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U.S. Auto Supply Chain Update

Drivers and Prospects for Inflation + 4 X
>

Elaine Buckberg
Chief Economist, General Motors
November 18, 2022



Auto sales ran at a14.1M SAAR YTD due to ongoing supply issues gm
vs. the 2018-19 average of 17.6M

U.S. Total Industry Auto Sales, SAAR Mils
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North American auto production hit the average pre-COVID pace gm
in two of the last three months
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Plant downtime persists but 2022 YTD is half that of 2021

Improvement is thanks to better chip supply

Vehicles Cut from Production in North America
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m
New vehicle prices remain high, despite recent increase in inventory o

New Vehicle Average

Total Industry Stock (Mils) Transaction Price as % of MSRP Avg. Transaction Prices (000s)
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Inventories rose in Aug-Oct. gm
Dealer markups over cost continue to grind down

Incentives % of ATP vs. Dealer Markup vs. Inventory Levels (Mils.)
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Used vehicle prices have been falling since January lgml
Yet used vehicles still 13% more expensive, controlling for content and quality\—

Manheim Used Vehicle Price Index
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Auto inflation has steadily dropped over 2022 =

New + Used Vehicles, Contribution to Core Inflation —New + Used Vehicles Inflation (y/y % chqg.)
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Going forward, GM is directly managing chip purchases and design gm
for our vehicles

We are completely shifting our approach to buying chips, from buying
components from our suppliers that contain chips, to directly
managing all chip purchases and chip design for our vehicles.

GM sees our microprocessor requirements more than doubling over
the next several years as vehicles become technology platforms.

GM’s new strategy will reduce the number of unique micro controller
units (MCUs) required by 95 percent to industry-leading levels.

GM partnered with 7 chip makers: Qualcomm, STMicroelectronics,
TSMC, Renesas, Onsemi, NXP, Infineon.

Much of the investment needed will flow to the U.S. and Canada.

general motors



Establishing a sustainable EV raw material value chain

GM is actively pursuing opportunities to localize as much of the supply chain as possible

©O05 0O

Secure Sustainable Scalable Cost Competitive

Partnerships created for lithium, cobalt, rare earths, alloy flakes, permanent magnets,
and CAM.

Recycling should be primary source of battery raw materials in the long term

Recycling today: cobalt, nickel
Future recycling: cobalt, nickel, lithium, graphite, copper, manganese, and aluminum

general motors
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1. Several types of climate policies: Non market-based, Technology support,

Market-based

Environmental Policy Stringency by sub-indices
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https://doi.org/10.1787/90ab82e8-en

2. Firms expect substantial increases in costs and final prices

Overall impact of climate change and climate policies

on input costs and selling prices
(share of total responses)

Selected impacts of transition policies on firms
(percent of total responses)
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Source: ECB, published in “The impact of climate change on activity and prices — insights from a survey of leading firms”, ECB Economic Bulletin Issue 4/2022.

Notes: Based on special survey in the context of the ECB’s contacts with non-financial companies, with 90 respondents in total. The respondents consist of large and mostly multinational companies engaged in a wide range of
non-financial business sector activities. Firms were asked to compare to a hypothetical baseline without climate ghange.



3. Standard models —that only focus on carbon tax— point to moderate inflation over
short-medium term and mostly supply-type of effects, but demand may matter

Paper Model characteristics Inflation Output

short-run  medium-run
(0-5 years) (5-10 years)

IMF GMMET Multi-country, multi-sector E-DSGE + + -
GCUBED Multi-country, multi-sector hybrid DSGE-CGE + + -
NiIGEM Multi-country, multi-sector semi-structural + + =
Oxford Economics Model Multi-country, multi-sector semi-structural + + =
Coenen, Lozej, Priftis (2022) ECB NAWM with disaggregated energy + + -
Closed economy NK E-DSGE with disaggregated energy
Priftis and Schoenle (2022) and banks + + =
Ferrari and Nispi Landi (2022a) Closed economy NK model with green and brown sectors = = =
Ferrari and Nispi Landi (2022b) Closed economy NK model with abatement +/ - = =
Bartocci, Notarpietro, Pisani (2022) Open-economy NK E-DSGE with disaggregated energy - + -
E-QUEST (EC DG ECFIN) Multi-sector E-DSGE with abatement and R&D -

A carbon tax needed to reduce emissions by approx. 25% by 2030 is likely to have on average mild

consequences for inflation
5 www.ecb.europa.eu ©


https://www.imf.org/en/Publications/WEO/Issues/2022/10/11/world-economic-outlook-october-2022#Chapters
https://www.ecb.europa.eu/pub/conferences/ecbforum/shared/pdf/2021/McKibbin_paper.en.pdf
https://www.niesr.ac.uk/nigem-macroeconomic-model
https://www.oxfordeconomics.com/service/subscription-services/macro/global-economic-model/
https://www.bancaditalia.it/pubblicazioni/temi-discussione/2022/2022-1358/en_tema_1358.pdf
https://www.bancaditalia.it/pubblicazioni/qef/2022-0686/QEF_686_22.pdf
https://www.bancaditalia.it/pubblicazioni/temi-discussione/2022/2022-1377/en_tema_1377.pdf
https://ec.europa.eu/info/sites/default/files/economy-finance/dp146_en.pdf

...uncertainty is large even across similar models run with the same protocol...

CPlI Inflation Consumer prices Real GDP
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ECB models under development and run with same protocol: Common protocol: E-DSGE_RR, NAWM-E, GCUBED, NIGEM, Oxford,
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...and larger if we add other models and sensitivity analysis (although stories are all

plausible)...
CPI Inflation Consumer prices Real GDP
1.5 s 057
Uncertainty depends on 15, o
I H 057
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___________________ oy
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Adding other models (IMF, Bartocci et al. (2022), Ferrari and Nispi Landi (2022a, 2022b)), plus McKibbin, Konradt, Weder-Di Mauro (2021) and sensitivity analysis
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For instance, expectations are important...

An increase in the tax today
depresses current demand,
putting downward pressure
on prices. If the tax is non-
credible, prices can increase
because aggregate demand
does not react

The transition to a green economy

Output Inflation Carbon price
——Base 20
-==F=5
15
10
5
-1 |
! 0
10 20 30 40 10 20 30 40 10 20 30 40
Quarters Quarters Quarters

Figure 2: Transition to a zero-emission economy, driven by an emission tax. Output is in percentage
deviations with respect to the value they would have had with no increase in the emission tax; inflation
is in deviations compared to the target reported at annual rates; the price of carbon is in level deviations.
The path for the emission tax is announced in period 0. Blue solid line: baseline scenario; black dashed
line: F' = 5; red dotted line: F' = 10; green solid line:F" = 15.

Source: Ferrari and Nispi-Landi (2022)
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. and different monetary policy rules may have different implications for inflation

Policy rule targets core inflation Policy rule targets headline inflation
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Source: Coenen, Lozej, Priftis (2022)
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4. Empirical analysis show that climate policies affect prices

All policies

Climate policies
have strong
positive effects on * ———
energy and food
and moderate or

negative effects .. /\

on core inflation

They affect relative
prices only

Ciccarelli and Marotta (2021): Demand or Supply? An empirical exploration of the effects of climate change on the macroeconomy,
ECB WP no. 2021/2608 and R&R at Energy Economics
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4. Empirical analysis show that different climate policies affect prices differently

All policies Market-based policies Non market-based policies Technology support
Climate policies o «
have Strong /\ 020/\ o° 050/\
positive effects on - | I — o L L
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...and country heterogeneity is an important feature

A shock to aggregate climate policy in two groups of countries
Industrial production Price energy
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Ciccarelli and Marotta (2021): Demand or Supply? An empirical exploration of the effects of climate change on the macroeconomy,
ECB WP no. 2021/2608 and R&R at Energy Economics
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5. Inflation is important. Let’s not ignore welfare, though

Technology is welfare improving. Some policies not necessarily

Shock to market policy Shock to non-market policy

Response of welfare

Shock to Technology

0.3 1

0.2 L 4

0.1 L 4
o
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For discussion

O So far models give somewhat plausible but ambiguous responses
» Different assumptions on relative importance of channels
» Calibration based on history with little or no climate transition and very low carbon taxes
» Need of more complete models (heterogeneity, welfare) and realistic design of scenarios

1 Importance of empirically validated effects of combination of policies,
including directed technological change (current focus is predominantly on
carbon taxes)

[ (A combination of) Climate policies do not necessarily hamper price stability.
But an environment of price stability is important for the green transition

d Waiting for new macro and national account indicators? We compute effects
on variables whose measures are bound to change to incorporate new
concepts (e.g., resilience, biodiversity, degradation)

www.ecb.europa.eu ©



ECB-PUBLIC

Thank you for
your attention!
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Research Perspective on Supply Chain Disruptions and

International Forces:
Implications for Inflation and Policy Coordination

Sebnem Kalemli-Ozcan
University of Maryland, CEPR, NBER

NYFED, November 18, 2022
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Lessons of 2020-2021

1. What did central banks miss? = Tight labor markets

e Standard measures show slack (unemployment rate, total jobs)—pandemic made these
redundant (sectoral supply and demand shocks)

e Measurement is key: How to measure slack under supply shocks? Without, we cannot know
how high rates need to go

2. Transitory-permanent inflation debate lacks the global perspective

e Compositional shifts in consumption = global supply chain disruptions
e Few sectors price increase (chips, used cars) with 2020 deflation gave the transitory

impression, while repeated supply shocks happening and travelling via global supply chains
(China lockdowns, Russia)

3. Early predictors of inflation based on higher demand not correct. If it was all demand
output should be higher than potential output in 2021. It was not.

CBs waited during which aggregate demand stimulus amplified the supply constraints
2/10



Supply-Demand Imbalances 1 on a Global Scale During 2020-2021
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Supply-Demand Imbalances 1 on a Global Scale During 2020-2021

Covid-19

Demand Shock (+-)
(Goods 1, Services |)
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Supply Shock (-)
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Lockdowns
Aggregate
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Global Trade and Production Network: OECD ICIO Tables

(a) Countries (b) Industries

ey & Eq., NEC

vvvvvvv Mining (Non-Energy)

35 industries in 65 countries, giving us a matrix of 2275 X 2275 entries 5/10



From Segmented arkets to Aggregate Inflati acro-Network Model

1. Sectoral demand and supply shock = Sectoral
consumption and sectoral hours worked

2. Aggregate demand shock—stimulative policies

Inflation ~ Aggregate Demand — Network weighted AL¢
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EA—Observed headline inflation: 4.69: US—Observed headline inflation: 8.47

Sectoral supply shocks explain 1/2 of EA, 1/3 of US observed inflation
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Effects of Global Bottlenecks on Euro Area Inflation

Foreign shocks explain 2/3 of observed EA inflation
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e Global health shock + limited substitutatibility across inputs = supply chain bottlenecks = rise in prices

e Supply shocks are important!

e Supply shocks account for 1/2 of observed EA inflation, 1/3 of observed US inflation
e Foreign shocks account for 2/3 of the Euro Area inflation

e Demand stimulus in a supply constrained world has larger inflationary effects

e Monetary policy can tame inflation by contracting aggregate demand, however, there will remain an
upward pressure on price growth with sectoral supply shocks and bottlenecks

e Blunt tools (interest rates, government transfers) cannot be fine-tuned without the benefit of hindsight;
need to learn how to combine blunt tools with crisis-specific polices

e Given the extent of globalization, under supply shocks, no economy fully recovers until every economy
recovers = international coordination on health-+fiscal policies
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Global inflation + strong dollar = monetary policy coordination? Not necessarily

Fed Hike

Spillovers to Rest of the World

Trade Channel Financial Channel
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Fed Tightening Cycle Lagged Many Central Banks

Brazil

Chile

Colombia

Czech Republic
Peru
Poland

/
///////j;;7 Mexico

Canada

States

y South Korea
United Kingdom

/_
/////// ::::::; __|Switzerland
T

)
=
e
o
I
o
«
—
0]
o
=
Q
Q
3]
0o
£
S
O
2
@
—_
>
8
©
o
§=
0
[®)]
cC
@
<
O

Indonesia

7

e

Japan
China

2021-01-01 2021-04-01 2021-07-01 2021-10-01 2022-01-01 2022-04-01 2022-07-01 2022-10-01

Source: Bank for International Settlements; Trading Economics. Month-end policy rate data through October 2022.




Fed Response To Soaring Inflation In Line With International
y Norms
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y=059+066-x, pvalue=0.00, R*=0.46
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The Dollar Has Risen Far More Against Advanced
y Economies Than Against EMEs
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— Real Broad Dollar Index
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EME Spreads Remain Contained, Though High-Yields
y Spreads Are Widening
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Share of global exports (%)
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Relationship Between Depreciation Against Dollar And
" Increases In Core Inflation Has Been Weak

y=-0.15-x+2.7, pvalue=0.30, R?=0.1
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