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Supply Chains Remain Imbalanced and Congested

Economics incentivize Eastbound sailings from China

China ↔West Coast head-haul vs back-haul spot rate ratio 

Source: Bloomberg Finance L.P.

West Coast port congestion has stabilized but remains high

TEUs in port relative to 2019

Source: J.P. Morgan European Transports Team 

Note: TEUs are a 7 day MA

East Coast congestion worsened after the West peaked

One-way import traffic remains a challenge

◼ Ratio of container rates between China and the U.S. West 

Coast are still skewed to favor Eastbound shipments

◼ Empty containers are piling up at the port or loaded up quickly, 

putting additional strain on the existing infrastructure

Port congestion is spreading beyond the West Coast

◼ Congestion measured in the number of TEUs at port relative to 

2019 shows that every major region remains elevated

◼ Gulf Coast import activity also picking up significantly

◼ Backlog of ships off L.A. and Long Beach is up 42% from the 

recent low as shippers try to avoid a potential ILWU disruption

◼ A surge of imports after China’s COVID lockdowns end is 

another key variable but there are differences versus 2020
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Rail Performance at the West Coast Terminals Is on Our Radar

Local truck service is picking up speed to start 2022

Containers discharged by truck per month

Source: Wabtec Port Optimizer, Port of Los Angeles

Note: Average time container spent on ground after vessel discharge and prior to outgate

Rail-served containers have shown signs of slipping in 1Q22

Containers discharged by rail per month

Rail import TEUs at LB are flat but dwell times are up

Containers % Of On-Dock IPI Dwelling 6+ days

Source: Port of Long Beach

Container dwell times are on the rise again out West

◼ Dwell times of containers at the West Coast ports have been 

steadily creeping up after a significant improvement in 4Q21

◼ Longer dwelling boxes are now a higher percentage of the 

overall mix and bringing up the average dwell time

Rail fluidity has improved but is starting to slip

◼ Railroads have driven most of the improvement at the Port of 

L.A. since May 2021 peak after Western rail service pause

◼ There are signs of deteriorating rail fluidity since March 2022 at 

the Port of Long Beach and L.A. based on dwell times

◼ Truck turn times out of the West Coast ports worsened after 

rails improved in 2021 but have held in to start the year

Source: Wabtec Port Optimizer, Port of Los Angeles

Note: Average time container spent on ground after vessel discharge and prior to outgate
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Inland Intermodal Terminal Fluidity Recovered from a Tough 2021

Intermodal Inbound Tender Rejection Index - Memphis

% of tenders rejected

Source: SONAR

Intermodal Inbound Tender Rejection Index - Chicago

% of tenders rejected

Source: SONAR

Intermodal Inbound Tender Rejection Index - Joliet

% of tenders rejected

Source: SONAR

Inland intermodal fluidity was a challenge last year

◼ Multiple instances of gate and terminal closures started in late 

2020 as intermodal volumes surged in a shift to goods spending

◼ Volumes remained elevated through 1H21 and significant 

weather issues did not help with network fluidity

◼ Strain on the system was evident in a number of metrics, most 

notably the percent of inbound tenders rejected

Key inland hubs appear to be fluid, but volume is down

◼ Surge fees were implemented earlier and at higher levels on 

certain shipments to protect overall network capacity

◼ Spread between import and export container rates facilitates 

more transloading and fewer IPI shipments

◼ Inventory levels are likely part of the drag on activity

0%

5%

10%

15%

20%

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

2018 2019 2020 2021 2022

0%

5%

10%

15%

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

2018 2019 2020 2021 2022

0%

2%

4%

6%

8%

10%

12%

14%

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

2018 2019 2020 2021 2022••••• 

• •• • • • • 

I 
I 
I 
I 

••••• 

••••• 

J.P.Morgan 



5

Chassis Pools at the West Coast Port Complex Showing Strain

Pool of Pool chassis utilization is still elevated

Source: Company reportsAverage dwell time of 20’ chassis increasing at LA/LB Near record number of 40’ chassis dwelling > 30 days

Source: Pool of PoolsSource: Pool of Pools

% utilized by week in 2021 - 2022

Source: Pool of Pools

Shared chassis pool running near max utilization

◼ Chassis are a key congestion indicator as the physical link 

between port terminals and downstream supply chains

◼ Utilization in the West Coast Pool of Pools is running near 

all-time highs, primarily in the 40/45’ equipment

◼ Chassis dwell in the terminals has stabilized but remains 

well above the 2021 average and initial March 2021 surge

Slow turn times are limiting effective capacity 

◼ Street turns of chassis outside the terminals have 

stabilized, but 45%+ are running with turns over seven days

◼ One additional day of street dwell in the chassis pool 

requires 6% more units to maintain consistent throughput
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Downstream Congestion Is Hard to Track, Should See Some Relief

Memphis truckload wait times down from 2021 peak

Source: Company reportsStockton, CA rail ramp dwell times have moderated Port of Savannah wait times are elevated

Source: SONARSource: SONAR

Minutes

Source: SONAR
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Customer unloading times an often-cited bottleneck

◼ Chassis street turns are the closest metric we’ve found for 

customer unloading times blamed for slower supply chains

◼ Warehouse turn times should improve with better drayage 

availability, ending Omicron wave, and higher inventories

Urgency to move freight has shown signs of slowing

◼ Fuel price spike has changed some shipper behavior, 

triggering a focus on improving trailer utilization which 

requires fewer trucks and will also help warehouse fluidity

◼ Rates on key truckload lanes from L.A. to major inland 

warehouses and consumption centers continue plummeting

◼ Activity at non-West Coast ports is also picking up
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Rail service is one of the key engines for earnings growth

◼ Lack of network fluidity impacts volumes and efficiency → affects earnings outlook and equity values

◼ STB inquiries could lead to more data disclosures, hearings and/or regulations

◼ Demurrage typically increases with network congestion but is a non-core earnings stream

Truckload conversion opportunities won’t work with inconsistent rail service

◼ Investors increasingly expect railroads to generate earnings by utilizing volume growth

◼ Factors favoring more rail shipments include ESG, volatile truck rate cycles, and higher final mile costs

◼ The addressable market isn’t the whole $800B freight and logistics spend but it’s still massive

◼ Durable truckload conversion requires investment, partnership and consistent rail service

◼ PSR should generate more mixed traffic trains to help with recoverability options

Why Wall Street Cares About Rail Service Metrics

750+ mile LoH is the majority of potential revenue

Source: Company fillings, U.S. Department of Transportation, J.P. Morgan estimates.

Potential revenue (in thousands) % of 4Q21 TTM revenue

Potential RTMs for conversion is equal to $45B in rail revenue

Potential rail revenue in $mm

Source: Company fillings, U.S. Department of Transportation, J.P. Morgan estimates.
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Dashboard of metrics presents a multi-layer view of each network

◼ Combination of speed and cars online provide a snapshot of overall network throughput

◼ Terminal dwell trends provide another take on fluidity with a seasonal context

◼ Asset utilization and resource availability is increasingly important in the PSR world

Tell-tale signs of a potential service problem on the horizon

◼ Slower average train speed and rising cars online is the primary signal of a network potentially under stress

◼ Deteriorating terminal dwell stats and momentum can confirm and help focus on fluidity issues

◼ Utilization of cars, locomotives and crews are helpful compared to historical trends but not other rails

Source: AAR, Company reports, J.P. Morgan estimates.

What Wall Street Looks For in Rail Service Metrics

J.P. Morgan railroad operating dashboard from our Weekly Fast Track

QTD Momentum Comps Positive Stable Negative WoW ∆ Seasonality Momentum

KCS 1.4% 10% 70% 20% 1.4% 3bps

BNSF -6.4% 30% 50% 20% -2.3% -129bps

UP -0.3% 0% 50% 50% -2.6% -152bps

CSX 1.0% 50% 10% 40% -1.3% -74bps

NS -2.5% 10% 50% 40% -1.5% -128bps

CP -5.9% 0% 60% 40% -1.6% -234bps

CN 0.8% 40% 50% 10% -1.5% -242bps

Volume Terminal Dwell Status Average Dwell Trend

Trend Speed Cars Online Power Crew

1.6% 1.8% 11.0 0.0 1.0

2.9% 3.2% 179.1 31.9 53.1

1.4% 0.9% 175.0 50.0 51.0

1.4% 1.5% 10.1 0.0 9.9

3.2% 0.9% 90.0 20.0 21.0

1.3% 1.3% 9.0 2.0 0.0

0.3% 0.3% 7.7 0.0 3.6

Trains Held For →Loaded Empty

Asset Utilization - Idled CarsNetwork Fluidity Resource Availability

QTD Momentum Comps Positive Stable Negative WoW ∆ Seasonality Momentum

KCS -1.5% 70% 10% 20% -2.3% -133bps

BNSF 5.9% 30% 30% 40% 0.1% -95bps

UP -0.5% 10% 40% 50% -0.8% -22bps

CSX 4.3% 30% 20% 50% 2.1% -96bps

NS 0.0% 20% 40% 40% 1.4% -94bps

CP 2.5% 40% 30% 30% -1.8% -122bps

CN 0.6% 40% 40% 20% 0.1% -121bps

Volume Terminal Dwell Status Average Dwell Trend
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UP’s Proviso has shown higher dwell times in 2022Chicago provides a good pulse on the network

◼ Multiple metrics for terminal dwell, inventories and activity 

provide a detailed view on a key hub

◼ Transit times and interchange events usually provide a 

good snapshot of the overall rail network health

Weather and COVID have been recent stress tests

◼ Deluge of inbound volume during the shift to spending on 

goods has kept upward pressure on transit times

◼ Transit times steadily increasing throughout 2022 while 

the number of cars processed is down slightly vs. 2021

Source: Company reports, STB.

Source: Company reports, STB

Average freight car transit time has crept higher for shipments moving across Chicago

Chicago Still a Potential Canary in the Coal Mine

Average transit time in hours, seven-day average
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Asset turns are critical to rail and shipper success 

◼ Falling average train speed rising cars online is the first sign 

to take a closer look at other operating metrics

◼ Dwell times can be choppy WoW but looking at the trends 

YoY and compared to 3M MA controls for seasonality and 

helps isolate potential issues or improvements 

◼ PSR principles generally focused on asset utilization at the 

car level but not all railroads disclose car miles per day

◼ Variable or inconsistent rail service makes truckload 

conversion more challenging at large scale

UP’s car velocity is an indicator of network performance

Terminal Dwell and Car Velocity Helps Focus on Potential Issues 

Source: Company reports
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150

180

210

240

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

Car Velocity 2020 Car Velocity 2021 Car Velocity 2022

Source: Company reports, STB

Norfolk has experienced a steady extension of dwell times at several terminals 

Dwell time in hours

Source: Company reports

0

5

10

15

20

25

30

35

40

45

Allentown, PA Bellevue, OH Birmingham,
AL

Chattanooga,
TN

Conway, PA Decatur, IL Elkhart, IN Linwood, NC Macon, GA Columbus, OH

Current 4 week MA Prior year 4 week MA 3 month MA

- - --

- - -
J.P.Morgan 



11

Supply chains weren’t ready for the consumer surge

◼ A massive jump in spending on goods caught the freight 

industry by surprise, which has played catch up ever since

◼ Intermodal car delays can be difficult to offset especially when 

labor is tight at warehouses, ports and shipper locations

Percentage of slow-moving containers is a key metric

◼ Asset turns at the car level is the most relevant for intermodal 

given the service sensitive, truck competitive nature

◼ Changing proportion of idled but loaded containers is a useful 

leading indicator for intermodal service issues or improvements

◼ Most networks were gaining ground or holding steady in a 

weaker 2019 but have not recovered from the 2020 surge

UP’s network was impacted by West Coast congestion

Source: STB, Company reports, J.P. Morgan estimates

BNSF experienced the largest increase in slower containers

Source: STB, Company reports, J.P. Morgan estimates

NS intermodal fluidity has steadily decelerated

Source: STB, Company reports, J.P. Morgan estimates

% of Intermodal Loaded and Empty Cars Idled 48 hours+ on the Network

% of Intermodal Loaded and Empty Cars Idled 48 hours+ on the Network

Intermodal Car Fluidity Has Not Recovered from 2020

% of Intermodal Loaded and Empty Cars Idled 48 hours+ on the Network
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Weekly update helps diagnose conditions in the field

◼ Railroads disclose the average number of trains held by 

commodity type and cause 

◼ The metric provides the greatest utility when comparing across 

the same network to control for size and reporting classifications

Trends have foreshadowed “resets” and shortages

◼ Weather events, derailments and other factors can create a 

short term spike in trains held

◼ Sustained moves typically correlated with specific commodity 

service issues or improvements in 2021

◼ Coal also impacted in a strong market for export demand

◼ Trends in labor availability have been more pronounced since 

the start of the pandemic and are now a key bottleneck

UP’s trains held coincided with 2021 intermodal reset

Source: STB, Company reports, J.P. Morgan estimates

BNSF total trains held are approaching a record level

Source: STB, Company reports, J.P. Morgan estimates

NS manifest network showing strain similar to 2018

Source: STB, Company reports, J.P. Morgan estimates

Weekly Average Number of Intermodal Trains Held Per Day by Cause

Weekly Average Number of Manifest Trains Held Per Day by Cause

Trains Held Metrics Provide a Glimpse into Railroad Resources

Weekly Average Number of Trains Held Per Day by Cause
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NS crew delays are near the high end of the 5-year range

Source: Company reports, J.P. Morgan estimates

BN yet to recover crew readiness following year end spike

Source: Company reports, J.P. Morgan estimates

CSX crew availability has held steady to start 2022

Source: Company reports, J.P. Morgan estimates

Weekly Number of Trains Holding Per Day Caused by Crew

Weekly Number of Trains Holding Per Day Caused by Crew

Rail Crew Availability Is a Key Bottleneck

Weekly Number of Trains Holding Per Day Caused by Crew

UP crew delays have mirrored operational challenges

Source: Company reports, J.P. Morgan estimates

Weekly Number of Trains Holding Per Day Caused by Crew
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U.S. Class I headcount has dropped substantiallyRail labor productivity is closely watched

◼ Lower headcount almost always viewed as better, 

productivity is closely followed and benchmarked

◼ We took the view that more headcount was a good thing in 

3Q21 in part because of vaccine mandate uncertainty

T&E headcount is a resource with a long lead time

◼ Getting the right amount of people in the right place for 

uncertain demand and big swings has been challenging

◼ Labor market is tight and COVID flare-ups make it tighter

◼ Railroads appear to have an “easier” time managing staffing 

levels down through furloughs and attrition
Source: Company reports, J.P. Morgan estimates.

J.P. Morgan Class I labor productivity dashboard tracks headcount reported to the STB by employee classification

Increasing Rail Headcount Is Now a Good Thing

% ∆ QoQ (Indexed to 1Q17)

Source: Company reports, J.P. Morgan estimates.

Overall T&E Labor Volume
1 Total Labor Other T&E T&E Exec & Admin Maintenance

Industry +0.7% +1.3% +2.6% +1.7% +3.1% +1.1% +2.9% +1.7%

BNSF +0.7% +1.1% +2.8% +0.5% +2.4% +0.2% +1.3% +0.3% in $ as a %

UNP +0.1% +0.4% +1.3% +3.7% +3.2% +3.4% +4.9% +3.7% -0bps +13bps -$0.00 -0.1%

CSX +0.6% +1.6% +5.0% -3.3% -2.2% -4.2% -1.7% -3.1% -3bps +53bps -$0.00 -0.3%

NSC +1.5% +3.1% +3.2% +1.4% +3.8% -0.2% +3.4% +2.2% -1bps +63bps -$0.01 -0.4%

*KSU +0.1% +1.0% +0.8% +1.6% +1.7% +0.7% +2.0% +2.8%

*CN +1.1% +1.4% +1.7% +0.0% +2.6% -0.2% +1.1% -0.4%

*CP +1.4% +0.8% -1.1% -0.8% +5.7% -0.1% +1.5% -3.0%

Notes: * Data is U.S. based operations only . 
1
MoM v olumes are based on a daily  carload basis. 

2
All labor category  productiv ity  metrics are based on a 3M MA v olume basis per carload

Headcount and Volume, MoM % ∆ Labor Category Productivity per Carload
2
, MoM % ∆

Average 
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J.P. Morgan uses the following rating system: Overweight [Over the next six to twelve months, we expect this stock will outperform the average total return of the stocks in the 

analyst’s (or the analyst’s team’s) coverage universe.] Neutral [Over the next six to twelve months, we expect this stock will perform in line with the average total return of the 

stocks in the analyst’s (or the analyst’s team’s) coverage universe.] Underweight [Over the next six to twelve months, we expect this stock will underperform the average total 

return of the stocks in the analyst’s (or the analyst’s team’s) coverage universe.] Not Rated (NR): J.P. Morgan has removed the rating and, if applicable, the price target, for this 

stock because of either a lack of a sufficient fundamental basis or for legal, regulatory or policy reasons. The previous rating and, if applicable, the price target, no longer should be 

relied upon. An NR designation is not a recommendation or a rating. In our Asia (ex-Australia and ex-India) and U.K. small- and mid-cap equity research, each stock’s expected 

total return is compared to the expected total return of a benchmark country market index, not to those analysts’ coverage universe. If it does not appear in the Important 

Disclosures section of this report, the certifying analyst’s coverage universe can be found on J.P. Morgan’s research website, https://www.jpmorganmarkets.com. 

Coverage Universe: Ossenbeck, Brian P: C.H. Robinson (CHRW), CSX (CSX), Canadian National Railway (CNR.TO), Canadian Pacific Railway (CP.TO), FedEx Corporation 

(FDX), GXO Logistics (GXO), Heartland Express (HTLD), Hub Group (HUBG), J.B. Hunt (JBHT), Knight-Swift (KNX), Norfolk Southern (NSC), Ryder System, Inc. (R), 

Schneider (SNDR), TFI International (TFII), TuSimple (TSP), U.S. Xpress (USX), Union Pacific (UNP), United Parcel Service (UPS), Werner Enterprises (WERN), XPO 

Logistics (XPO)

J.P. Morgan Equity Research Ratings Distribution, as of April 02, 2022
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*Please note that the percentages might not add to 100% because of rounding.

**Percentage of subject companies within each of the "buy," "hold" and "sell" categories for which J.P. Morgan has provided investment banking services within the previous 12 months. 

For purposes only of FINRA ratings distribution rules, our Overweight rating falls into a buy rating category; our Neutral rating falls into a hold rating category; and our Underweight rating falls into a 

sell rating category. Please note that stocks with an NR designation are not included in the table above. This information is current as of the end of the most recent calendar quarter.

Equity Valuation and Risks: For valuation methodology and risks associated with covered companies or price targets for covered companies, please see the most recent 

company-specific research report at http://www.jpmorganmarkets.com, contact the primary analyst or your J.P. Morgan representative, or email 

research.disclosure.inquiries@jpmorgan.com. For material information about the proprietary models used, please see the Summary of Financials in company-specific research 

reports and the Company Tearsheets, which are available to download on the company pages of our client website, http://www.jpmorganmarkets.com. This report also sets out 

within it the material underlying assumptions used.

A history of J.P. Morgan investment recommendations disseminated during the preceding 12 months can be accessed on the Research & Commentary page of 

http://www.jpmorganmarkets.com where you can also search by analyst name, sector or financial instrument.

Analysts' Compensation: The research analysts responsible for the preparation of this report receive compensation based upon various factors, including the quality and accuracy 

of research, client feedback, competitive factors, and overall firm revenues. 

Other Disclosures 

J.P. Morgan is a marketing name for investment banking businesses of JPMorgan Chase & Co. and its subsidiaries and affiliates worldwide.

UK MIFID FICC research unbundling exemption: UK clients should refer to UK MIFID Research Unbundling exemption for details of JPMorgan’s implementation of the 

FICC research exemption and guidance on relevant FICC research categorisation. 

All research material made available to clients are simultaneously available on our client website, J.P. Morgan Markets, unless specifically permitted by relevant laws. Not all 

research content is redistributed, e-mailed or made available to third-party aggregators. For all research material available on a particular stock, please contact your sales 

representative.

Any long form nomenclature for references to China; Hong Kong; Taiwan; and Macau within this research material are Mainland China; Hong Kong SAR (China); Taiwan 

(China); and Macau SAR (China).

J.P. Morgan Research may, from time to time, write on issuers or securities targeted by economic or financial sanctions imposed or administered by the governmental authorities of

 
Overweight 
(buy) 

Neutral 
(hold) 

Underweight 
(sell) 

J.P. Morgan Global Equity Research Coverage* 51% 37% 12% 

    IB clients** 52% 47% 36% 

JPMS Equity Research Coverage* 51% 37% 12% 

    IB clients** 75% 68% 51% 
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the U.S., EU, UK or other relevant jurisdictions (Sanctioned Securities). Nothing in this report is intended to be read or construed as encouraging, facilitating, promoting or 

otherwise approving investment or dealing in such Sanctioned Securities. Clients should be aware of their own legal and compliance obligations when making investment 

decisions. 

Options and Futures related research: If the information contained herein regards options- or futures-related research, such information is available only to persons who have 

received the proper options or futures risk disclosure documents. Please contact your J.P. Morgan Representative or visit https://www.theocc.com/components/docs/riskstoc.pdf for 

a copy of the Option Clearing Corporation's Characteristics and Risks of Standardized Options or 

http://www.finra.org/sites/default/files/Security_Futures_Risk_Disclosure_Statement_2018.pdf for a copy of the Security Futures Risk Disclosure Statement. 

Changes to Interbank Offered Rates (IBORs) and other benchmark rates: Certain interest rate benchmarks are, or may in the future become, subject to ongoing international, 

national and other regulatory guidance, reform and proposals for reform. For more information, please consult: 

https://www.jpmorgan.com/global/disclosures/interbank_offered_rates

Private Bank Clients: Where you are receiving research as a client of the private banking businesses offered by JPMorgan Chase & Co. and its subsidiaries (“J.P. Morgan Private 

Bank”), research is provided to you by J.P. Morgan Private Bank and not by any other division of J.P. Morgan, including, but not limited to, the J.P. Morgan Corporate and 

Investment Bank and its Global Research division.

Legal entity responsible for the production and distribution of research: The legal entity identified below the name of the Reg AC Research Analyst who authored this 

material is the legal entity responsible for the production of this research. Where multiple Reg AC Research Analysts authored this material with different legal entities identified 

below their names, these legal entities are jointly responsible for the production of this research. Research Analysts from various J.P. Morgan affiliates may have contributed to the 

production of this material but may not be licensed to carry out regulated activities in your jurisdiction (and do not hold themselves out as being able to do so). Unless otherwise 

stated below, this material has been distributed by the legal entity responsible for production. If you have any queries, please contact the relevant Research Analyst in your 

jurisdiction or the entity in your jurisdiction that has distributed this research material.

Legal Entities Disclosures and Country-/Region-Specific Disclosures:

Argentina: JPMorgan Chase Bank N.A Sucursal Buenos Aires is regulated by Banco Central de la República Argentina (“BCRA”- Central Bank of Argentina) and Comisión 

Nacional de Valores (“CNV”- Argentinian Securities Commission” - ALYC y AN Integral N°51). Australia: J.P. Morgan Securities Australia Limited (“JPMSAL”) (ABN 61 003 

245 234/AFS Licence No: 238066) is regulated by the Australian Securities and Investments Commission and is a Market, Clearing and Settlement Participant of ASX Limited 

and CHI-X. This material is issued and distributed in Australia by or on behalf of JPMSAL only to "wholesale clients" (as defined in section 761G of the Corporations Act 2001). 

A list of all financial products covered can be found by visiting https://www.jpmm.com/research/disclosures. J.P. Morgan seeks to cover companies of relevance to the domestic 

and international investor base across all Global Industry Classification Standard (GICS) sectors, as well as across a range of market capitalisation sizes. If applicable, in the course 

of conducting public side due diligence on the subject company(ies), the Research Analyst team may at times perform such diligence through corporate engagements such as site 

visits, discussions with company representatives, management presentations, etc. Research issued by JPMSAL has been prepared in accordance with J.P. Morgan Australia’s 

Research Independence Policy which can be found at the following link: J.P. Morgan Australia - Research Independence Policy. Brazil: Banco J.P. Morgan S.A. is regulated by 

the Comissao de Valores Mobiliarios (CVM) and by the Central Bank of Brazil. Ombudsman J.P. Morgan: 0800-7700847 / ouvidoria.jp.morgan@jpmorgan.com. Canada: J.P. 

Morgan Securities Canada Inc. is a registered investment dealer, regulated by the Investment Industry Regulatory Organization of Canada and the Ontario Securities Commission 

and is the participating member on Canadian exchanges. This material is distributed in Canada by or on behalf of J.P.Morgan Securities Canada Inc. Chile: Inversiones J.P. 

Morgan Limitada is an unregulated entity incorporated in Chile. China: J.P. Morgan Securities (China) Company Limited has been approved by CSRC to conduct the securities 

investment consultancy business. Dubai International Financial Centre (DIFC): JPMorgan Chase Bank, N.A., Dubai Branch is regulated by the Dubai Financial Services 

Authority (DFSA) and its registered address is Dubai International Financial Centre - The Gate, West Wing, Level 3 and 9 PO Box 506551, Dubai, UAE. This material has been 

distributed by JP Morgan Chase Bank, N.A., Dubai Branch to persons regarded as professional clients or market counterparties as defined under the DFSA rules. European
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Economic Area (EEA): Unless specified to the contrary, research is distributed in the EEA by J.P. Morgan SE (“JPM SE”), which is subject to prudential supervision by the 

European Central Bank (“ECB”) in cooperation with BaFin and Deutsche Bundesbank in Germany. JPM SE is a company headquartered in Frankfurt with registered address at 

TaunusTurm, Taunustor 1, Frankfurt am Main, 60310, Germany. The material has been distributed in the EEA to persons regarded as professional investors (or equivalent) 

pursuant to Art. 4 para. 1 no. 10 and Annex II of MiFID II and its respective implementation in their home jurisdictions (“EEA professional investors”). This material must not be 

acted on or relied on by persons who are not EEA professional investors. Any investment or investment activity to which this material relates is only available to EEA relevant 

persons and will be engaged in only with EEA relevant persons. Hong Kong: J.P. Morgan Securities (Asia Pacific) Limited (CE number AAJ321) is regulated by the Hong Kong 

Monetary Authority and the Securities and Futures Commission in Hong Kong, and J.P. Morgan Broking (Hong Kong) Limited (CE number AAB027) is regulated by the 

Securities and Futures Commission in Hong Kong. JP Morgan Chase Bank, N.A., Hong Kong (CE Number AAL996) is regulated by the Hong Kong Monetary Authority and the 

Securities and Futures Commission, is organized under the laws of the United States with limited liability. India: J.P. Morgan India Private Limited (Corporate Identity Number -

U67120MH1992FTC068724), having its registered office at J.P. Morgan Tower, Off. C.S.T. Road, Kalina, Santacruz - East, Mumbai – 400098, is registered with the Securities 

and Exchange Board of India (SEBI) as a ‘Research Analyst’ having registration number INH000001873. J.P. Morgan India Private Limited is also registered with SEBI as a 

member of the National Stock Exchange of India Limited and the Bombay Stock Exchange Limited (SEBI Registration Number – INZ000239730) and as a Merchant Banker 

(SEBI Registration Number - MB/INM000002970). Telephone: 91-22-6157 3000, Facsimile: 91-22-6157 3990 and Website: http://www.jpmipl.com. JPMorgan Chase Bank, N.A. 

- Mumbai Branch is licensed by the Reserve Bank of India (RBI) (Licence No. 53/ Licence No. BY.4/94; SEBI - IN/CUS/014/ CDSL : IN-DP-CDSL-444-2008/ IN-DP-NSDL-

285-2008/ INBI00000984/ INE231311239) as a Scheduled Commercial Bank in India, which is its primary license allowing it to carry on Banking business in India and other 

activities, which a Bank branch in India are permitted to undertake. For non-local research material, this material is not distributed in India by J.P. Morgan India Private Limited. 

Indonesia: PT J.P. Morgan Sekuritas Indonesia is a member of the Indonesia Stock Exchange and is regulated by the OJK a.k.a. BAPEPAM LK. Korea: J.P. Morgan Securities 

(Far East) Limited, Seoul Branch, is a member of the Korea Exchange (KRX). JPMorgan Chase Bank, N.A., Seoul Branch, is licensed as a branch office of foreign bank 

(JPMorgan Chase Bank, N.A.) in Korea. Both entities are regulated by the Financial Services Commission (FSC) and the Financial Supervisory Service (FSS). For non-macro 

research material, the material is distributed in Korea by or through J.P. Morgan Securities (Far East) Limited, Seoul Branch. Japan: JPMorgan Securities Japan Co., Ltd. and 

JPMorgan Chase Bank, N.A., Tokyo Branch are regulated by the Financial Services Agency in Japan. Malaysia: This material is issued and distributed in Malaysia by JPMorgan 

Securities (Malaysia) Sdn Bhd (18146-X), which is a Participating Organization of Bursa Malaysia Berhad and holds a Capital Markets Services License issued by the Securities 

Commission in Malaysia. Mexico: J.P. Morgan Casa de Bolsa, S.A. de C.V.and J.P. Morgan Grupo Financiero are members of the Mexican Stock Exchange and are authorized to 

act as a broker dealer by the National Banking and Securities Exchange Commission. New Zealand: This material is issued and distributed by JPMSAL in New Zealand only to 

"wholesale clients" (as defined in the Financial Markets Conduct Act 2013). JPMSAL is registered as a Financial Service Provider under the Financial Service providers 

(Registration and Dispute Resolution) Act of 2008. Pakistan: J. P. Morgan Pakistan Broking (Pvt.) Ltd is a member of the Karachi Stock Exchange and regulated by the Securities 

and Exchange Commission of Pakistan. Philippines: J.P. Morgan Securities Philippines Inc. is a Trading Participant of the Philippine Stock Exchange and a member of the 

Securities Clearing Corporation of the Philippines and the Securities Investor Protection Fund. It is regulated by the Securities and Exchange Commission. Russia: CB J.P. Morgan 

Bank International LLC is regulated by the Central Bank of Russia. Singapore: This material is issued and distributed in Singapore by or through J.P. Morgan Securities Singapore 

Private Limited (JPMSS) [MCI (P) 093/09/2021 and Co. Reg. No.: 199405335R], which is a member of the Singapore Exchange Securities Trading Limited, and/or JPMorgan 

Chase Bank, N.A., Singapore branch (JPMCB Singapore), both of which are regulated by the Monetary Authority of Singapore. This material is issued and distributed in 

Singapore only to accredited investors, expert investors and institutional investors, as defined in Section 4A of the Securities and Futures Act, Cap. 289 (SFA). This material is not 

intended to be issued or distributed to any retail investors or any other investors that do not fall into the classes of “accredited investors,” “expert investors” or “institutional 

investors,” as defined under Section 4A of the SFA. Recipients of this material in Singapore are to contact JPMSS or JPMCB Singapore in respect of any matters arising from, or 

in connection with, the material. As at the date of this material, JPMSS is a designated market maker for certain structured warrants listed on the Singapore Exchange where the 

underlying securities may be the securities discussed in this material. Arising from its role as a designated market maker for such structured warrants, JPMSS may conduct hedging 

activities in respect of such underlying securities and hold or have an interest in such underlying securities as a result. The updated list of structured warrants for which JPMSS acts 

as designated market maker may be found on the website of the Singapore Exchange Limited: http://www.sgx.com. South Africa: J.P. Morgan Equities South Africa Proprietary 

Limited and JPMorgan Chase Bank, N.A., Johannesburg Branch are members of the Johannesburg Securities Exchange and are regulated by the Financial Services Board. 

Taiwan: J.P. Morgan Securities (Taiwan) Limited is a participant of the Taiwan Stock Exchange (company-type) and regulated by the Taiwan Securities and Futures Bureau. 

Material relating to equity securities is issued and distributed in Taiwan by J.P. Morgan Securities (Taiwan) Limited, subject to the license scope and the applicable laws and the
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regulations in Taiwan. According to Paragraph 2, Article 7-1 of Operational Regulations Governing Securities Firms Recommending Trades in Securities to Customers (as 

amended or supplemented) and/or other applicable laws or regulations, please note that the recipient of this material is not permitted to engage in any activities in connection with 

the material that may give rise to conflicts of interests, unless otherwise disclosed in the “Important Disclosures” in this material. Thailand: This material is issued and distributed 

in Thailand by JPMorgan Securities (Thailand) Ltd., which is a member of the Stock Exchange of Thailand and is regulated by the Ministry of Finance and the Securities and 

Exchange Commission, and its registered address is 3rd Floor, 20 North Sathorn Road, Silom, Bangrak, Bangkok 10500. UK: Unless specified to the contrary, research is 

distributed in the UK by J.P. Morgan Securities plc (“JPMS plc”) which is a member of the London Stock Exchange and is authorised by the Prudential Regulation Authority and 

regulated by the Financial Conduct Authority and the Prudential Regulation Authority. JPMS plc is registered in England & Wales No. 2711006, Registered Office 25 Bank Street, 

London, E14 5JP. This material is directed in the UK only to: (a) persons having professional experience in matters relating to investments falling within article 19(5) of the 

Financial Services and Markets Act 2000 (Financial Promotion) (Order) 2005 (“the FPO”); (b) persons outlined in article 49 of the FPO (high net worth companies, unincorporated 

associations or partnerships, the trustees of high value trusts, etc.); or (c) any persons to whom this communication may otherwise lawfully be made; all such persons being 

referred to as "UK relevant persons". This material must not be acted on or relied on by persons who are not UK relevant persons. Any investment or investment activity to which 

this material relates is only available to UK relevant persons and will be engaged in only with UK relevant persons. Research issued by JPMS plc has been prepared in accordance 

with JPMS plc's policy for prevention and avoidance of conflicts of interest related to the production of Research which can be found at the following link: J.P. Morgan EMEA -

Research Independence Policy. U.S.: J.P. Morgan Securities LLC (“JPMS”) is a member of the NYSE, FINRA, SIPC, and the NFA. JPMorgan Chase Bank, N.A. is a member of 

the FDIC. Material published by non-U.S. affiliates is distributed in the U.S. by JPMS who accepts responsibility for its content.

General: Additional information is available upon request. The information in this material has been obtained from sources believed to be reliable. While all reasonable care has 

been taken to ensure that the facts stated in this material are accurate and that the forecasts, opinions and expectations contained herein are fair and reasonable, JPMorgan Chase & 

Co. or its affiliates and/or subsidiaries (collectively J.P. Morgan) make no representations or warranties whatsoever to the completeness or accuracy of the material provided, 

except with respect to any disclosures relative to J.P. Morgan and the Research Analyst's involvement with the issuer that is the subject of the material. Accordingly, no reliance 

should be placed on the accuracy, fairness or completeness of the information contained in this material. Any data discrepancies in this material could be the result of different 

calculations and/or adjustments. J.P. Morgan accepts no liability whatsoever for any loss arising from any use of this material or its contents, and neither J.P. Morgan nor any of its 

respective directors, officers or employees, shall be in any way responsible for the contents hereof, apart from the liabilities and responsibilities that may be imposed on them by 

the relevant regulatory authority in the jurisdiction in question, or the regulatory regime thereunder. Opinions, forecasts or projections contained in this material represent J.P. 

Morgan's current opinions or judgment as of the date of the material only and are therefore subject to change without notice. Periodic updates may be provided on 

companies/industries based on company-specific developments or announcements, market conditions or any other publicly available information. There can be no assurance that 

future results or events will be consistent with any such opinions, forecasts or projections, which represent only one possible outcome. Furthermore, such opinions, forecasts or 

projections are subject to certain risks, uncertainties and assumptions that have not been verified, and future actual results or events could differ materially. The value of, or income 

from, any investments referred to in this material may fluctuate and/or be affected by changes in exchange rates. All pricing is indicative as of the close of market for the securities 

discussed, unless otherwise stated. Past performance is not indicative of future results. Accordingly, investors may receive back less than originally invested. This material is not 

intended as an offer or solicitation for the purchase or sale of any financial instrument. The opinions and recommendations herein do not take into account individual client 

circumstances, objectives, or needs and are not intended as recommendations of particular securities, financial instruments or strategies to particular clients. The recipients of this 

material must make their own independent decisions regarding any securities or financial instruments mentioned herein and should seek advice from such independent financial, 

legal, tax or other adviser as they deem necessary. J.P. Morgan may trade as a principal on the basis of the Research Analysts’ views and research, and it may also engage in 

transactions for its own account or for its clients’ accounts in a manner inconsistent with the views taken in this material, and J.P. Morgan is under no obligation to ensure that such 

other communication is brought to the attention of any recipient of this material. Others within J.P. Morgan, including Strategists, Sales staff and other Research Analysts, may 

take views that are inconsistent with those taken in this material. Employees of J.P. Morgan not involved in the preparation of this material may have investments in the securities 

(or derivatives of such securities) mentioned in this material and may trade them in ways different from those discussed in this material. This material is not an advertisement for or 

marketing of any issuer, its products or services, or its securities in any jurisdiction.
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