




Figure 1: A global view of modern-day maritime transport and piracy. a shows the
spatial overlap of shipping activity and pirate encounters from 2012 to 2023. Note that data are
log10-transformed for visualization purposes and represented using a 0.5◦ × 0.5◦ grid in geographic
coordinates, with the fill color of each pixel representing the total shipping transit time from
2012-2023 (hr). Pirate encounters are shown as red points. The colored overlay bounding rectangles
correspond to the three main piracy hotspots, namely: 1) Gulf of Guinea, 2) Gulf of Aden, and 3)
Southeast Asia. The bounding boxes for hotspots are defined by a density-based clustering approach
(see Methods). Outlines of the major Anti-shipping Activity Messages (ASAM) regions are shown
as white lines. b shows the number of pirate encounters across hotspots and the rest of the world
from 2012 to 2023.
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Figure 2: “X marks the spot”: Example of change in shipping vessel transit following an
encounter with pirates on June 19, 2013 off the coast of Indonesia. a shows maps of the
Muara Jawa Anchorage one week before (left) and after (right) the pirate encounter. Black points
show vessel positions, and background colors show a 2-dimensional kernel estimate of vessel density.
b shows a time series of daily number of voyages crossing the affected pixel (at 117E, 1.5S, indicated
with an orange “X”). Each point shows the total daily number of voyages, and the solid line shows
the mean number in a 5-day rolling window. The horizontal dashed line and shaded area show the
baseline number of daily voyages (mean ± standard-deviation) before the attack.
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Table 1: Effect of Past Pirate Encounters on Shipping Voyages.

Global G. of Aden G. of Guinea S.E. Asia

Panel (A): Total Distance (km)

Encounters (7 day) 54.28*** 245.69*** 46.32*** 37.29***
(4.45) (31.35) (3.83) (4.01)

Panel (B): Total Time (hr)

Encounters (7 day) 2.82*** 9.78*** 3.07*** 2.00***
(0.24) (1.28) (0.30) (0.24)

Panel (C): Average Speed (km h−1)

Encounters (7 day) 0.04*** 0.32*** 0.06** 0.03***
(0.01) (0.05) (0.03) (0.01)

Observations 22,896,864 888,075 316,716 4,560,514

Hotspot FE X • • •
* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation
(2). Each panel examines an observed feature in terms of total distance in kilometers (km), total
time of the voyage in hours (hr), and the average speed of the voyage (km h−1). Each column is a
different sample: Global uses the full sample; G. of Aden, G. of Guinea, and S.E. Asia restrict to
voyages passing through each hotspot, respectively. Encounters (7 day) is the count of pirate encounters
recorded in the projected path of the vessel in the preceding 7 days from the departure date using
a 5-degree spatial footprint. The sample spans from 2012 to 2023. Controls include average wind
speed, the wind-resistance index, and average wave height along the voyage. Fixed effects include
country-to-country combination, vessel type, vessel size, hotspot, top route, and month-by-year. X
indicates the fixed effect is included; • indicates the fixed effect is absorbed by the sample restriction.
Standard errors are clustered by country-to-country route by year.
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Figure 4: Additional Operational Costs and Emissions due to Piracy. a maps the mean
annual private costs to shippers (labor and fuel costs; Million USD). b-d map additional CO2, NOx,
and SOx emissions (Metric tons). Note that data are log10-transformed for visualization purposes
and represented using a 0.5◦ × 0.5◦ grid in geographic coordinates. e shows the total costs (Million
USD) associated with piracy by ASAM region, where we sum private costs to shippers as well as
the cost of damages imposed by additional emissions based on the social-cost of each pollutant.
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Discussion173

This paper has examined the effect of piracy on the global shipping industry. First, we docu-174

mented the avoidance behavior that shippers adopt in response to reported pirate encounters.175

Then, we link these responses to individual adjustments along a route, before deriving the176

implied aggregate effects (comprising both private costs and public environmental damages).177

While our estimated adjustment costs may seem relatively small at the individual level, cumu-178

latively they translate to a significant economic loss in the aggregate. Taking the total flow179

of global shipping routes into account, together with the prevalence of pirate encounters in180

some of the world’s busiest shipping channels, we find that piracy avoidance likely constitutes181

a considerable cost to the shipping industry. Moreover, avoidance is also an overlooked but182

material source of environmental externalities.183

The simple economic intuition underlying our analysis suggests that ships adjust their184

voyages to reduce the chance of pirate encounters. But those adjustments do not necessarily185

mean a complete change of routes (i.e., start and end countries remain the same). This intuition186

holds up well in the data, where we observe short-lived localized avoidance behavior, which in187

turn implies higher operational and environmental costs. Each additional encounter amplifies188

this behavioral response.189

As we have tried to emphasize, the Gulf of Aden is something of an outlier in our results.190

The effects that we observe here are an order of magnitude larger than elsewhere, even other191

piracy hotspots. Why would the Gulf of Aden present such a different level of adjustment? One192

possibility is salience and the prominence that these assaults, particularly from Somali pirates,193

have gained in the public perception. In addition, these responses likely reflect the geographical194

characteristics of the region, which allow bigger margins of spatial adjustment, though not195

necessarily through systematic macro-level path adjustment such as switching between crossing196

the Gulf of Aden or circling around the Cape of Good Hope (see Supplementary Note 4). Unlike197

vessels destined for Nigeria that must traverse the Gulf of Guinea, or vessels constrained by the198

narrow straits of Southeast Asia, the open waters of the Gulf of Aden allow captains the physical199

space to execute larger lateral path deviations to mitigate risk without entirely abandoning200

their chosen corridor. Implicit in this logic, however, is the assumption that responses are201

well-approximated by a continuous, linear adjustment in encounter intensity. We view this202
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Supplementary Table 1: Summary Statistics for Daily Ship Transit by Grid Cell.

Distance (km) Occupancy (hr) Voyages (#) Unique vessels (#)

Gulf of Aden
Mean 972.4 40.2 16.9 16.8
SD 1,098.8 46.4 20.9 20.7
P5 0.0 0.0 0.0 0.0
P95 3,127.6 129.2 58.0 58.0

Gulf of Guinea
Mean 161.9 14.3 4.1 4.1
SD 175.0 18.6 3.9 3.8
P5 0.0 0.0 0.0 0.0
P95 524.7 53.1 12.0 12.0

Southeast Asia
Mean 2,352.2 139.8 47.7 46.9
SD 3,292.0 178.4 70.6 69.9
P5 0.0 0.0 0.0 0.0
P95 9,416.4 504.3 213.0 210.0

Rest of the World
Mean 398.3 31.4 9.9 9.6
SD 680.6 47.4 15.7 15.4
P5 0.0 0.0 0.0 0.0
P95 1,829.4 117.0 35.0 35.0

The unit of observation is a grid cell-day on a 0.5◦ × 0.5◦ grid. The sample includes 618 grid cells with at
least one pirate encounter during the 2012–2023 period. Each column reports a different measure of daily
shipping activity within a cell. P5 and P95 denote the 5th and 95th percentiles, respectively.



Supplementary Table 2: Summary Statistics for Individual Voyage Features.

Voyage Features Encounters (#)

Distance (km) Time (hr) Speed (km h−1) 7 days 15 days 30 days

Gulf of Aden
Mean 1,906.1 96.1 19.7 0.1 0.1 0.3
SD 2,883.1 142.9 6.9 0.3 0.5 0.8
P5 35.7 2.4 6.9 0.0 0.0 0.0
P95 6,864.1 342.0 30.7 0.0 1.0 2.0

Gulf of Guinea
Mean 3,376.8 161.2 20.5 0.3 0.7 1.4
SD 3,947.6 190.1 6.8 0.8 1.3 2.2
P5 40.4 3.5 8.2 0.0 0.0 0.0
P95 11,062.1 519.1 31.6 2.0 3.0 6.0

Southeast Asia
Mean 1,361.5 70.0 18.1 0.2 0.3 0.7
SD 2,733.7 132.5 6.4 0.6 1.1 2.0
P5 8.2 0.5 8.3 0.0 0.0 0.0
P95 6,591.6 311.2 29.6 1.0 2.0 5.0

Rest of the World
Mean 826.4 40.8 19.8 0.0 0.0 0.0
SD 1,711.8 80.5 6.5 0.1 0.1 0.2
P5 4.7 0.3 9.4 0.0 0.0 0.0
P95 3,117.9 162.2 31.3 0.0 0.0 0.0

The unit of observation is a voyage. The sample includes all cargo vessel voyages from 2012 to 2023 that pass through
at most one piracy hotspot. Voyage features report total distance (km), total time (hr), and average speed (km
h−1). Encounters report the count of pirate encounters recorded in the projected path of the vessel using a 5-degree
spatial footprint over the preceding 7, 15, and 30 days, respectively. P5 and P95 denote the 5th and 95th percentiles,
respectively.

Supplementary Table 3: Spatial Persistence of Pirate Encounters.

Window Global Gulf of Aden Gulf of Guinea Southeast Asia

Within 1 day 9.9% 11.6% 9.1% 13.2%
Within 7 days 18.5% 13.6% 14.2% 27.1%
Within 15 days 25.8% 15.5% 20.5% 37.2%
Within 30 days 34.5% 17.1% 28.0% 48.8%

Each cell reports the probability that, conditional on an attack occurring in a 0.5◦ × 0.5◦ grid cell, at
least one additional attack occurs in the same cell within the specified time window. Sample: 2,611
encounters from 2012–2023. Hotspot assignment uses the bounding boxes described in the main text.



Supplementary Table 4: Effect of Past Pirate Encounters on Shipping Cost.

Global G. of Aden G. of Guinea S.E. Asia

Panel (A): Fuel Cost (thousands of US$)

Encounters (7 day) 1.94*** 9.36*** 0.72*** 1.48***
(0.24) (1.12) (0.20) (0.28)

Panel (B): Labor Cost (thousands of US$)

Encounters (7 day) 0.35*** 1.26*** 0.43*** 0.25***
(0.03) (0.17) (0.04) (0.03)

Panel (C): Total Cost (thousands of US$)

Encounters (7 day) 2.29*** 10.62*** 1.14*** 1.72***
(0.26) (1.24) (0.21) (0.30)

Observations 22,896,864 888,075 316,716 4,560,514

Hotspot FE X • • •
* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation
(2). Each panel examines a calculated cost in terms of fuel cost, labor cost, and total cost as the sum
of both. All coefficients are in thousands of US$. Each column is a different sample: Global uses the
full sample; G. of Aden, G. of Guinea, and S.E. Asia restrict to voyages passing through each hotspot,
respectively. Encounters (7 day) is the count of pirate encounters recorded in the projected path of the
vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint. The sample
spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average
wave height along the voyage. Fixed effects include country-to-country combination, vessel type, vessel
size, hotspot, top route, and month-by-year. X indicates the fixed effect is included; • indicates the
fixed effect is absorbed by the sample restriction. Standard errors are clustered by country-to-country
route by year.



Supplementary Table 5: Effect of Past Pirate Encounters on Shipping Emissions.

Global G. of Aden G. of Guinea S.E. Asia

Panel (A): CO2 (tons)

Encounters (7 day) 7.93*** 46.34*** 7.31*** 5.03***
(0.84) (6.01) (0.79) (0.79)

Panel (B): NOx (kg)

Encounters (7 day) 198.92*** 1196.77*** 181.38*** 124.48***
(21.83) (155.70) (20.49) (20.50)

Panel (C): SOx (kg)

Encounters (7 day) 165.11*** 964.76*** 152.26*** 104.73***
(17.58) (125.21) (16.37) (16.42)

Observations 22,896,864 888,075 316,716 4,560,514

Hotspot FE X • • •
* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation
(2). Each panel examines a calculated emission in terms of CO2 (tons), NOx (kg), and SOx (kg). Each
column is a different sample: Global uses the full sample; G. of Aden, G. of Guinea, and S.E. Asia
restrict to voyages passing through each hotspot, respectively. Encounters (7 day) is the count of pirate
encounters recorded in the projected path of the vessel in the preceding 7 days from the departure
date using a 5-degree spatial footprint. The sample spans from 2012 to 2023. Controls include average
wind speed, the wind-resistance index, and average wave height along the voyage. Fixed effects include
country-to-country combination, vessel type, vessel size, hotspot, top route, and month-by-year. X
indicates the fixed effect is included; • indicates the fixed effect is absorbed by the sample restriction.
Standard errors are clustered by country-to-country route by year.





Supplementary Table 6: Total Costs of Piracy to the Shipping Industry.

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Fuel (millions of US$)
Global 120 179 206 202 133 168 71 105 195 198 229 299
G. of Aden 23 14 8 3 6 22 5 5 9 8 6 9
G. of Guinea 21 23 15 10 22 24 18 13 29 14 7 6
Southeast Asia 67 130 179 178 84 104 32 77 136 161 204 276

Labor (millions of US$)
Global 20 30 36 35 23 30 13 20 37 39 49 66
G. of Aden 4 2 1 1 1 4 1 1 2 2 1 2
G. of Guinea 4 4 3 2 4 4 3 2 5 3 2 1
Southeast Asia 11 22 31 31 15 19 6 14 26 32 43 61

Total (millions of US$)
Global 140 209 242 237 157 198 84 125 232 237 278 365
G. of Aden 27 16 9 4 7 26 6 6 10 10 7 11
G. of Guinea 25 27 17 12 25 28 22 16 34 17 9 8
Southeast Asia 78 152 209 208 98 123 38 92 162 193 248 337

Counterfactual costs are derived from the fully specified global voyage-level model (Equation (2), 5-degree grid, 7-day window). For each
voyage, we predict operational costs under the observed encounter intensity and under a counterfactual of zero encounters, then take the
difference. Fuel costs are calculated using vessel-specific engine characteristics and daily bunker fuel prices. Labor costs are based on crew
size (estimated from vessel type and tonnage) and standard seafarer wage rates. All values in 2020 US$. Values are aggregated annually by
hotspot region.

Supplementary Table 7: Total Emission of Air Pollutants due to Piracy.

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

CO2 (Thousand metric tons)
Global 437 659 772 758 506 650 283 424 798 847 1,061 1,439
G. of Aden 85 50 29 13 21 85 20 19 35 36 27 44
G. of Guinea 77 84 56 38 82 92 73 54 119 60 33 31
Southeast Asia 244 478 668 665 317 404 128 312 557 690 945 1,329

NOx (Metric tons)
Global 10,963 16,541 19,368 19,010 12,704 16,315 7,101 10,648 20,019 21,257 26,620 36,088
G. of Aden 2,125 1,265 739 315 531 2,123 506 480 883 892 680 1,115
G. of Guinea 1,942 2,101 1,398 965 2,059 2,298 1,828 1,348 2,980 1,509 830 767
Southeast Asia 6,126 11,997 16,763 16,691 7,953 10,129 3,217 7,834 13,969 17,320 23,714 33,329

SOx (Metric tons)
Global 9,099 13,729 16,076 15,778 10,544 13,541 5,894 8,838 16,616 17,643 22,095 29,953
G. of Aden 1,764 1,050 613 261 440 1,762 420 399 733 740 564 925
G. of Guinea 1,612 1,744 1,161 801 1,709 1,907 1,517 1,119 2,473 1,253 689 637
Southeast Asia 5,085 9,957 13,914 13,854 6,601 8,407 2,670 6,502 11,595 14,375 19,683 27,663

Counterfactual emissions are derived from the fully specified global voyage-level model (Equation (2), 5-degree grid, 7-day window). For each voyage, we predict
emissions under the observed encounter intensity and under a counterfactual of zero encounters, then take the difference. CO2 emissions are calculated using a standard
linear fuel-to-carbon conversion. NOx and SOx emissions are calculated using engine-type-specific emission factors. Values are aggregated annually by hotspot region.





Supplementary Table 8: Effect of Pirate Encounters on Trip Frequency.

Global G. of Aden G. of Guinea S.E. Asia

Avg. Encounters (7-day lag) 0.0054* 0.0156* -0.0050 -0.0006
(0.0032) (0.0088) (0.0039) (0.0041)

Observations 968,785 98,564 115,310 114,351

Country-Pair FE X X X X
Hotspot FE X • • •
Month-by-Year FE X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a country-pair by 7-day window. The outcome
is the count of cargo vessel trips on that route in that week. The model is Negative Binomial; coefficients are
log-multiplicative and approximately equal to percentage changes in trips for small values. The sample spans
from 2012 to 2023. Global uses the full sample; G. of Aden, G. of Guinea, and S.E. Asia restrict the sample to
routes passing through each hotspot, respectively. Avg. Encounters (7-day lag) is the average of each voyage’s
7-day pirate encounter count in the prior 7-day window on the same route, using a 5-degree spatial footprint.
This mirrors the 7-day encounter window used in the main voyage-level analysis. Controls include average
wind speed, the wind-resistance index, and average wave height. Fixed effects include country-to-country
combination, hotspot, and month-by-year. X indicates the fixed effect is included; • indicates the fixed effect
is absorbed by the sample restriction. Standard errors are clustered by country-to-country route by year.





Supplementary Figure 1: Route use through the Suez Canal and around the Cape of Good
Hope, and Gulf of Aden pirate encounters over time. a shows monthly Gulf of Aden pirate
encounters. b shows standardized monthly trips through the Suez Canal and around the Cape of
Good Hope. c shows the monthly share of trips that use the Cape route among all trips that use
either corridor.



One additional feature is worth noting. There is a sharp reduction in observations once we900

control for country combinations. This reflects the fact that many origin-destination pairs in901

the sample consistently use only one corridor. We therefore interpret this exercise cautiously.902

Overall, the trip-level route-choice analysis does not provide strong evidence that recent piracy903

exposure systematically induces corridor substitution in Aden-related traffic.904



Supplementary Table 9: Corridor Choice Between the Suez Canal and the Cape of Good Hope:
Trip-Level Evidence.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel (A): Continuous encounter intensity

Encounters in prior 7 days -0.001 -0.002 -0.013
(0.024) (0.025) (0.105)

Encounters in prior 15 days -0.023 -0.023 0.082
(0.022) (0.023) (0.090)

Encounters in prior 30 days -0.010 -0.009 0.116
(0.022) (0.022) (0.083)

Panel (B): High-encounter indicator

High encounters (7d window) -0.004 -0.003 -0.009
(0.054) (0.055) (0.266)

High encounters (15d window) -0.041 -0.039 0.074
(0.066) (0.066) (0.239)

High encounters (30d window) 0.087 0.087 0.307
(0.095) (0.096) (0.271)

Observations 499,882 499,882 64,186 499,882 499,882 64,186 499,882 499,882 64,186

DoW FE X X X X X X
Country Combo. FE X X X
Vessel Type FE X X X X X X
Vessel Size FE X X X X X X
Top Route FE X X X
Weather controls X X X X X X X X X
Month-by-Year FE X X X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is an individual vessel trip. The outcome is a binary indicator equal to one if the trip used the Cape of
Good Hope route (zero for Suez Canal). The sample spans from 2012 to 2023. Encounters in prior X days is the count of pirate encounters recorded in the Gulf of
Aden in the preceding X days from the departure date. Panel B defines high-encounter periods as those above the 75th percentile of the encounter distribution within
each window. Columns (2), (5), and (8) add day-of-week, vessel-type, and vessel-size fixed effects. Columns (3), (6), and (9) further add country-pair and top-route
fixed effects. Controls include average wind speed, the wind-resistance index, and average wave height. X indicates the fixed effect is included. Standard errors are
clustered by month-by-year.







Supplementary Table 10: Effect of Pirate Encounters on AIS Disabling Events.

Global G. of Aden G. of Guinea

Post 0.000 −0.001 0.002
(0.000) (0.003) (0.002)

Observations 31.944 2.413 8.181

* p < 0.1, ** p < 0.05, *** p < 0.01 This table tests whether vessels
disable their AIS transponders following a piracy report. The unit
of observation is a grid cell-day. Each column represents a different
geographic region. The Southeast Asia hotspot is excluded because
there were no disabling events detected within pixels with pirate
activity. Post is a binary indicator equal to 1 for days on or after a
pirate event in the grid cell. The analysis uses a 7-day window around
events to identify pre- and post-encounter periods. The sample spans
from 2012 to 2023. All regressions include grid-cell-by-month and
date fixed effects. Standard errors are Conley standard errors (50 km
cutoff) and reported in parentheses.





Supplementary Figure 3: Dynamic effects of piracy on ship transit with heterogeneity-
robust estimates. The unit of observation is a grid cell-day. Each inset examines a different
shipping activity measure. The horizontal axis shows time relative to the time of a pirate encounter.
The vertical axis shows the magnitude of the effect. Points are coefficient estimates, showing the
change in shipping activity relative to one day before the attack. The thick portion of error bars
shows standard errors, and the thin portion shows 95% confidence intervals.



Supplementary Table 11: Effect of Pirate Encounters on Grid Cell Shipping Activity.

Outcome ATE SE p (effects) p (placebos)

Distance Traveled (km) -1.867 0.705 0.002 0.203
Distance Traveled per Vessel (km per vessel) -1.752 0.659 0.001 0.116
Occupancy Time (hours) -0.971 0.364 0.001 0.165
Occupancy per Vessel (hours per vessel) -0.837 0.312 0.001 0.054
Transit (# Trips) -0.433 0.193 0.020 0.717
Transit (# Vessels) -0.402 0.191 0.034 0.742

Each row corresponds to one transformed shipping-activity outcome estimated from the daily grid-cell panel. ATE is the
average cumulative effect from DIDmultiplegtDYN and p-values correspond to the joint null tests for post-treatment
effects and placebo leads. All regressions use N = 302,106 of which N = 2,534 come from switchers.









Supplementary Table 12: Effect of Past Pirate Encounters on Voyage Distance.

(1) (2) (3) (4) (5) (6) (7)

Encounters (7 day) 972.08*** 1,041.06*** 56.48*** 54.72*** 54.05*** 54.28*** 11.53***
(78.67) (68.44) (4.73) (4.53) (4.50) (4.45) (0.87)

Wind Speed (m/s) 160.94*** −1.39 −0.59 −4.58* −3.62 −0.34
(24.46) (2.87) (2.66) (2.71) (2.65) (0.39)

Wind Resistance Index (m/s) 18.25*** 0.81* 0.54 0.68 0.79* −0.45***
(4.48) (0.43) (0.42) (0.43) (0.41) (0.08)

Wave Height (m) 1,120.47*** 241.61*** 237.97*** 219.09*** 214.76*** 33.60***
(100.27) (14.96) (13.25) (15.13) (14.64) (2.49)

Observations 27,760,550 22,897,792 22,896,864 22,896,864 22,896,864 22,896,864 22,721,524

Country Combo. FE X X X X
Vessel Type FE X X X X
Vessel Size FE X X X X
Hotspot FE X X X
Top Route FE X
Port-to-Port FE X
Month-by-Year FE X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation (2). Each column is a different specification. Encounters (7
day) is the count of pirate encounters recorded in the projected path of the vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint.
The sample spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average wave height along the voyage. Column (7)
replaces country-to-country and top route fixed effects with port-to-port pair fixed effects. X indicates the fixed effect is included. Standard errors are clustered by
country-to-country route by year.



Supplementary Table 13: Effect of Past Pirate Encounters on Voyage Time.

(1) (2) (3) (4) (5) (6) (7)

Encounters (7 day) 45.50*** 47.92*** 2.90*** 2.83*** 2.80*** 2.82*** 0.89***
(3.60) (3.19) (0.25) (0.25) (0.24) (0.24) (0.09)

Wind Speed (m/s) 7.47*** −0.37*** −0.38*** −0.56*** −0.49*** −0.24***
(1.09) (0.14) (0.13) (0.14) (0.13) (0.04)

Wind Resistance Index (m/s) 0.00 −0.63*** −0.63*** −0.62*** −0.62*** −0.63***
(0.18) (0.04) (0.04) (0.04) (0.04) (0.03)

Wave Height (m) 46.50*** 13.64*** 13.54*** 12.61*** 12.27*** 4.74***
(4.58) (0.82) (0.74) (0.83) (0.80) (0.26)

Observations 27,760,550 22,897,792 22,896,864 22,896,864 22,896,864 22,896,864 22,721,524

Country Combo. FE X X X X
Vessel Type FE X X X X
Vessel Size FE X X X X
Hotspot FE X X X
Top Route FE X
Port-to-Port FE X
Month-by-Year FE X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation (2). Each column is a different specification. Encounters (7
day) is the count of pirate encounters recorded in the projected path of the vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint.
The sample spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average wave height along the voyage. Column (7)
replaces country-to-country and top route fixed effects with port-to-port pair fixed effects. X indicates the fixed effect is included. Standard errors are clustered by
country-to-country route by year.



Supplementary Table 14: Effect of Past Pirate Encounters on Voyage Speed.

(1) (2) (3) (4) (5) (6) (7)

Encounters (7 day) 0.76*** 0.69*** 0.07*** 0.04*** 0.04*** 0.04*** −0.03***
(0.11) (0.09) (0.01) (0.01) (0.01) (0.01) (0.01)

Wind Speed (m/s) −0.03 0.00 0.03** 0.02 0.01 0.00
(0.06) (0.02) (0.01) (0.01) (0.01) (0.01)

Wind Resistance Index (m/s) 0.21*** 0.17*** 0.17*** 0.17*** 0.17*** 0.18***
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Wave Height (m) 1.78*** 0.06 0.02 −0.03 0.00 −0.57***
(0.19) (0.10) (0.07) (0.07) (0.07) (0.03)

Observations 27,760,550 22,897,792 22,896,864 22,896,864 22,896,864 22,896,864 22,721,524

Country Combo. FE X X X X
Vessel Type FE X X X X
Vessel Size FE X X X X
Hotspot FE X X X
Top Route FE X
Port-to-Port FE X
Month-by-Year FE X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation (2). Each column is a different specification. Encounters (7
day) is the count of pirate encounters recorded in the projected path of the vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint.
The sample spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average wave height along the voyage. Column (7)
replaces country-to-country and top route fixed effects with port-to-port pair fixed effects. X indicates the fixed effect is included. Standard errors are clustered by
country-to-country route by year.



Supplementary Table 15: Effect of Past Pirate Encounters on Fuel Cost.

(1) (2) (3) (4) (5) (6) (7)

Encounters (7 day) 22.02*** 23.77*** 2.08*** 1.96*** 1.94*** 1.94*** 0.94***
(1.86) (1.62) (0.25) (0.24) (0.24) (0.24) (0.21)

Wind Speed (m/s) 3.67*** 0.03 0.12 0.02 0.02 0.04
(0.55) (0.09) (0.09) (0.09) (0.09) (0.07)

Wind Resistance Index (m/s) 0.56*** 0.10*** 0.07*** 0.07*** 0.07*** 0.09***
(0.11) (0.02) (0.02) (0.02) (0.02) (0.01)

Wave Height (m) 24.84*** 4.83*** 3.91*** 3.48*** 3.50*** 0.11
(2.32) (0.40) (0.34) (0.36) (0.36) (0.23)

Observations 27,760,550 22,897,792 22,896,864 22,896,864 22,896,864 22,896,864 22,721,524

Country Combo. FE X X X X
Vessel Type FE X X X X
Vessel Size FE X X X X
Hotspot FE X X X
Top Route FE X
Port-to-Port FE X
Month-by-Year FE X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation (2). Each column is a different specification. Encounters (7
day) is the count of pirate encounters recorded in the projected path of the vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint.
The sample spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average wave height along the voyage. Column (7)
replaces country-to-country and top route fixed effects with port-to-port pair fixed effects. X indicates the fixed effect is included. Standard errors are clustered by
country-to-country route by year.



Supplementary Table 16: Effect of Past Pirate Encounters on Labor Cost.

(1) (2) (3) (4) (5) (6) (7)

Encounters (7 day) 5.94*** 6.33*** 0.37*** 0.36*** 0.35*** 0.35*** 0.10***
(0.48) (0.42) (0.03) (0.03) (0.03) (0.03) (0.01)

Wind Speed (m/s) 0.88*** −0.06*** −0.05*** −0.08*** −0.07*** −0.03***
(0.14) (0.02) (0.02) (0.02) (0.02) (0.00)

Wind Resistance Index (m/s) 0.02 −0.08*** −0.08*** −0.08*** −0.08*** −0.08***
(0.02) (0.00) (0.00) (0.01) (0.00) (0.00)

Wave Height (m) 6.83*** 1.87*** 1.84*** 1.73*** 1.69*** 0.62***
(0.53) (0.12) (0.10) (0.10) (0.10) (0.03)

Observations 27,760,550 22,897,792 22,896,864 22,896,864 22,896,864 22,896,864 22,721,524

Country Combo. FE X X X X
Vessel Type FE X X X X
Vessel Size FE X X X X
Hotspot FE X X X
Top Route FE X
Port-to-Port FE X
Month-by-Year FE X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation (2). Each column is a different specification. Encounters (7
day) is the count of pirate encounters recorded in the projected path of the vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint.
The sample spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average wave height along the voyage. Column (7)
replaces country-to-country and top route fixed effects with port-to-port pair fixed effects. X indicates the fixed effect is included. Standard errors are clustered by
country-to-country route by year.



Supplementary Table 17: Effect of Past Pirate Encounters on Total Cost.

(1) (2) (3) (4) (5) (6) (7)

Encounters (7 day) 27.96*** 30.10*** 2.45*** 2.31*** 2.29*** 2.29*** 1.05***
(2.32) (2.03) (0.26) (0.26) (0.26) (0.26) (0.21)

Wind Speed (m/s) 4.55*** −0.03 0.06 −0.06 −0.05 0.01
(0.69) (0.10) (0.10) (0.10) (0.10) (0.07)

Wind Resistance Index (m/s) 0.58*** 0.02 −0.01 −0.01 −0.01 0.01
(0.13) (0.02) (0.02) (0.02) (0.02) (0.01)

Wave Height (m) 31.67*** 6.70*** 5.75*** 5.21*** 5.19*** 0.72***
(2.83) (0.48) (0.40) (0.43) (0.43) (0.24)

Observations 27,760,550 22,897,792 22,896,864 22,896,864 22,896,864 22,896,864 22,721,524

Country Combo. FE X X X X
Vessel Type FE X X X X
Vessel Size FE X X X X
Hotspot FE X X X
Top Route FE X
Port-to-Port FE X
Month-by-Year FE X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation (2). Each column is a different specification. Encounters (7
day) is the count of pirate encounters recorded in the projected path of the vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint.
The sample spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average wave height along the voyage. Column (7)
replaces country-to-country and top route fixed effects with port-to-port pair fixed effects. X indicates the fixed effect is included. Standard errors are clustered by
country-to-country route by year.



Supplementary Table 18: Effect of Past Pirate Encounters on CO2 Emissions.

(1) (2) (3) (4) (5) (6) (7)

Encounters (7 day) 141.88*** 153.58*** 8.86*** 8.05*** 7.94*** 7.93*** 1.70***
(11.69) (10.10) (0.90) (0.85) (0.84) (0.84) (0.50)

Wind Speed (m/s) 24.15*** −0.01 0.60 0.00 −0.03 −0.01
(3.68) (0.43) (0.43) (0.42) (0.42) (0.07)

Wind Resistance Index (m/s) 3.65*** 0.56*** 0.35*** 0.37*** 0.37*** 0.51***
(0.75) (0.09) (0.09) (0.09) (0.09) (0.05)

Wave Height (m) 166.79*** 32.67*** 26.44*** 23.76*** 23.89*** 1.36***
(15.42) (2.42) (1.95) (2.08) (2.08) (0.35)

Observations 27,760,550 22,897,792 22,896,864 22,896,864 22,896,864 22,896,864 22,721,524

Country Combo. FE X X X X
Vessel Type FE X X X X
Vessel Size FE X X X X
Hotspot FE X X X
Top Route FE X
Port-to-Port FE X
Month-by-Year FE X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation (2). Each column is a different specification. Encounters (7
day) is the count of pirate encounters recorded in the projected path of the vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint.
The sample spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average wave height along the voyage. Column (7)
replaces country-to-country and top route fixed effects with port-to-port pair fixed effects. X indicates the fixed effect is included. Standard errors are clustered by
country-to-country route by year.



Supplementary Table 19: Effect of Past Pirate Encounters on NOx Emissions.

(1) (2) (3) (4) (5) (6) (7)

Encounters (7 day) 3,589.18*** 3,890.15*** 222.57*** 201.96*** 199.18*** 198.92*** 40.90***
(296.73) (256.07) (23.30) (21.86) (21.77) (21.83) (13.15)

Wind Speed (m/s) 611.60*** 1.00 17.02 1.60 0.53 1.53
(93.66) (11.02) (10.97) (10.79) (10.86) (1.76)

Wind Resistance Index (m/s) 99.52*** 19.31*** 14.01*** 14.58*** 14.45*** 17.70***
(19.27) (2.40) (2.47) (2.45) (2.44) (1.46)

Wave Height (m) 4,269.31*** 816.77*** 656.36*** 588.13*** 592.92*** 9.74
(392.68) (61.88) (50.07) (53.24) (53.52) (8.91)

Observations 27,760,550 22,897,792 22,896,864 22,896,864 22,896,864 22,896,864 22,721,524

Country Combo. FE X X X X
Vessel Type FE X X X X
Vessel Size FE X X X X
Hotspot FE X X X
Top Route FE X
Port-to-Port FE X
Month-by-Year FE X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation (2). Each column is a different specification. Encounters (7
day) is the count of pirate encounters recorded in the projected path of the vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint.
The sample spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average wave height along the voyage. Column (7)
replaces country-to-country and top route fixed effects with port-to-port pair fixed effects. X indicates the fixed effect is included. Standard errors are clustered by
country-to-country route by year.



Supplementary Table 20: Effect of Past Pirate Encounters on SOx Emissions.

(1) (2) (3) (4) (5) (6) (7)

Encounters (7 day) 2,954.03*** 3,197.59*** 184.54*** 167.53*** 165.26*** 165.11*** 35.34***
(243.38) (210.24) (18.83) (17.62) (17.55) (17.58) (10.39)

Wind Speed (m/s) 502.82*** −0.27 12.49 −0.09 −0.73 −0.11
(76.56) (8.94) (8.86) (8.72) (8.76) (1.41)

Wind Resistance Index (m/s) 75.91*** 11.63*** 7.32*** 7.78*** 7.71*** 10.69***
(15.53) (1.86) (1.91) (1.90) (1.90) (1.05)

Wave Height (m) 3,472.50*** 680.13*** 550.46*** 494.63*** 497.49*** 28.24***
(321.11) (50.40) (40.64) (43.29) (43.41) (7.25)

Observations 27,760,550 22,897,792 22,896,864 22,896,864 22,896,864 22,896,864 22,721,524

Country Combo. FE X X X X
Vessel Type FE X X X X
Vessel Size FE X X X X
Hotspot FE X X X
Top Route FE X
Port-to-Port FE X
Month-by-Year FE X X X X X X X

* p < 0.1, ** p < 0.05, *** p < 0.01 The unit of observation is a voyage. Estimates are from Equation (2). Each column is a different specification. Encounters (7
day) is the count of pirate encounters recorded in the projected path of the vessel in the preceding 7 days from the departure date using a 5-degree spatial footprint.
The sample spans from 2012 to 2023. Controls include average wind speed, the wind-resistance index, and average wave height along the voyage. Column (7)
replaces country-to-country and top route fixed effects with port-to-port pair fixed effects. X indicates the fixed effect is included. Standard errors are clustered by
country-to-country route by year.








