and the Commodity Trading Association (of Geneva, Switzerland) hosted a
three-part webinar series with industry experts discussing implications of the Energy Transition, including
critical minerals and financing challenges. Of note, the Commodity Trading Association is a professional
society partner for the GCARD.

The Center is also in the midst of working on applied research projects with JPMCC graduate students and
two partnering firms. The projects include the creation of a commodity carbon-neutral index and the
forecasting of pork prices.

The Redesign of Graduate and Undergraduate Classes

Starting in August 2022, we launched our updated eight-week, fully online graduate courses to allow for
more student enrollment across the U.S. and the globe. We are also offering our new undergraduate
courses in a sixteen-week, in-person format, targeting topics that will support undergraduates in acquiring
internships and jobs in the commodities sector. Additional scholarship support from our industry partners
will allow us to offer increased financial aid to our students as they complete their commodity education.

Professional Education Courses

Energy and Commodity Analytics for Analysts: Dr. Daniel Jerrett taught this four-week online course
during March and April of this year. This course is intended for analysts and technical professionals who
want to take a deep dive into energy and commodities analytics. Designed for those who want to learn
best practices around commodity data analytics, visualization, and forecasting, the course offers hands-
on projects and the analysis of real-world data. Students learn commodity data analysis utilizing both
Python and analytics software. Of note is that Dr. Jerrett is also an Industry Advisory Council member of
the JPMCC and was featured in a GCARD article that is available here.

Leadership in Commodity Trading & Supply Networks: This three-month program, which is offered by
Erasmus University (The Netherlands), in partnership with the J.P. Morgan Center for Commodities and
Singapore Management University, began at the end of March. CU Denver Business School’s J.P. Morgan
Center for Commodities hosted the North American section of the “Leadership in Commodity Trade and
Supply Networks Executive Program” in May.

The JPMCC section’s unique and exclusive curriculum is available here. The comprehensive program
covers risk & compliance, technology & innovation, sustainability, geopolitics, and trading asset
acquisition, scenario planning, and new commodity markets. The program is interdisciplinary and focuses
on developing leadership skills and strategic thinking. It is theoretically informed but interactive, hands-
on and with real world cases to provide a true learning experience across three continents. The leadership
perspectives allow participants to reflect upon intercultural aspects, ethics, and the importance of
courage required to drive change.
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Update from the CoBank Executive Director of the J.P. Morgan Center for Commodities -

Left-to-Right at the University of Colorado Denver Business School: Dr. Jian Yang, CFA, the JPMCC’s Research Director; Dr.
Thomas Brady, the CoBank Executive Director of the JPMCC; and Dr. Wouter Jacobs, the “Leadership in Commodity Trading &
Supply Networks” Program Director at Erasmus University Rotterdam (The Netherlands). Dr. Jacobs is also a member of the
JPMCC’s Industry Advisory Council.

Program participants had a fascinating trip to the gold mine of Newmont Corporation at Cripple Creek &
Victor in Colorado. After a Mining 101 lecture by the JPMCC’s CoBank Executive Director, Dr. Tom Brady,
Newmont provided a tour of the mine, presenting historical context, the geological features and the
economics of running the mine. Central in the discussion was the Environmental, Social, and Governance
(ESG) policies of a large mining operation. Community development and mitigating various environmental
externalities are critical for keeping a license to operate. Also, the tour provided program participants
with a fundamental understanding of the complexities of mining the metals and minerals that are crucial
for the energy transition.

This prestigious program will be held again in the Spring of 2023.
Research Symposium

The J.P. Morgan Center for Commodities held its 5" annual research symposium in person with a virtual
option on August 15 and 16, 2022. Symposium attendees were able to network and connect with
commodities colleagues in industry and academia in Denver while allowing those unable to travel to
participate and learn from our academic research presenters and industry panelists. Panel topics included
carbon markets, commodity investment in the current environment, and emerging technologies.

Of note, “[t]op policy researchers from the U.S. Federal Reserve and other central banks as well as scholars
from more than a dozen world-class academic institutions ... address[ed] new directions in commodities
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research. ... Representatives from major policy institutions such as the U.S. Fed, the International
Monetary Fund and Bank of Canada, not to mention top academics from Cambridge, Tsinghua, Yale and
other leading universities” participated in the symposium, reported Shicong (2022).

The symposium was co-organized by Dr. Jian Yang, CFA, J.P. Morgan Endowed Chair and Research Director
and Dr. Tom Brady, the CoBank Executive Director of the JPMCC. Erica Hyman, the JPMCC’s Assistant
Director, executed symposium logistics and registration.

T Business School

J.P. MORGAN CENTER
FOR COMMODITIES

COMMODITIES
EDUCATION AND RESEARCH

Deanna Reitman, Of Counsel, DLA Piper and Thomas Lord, Senior Risk Consultant, Norton Rose Fulbright participated in the
JPMCC’s 5% Annual International Commodities Symposium in August 2022 during the “Commodities & Carbon Markets”
industry panel. They both recently joined the JPMCC'’s Industry Advisory Council.

CoBank Executive Director’s Concluding Note

| welcome GCARD readers staying up to date on the JPMCC’s numerous activities by visiting the Center’s
website or by following the Center and GCARD on our two LinkedIn sites,
https://www.linkedin.com/school/cu-denver-center-for-commodities/ and
https://www.linkedin.com/company/jpmcc-gcard.
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CoBank Executive Director’s Concluding Note (Continued)

We hope you enjoy reading this latest issue and always feel free to contact me for further information
and questions.

Best Regards,

o 5144?,

Tom Brady, Ph.D.
CoBank Executive Director, J.P. Morgan Center for Commodities
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J.P. Morgan Center for Commodities at the University of Colorado Denver Business School -

An Overview of the Lithium Supply Chain

Thomas Brady, Ph.D.

CoBank Executive Director, J.P. Morgan Center for Commodities, University of Colorado Denver Business School;
and Managing Director and Editor, Commodities Report, Capitalight Research, Canada

In this digest article, we provide an overview of the global lithium supply chain from the mining of ore
through the processing of intermediate compounds, to the manufacture of lithium-ion batteries (Figure
1). Driven by increasing global demand for batteries, the search for new mine supply sources and
processing techniques alongside the evolution of battery chemistries, this supply flow is guaranteed to
change in the future.

Currently, the majority of lithium mining occurs from either brine or hard-rock deposits.! Brine deposits
are primarily mined from areas within the “Lithium Triangle” (which includes Argentina, Chile and
potentially, in the future, Bolivia) and is also mined in China. Actual mining from brine deposits involves
the pumping of saline groundwater enriched with dissolved lithium from underground reservoirs to the
surface for solar evaporation in successions of ponds. Hard-rock sources are dominated by spodumene
deposits, primarily located in Australia. The Greenbushes operation, presently the world’s largest lithium
mine, is located in Western Australia.

Figure 1
Global Lithium Supply Chain
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An Overview of the Lithium Supply Chain -

Figure 2 summarizes annual global lithium mine production by deposit type since 2010. As shown, global
supply has increased from ~28K tonnes in 2010 to ~105K tonnes last year, a nearly 3-fold increase. Lithium
mine production from brine deposits dominated annual totals until 2017. Over the last five years
however, production from hard-rock sources has averaged slightly under 60% of the annual global total.

Figure 2
Global Lithium Production by Deposit Type

2010 2012 2014 2016 2018 2020
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Sources: Capitalight and United States Geological Survey (USGS) Mineral Commodity Summaries.

As shown in Figure 1, across deposit types, mining ore grades are generally low (1% to 2%), making these
uneconomic for transport. As such, ore concentration activities typically occur at the mine site.
Concentration of brine mined ore occurs through solar evaporation in successions of ponds to increase
the grade. At hard-rock deposits, run of mine ore is initially processed through grinding and screening to
separate lithium from surrounding materials in the ore. Following concentration, lithium grades are
generally in the 6% to 7% range (Bednarski, 2021).

Lithium Processing/Conversion

Following ore concentration, the next step in the lithium supply chain is processing and conversion. As
shown in Figure 1, lithium carbonate is a first intermediary chemical in the lithium supply chain, which is
used in various manufacturing processes (including ceramics and glass, aluminum and steel castings) as
well as some electric vehicle (EV) battery types. Lithium carbonate may also be further processed to
obtain lithium chloride and lithium-hydroxide, the latter of which is used in the manufacture of nickel
containing (often called “nickel rich”) lithium-ion batteries.
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As depicted with the multiple arrows under the processing steps in Figure 1, the conversion of hard-rock
(spodumene) lithium concentrate is more flexible in terms of production processes. It allows for a
streamlined production of lithium-hydroxide while the processing of lithium from brine concentrates
produces lithium carbonate, which must then be further processed to obtain lithium hydroxide
(Innovation News Network, 2021).

The processing of lithium ore is difficult and becomes more so as the mineral moves through the supply
chain to the eventual material used in battery cathodes. Further, battery chemistries are fragile which
means that processing facilities must be able to produce consistent lithium intermediate products such as
lithium-carbonate and lithium-hydroxide. Critical to this processing is the control of the many impurities
that may coexist with lithium in concentrated ore such as magnesium, sodium and potassium that
negatively impact battery cathode performance further down the supply chain (Bednarski, 2021).

Through the conversion steps, whether in the form of lithium carbonate or lithium hydroxide for eventual
use in EVs or batteries for other electronic devices, the purity of lithium is increased to >99.5%. In terms
of geopolitical risks within the lithium supply chain, currently over 60% of the facilities that convert lithium
ore into the intermediate products of lithium carbonate and lithium hydroxide are located in China (Tarry
and Martinez-Smith, 2020).

Figure 3 displays price returns for representative commodities and equity indices (a) since the onset of
the COVID-19 Pandemic, (b) over the 1st quarter of 2022, and (c) since Russia invaded Ukraine in late
February 2022. While not as widely reported as price increases in traditional energy (including West Texas
Intermediate (WTI) and Brent crude oil, natural gas and gasoline), metals and minerals associated with
the energy transition (labeled “New Energy” on the figure) have experienced significant gains over the
three identified periods. As shown in the figure, price increases in lithium hard-rock (spodumene) ore and
the lithium carbonate and hydroxide intermediate compounds have each far exceeded traditional energy
and agricultural grains. These sharp increases, along with the price climbs in cobalt and nickel are sure to
drive higher battery prices (and overall EV prices) over the coming months.

Figure 3
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Lithium Demand

Progressing further through the supply chain (as illustrated in Figure 1), following the conversion to the
aforementioned intermediate products, are various manufacturing and end-use applications. These
include air conditioning and industrial process cooling, thermoplastics, pharmaceuticals (for bipolar and
depression), as an alloy in aluminum production to add strength and corrosion resistance. In the
manufacture of glass and ceramics, lithium carbonate allows for lower processing temperatures and thus
lower energy input. Other uses include steel casting applications and finally in the manufacturing of
lithium-ion batteries.

Figure 4 displays how the demand for lithium has evolved over the last ~10 years. In 2010, ceramics and
glass demand dominated global demand, accounting for nearly one third of the total, followed by battery
applications required nearly 25% of the total.? Spring forward to 2021, reflecting the huge increase in
demand needs for EVs and other consumer electronics, batteries now amount to ~75% of annual global
demand.

Figure 4
Global Lithium Demand

Continuous
Casting, 2%

Lubricating____
Grease, 3%
ST, W Batteries, 23%

Pharmaceuticals, Ceramics &

)
24 \ Glass, 14%
Aluminum
Production, 6%
Air Treatment, Ceramics & Batteries, 74%
6% Glass, 31%

Continuous
Casting, 4%

Lubricating/
Grease, 9%

Sources: Capitalight and USGS Mineral Commodity Summaries.

Lithium-lon Battery Manufacturing and Demand

Continuing down the lithium supply chain, Figure 1 also displays the major types of current lithium-ion
batteries that have come to dominate the portable electronics, energy storage and EV markets. Key to
lithium batteries are the relatively higher energy densities (higher power and lower weight) compared to
non-lithium ion battery types. For EVs, higher energy density translates into more power and higher
mileage ranges. As shown on Figure 1, at present there are five general types of lithium-ion battery
chemistries including lithium cobalt oxide (LCO), lithium manganese oxide (LMO), lithium ferro (or iron)
phosphate (LFP), lithium nickel manganese cobalt (NMC), and lithium nickel cobalt aluminum (NCA).3
While some of these common battery types may or may not include cobalt (a topic for a future article), all
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contain lithium. Actual manufacturing of lithium-ion batteries occurs primarily in China, Japan, and South
Korea.

Figure 5 displays demand for lithium-ion batteries by end-use and by country for 2020. As shown,
electronic mobility (primarily EVs but also includes e-bikes, and scooters) dominates demand at over 80%.
Consumer electronics (laptops, medical devices, cell phones to name a few) account for 15%, followed by
energy storage (4%). China by far leads in the global demand for lithium-ion batteries with over half,
followed by the U.S. (22%) and the EU at 12%.

Figure 5
Lithium-lon Battery Demand by Use and Country (2020)
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Sources: Capitalight and Liu et al. (2022).

Lithium-lon Battery Types & Pros and Cons

Specifically, the following summarizes the benefits and challenges associated with current five general
chemistries utilized in the cathode of lithium-ion batteries.*

Lithium-Cobalt Oxide (LCO) — These batteries are most commonly used in smaller, portable electronics
including mobile phones, tablets, laptops, and cameras. A key attribute of this battery type is the ability
to deliver power over long periods for low power-requirement applications. Negatively, these batteries
suffer from relatively short lifespans, losing effectiveness after 500 to 1,000 life cycles (or charging
periods.) These batteries also have poor thermal stability: there are many reported incidents of batteries
overheating due to overcharging and/or poor performance in extremely hot or cold environments.

Lithium-Manganese Oxide (LMO) — In comparison with LCO batteries, this chemistry offers improved
thermal stability. LMO batteries are commonly used in power tools and medical instruments. Early EVs
such as the Nissan Leaf used LMO batteries which suffer from relatively short driving ranges of 80 to 100
miles. LMO batteries have shorter life cycles in the 300 — 700 charging cycles range.

GLOBAL COMMODITIES APPLIED RESEARCH DIGEST | Executive Director’'s Commentary | www.jpmcc-gcard.com | Summer 2022
18



An Overview of the Lithium Supply Chain -

Lithium-Ferro-Phosphate (LFP) — Along with LMO batteries, LFP chemistries have the benefit that these
do not contain cobalt (another mineral critical to the “New Energy Future” whose prices have also climbed,
as shown in Figure 3.) In addition, cobalt brings significant geopolitical risk as >80% of world supply is
from the Democratic Republic of Congo. LFP batteries offer a relatively longer life span (1,000 to 2,000
charge cycles.) These batteries are known to be relatively safe, however performance can suffer in low
temperatures. In addition to not using cobalt, LFP batteries use iron rather than more costly nickel.
Average costs are currently lower than nickel-rich chemistries. At present, the current trend appears to
be heading toward LFP batteries. Nearly 60% of EVs produced in China during 2021 use LFP batteries
(Pressman, 2022). Also, Tesla recently migrated its entry-level Model 3 to use LFP.

Lithium-Nickel-Cobalt-Manganese (NCM) — Within the cathodes of NCM batteries, manganese is added
to nickel to provide additional thermal stability. These batteries are known for having relatively long life
spans (similar to LFPs). NCM batteries are widely used in power tools, e-bikes, and scooters. Higher end
Chinese EVs such as the BYD Qin Pro use NCMs as does the VW ID.4 and Chevy Bolt.

Lithium-Nickel-Cobalt-Aluminum (NCA) — NCA batteries are widely used in the EV marketplace as they
perform well under high-load applications and offer long battery life. NCA batteries can offer ~30% more
energy density (more energy per unit of weight) compared to LFPs. Tesla’s higher-end models (the S, X
and Y) use NCA battery types.

Currently the “nickel rich” batteries appear the preferred battery type in the U.S. and Europe.
Outlook

In an attempt to shore up domestic supply chains, on March 31%, the Biden administration announced
plans to use the Defense Production Act to ramp up the mining and processing of key minerals used in
batteries for renewable energy and electric vehicles.> Under the order, companies could receive funding
for feasibility studies to extract lithium, nickel, cobalt, graphite, and manganese. Two initial concerns arise
with this announcement. First, while companies may obtain assistance for the study of potential domestic
projects, it does not appear that the U.S. government will help with actual capital expenses associated
with building mining operations. Second, as highlighted in this article, the significant risks associated with
the lithium supply chain lie in the processing of lithium carbonate and hydroxide intermediate compounds
necessary for eventual EV battery manufacture. Sixty percent of this processing occurs in China. The
Chinese have been working 10+ years on refining processes to transform lithium containing ores into the
exacting and precise materials required by battery manufacturers for eventual use in EVs and other critical
electrical equipment used in industry and by consumers.

In our view, many in the Western countries of the world have unrealistic expectations for the “Energy
Transition.” As a representative example, global automobile sales are expected to approach 125M units
by 2030, a nearly 45% increase from 2021 (Business Wire, 2021). If the world is to build toward a “Net
Zero Carbon by 2050” scenario, this will require nearly 60% of these 2030 sales to be for EVs. However,
rolling back through the lithium supply chain, this would require mine supplies to be ~5-times higher than
the 100K tonnes mined last year. When one contemplates the actual time required for (a) companies to
explore, study and model potential resources, (b) the negotiation and finalization of national, state and
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local permits, (c) the extensive efforts to solidify buy-in from local communities and other stakeholders,
(d) the raising of capital funds and (e) the actual construction of a mine, this level of expansion (all within
<8 years) is extremely unlikely.® As the world operates today and Congress will discover, it is much easier
to state proclamations such as: “The U.S. Government will end gas-powered vehicle purchases by 2035”
than to fulfil that proclamation.

Endnotes
1 Traditionally, extracting lithium clay hosted sediments was considered too complex and uneconomic; however, a number of
U.S. based projects are currently under evaluation, including Thacker Pass in Nevada, which is noted as having the largest

resource in the U.S.

2 Note that in the mid-1990s only ~7% of global lithium demand was allocated to batteries. Remember the hand-held Sony
Camcorder?

3 Another common battery chemistry uses lithium titanate (LTO) which replaces graphite used in the anode of the battery with
lithium titanate for use in the LMO or NMC as the cathode chemistries (Dragonfly Energy, 2021).

4 This section relies heavily upon Dragonfly Energy (2021) and Liu et al. (2022).

5 The U.S. Defense Production Act allows the president to respond to a national emergency by requiring that companies
prioritize federal contracts for whatever goods or materials it deems necessary.

6 Further, this quick calculation ignores the requirements in electronic and medical devices as well as the building requirements
for the lithium needed in actual EV charging stations.
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Update from the Research Director of the J.P. Morgan Center for Commodities
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Q[ Denver

CU IN THE ciTY

Dr. Jian Yang, Ph.D., CFA, J.P. Morgan Endowed Chair and JPMCC Research Director, speaking at a JPMCC international
commodities symposium.

In this report, the research director will provide updates about recent JPMCC research activities from
October 2021 through March 2022.

Closer Collaboration with the World Bank on Applied Commaodity Research

In mid-December 2021, the JPMCC research director was invited to participate as a discussant in the
seminar titled, “From Quantities to Prices: Commodity Price Cycles and Their Determinants,” by the
Prospects Group at the World Bank. The discussion was primarily focused on a chapter on commodity
markets in the January 2022 edition of Global Economic Prospects, the World Banks’ flagship publication.
The seminar also covered a related policy research working paper by the World Bank.

In late February 2022, the JPMCC research director was invited to participate as one of three panelists in
a commodity market outlook webinar, jointly organized by the Policy Center for the New South in Morocco
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and the World Bank. The main presentation was made by Dr. John Baffes, who heads the Commaodities
Unit and is in charge of the Commodity Markets Outlook at the World Bank. The event was moderated by
Dr. Otaviano Canuto, a former Vice President at the World Bank, and livestreamed on Youtube, Twitter
and Facebook. Dr. Baffes is also a Research Council member of the JPMCC and an Editorial Advisory Board
member of the JPMCC’s Global Commodities Applied Research Digest.

A Study Investigating the Price Discovery Function of China’s Crude Oil Futures

In the mid-December 2021, the research director made a keynote speech at the Symposium on
Commodity Market Development and Risk Management, which was hosted by Hunan University in China.
The keynote speech was based on the research paper titled, “Price Discovery in China’s Crude Oil Futures
Markets: An Emerging Asian Benchmark?”. Some of the main findings were also exclusively featured in a
media article in English published by Yicai Global, in addition to some media exposure in Chinese.

Briefly speaking, while there has been some skepticism about the functioning of China’s INE (i.e., Shanghai
International Energy Exchange) crude oil futures contracts, evidence shows that China’s crude oil futures
market did perform the price discovery function reasonably well for major oil spot prices in Asia. There
was a long-run relationship between China’s INE futures price and each of the original seven deliverable
spot crude oil prices. Each of the deliverable crude spot prices and the INE crude oil futures price reacted
to each other in the long run. Nevertheless, there is still much room for the improvement of the price
discovery function of the INE crude futures. In particular, the deliverable spot prices still played a more
important role than the INE crude oil futures price in the price discovery process. The degree of influence
of spot prices on the INE futures prices increases significantly over time, explaining about 2/3 of the INE
futures prices at a monthly time horizon.

On a related note, the JPMCC research director was also recently notified by Wiley that the director’s first
research project on China’s crude oil futures contracts, which was published in the Journal of Futures
Markets in 2020, was “a top cited article” for the journal during 2020-2021; as of March 2022, the article
was the No. 1 most cited with 14 Social Sciences Citation Index/Science Citation Index (SSCI/SCI) citations.
This article was also included with a brief summary of research findings in the 2022 annual development
report of the Shanghai International Energy Exchange (INE).

Media Interviews on Commodity Prices and Inflation

In early February 2022, the research director shared his viewpoint with the Marketplace program, which
has 14 million audience (plus another 7 million via their digital platform) every week and is produced by
the second largest public radio producer in the U.S., the American Public Media. A main point was that
more inflation would be on the way rather than being transitory, pushed by rising commodity prices. The
important role of energy prices was also underscored.

In mid-February 2022, the research director expressed the serious concern that the rising U.S. inflation
rate could challenge the U.S. economy down the road. This interview was featured in a weekly headline
article prepared by the editor-in-chief of Yahoo! Finance (which is reported to have a monthly audience
of about 270 million in December 2021.) The article captured much attention and had more than 1,000
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comments by the readers on the website, and it was also shared by others in social media (e.g., Facebook,
Reddit, Twitter, and LinkedIn.) As a caveat, only part of the interview was featured in the article.

The 5th Annual International Commodities Symposium in 2022

The JPMCC held the 5th annual international symposium at the University of Colorado Denver Business
School, which took place in a hybrid format (both in person and virtually on the Zoom) from August 15
through August 16, 2022. The “Research Director Report” in the Winter 2022 edition of the GCARD will
cover the symposium in depth. In addition, the Journal of Futures Markets (JFM) will continue to sponsor
a special issue for the 2022 JPMCC symposium, under the new editorship of Professor Bart Frijns in
Netherlands. (The JFM special issue on the 2021 symposium was also published in May 2022). For the
August 2022 symposium, we received dozens of paper submissions from researchers in (at least) twelve
countries, including Canada, Chile, China, France, Germany, Greece, India, Norway, Spain, Switzerland, the
U.K., and the U.S. (in alphabetical order). A partial listing of author affiliations includes Cambridge (Judge
Business School), Columbia, Tsinghua, Peking University, and the University of California, Berkeley (again
in alphabetical order), along with various policy institutions (e.g., the International Monetary Fund, the
United Nations Conference on Trade and Development (UNCTAD), the U.S. Federal Reserve Board, and
the Bank of Canada).

Like the 4th symposium in 2021, the JPMCC’s Executive Director, Dr. Tom Brady, was the co-organizer for
the 2022 symposium and took the lead in organizing the program of industry panels. Erica Hyman, the
JPMCC'’s Assistant Director, served as the coordinator for the symposium.

Conclusion

While we are apparently seeing the light at the end of the tunnel, COVID-19 has greatly impacted each of
us, including the format of working modes and conference gatherings. Despite the challenges, we were
happy to see so many of you in person at our 2022 symposium. We wish everyone a healthy and safe rest
of your summer!

Best Regards,

T L

Jian Yang, Ph.D., CFA
Research Director, J.P. Morgan Center for Commodities
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Dr. Bluford Putnam, Ph.D., Chief Economist at the CME Group, presenting at an industry panel during a J.P. Morgan Center for
Commodities’ international commodities symposium held at the University of Colorado Denver Business School. To Dr.
Putnam’s right is Hilary Till, the GCARD’s Contributing Editor, who moderated the panel.

News of the arrival of the Covid-variant named Omicron began to spread on November 25, 2021, a
Thursday and notably the Thanksgiving Day holiday in the United States, which meant U.S. futures markets
were closed. They opened the next trading session at 5:00pm U.S. Central Standard Time (i.e., CST,
Chicago time) on the Thanksgiving afternoon for a holiday-shortened day ending at 12:45pm CST on
Friday, November 26, 2021. The Friday after a Thursday holiday is typically a very light volume day, as
many traders follow the French tradition of “le pont” — by taking the day off as “the bridge” to the
weekend. With the surprise Omicron news, the Friday, November 26, 2021, trading session was extremely
active. Our research interest is to examine the trading activity on a typically low-volume day to observe
how the futures markets reacted to the surprise news of a new Covid variant that was expected to be
highly contagious and spread rapidly.
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Oil Markets Were Impacted the Most

For the trading session on Friday, November 26, 2021, the active WTI crude oil futures contract was the
January 2022 maturity date. The oil futures price opened at $78.39/barrel and closed on the Friday session
at $68.15, a $10 drop, or about a 13% decline in the trading session; see Figure 1. The S&P500® futures
contract also dropped 2.2%; see Figure 2 on the next page.

Context matters, and it is important to note a couple of things about why the oil market was more highly
impacted than equities or bonds. First, oil is largely used as a transportation fuel in its refined state.
Consequently, when the Omicron virus news hit, the conclusion many traders reached very quickly was
that the budding signs of a recovery in international travel would be reversed. Second, oil prices were
already in a modest decline, having declined by S$6/barrel from an October peak of $84.65. When
uncertainty hits a market that already has downward momentum pressure, the resulting price slide can
be exacerbated.

Figure 1

WTI Crude Oil Nearby Futures Price

The Omicron news knocked
$10/barrel off the oil price
on Nov 26, 2021.

WTI Crude Oil had peaked on October 26,
2021, at $84.65/barrel -- a month before
the Omicron surprise.
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Chart Created by CME Group Economics.

Source: Bloomberg Professional (WTI Qil Futures = CL1).
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Figure 2

E-Mini S&P500°® Futures Price

Index Level

/7

The Omicron news caused a 2.2% drop in
the S&P500® E-Mini futures contract
price on November 26, 2021.

Chart Created by CME Group Economics.

Source: Bloomberg Professional (ES1).

Not Just an Increase in Volatility, but a Downward Price Gap, Too

One might be tempted to view the Omicron news as causing an increase in market volatility. Certainly,
looking backwards, the typical standard deviation measure of price volatility showed a rise. But that
simplified interpretation ignores the importance to market participants, especially options market
participants, of an unexpected price gap.

Options traders monitor the implied volatility of the markets they trade with great scrutiny. The challenge
related to price gaps is that the versions of the Black-Scholes-Merton options pricing models! that are
typically used for implied volatility calculations have an embedded assumption of continuous price
movements — that is, the possibility of discreet price gaps are explicitly assumed not to exist. This
assumption makes the mathematics of the options pricing model much easier, but it can be hazardous to
the health of a risk manager. For anyone using a delta-hedging strategy related to options positions, price
gaps can cost considerable money if the gap goes in the wrong direction related to the underlying options
positions that is being risk-managed through delta-hedging in the futures markets. As a consequence, a
surprise price gap? is likely to be accompanied by an asymmetry in options trading with elevated activity
on the side of the options market that is being impacted — in this case with a downward price gap, we
would expect outsized trading activity in put options. Indeed, this is what occurred; see Figure 3 on the
next page.
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Figure 3
Put versus Call Options Volume
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Bid-Ask Spreads Initially Widened, Then Narrowed

Liquidity is often measured by bid-ask spreads, and one would expect that a news event would result in
wider bid-ask spreads. This is what happened in oil futures markets when the Omicron news broke;
however, the intra-day pattern is highly informative.

Remember, when thinking about liquidity, we are dealing with a typically light-volume day after the
Thursday Thanksgiving holiday in the U.S. What we observed in the Omicron news trading session was
that bid-ask spreads were wider than usual, during the first part of the trading session; however, they
narrowed considerably in the second half, before rising at the end of the session, which is quite common
in many markets, not just oil, especially ahead of a holiday weekend.

The Data Science team at CME Group closely monitors liquidity and how the bid-ask spread can impact
the cost of trading.? The cost to trade different lot sizes is analyzed separately. One usually would expect
small trading lots, say one to three contracts, to be less impacted than larger trade sizes. In this case we
provide examples for three-contract lot size and for 10-contract lot size to show the difference — or in this
case the similarities in Figures 4 and 5 respectively on the next page.
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Figure 4
Cost to Trade 3 Lots
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Figure 5
Cost to Trade 10 Lots

Oil Cost of Trade (Lot Size: 10)
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Empirical models suggest that the widening of the bid-ask spread in the first part of the trading session
was in the range one might expect given the elevated volatility. It is not uncommon for the bid-ask spread
to widen during times of heightened volatility. Liquidity in the first part of the trading session responded
more or less to the increased risks of the surprise news as it would have on any other day, despite it being
a shortened trading day ahead of a holiday weekend.

What happened in the second half of the trading session was even more interesting. The bid-ask spread
narrowed to what might be seen on any given trading day, even without a surprise event. We have
observed this behavior before in our analysis of event risk,* where the event date is known but the
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outcome is not and where market prices are expected to go abruptly in one direction or the other
depending on the outcome. One can think of elections as examples of this type of event risk. In our
studies of the 2016 U.S. Presidential election and the 2016 U.K. Brexit referendum, among others, we
observe a clear outcome “discovery” period with wider bid-ask spreads followed quite quickly in the same
trading session by a “rebalancing” period with narrower bid-ask spreads after the outcome has become
widely known and initial reactions have been digested by the market.

Follow-up: What Happened in the Next 60 Days

We would be remiss if we did not provide some analysis of how markets reacted to the Omicron news in
the days, weeks, and months following the surprise. Equity markets, as represented by the S&P500
recovered their losses relative to the pre-shock price in just 15 trading days, by December 15, 2021. It
took the crude oil market 29 trading days, to January 6, 2022, to get back to the pre-shock price.

Economists are fond of assuming ceteris paribus, that is everything else equal, in their academic models.
In the real world of oil trading, many other factors entered into the analysis of the oil market in the two
months following the Omicron shock, from soaring natural gas prices in Europe to geopolitical tensions
between Russia and the Ukraine, to a realization that the Omicron virus was more contagious yet
potentially resulting in less severe health outcomes than the previous Delta variant. The combination of
these factors and more helped oil make a full recovery and then some, in the 60 days after the Omicron
news shock. By January 25, 2022 WTI crude oil was trading around $85/barrel, compared to the
S78/barrel on the day before the Omicron shock, and the local low point of just below $66/barrel on
December 1, 2021.

Bottom Line

Our preliminary conclusions, subject to further research, are that the Omicron news shock followed a
pattern seen on other event risk days. While Omicron news came on what was expected to be a light-
volume, holiday-shortened trading session, liquidity quickly was provided to the market, at first with
somewhat higher bid-ask spreads as the news was being digested, and later with narrow spreads as the
initial market reaction was better understood. As would have been expected, options traders were
especially energized on the put side of the market, due to the downward nature of the price gap that
occurred.

Endnotes

Dr. Putnam is a regular contributor to the GCARD’s Economist’s Edge section. In addition, for further coverage of the crude oil
markets, one can also read past GCARD articles on this topic.

All examples in this report are hypothetical interpretations of situations and are used for explanation purposes only. The views
in this report reflect solely those of the author and not necessarily those of CME Group or its affiliated institutions. This report
and the information herein should not be considered investment advice or the results of actual market experience.

1 See Black and Scholes (1973) and Merton (1973).
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2 Price gaps are not always surprises, at least to some traders. See Putnam (2020) on the CME Group’s market sentiment
research regarding event risk.

3 See CME Group (2022).

4 See Putnam et al. (2018).
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Comprehensive Paper Published in: Journal of Futures Markets, 2022, Vol. 42, No. 4, April, pp. 751-785

This paper investigates the predictive content of a risk-neutral skewness (RNSK) signal for the dynamics of commodity futures
prices. A trading strategy that buys futures with positive RNSK and sells futures with negative RNSK generates a significant
excess return, which suggests a positive RNSK-return nexus. The risk premia that can be extracted through the RNSK signal is
more pronounced in the contango than backwardation phase. After accounting for traditional commodity futures predictors,
the RNSK signal exhibits a relatively stable and prolonged predictive ability. The directional-learning hypothesis is able to
rationalize the positive nexus in terms of arbitrage risks and illiquidity (positive RNSK) and overpricing (negative RNSK).

Introduction

Many studies have documented the pricing ability of skewness in equity markets. The commodity
literature on this subject is much sparser, and the latest comprehensive empirical research is by
Fernandez-Perez et al. (2018) who estimate Pearson skewness over past 1-year windows of daily returns
and find a negative-return relation in the global futures market. However, there is no study on the option
implied (risk-neutral) skewness pricing impact for the global futures market, and this paper seeks to fill
this void.

This paper contributes to the commodity futures literature by formulating and empirically addressing
various questions: Does risk-neutral skewness predict the futures return in the subsequent period? Is the
risk-neutral skewness a more informative measure than the realized skewness measure (i.e., Pearson
skewness)? What is the potential mechanism underlying this option implied skewness pricing ability?

Deploying the methodology developed by Kozhan et al. (2013), the authors estimate at the weekly
frequency a sequence of risk-neutral skewness signals for 22 commodities from agriculture, livestock,
energy and metal sectors over a 10-year period. Then they construct a fully-collateralized long-short
portfolio by buying (selling) commodities with the most positive (negative) risk-neutral skewness and
rebalance it at a weekly frequency. This portfolio delivers an 13.18% annual return and an annualized
alpha of 12.62% after taking into account the compensation for exposure to the traditional commodity
risk factors (market long-only portfolio, term structure, momentum and hedging pressure) and the
Pearson skewness. The authors show that the risk-neutral skewness is a more robust signal (less sensitive

This digest article was contributed by Ana-Maria Fuertes, Ph.D., Professor in Finance and Econometrics at Bayes Business School,
City, University of London (U.K.) and Associate Editor of the GCARD.
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to sampling frequency and estimation window length) than the Pearson skewness and hence, it offers a
more attractive portfolio cumulative return.

Professor Ana-Maria Fuertes of Bayes Business School, City, University of London, U.K., lecturing during the Commodities &
Energy Markets Association (CEMA) conference at the University of lllinois’ lllini Center in Chicago. This conference took place
on June 21% and 22", 2022.

Using a double-sort portfolio analysis, the authors find that the positive return generated from buying
more positively skewed commodity futures contracts is more pronounced precisely for those contracts
with the highest (lowest) arbitrage risk/cost (liquidity) while the negative return generated from buying
those negative skewed commodities is more pronounced for those contracts that are more overpriced.

The authors argue, under the directional-learning hypothesis by Kang and Park (2008), that investors with
favorable predictions about the underlying futures contract will resort to the options market to buy more
out-of-the-money (OTM) call options when the futures contract exhibits less liquidity and high
idiosyncratic risk. When the futures contracts’ liquidity is low, getting the best price is more challenging
given a wider bid—ask spread market. Furthermore, trading activity via arbitrage, hedging, and speculation
might be precarious for futures contracts with high idiosyncratic risk as intraday margin (collateral) calls
with mark-to-market increased losses can force liquidation before convergence happens (Liu and
Longstaff, 2004; Shleifer and Vishny, 1997). Investors will choose to purchase more OTM call options given
all the associated risks above, driving RNSK to be more positive. Once the information is diffused to the
underlying market, those assets will adjust their price to correct this belief.

Similarly, informed investors expecting negative movements in the futures market will resort to buying
more OTM put options when the underlying assets are perceived to be overpriced. The present paper
argues that there is a transfer of investors’ risks (managing underlying inventory and hedging costs) to
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market-makers who consequentially require a premium on selling those OTM put options, yielding a more
negative RNSK. Again, when information moves to the underlying market, the underlying price will react
to correct the difference, generating a negative return. This is also compatible with the demand-based
option pricing framework of Garleanu et al. (2009), leaving aside the short-selling constraint element.

Finally, in a cross-sectional analysis, the paper confirms that risk-neutral skewness is able systematically
to price the futures contracts after controlling for a battery of extant commodity pricing factors.

Relevance of the Research Question

At a theoretical level, the significant relation between risk-neutral skewness and expected returns that
the paper documents may instigate further research aimed at better understanding the price formation
process in commodity futures markets. Traditional commodity pricing theories —the theory of storage of
Kaldor (1939) and the hedging pressure hypothesis of Cootner (1960) — do not predict such relation.

A study of this nature on the relation between skewness and expected returns is relevant to academics
and practitioners. At a practical level, the findings are potentially fruitful for commodity futures market
participants as they suggest new ways of capturing risk premia through long-short portfolios formed
according to a signal that is relatively unexploited in the commodities literature: risk-neutral skewness.

By contrast with the risk-neutral skewness, the Pearson skewness of commodity futures returns or
realized skewness employed in Fernandez-Perez et al. (2018) is straightforward to estimate, but due to
the properties of the returns, which are not necessarily realizations from an independent and identically
distributed (IID) process, it can be sensitive to the choice of data frequency and estimation window length;
for further discussion, see Neuberger (2012), Kim and White (2004), and Hansis et al. (2010). Through
bootstrap simulation methods, Neuberger (2012) shows that realized skewness calculated from daily
(monthly) data is not proportional to the realized skewness computed from monthly (yearly) data. Hansis
et al. (2010) and Kim and White (2004) focus on the choice of estimation window length as the Pearson
skewness requires; longer windows deliver more accurate Pearson skewness, but they may compromise
the results by missing important short-term variation in the underlying return distribution. The
aggregation property discussed by Neuberger (2012) implies that a low-frequency moment measure (e.g.,
weekly RNSK) can be obtained in an unbiased way using high-frequency data (e.g., daily options data).

Unlike the Pearson skewness, which is a backward-looking measure associated with the historical
probability, the RNSK is a forward-looking measure associated with the risk-neutral probability — a
probability of possible futures outcomes that have been adjusted for risk. The options market has been
argued to carry valuable information for forecasting purposes as it reflects the market participants’
expectations (see Bakshi et al., 1997; Bates, 1991; Black, 1975; Jackwerth and Rubinstein, 1996).

All in all, the present paper suggests that the RNSK of commodity futures returns represents a more
informative skewness signal than the Pearson skewness for capturing risk premia and pricing purposes.
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Data and Risk-Neutral Skewness Signal

The main data for the analysis are daily market observations for both futures and option contracts (price,
trading volume, open interest, strike, time-to-maturity) from October 10, 2007 to March 1, 2016 from
Datastream covering 22 commodity products within the agriculture, livestock, energy and metal sectors.

At each time t, for each commodity futures contract with a given expiration date 7, the authors measure
the risk-neutral skewness RNSK, r signal of Kozhan et al. (2013) as

Vir — Vir
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where P, r(K;) is the put option market price at time t, with multiple strike price levels K;; similarly,
Ce7r(K;) is the call option price; F, 1 is the underlying futures price at time t with expiration date T; B, r is
the bond present value at time t with time-to-maturity 7-t; AI(K;) is the discrete increase among two
adjacent strike prices. At the end of each sample week t, the commodity futures contracts are sorted
according to their risk-neutral skewness measure RNSK and a fully collateralized long-short portfolio is
formed by taking long positions in the top quintile with the highest RNSK and short positions in the quintile
with the lowest RNSK; the constituent futures contracts are equally weighted. The portfolio is held for
one week, when new RNSK signals are obtained and a new long-short portfolio is formed, and so forth.

Results

The fully-collateralized long-short RNSK portfolio generates an annualized 13.18% return with a Sharpe
ratio of 1.39, which is significantly superior to the baseline Pearson skewness long-short portfolio yielding
an annualized 1.63% return and Sharpe ratio 0.153 over the same period.

Next the authors regress the long-short RNSK returns on the long-only market portfolio, term structure,
momentum and hedging pressure long-short portfolio returns that are the well-known proxies for
commodity market backwardation and contango. In an additional test, the Pearson skewness based long-
short portfolio returns are included as an additional factor. The RNSK portfolio alpha is a significant
12.56% per annum (traditional risk factors) and 12.62% p.a. (traditional risk factors and Pearson skewness)
suggesting that the returns accrued by the long-short RNSK portfolio are not compensation for exposure
to existing commodity risk factors nor the Pearson-skewness risk.

Furthermore, scrutiny of the ranked commodity futures contracts according to the RNSK signal suggests
that the commodities in the top (most positive) RNSK quintile exhibit the smaller or most negative values
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of the traditional signals — term structure, hedging pressure and momentum — signalling contango. This
suggests an opposite pricing pattern whereby the RNSK premium is more available in the contango phase.

Finally, different from the findings in the equities’ literature, the RNSK signal in the commodity futures
market has a relatively stable and longer pricing predictability. The long—short portfolio sorted based on
averaging signals of the RNSK over the window (up to 30 days) can yield a significant 14.6% return after
controlling for traditional commodity baseline factors. Moreover, the RNSK at week t is proved to be able
to predict futures return up to t+10 weeks, yielding at least an alpha of 6% p.a.

Using idiosyncratic volatility, Amihud’s liquidity, and the maximum (max) daily futures return the over past
month as proxies for arbitrage risk/cost, liquidity risk and overpricing, respectively (see Chordia et al.,
2020; Cao and Han, 2013; Amihud et al., 1997; and Bali et al., 2011), a double-sort portfolio analysis is
conducted. The findings suggest that the positive RNSK and return nexus in the global commodity futures
market (with short-selling) is associated with liquidity, idiosyncratic risk, and overpricing. Specifically, the
portfolio with the highest arbitrage risk within the top RNSK quantile yields a significant 35 basis points
(bps) per week. The spread return between the most arbitrage-risk portfolio and the portfolio with the
least arbitrage risk is a significant 22 bps per week. The most positive RNSK portfolio outperformance is
led by the contracts with the lowest liquidity. In particular, the portfolio with the lowest liquidity quantile
within the top (highest) RNSK quantile generates 38 bps per week. Moreover, within the top RNSK
qguantile, the spread return between a portfolio with the highest liquidity and a portfolio with the lowest
liquidity yields a significant return, =22.4 bps per week. Finally, the double-sort approach reveals that the
portfolio with the largest max daily futures return yields -21.8 bps per week. The spread return between
the highest max past month-portfolio and the lowest max past month-portfolio is -32.9 bps per week.

Last but not least, the authors test whether risk-neutral skewness can explain the cross-sectional return
variation in the global futures market. There is a significant positive risk premium on average, which
means that investors require compensation for being long futures contracts with more positive risk-
neutral skewness.

Conclusions

This paper documents a significant positive relationship between risk-neutral skewness and returns in
futures markets. Buying (selling) the commodities in the highest (lowest) risk-neutral skewness quintile
simultaneously generates an annualized 13.18% return, which outperforms the return of the baseline
Pearson skewness sorted long-short portfolio of Fernandez-Perez et al. (2018) with a 1.63% return over
the same period. The risk-neutral skewness sorted long-short portfolio offers excess returns that are not
compensation for traditional commodity risks, and is not encompassed by the Pearson skewness portfolio.

Allin all, the positive relation documented in this paper between commodity futures risk-neutral skewness
and returns are largely consistent with the demand-based option pricing theory of Garleanu et al. (2009).
When the futures contracts become relatively illiquid and less attractive to arbitrage (speculation) activity,
informed investors will purchase more OTM call options to maximize their profits. As that information is
distributed to the underlying market, the futures price will increase to correct those beliefs implied from
the options market. When the futures contracts are believed to be overpriced, to exploit the benefit of
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the potential price drop, informed investors will turn to the options market to obtain more OTM put
options rather than sell futures contracts to avoid potential risk. After the information moves to the
underlying market, the commodity futures price will drop accordingly.
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This paper shows that rare disaster concern, defined as the news-implied volatility, performs very well at predicting the return
of index commodity futures throughout the whole nearly century period of 1926 to 2016. This result holds after controlling for
the current business cycle conditions, the macroeconomic variables, and the Volatility Index (VIX). We also find that rare disaster
concern performs very well at predicting index commodity futures returns out-of-sample. The results remain robust while
considering different macroeconomic conditions such as recession (expansion), contango (backwardation), or increased
(decreased) inflation.

Introduction

For decades, a substantial literature has proposed rare disaster models as an important rational
foundation for understanding various longstanding asset pricing anomalies such as the equity premium
puzzle, the volatility puzzle, the forward premium puzzle, and the stock return predictability (e.g., Rietz,
1988; Barro, 2006; Gabaix, 2012; Gourio, 2012; Wachter, 2013). Naturally, risk averse investors require a
compensation for the extreme loss they may incur during the unlikely but extremely harmful states of the
economy. As such, a high likelihood of rare disasters implies a high risk premium in forward-looking
financial markets. This suggests that rare disaster concerns should predict asset returns. Whereas various
studies (e.g., Berkman et al., 2009; Manela and Moreira, 2017) have built a link between rare disaster
concerns and asset pricing quantities,! few studies, if any, provide empirical evidence that rare disaster
concerns can predict commodity returns.

Why the Paper’s Research Questions are Important

It is not surprising that there should exist a resounding connection between rare disaster concerns and
commodity prices because such concerns affect consumption behaviors, production decisions, fiscal and
monetary policies, and global trade. Through affecting agent behaviors and macroeconomic policies, rare
disaster concerns provide people with incentives to adjust their behavior through which the demand and
supply of commodities will be impacted, and therefore so will commodity prices. However, to date, the
literature on the relationship between rare disaster concerns and subsequent index commodity future
returns is very scarce and provides few empirical results. Especially, so far, no paper has investigated the
ability of rare disaster concerns to predict subsequent index commaodity futures returns in the long run.

In this paper, we fill this gap by providing a new finding that the perceived rare disaster risks play a
prominent role in predicting commodity futures index returns using nearly one hundred years of data
from 1926 to 2016.

This digest article was written by Qunzi Zhang, Ph.D., Professor in Finance at the School of Economics, Shandong University,
China.
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