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Lots of media attention, policy discussions, and research about the health of the global supply chain
motivated by the COVID-19 pandemic...
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What are the 000000 000000 and 000000 0J00000CCO0O0 of global supply chain disruptions?
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How can we measure the size of a supply chain disruption shock?
| 0OI00000 0oo
1 000 0000 0000 Ooooom
How does a supply chain disruption shock differ from other shocks?
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What are the policy implications?
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[0 000 DbO0O0000 00000000 D00O0ID0O to transform the satellite data of containerships into a

high-frequency measure of port congestion applicable to major ports worldwide.
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J DO0O00 0000 D000t Uhoooooh bOo0UOO to study supply chain disruptions considering the spare

capacity resulting from the imbalances between the supply and demand for goods.

Xiwen Bai , Fernandez-Villaverde , Yiliang Li , Francesco Zanetti 3/50



000 OUoboioooiooo

J 000000000 Do0oooo0boD 00io0 0oboooobol OOOo to integrate our measure of global supply chain

disruptions and the theory-predicted identification restrictions on structural shocks.
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[0 0000000000000000 00O0IOOIC that studies the interplay between supply chain disruptions and the

changes in the effectiveness of monetary policy to control inflation and output.
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Measuring Global Supply Chain Disruptions
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We measure disruptions to the global supply chain by studying 0000000000 00 000000000 OOCOO.
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You want to think about containerships as regular flights or bus lines: regular schedules, picking
up/delivering containers from/to feeders.
1 00m00 000 OO0 00000 00 00 0000000 00000000010 00 0100 000000 000 000000 000 00000 00 000000000 00000
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In the realm of containerized trade, seaports serve as international hubs for freight collection and

distribution.
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0000 00O00000000: a containership must first moor in an 000000000 within the port (random areas to
lower anchors) before docking at a 00000 (designated spots to load/unload the cargo).

Prior to the pandemic, waiting times at ports were just a few hours. However, general disruptions
related to the COVID-19 pandemic led to extended delays, with waiting times reaching 2-3 days at

several major ports.

Even mild congestion has tremendous financial and logistic consequences.
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We use movement data of containerships from the OO00O0000 000000000000 0O0O0OO CODOC.
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Machine learning allows us to handle the data — spatial-temporal data of container ships at top 50

container ports worldwide.
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Raymarine AIS 4000 Class A AIS
Transceiver

RAYMARINE AIS 4000 Class A AIS - Designed for commercial
vessels, luxury yachts, and SOLAS high-seas shipping, the AIS4000
Automatic Identification System (AIS) transceiver delivers robust
Class A AIS network capability and is engineered to withstand the
harsh weather, shock, and vibration of any vessel class. Power
supply: 12 to 24 VDC. Frequency: 156.025 MHz to 162.025

MHz. E70601 Free US Shipping.

Reference: E70601 In Stock: 1

Reg Price: $2,799.99

What is Citimarine Plus Membership?
Click here for details
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Timestamps
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Map the geographical boundaries of berths and anchorages for the top 50 container ports (P) using
AIS data and IMA-DBSCAN.
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Count the number of ships at each port p that first moor in an anchorage before docking at a berth

at a monthly frequency (Delayedpt).
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Calculate the congestion rate for each port p by dividing the number of delayed ships by the total

number of ship visits (Delayedpe + Undelayedpt),

Delayedpt . .
Delayedpt + Undelayedp: ' 8p2 P

Congestionpt
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Calculate the Average Congestion Rate (ACRy), weighted by the total number of ship visits,

p Delayedp: + Undelayedp:
(Delayedpt + Undelayedpt)

ACR¢ = Congestionpt

p2P p2P
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Rose to reach its peak at 37% in June 2021.
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Remained elevated until the second half of 2022.
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Reverted to a sample median at 29.1% in 2023.
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Our ACR index is largely independent of changes in demand:
000000000 0Io00boot boo 0ood 0boooo 0o 0boooibooboioo booooo booo 0boooooto o 0hobobooo 0o botootiooog
[0 0DoOoDoo
000 000000 DOooooo 00 bOo [0Dooo boboooooo 0000 000 0oo0ooo 00 0000 booboooioo 0oooonito Dood fooooooooo
00O0000O00O00 00 00000000 000O0o boobot boooogo
000 0O0ODOI000o0 0ot Dooot booo b0 O000Ooooo 0o 0o j0Cooo 10t0 boooooo oo boooooo
(0000 00 0000 DODOooodioD CooOobD 00O0DomiDO 0boo 000 0ood Coooooo

It also separates disruptions to production and those to transportation.

Satellite data is accurate in tracking containerships, with virtually no measurement error.
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Attacks on commercial ships in the Red Sea (Al Jazeera, 2023) — O0O0C.
Draught at the Panama Canal (LaRocco, 2023) — OO0OC.

Illegal oil trade and Russia’s “dark fleet” (Cook and Sheppard, 2023) — 0O000000.

Different weights:

1 000000 0000000000 0000 00000 0 00000
1 00000000 0000000000000 1000000 O 0000
1 000000 000 00000 000000000000 000 00000 00000 0 00000007

The ACR index as a noisy measure and estimation of SVARs with measurement errors — OO000OC.

https://globalportcongestion.github.io/blog/intro.html.

Xiwen Bai , Jestis Fernandez-Villaverde ang Li , Francesco Zanetti 21/50


https://globalportcongestion.github.io/blog/intro.html

U00o0l Doodooiot 0ob 0oo 000 000 gooomo

Panama Canal—e

Normal Route

Rerouting Route — — -

/" of Malacca

7
_ Cape Route
S~ —
Cape of
Good Hope

000000 boo tooooo 00000000 0oooo

Xiwen Bai ,

Jests Fernandez-Villaverde

ang Li ,

Francesco Zanetti

22/50



00000l Dbodooiot Uob 0ob OO0 0o0d Looot boooooo

80
—— Suez Canal Rerouting

--- Median = 1.440

60

Billion Ton-Miles
>
o

20
A

> > N ‘) o QO S © o SV > > v
K §Q K S’b X Q\b‘ K S{\) K S\\» K $\ K §b& K §’\ K §'b K @Q K é"b . §Q . §"1} 5 Q\(’) (b t\\’\) K s\bv
& X X 3 3 S S 9> 9> § 4 U A A X
R R R S I A A G

000000 DO 0Dooo 00000 Ooo0oooo Oo0bO0moo 00ooiCo 0 oboooboo

Back

23/50

Xiwen Bai , Jestis Fernandez-Villaverde ang Li , Francesco Zanetti



0 o

80.4°W 80°W 79.6°W 79.2°W

. —
N e
9.8°N "y - |o.geN
£H~ -

9.6°N o = 9.6°N

The climate crisis is increasingly impacting 9.4°N } 9.4°N
lobal ly chai d trad tes.
global supply chains and trade routes 9.2°N 9.2°N
Cargo ships have been forced to wait days and 9°N 9N
weeks to cross the Panama Canal because of 3 L
N 8.8°N ’.,y. 8.8°N

severe drought and the subsequent El Nino effect.

8.6°N o* 8.6°N

80.4°W 80°W 79.6°W 79.2°W

0ooooo 00l Obooooooo Coooo 0o 000 000000 O0boom

Xiwen Bai , Jestis Fernandez-Villaverde ang Li , Francesco Zanetti 24/50



00 000 000 dopoitodt Uobot Uoboboooo

—— Panama Canal Congestion
=== Median = 2.116

Billion Ton-Miles

o Q& v 2 2 YV 3 Sy
SR PGP P PO
; ; ; ; S

SR

“o.
909 5
v”o‘) 3
eaé]
909]
eoee

eoee

%,

B

0ooooo 0ol 40000000t 00 O00mOo 0oooo 000 0o 000000 Doooo 0000000000 0000iO0 O 0ooorboo

25/50

Francesco Zanetti

Xiwen Bai , Jestis Fernandez-Villaverde ang Li ,



gooo oo

A Model of Congestion and Spare Capacity
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We want a model that accounts for both spare productive capacity and scarcity in retail supply.

We also want a model that provides identification restrictions for standard causality assessment in
time series (SVARs, LPs).
The model must have the three shocks that researchers and policymakers have been discussing as
driving inflation post-COVID:
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A full structural estimation is also possible, but ...
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Three classes of models:
1 [ 0000000100 0000000 C000i
1 0 000 000000100 00000 0000 00000000000000 000000 00
1 [ 000000 000 CO000000 D000 0000 00000000000000 000000
The last two classes of models can be mapped into each other in terms of identification, but we believe

that, for this application, a search and matching model is more transparent.

000 000000000 (i) matching frictions between producers and retailers in the product market; and (ii)
endogenous separation of producer-retailer matches on transportation cost.

Aggregate Supply Aggregate Demand Flexible Price Steady State
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We use comparative statics to study the responses of the macro aggregates to (unanticipated) adverse
shocks to aggregate demand, productive capacity, and the supply chain, when the economy is at the

steady state.

Numerical exercises also show that the full transition dynamics are consistent with the identification

restrictions.
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The Causal Effects of Global Supply Chain Disruptions
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We address the causal effects of global supply chain disruptions using the SVARs as in Uhlig (2005),
Rubio-Ramirez 00 0 (2010), and Arias 00 00 (2018):

YiAO= XA+ 1t T

We include six endogenous variables:

o0 ooaoo
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ooar

All the series are seasonally adjusted. The sample runs from 2017:M1 through 2023:M9.

Setting Up the SVAR
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00 0000000 00000 0O DODCO000D 000000 leads to a negative response of real GDP, PCE goods price,
retail market tightness, and import price, as well as to a positive response of unemployment at k = 1.
The ACR does not respond at k = 1.

00 0000000 00000 00 0000000000 DOO000000 leads to a negative response of real GDP and
unemployment, as well as to a positive response of PCE goods price, retail market tightness, and
import price at k = 1. The ACR does not respond at k = 1.

00 0000000 00000 00 0DOOID DOOOO leads to a negative response of real GDP, as well as to a positive
response of PCE goods price, unemployment, and the ACR at k = 1.

Comparative Statics
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We set two lags in the baseline specification, but the results are robust to considering longer lags.

Real GDP, PCE goods price, retail market tightness, and import price enter the SVAR in log percent,

while unemployment and the ACR index enter in percent.
Bayesian estimation with a Normal-Generalized-Normal (NGN) prior distribution over Ao; A+

We also check the robustness of our results across many other dimensions, e.g., dropping the zero

restrictions, variable substitutions, an estimation using the prior robust approach, etc.
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