[bookmark: supplementary-information]Supplementary Material
This supplementary document reports the complete sample-construction record, the 2019 structural profiles, the prespecified disruption registry, every endpoint estimate in each specification family, pre-trend and leave-one-port-out (LOO) diagnostics, and a multiplicity sensitivity for the principal endpoint families.  Percentage responses are reported as 100[exp(b) − 1] for a one-standard-deviation increase in the relevant 2019 structural characteristic. That transformation is the proportional contrast in 1 + activity. All p-values are two-tailed restricted wild-cluster bootstrap p-values clustered by port (G = 10), computed with Webb six-point weights, 9,999 replications, the null imposed, and seed 20260823. The procedure is the WCR31 (WCR-S) estimator of MacKinnon et al. (2023a, 2023b).
[bookmark: s1.-data-sources-and-sample-construction]


S1. Data sources and sample construction
Port activity data are from the International Monetary Fund (IMF) PortWatch platform. The source panel covered 62 West African maritime nodes. Twenty-five nodes explicitly classified as offshore or floating storage and offloading facilities were excluded before sample selection, leaving 37 eligible conventional ports. Eligible ports were ranked ex ante by total 2019 estimated maritime shipment activity, and the upper quartile under the ceiling rule yielded the 10 major conventional ports analysed in the paper. Selection was completed before any disruption-response model was estimated.
Table S1. All 37 eligible conventional West African ports ranked by 2019 estimated maritime shipment activity, with the sample-selection boundary
	Rank
	Port
	Country
	2019 activity (metric tons)
	Share of eligible activity (%)
	Cumulative share (%)
	In analysis sample

	1
	Lagos
	Nigeria
	23,310,693
	16.04
	16.04
	Yes

	2
	Dakar
	Senegal
	13,443,391
	9.25
	25.29
	Yes

	3
	Abidjan
	Côte d’Ivoire
	11,932,910
	8.21
	33.51
	Yes

	4
	Kamsar
	Guinea
	11,826,846
	8.14
	41.65
	Yes

	5
	Lomé
	Togo
	10,781,389
	7.42
	49.06
	Yes

	6
	Bonny
	Nigeria
	9,999,160
	6.88
	55.95
	Yes

	7
	Tema
	Ghana
	9,397,312
	6.47
	62.41
	Yes

	8
	Nouadhibou
	Mauritania
	8,613,182
	5.93
	68.34
	Yes

	9
	Conakry
	Guinea
	7,684,699
	5.29
	73.63
	Yes

	10
	Cotonou
	Benin
	6,919,652
	4.76
	78.39
	Yes

	11
	Takoradi
	Ghana
	5,959,978
	4.10
	82.49
	No

	12
	Nouakchott
	Mauritania
	3,744,435
	2.58
	85.07
	No

	13
	San Pedro
	Côte d’Ivoire
	3,406,382
	2.34
	87.41
	No

	14
	Buchanan
	Liberia
	3,377,584
	2.32
	89.74
	No

	15
	Freetown
	Sierra Leone
	3,159,111
	2.17
	91.91
	No

	16
	Onne
	Nigeria
	2,144,931
	1.48
	93.39
	No

	17
	Porto Grande
	Cabo Verde
	1,994,624
	1.37
	94.76
	No

	18
	Port Harcourt
	Nigeria
	1,878,870
	1.29
	96.05
	No

	19
	Monrovia
	Liberia
	1,663,073
	1.14
	97.20
	No

	20
	Banjul
	The Gambia
	811,603
	0.56
	97.76
	No

	21
	Porto Da Praia
	Cabo Verde
	611,363
	0.42
	98.18
	No

	22
	Bissau
	Guinea-Bissau
	515,517
	0.35
	98.53
	No

	23
	Warri
	Nigeria
	431,052
	0.30
	98.83
	No

	24
	Calabar
	Nigeria
	378,935
	0.26
	99.09
	No

	25
	Palmeira
	Cabo Verde
	244,015
	0.17
	99.26
	No

	26
	Sapele
	Nigeria
	187,590
	0.13
	99.39
	No

	27
	Okrika
	Nigeria
	184,283
	0.13
	99.51
	No

	28
	Koko
	Nigeria
	156,655
	0.11
	99.62
	No

	29
	Lekki
	Nigeria
	145,902
	0.10
	99.72
	No

	30
	Taressa
	Guinea
	130,665
	0.09
	99.81
	No

	31
	Sal Rei
	Cabo Verde
	106,344
	0.07
	99.89
	No

	32
	Sekondi
	Ghana
	92,718
	0.06
	99.95
	No

	33
	Escravos (Oil Terminal)
	Nigeria
	59,999
	0.04
	99.99
	No

	34
	Port Vale Knights
	Cabo Verde
	12,511
	0.01
	100.00
	No

	35
	Dapilon
	Guinea
	644
	0.00
	100.00
	No

	36
	Katougouma
	Guinea
	0
	0.00
	100.00
	No

	37
	Morebaya
	Guinea
	0
	0.00
	100.00
	No


Notes. Activity is the total 2019 estimated maritime shipment activity from IMF PortWatch. Shares are computed across the 37 eligible conventional ports only, after offshore and floating storage/offloading nodes were removed. The 10 ports flagged in the final column constitute the prespecified analysis sample and account for 78.39% of 2019 activity among eligible conventional ports.
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S2. Baseline structural variables
All structural variables were constructed exclusively from 2019 activity and held time-invariant throughout the event analyses. Table S2 reports the complete five-class cargo composition for each sampled port together with both diversification operationalizations and both trade-imbalance measures.
Table S2. Complete 2019 baseline structural profile of the 10 sampled ports
	Port
	Country
	Container (%)
	Dry bulk (%)
	General cargo (%)
	Ro-ro (%)
	Tanker (%)
	Active cargo classes
	Shannon (normalized)
	1-HHI
	Cargo HHI
	Absolute imbalance
	Signed orientation

	Lagos
	Nigeria
	26.1
	39.7
	3.0
	0.7
	30.5
	5
	0.757
	0.680
	0.320
	0.906
	0.906

	Dakar
	Senegal
	25.6
	47.7
	4.7
	0.9
	21.1
	5
	0.756
	0.660
	0.340
	0.687
	0.687

	Abidjan
	Côte d’Ivoire
	18.0
	61.5
	6.6
	0.7
	13.1
	5
	0.677
	0.567
	0.433
	0.550
	0.550

	Kamsar
	Guinea
	1.0
	97.2
	1.2
	0.0
	0.5
	4
	0.096
	0.054
	0.946
	0.950
	-0.950

	Lomé
	Togo
	60.3
	18.9
	2.1
	1.0
	17.7
	5
	0.654
	0.568
	0.432
	0.555
	0.555

	Bonny
	Nigeria
	0.0
	0.0
	0.0
	0.0
	100.0
	2
	0.001
	0.000
	1.000
	1.000
	-1.000

	Tema
	Ghana
	41.6
	44.1
	2.5
	0.8
	11.0
	5
	0.683
	0.620
	0.380
	0.833
	0.833

	Nouadhibou
	Mauritania
	1.8
	78.1
	0.9
	0.0
	19.2
	5
	0.389
	0.353
	0.647
	0.631
	-0.631

	Conakry
	Guinea
	16.5
	62.6
	2.7
	1.2
	16.9
	5
	0.648
	0.551
	0.449
	0.259
	0.259

	Cotonou
	Benin
	45.1
	39.2
	2.6
	2.1
	11.0
	5
	0.711
	0.630
	0.370
	0.709
	0.709


[bookmark: Xe0a57a5433561ed08d0cd42c16d57ba95bcfc7f]Notes. Cargo shares are 2019 shares of the five fixed cargo classes and sum to 100% up to rounding. Normalised Shannon entropy is the primary diversification measure; one minus the Herfindahl–Hirschman Index (1-HHI) is an alternative operationalization of the same construct and is never entered jointly with it. Absolute imbalance is |imports − exports| / (imports + exports). Signed orientation is (imports − exports) / (imports + exports), where positive values denote net-import orientation and negative values net-export orientation; it is retained for descriptive context and is not a principal structural interaction. For estimation, Shannon diversification is standardised using the full 10-port 2019 mean 0.5373 and sample standard deviation 0.2783 (denominator n − 1); absolute trade imbalance uses mean 0.7082 and sample standard deviation 0.2250. These constants are held fixed in leave-one-port-out (LOO) analyses rather than being recomputed after each omission. Pearson r between Shannon entropy and 1-HHI is 0.998 (n = 10), which is why the two indices are treated as alternative operationalisations of one construct rather than independent replications.


S3. Prespecified external disruption registry
Table S3. Externally defined disruption events and analytical classification
	Disruption
	Disruption class
	Onset date
	Analytical status
	Included in primary pool
	Rationale

	COVID-19
	Pandemic/supply–demand–logistics
	11 March 2020
	Primary
	Yes
	WHO characterised the outbreak as a pandemic on this date (WHO, 2020).

	Suez Canal obstruction
	Acute chokepoint event
	23 March 2021
	Secondary
	No
	Acute MV Ever Given grounding within the broader COVID-era operating environment (IMO, 2021).

	Russia–Ukraine war onset
	Geopolitical / commodity-shipping
	24 February 2022
	Primary
	Yes
	United Nations records document the start of the Russian military offensive on this date (United Nations, 2022).

	Red Sea operational disruption
	Geopolitical / chokepoint-security
	15 December 2023
	Primary
	Yes
	MSC recorded the attack on MSC Palatium III and the rerouting of Suez traffic around the Cape of Good Hope (MSC, 2023).


Note. Disruption onset dates were specified externally and were not inferred from observed port outcomes. Event dates, analytical status, and sample membership were fixed a priori and were not moved, added, removed, or reclassified in response to model results. 


[bookmark: s4.-complete-endpoint-results]S4. Complete endpoint results
Sections S4.1 to S4.5 report every endpoint estimate in each prespecified family, including the endpoints that are not statistically supported. Endpoint contrasts are linear combinations of the estimated dynamic-basis coefficients.
[bookmark: X5d0922f5609e0833a25b682f21ec009d173dfec]S4.1 Primary outcome: estimated maritime shipment activity
Table S4. All 20 prespecified endpoints for estimated maritime shipment activity, in the primary specification and the prespecified event-specific structural-trend sensitivity
	Specification
	Structural variable
	Endpoint
	Log effect
	Response (%)
	WCR31 statistic
	WCR31 p
	p < 0.05

	Primary
	Diversification
	Anticipation
	-0.189
	-17.2
	-1.062
	0.379
	No

	Primary
	Diversification
	Day 0
	-0.249
	-22.1
	-1.143
	0.367
	No

	Primary
	Diversification
	Day 30
	0.571
	77.0
	3.209
	0.009
	Yes

	Primary
	Diversification
	Day 90
	-0.041
	-4.0
	-0.325
	0.790
	No

	Primary
	Diversification
	Day 180
	0.094
	9.9
	1.229
	0.356
	No

	Primary
	Trade imbalance
	Anticipation
	-0.144
	-13.4
	-0.974
	0.613
	No

	Primary
	Trade imbalance
	Day 0
	0.367
	44.3
	1.417
	0.706
	No

	Primary
	Trade imbalance
	Day 30
	0.124
	13.2
	0.709
	0.840
	No

	Primary
	Trade imbalance
	Day 90
	0.016
	1.6
	0.177
	0.878
	No

	Primary
	Trade imbalance
	Day 180
	0.123
	13.0
	1.488
	0.461
	No

	Event-specific trend
	Diversification
	Anticipation
	-0.464
	-37.1
	-2.113
	0.131
	No

	Event-specific trend
	Diversification
	Day 0
	-0.618
	-46.1
	-2.208
	0.098
	No

	Event-specific trend
	Diversification
	Day 30
	0.019
	1.9
	0.071
	0.959
	No

	Event-specific trend
	Diversification
	Day 90
	-0.958
	-61.6
	-2.198
	0.139
	No

	Event-specific trend
	Diversification
	Day 180
	-1.369
	-74.6
	-2.415
	0.100
	No

	Event-specific trend
	Trade imbalance
	Anticipation
	0.023
	2.3
	0.121
	0.914
	No

	Event-specific trend
	Trade imbalance
	Day 0
	0.590
	80.5
	1.812
	0.413
	No

	Event-specific trend
	Trade imbalance
	Day 30
	0.459
	58.2
	1.756
	0.398
	No

	Event-specific trend
	Trade imbalance
	Day 90
	0.573
	77.4
	1.380
	0.308
	No

	Event-specific trend
	Trade imbalance
	Day 180
	1.015
	175.8
	1.856
	0.274
	No


Notes. Only one of the 20 endpoints is supported at the 5% level: the primary diversification day-30 endpoint (+77.0%, p = 0.009). Its event-specific structural-trend counterpart is +1.9% (p = 0.959). None of the 10 trade-imbalance endpoints reaches the 5% level in either specification.



[bookmark: X223c6fbafb2d9b8715ae74f18a822857fb8fe42]S4.2 Diversification measurement robustness: 1-HHI
Table S5. All 20 endpoints when normalized Shannon entropy is replaced by 1-HHI as the diversification operationalization
	Specification
	Structural variable
	Endpoint
	Log effect
	Response (%)
	WCR31 statistic
	WCR31 p
	p < 0.05

	Primary
	Diversification
	Anticipation
	-0.211
	-19.1
	-1.245
	0.343
	No

	Primary
	Diversification
	Day 0
	-0.266
	-23.4
	-1.249
	0.337
	No

	Primary
	Diversification
	Day 30
	0.565
	75.9
	3.316
	0.011
	Yes

	Primary
	Diversification
	Day 90
	-0.062
	-6.1
	-0.498
	0.684
	No

	Primary
	Diversification
	Day 180
	0.078
	8.1
	1.059
	0.415
	No

	Primary
	Trade imbalance
	Anticipation
	-0.148
	-13.8
	-1.076
	0.596
	No

	Primary
	Trade imbalance
	Day 0
	0.367
	44.3
	1.434
	0.703
	No

	Primary
	Trade imbalance
	Day 30
	0.103
	10.9
	0.590
	0.838
	No

	Primary
	Trade imbalance
	Day 90
	0.007
	0.7
	0.083
	0.938
	No

	Primary
	Trade imbalance
	Day 180
	0.112
	11.9
	1.338
	0.502
	No

	Event-specific trend
	Diversification
	Anticipation
	-0.491
	-38.8
	-2.446
	0.091
	No

	Event-specific trend
	Diversification
	Day 0
	-0.642
	-47.4
	-2.359
	0.094
	No

	Event-specific trend
	Diversification
	Day 30
	0.003
	0.3
	0.012
	0.993
	No

	Event-specific trend
	Diversification
	Day 90
	-0.995
	-63.0
	-2.386
	0.125
	No

	Event-specific trend
	Diversification
	Day 180
	-1.411
	-75.6
	-2.600
	0.087
	No

	Event-specific trend
	Trade imbalance
	Anticipation
	0.025
	2.5
	0.143
	0.898
	No

	Event-specific trend
	Trade imbalance
	Day 0
	0.599
	82.0
	1.879
	0.400
	No

	Event-specific trend
	Trade imbalance
	Day 30
	0.451
	57.0
	1.722
	0.416
	No

	Event-specific trend
	Trade imbalance
	Day 90
	0.586
	79.7
	1.477
	0.303
	No

	Event-specific trend
	Trade imbalance
	Day 180
	1.038
	182.4
	1.987
	0.273
	No


Notes. The 1-HHI specification reproduces the same 5% endpoint classification pattern as the primary Shannon specification. Because both indices are constructed from the same five 2019 cargo classes and correlate at r = 0.998 (Table S2), this is measurement robustness and not independent replication.
[bookmark: X7833e737ec3b827c786d68ff943d48e46a0283f]


S4.3 Alternative operational outcomes: port-call frequency
Table S6. All 40 endpoints for the two alternative port-call outcomes, cargo-port-call frequency and total-port-call frequency
	Outcome
	Specification
	Structural variable
	Endpoint
	Log effect
	Response (%)
	WCR31 statistic
	WCR31 p
	p < 0.05

	Cargo port calls
	Primary
	Diversification
	Anticipation
	-0.010
	-1.0
	-0.686
	0.593
	No

	Cargo port calls
	Primary
	Diversification
	Day 0
	-0.032
	-3.1
	-1.005
	0.427
	No

	Cargo port calls
	Primary
	Diversification
	Day 30
	0.003
	0.3
	0.137
	0.917
	No

	Cargo port calls
	Primary
	Diversification
	Day 90
	-0.037
	-3.7
	-2.493
	0.115
	No

	Cargo port calls
	Primary
	Diversification
	Day 180
	0.002
	0.2
	0.119
	0.920
	No

	Cargo port calls
	Primary
	Trade imbalance
	Anticipation
	-0.018
	-1.7
	-1.810
	0.314
	No

	Cargo port calls
	Primary
	Trade imbalance
	Day 0
	0.028
	2.8
	0.708
	0.854
	No

	Cargo port calls
	Primary
	Trade imbalance
	Day 30
	0.006
	0.6
	0.185
	0.960
	No

	Cargo port calls
	Primary
	Trade imbalance
	Day 90
	-0.009
	-0.9
	-0.487
	0.713
	No

	Cargo port calls
	Primary
	Trade imbalance
	Day 180
	0.002
	0.2
	0.073
	0.972
	No

	Cargo port calls
	Event-specific trend
	Diversification
	Anticipation
	-0.025
	-2.5
	-0.903
	0.455
	No

	Cargo port calls
	Event-specific trend
	Diversification
	Day 0
	-0.052
	-5.1
	-0.911
	0.443
	No

	Cargo port calls
	Event-specific trend
	Diversification
	Day 30
	-0.027
	-2.7
	-0.528
	0.712
	No

	Cargo port calls
	Event-specific trend
	Diversification
	Day 90
	-0.087
	-8.4
	-1.001
	0.412
	No

	Cargo port calls
	Event-specific trend
	Diversification
	Day 180
	-0.078
	-7.5
	-0.604
	0.610
	No

	Cargo port calls
	Event-specific trend
	Trade imbalance
	Anticipation
	-0.006
	-0.6
	-0.282
	0.833
	No

	Cargo port calls
	Event-specific trend
	Trade imbalance
	Day 0
	0.044
	4.5
	0.784
	0.607
	No

	Cargo port calls
	Event-specific trend
	Trade imbalance
	Day 30
	0.030
	3.0
	0.519
	0.731
	No

	Cargo port calls
	Event-specific trend
	Trade imbalance
	Day 90
	0.031
	3.1
	0.372
	0.731
	No

	Cargo port calls
	Event-specific trend
	Trade imbalance
	Day 180
	0.065
	6.8
	0.532
	0.677
	No

	Total port calls
	Primary
	Diversification
	Anticipation
	-0.012
	-1.2
	-0.656
	0.606
	No

	Total port calls
	Primary
	Diversification
	Day 0
	-0.012
	-1.2
	-0.361
	0.773
	No

	Total port calls
	Primary
	Diversification
	Day 30
	0.022
	2.2
	1.244
	0.357
	No

	Total port calls
	Primary
	Diversification
	Day 90
	-0.027
	-2.6
	-1.608
	0.181
	No

	Total port calls
	Primary
	Diversification
	Day 180
	0.001
	0.1
	0.059
	0.961
	No

	Total port calls
	Primary
	Trade imbalance
	Anticipation
	-0.028
	-2.7
	-1.886
	0.323
	No

	Total port calls
	Primary
	Trade imbalance
	Day 0
	0.040
	4.1
	1.073
	0.768
	No

	Total port calls
	Primary
	Trade imbalance
	Day 30
	0.010
	1.0
	0.450
	0.886
	No

	Total port calls
	Primary
	Trade imbalance
	Day 90
	-0.019
	-1.9
	-1.492
	0.202
	No

	Total port calls
	Primary
	Trade imbalance
	Day 180
	0.002
	0.2
	0.069
	0.969
	No

	Total port calls
	Event-specific trend
	Diversification
	Anticipation
	-0.048
	-4.7
	-1.939
	0.167
	No

	Total port calls
	Event-specific trend
	Diversification
	Day 0
	-0.061
	-5.9
	-1.392
	0.255
	No

	Total port calls
	Event-specific trend
	Diversification
	Day 30
	-0.051
	-5.0
	-1.086
	0.445
	No

	Total port calls
	Event-specific trend
	Diversification
	Day 90
	-0.148
	-13.8
	-1.978
	0.179
	No

	Total port calls
	Event-specific trend
	Diversification
	Day 180
	-0.193
	-17.6
	-1.952
	0.142
	No

	Total port calls
	Event-specific trend
	Trade imbalance
	Anticipation
	-0.040
	-3.9
	-1.793
	0.288
	No

	Total port calls
	Event-specific trend
	Trade imbalance
	Day 0
	0.023
	2.3
	0.491
	0.703
	No

	Total port calls
	Event-specific trend
	Trade imbalance
	Day 30
	-0.015
	-1.5
	-0.340
	0.793
	No

	Total port calls
	Event-specific trend
	Trade imbalance
	Day 90
	-0.061
	-5.9
	-0.816
	0.501
	No

	Total port calls
	Event-specific trend
	Trade imbalance
	Day 180
	-0.065
	-6.3
	-0.664
	0.584
	No


Notes. No diversification or trade-imbalance structural term reaches p < 0.05 in either port-call outcome family. The primary day-30 diversification association for estimated maritime shipment activity is therefore outcome-sensitive within the tested operational measures. Port-call frequency and shipment activity are treated as distinct operational outcomes, not as interchangeable throughput measures.


[bookmark: X1b84baecfcdfab876dba911c5232f7df63e4d0a]S4.4 Directional components: import and export activity
Table S7. All 40 endpoints for the import and export directional component outcomes
	Outcome
	Specification
	Structural variable
	Endpoint
	Log effect
	Response (%)
	WCR31 statistic
	WCR31 p
	p < 0.05

	Import activity
	Primary
	Diversification
	Anticipation
	-0.176
	-16.1
	-1.637
	0.197
	No

	Import activity
	Primary
	Diversification
	Day 0
	0.107
	11.2
	0.737
	0.549
	No

	Import activity
	Primary
	Diversification
	Day 30
	0.090
	9.4
	0.788
	0.488
	No

	Import activity
	Primary
	Diversification
	Day 90
	-0.074
	-7.1
	-0.604
	0.624
	No

	Import activity
	Primary
	Diversification
	Day 180
	0.215
	24.0
	2.605
	0.049
	Yes

	Import activity
	Primary
	Trade imbalance
	Anticipation
	-0.126
	-11.8
	-1.674
	0.216
	No

	Import activity
	Primary
	Trade imbalance
	Day 0
	0.325
	38.4
	1.655
	0.505
	No

	Import activity
	Primary
	Trade imbalance
	Day 30
	0.046
	4.7
	0.468
	0.717
	No

	Import activity
	Primary
	Trade imbalance
	Day 90
	-0.149
	-13.8
	-1.632
	0.264
	No

	Import activity
	Primary
	Trade imbalance
	Day 180
	0.099
	10.4
	0.672
	0.907
	No

	Import activity
	Event-specific trend
	Diversification
	Anticipation
	-0.173
	-15.9
	-1.136
	0.325
	No

	Import activity
	Event-specific trend
	Diversification
	Day 0
	0.111
	11.8
	0.440
	0.723
	No

	Import activity
	Event-specific trend
	Diversification
	Day 30
	0.097
	10.2
	0.259
	0.836
	No

	Import activity
	Event-specific trend
	Diversification
	Day 90
	-0.063
	-6.1
	-0.101
	0.935
	No

	Import activity
	Event-specific trend
	Diversification
	Day 180
	0.235
	26.5
	0.246
	0.838
	No

	Import activity
	Event-specific trend
	Trade imbalance
	Anticipation
	-0.261
	-23.0
	-1.401
	0.089
	No

	Import activity
	Event-specific trend
	Trade imbalance
	Day 0
	0.143
	15.4
	0.339
	0.872
	No

	Import activity
	Event-specific trend
	Trade imbalance
	Day 30
	-0.226
	-20.2
	-0.480
	0.684
	No

	Import activity
	Event-specific trend
	Trade imbalance
	Day 90
	-0.602
	-45.2
	-0.838
	0.440
	No

	Import activity
	Event-specific trend
	Trade imbalance
	Day 180
	-0.622
	-46.3
	-0.513
	0.661
	No

	Export activity
	Primary
	Diversification
	Anticipation
	-0.409
	-33.6
	-1.381
	0.396
	No

	Export activity
	Primary
	Diversification
	Day 0
	-0.159
	-14.7
	-0.706
	0.545
	No

	Export activity
	Primary
	Diversification
	Day 30
	0.562
	75.5
	2.545
	0.021
	Yes

	Export activity
	Primary
	Diversification
	Day 90
	-0.024
	-2.4
	-0.198
	0.857
	No

	Export activity
	Primary
	Diversification
	Day 180
	-0.102
	-9.7
	-0.487
	0.775
	No

	Export activity
	Primary
	Trade imbalance
	Anticipation
	-0.204
	-18.4
	-0.875
	0.661
	No

	Export activity
	Primary
	Trade imbalance
	Day 0
	0.513
	67.0
	3.030
	0.270
	No

	Export activity
	Primary
	Trade imbalance
	Day 30
	0.057
	5.8
	0.332
	0.820
	No

	Export activity
	Primary
	Trade imbalance
	Day 90
	0.070
	7.2
	0.412
	0.807
	No

	Export activity
	Primary
	Trade imbalance
	Day 180
	0.102
	10.7
	0.426
	0.726
	No

	Export activity
	Event-specific trend
	Diversification
	Anticipation
	-0.666
	-48.6
	-1.797
	0.200
	No

	Export activity
	Event-specific trend
	Diversification
	Day 0
	-0.506
	-39.7
	-1.646
	0.160
	No

	Export activity
	Event-specific trend
	Diversification
	Day 30
	0.046
	4.7
	0.117
	0.912
	No

	Export activity
	Event-specific trend
	Diversification
	Day 90
	-0.883
	-58.6
	-1.646
	0.246
	No

	Export activity
	Event-specific trend
	Diversification
	Day 180
	-1.479
	-77.2
	-1.732
	0.236
	No

	Export activity
	Event-specific trend
	Trade imbalance
	Anticipation
	-0.012
	-1.2
	-0.043
	0.972
	No

	Export activity
	Event-specific trend
	Trade imbalance
	Day 0
	0.770
	115.9
	3.547
	0.125
	No

	Export activity
	Event-specific trend
	Trade imbalance
	Day 30
	0.442
	55.6
	1.509
	0.152
	No

	Export activity
	Event-specific trend
	Trade imbalance
	Day 90
	0.711
	103.6
	1.516
	0.128
	No

	Export activity
	Event-specific trend
	Trade imbalance
	Day 180
	1.121
	206.6
	1.434
	0.064
	No


Notes. The export day-30 diversification endpoint is +75.5% (p = 0.021), and the import day-180 diversification endpoint is +24.0% (p = 0.049); both trend-adjusted counterparts are unsupported (p = 0.912 and p = 0.838). Significance in one component model and not the other does not establish that the two responses differ; the formal comparison is reported in Table S8.
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S4.5 Formal directional contrasts and multiplicity
Directional differences are tested with covariance-aware formal export-minus-import contrasts rather than by comparing separate-model significance. The family contains 20 prespecified contrasts. Raw bootstrap p-values are supplemented with Bonferroni, Holm familywise-error, and Benjamini–Hochberg (BH) false-discovery-rate adjustments.
Table S8. All 20 formal export-minus-import contrasts with multiplicity adjustment
	Specification
	Structural variable
	Endpoint
	Import log effect
	Export log effect
	Contrast (export - import)
	Raw WCR31 p
	Bonferroni p
	Holm p
	BH q

	Primary
	Diversification
	Anticipation
	-0.176
	-0.409
	-0.233
	0.646
	1.000
	1.000
	0.911

	Primary
	Diversification
	Day 0
	0.107
	-0.159
	-0.266
	0.263
	1.000
	1.000
	0.775

	Primary
	Diversification
	Day 30
	0.090
	0.562
	0.472
	0.089
	1.000
	1.000
	0.775

	Primary
	Diversification
	Day 90
	-0.074
	-0.024
	0.050
	0.838
	1.000
	1.000
	0.992

	Primary
	Diversification
	Day 180
	0.215
	-0.102
	-0.317
	0.348
	1.000
	1.000
	0.775

	Primary
	Trade imbalance
	Anticipation
	-0.126
	-0.204
	-0.078
	0.913
	1.000
	1.000
	0.992

	Primary
	Trade imbalance
	Day 0
	0.325
	0.513
	0.188
	0.348
	1.000
	1.000
	0.775

	Primary
	Trade imbalance
	Day 30
	0.046
	0.057
	0.011
	0.946
	1.000
	1.000
	0.992

	Primary
	Trade imbalance
	Day 90
	-0.149
	0.070
	0.219
	0.683
	1.000
	1.000
	0.911

	Primary
	Trade imbalance
	Day 180
	0.099
	0.102
	0.003
	0.992
	1.000
	1.000
	0.992

	Event-specific trend
	Diversification
	Anticipation
	-0.173
	-0.666
	-0.493
	0.455
	1.000
	1.000
	0.797

	Event-specific trend
	Diversification
	Day 0
	0.111
	-0.506
	-0.617
	0.197
	1.000
	1.000
	0.775

	Event-specific trend
	Diversification
	Day 30
	0.097
	0.046
	-0.051
	0.933
	1.000
	1.000
	0.992

	Event-specific trend
	Diversification
	Day 90
	-0.063
	-0.883
	-0.820
	0.478
	1.000
	1.000
	0.797

	Event-specific trend
	Diversification
	Day 180
	0.235
	-1.479
	-1.714
	0.387
	1.000
	1.000
	0.775

	Event-specific trend
	Trade imbalance
	Anticipation
	-0.261
	-0.012
	0.248
	0.604
	1.000
	1.000
	0.911

	Event-specific trend
	Trade imbalance
	Day 0
	0.143
	0.770
	0.626
	0.134
	1.000
	1.000
	0.775

	Event-specific trend
	Trade imbalance
	Day 30
	-0.226
	0.442
	0.668
	0.231
	1.000
	1.000
	0.775

	Event-specific trend
	Trade imbalance
	Day 90
	-0.602
	0.711
	1.313
	0.021
	0.412
	0.412
	0.412

	Event-specific trend
	Trade imbalance
	Day 180
	-0.622
	1.121
	1.742
	0.359
	1.000
	1.000
	0.775


Notes. None of the 10 formal diversification contrasts reaches the 5% level, so the study reports no formal import-export diversification asymmetry. One trade-imbalance contrast, at day 90 under the event-specific structural-trend specification, has a raw p-value of 0.021 with a formal export-minus-import log contrast of 1.313; its Holm-adjusted p-value and Benjamini-Hochberg q-value are both 0.412. It is therefore retained as endpoint-specific secondary evidence and is explicitly not multiplicity-robust.
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S5. Pre-trend diagnostics and leave-one-port-out stability
Pre-event diagnostics were used to characterise possible differential structural trends, not as significance filters for removing ports or events. Table S9 shows that the sign and magnitude of the 30-day pre-event structural association vary across the three primary disruptions and across the full pretrend versus reference-baseline windows. That event-specific variation is why no universal diversification-by-time or imbalance-by-time trend was added to the primary model, and why event-specific structural linear trends were retained as a prespecified sensitivity specification. Leave-one-port-out (LOO) estimation assesses whether coefficient direction is driven by a single port. Structural standardisation remains fixed at the full-sample constants reported in the notes to Table S2. Reducing the analysis to nine clusters produced numerically unstable wild-bootstrap inference during validation, so LOO p-values are withheld, and only coefficient direction and stability are used. 
Table S9. Leave-one-port-out stability of the 30-day structural response, by disruption and pre-event window
	Disruption
	Window
	Full-sample diversification (%)
	LOO min
	LOO median
	LOO max
	Same sign (of 10)
	Full-sample imbalance (%)
	LOO min
	LOO median
	LOO max
	Same sign (of 10)

	COVID19 2020
	Full Pretrend
	4.8
	-13.5
	4.4
	25.4
	9
	-2.0
	-7.9
	-2.8
	7.4
	7

	COVID19 2020
	Reference Baseline
	-5.2
	-10.1
	-4.6
	0.7
	9
	39.7
	30.7
	39.9
	45.0
	10

	Red Sea 2023
	Full Pretrend
	-16.5
	-22.1
	-17.4
	-8.1
	10
	-9.5
	-15.3
	-10.5
	2.7
	9

	Red Sea 2023
	Reference Baseline
	5.7
	-3.3
	6.5
	17.3
	8
	-19.1
	-26.7
	-19.6
	2.1
	9

	Ukraine 2022
	Full Pretrend
	0.4
	-3.4
	0.5
	8.7
	6
	-21.3
	-25.1
	-22.1
	-1.4
	10

	Ukraine 2022
	Reference Baseline
	64.4
	33.1
	68.0
	101.7
	10
	-28.3
	-38.5
	-29.1
	-17.7
	10


Notes. Values are percentage responses to a one-standard-deviation increase in the relevant 2019 structural characteristic over a 30-day pre-event window. “Same sign” counts how many of the ten leave-one-port-out replications preserve the sign of the full-sample estimate. These diagnostics describe stability of direction only; they are not inferential tests, and no p-values are attached to them.


[bookmark: Xadfb6c488a104ec28232e3ff021ce46b514d9d3]S6. Inference architecture and identification schematic
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Figure S1. Identification architecture for the stacked event-time analysis. The top row records predetermined inputs; the bottom row records the tests those inputs feed.
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Figure S2. Baseline structural heterogeneity of the ten sampled ports. (a) Joint distribution of normalised Shannon cargo diversification and absolute import–export imbalance. (b) Port-level profiles of the two primary 2019 structural variables. These panels supplement Table 1 and Table S2; they are not used for inference.
The analysis has 10 independent port clusters. Primary p-values use the restricted wild-cluster bootstrap labelled WCR31 (WCR-S) by MacKinnon et al. (2023a, 2023b), which imposes the null, with Webb six-point weights, 9,999 replications, seed 20260823, two-tailed p-values, and clustering by port. The cluster jackknife / CV3 variance labelled CRV3 is an auxiliary small-G variance benchmark, not the primary inferential statement. The bootstrap design is held fixed across every reported test and linear contrast. Daily meteorological controls come from the European Centre for Medium-Range Weather Forecasts (ECMWF) Reanalysis v5, retrieved through the Open-Meteo Historical Weather application programming interface, with ERA5 explicitly selected and sea-cell preference applied to port coordinates.
Estimation architecture
	Quantity
	Value

	Ports/countries
	10 / 8

	Daily panel span
	1 January 2019 to 17 July 2026

	Port-days in daily base
	27,550

	Event window
	−90 to +180 days

	Observations per port-event
	271

	Events in data architecture / primary pool
	4 / 3

	Port-event cells, primary pool
	30

	Observations, primary pooled analysis
	8,130

	Clusters for inference
	10 ports

	Weather controls
	ERA5 mean 10 m wind speed and precipitation

	Fixed effects
	port-by-event; event-by-calendar-date

	Auxiliary variance
	CRV3 (CV3)

	Primary inference
	WCR31 (WCR-S) restricted wild-cluster bootstrap

	Weights/replications / seed
	Webb six-point; 9,999; 20260823


Notes. Days −90 to −31 form the reference baseline, days −30 to −1 form the anticipation interval, and days 0 to +180 form the post-event period. The four 271-day event windows do not overlap.
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S7. Principal-endpoint multiplicity sensitivity
Table S10 reports Holm, Bonferroni, and Benjamini–Hochberg adjustments calculated only from the stored primary-specification WCR31 p-values. These adjustments are a transparency check. They do not replace the prespecified WCR31 inference in the main manuscript. Family A contains the five primary diversification endpoints. Family B contains the ten primary structural endpoints (five diversification and five trade-imbalance). Event-specific-trend endpoints are excluded from both families. The day-30 diversification result (raw WCR31 p = 0.009) remains below 0.05 after five-test Holm, Bonferroni, and BH adjustment (adjusted p = 0.044). It does not remain below 0.05 after ten-test adjustment (adjusted p = 0.087).
Table S10. Multiplicity sensitivity for principal primary-specification endpoints
	Family
	Structural variable
	Endpoint
	Response (%)
	WCR31 p
	Bonferroni p
	Holm p
	BH q

	A (5 diversification)
	Diversification
	Anticipation
	-17.2
	0.379
	1.000
	1.000
	0.473

	A (5 diversification)
	Diversification
	Day 0
	-22.1
	0.367
	1.000
	1.000
	0.473

	A (5 diversification)
	Diversification
	Day 30
	77.0
	0.009
	0.044
	0.044
	0.044

	A (5 diversification)
	Diversification
	Day 90
	-4.0
	0.790
	1.000
	1.000
	0.790

	A (5 diversification)
	Diversification
	Day 180
	9.9
	0.356
	1.000
	1.000
	0.473

	B (10 structural)
	Diversification
	Anticipation
	-17.2
	0.379
	1.000
	1.000
	0.878

	B (10 structural)
	Diversification
	Day 0
	-22.1
	0.367
	1.000
	1.000
	0.878

	B (10 structural)
	Diversification
	Day 30
	77.0
	0.009
	0.087
	0.087
	0.087

	B (10 structural)
	Diversification
	Day 90
	-4.0
	0.790
	1.000
	1.000
	0.878

	B (10 structural)
	Diversification
	Day 180
	9.9
	0.356
	1.000
	1.000
	0.878

	B (10 structural)
	Trade imbalance
	Anticipation
	-13.4
	0.613
	1.000
	1.000
	0.878

	B (10 structural)
	Trade imbalance
	Day 0
	44.3
	0.706
	1.000
	1.000
	0.878

	B (10 structural)
	Trade imbalance
	Day 30
	13.2
	0.840
	1.000
	1.000
	0.878

	B (10 structural)
	Trade imbalance
	Day 90
	1.6
	0.878
	1.000
	1.000
	0.878

	B (10 structural)
	Trade imbalance
	Day 180
	13.0
	0.461
	1.000
	1.000
	0.878


Notes. Adjusted p-values are computed from the stored two-tailed WCR31 p-values; no model was re-estimated. Values of 1.000 are capped at 1. Composite-endpoint CRV3 confidence intervals and inverted wild-bootstrap intervals are not stored in the archived result files and are not manufactured here. Coefficient-level CRV3 95% intervals for the dynamic-basis terms exist in the archived coefficient-level CRV3 file and remain auxiliary to WCR31. The evidence in this supplement identifies associations between ex-ante port structure and differential operational response to externally dated common maritime disruptions. It does not identify causal effects of cargo diversification or trade imbalance. All sampled ports experience the dated disruptions and there is no untreated comparison group.
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