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Introduction

IVT and IWV calculations are provided as text. Supplementary figures include coastline mask
information and AR occurrences across Tier 1 ARDTs for focus regions including western North
America, Europe, and southwestern South America to explain restrictiveness choices and support
Figure 3 in main text. Land-only precipitation spread is included to support Figure 4 and
precipitation discussion. Supplementary tables include ARDT algorithm details and

restrictiveness justification.

Text S1.
IVT and IWV are taken from the Tier 1 ARTMIP database and are calculated following Shields
etal., 2018.

1 Pt
WVT=-— [, (aVwdp (1)

where q is the specific humidity, Vi is the horizontal wind vector, Pb is 1000hPa, Pt is 200hPa,

and g is the acceleration due to gravity.

1 Pt
WV =-= [, qdp 2)

where q is the specific humidity, Pb is 1000hPa, Pt is 200hPa, and g is the acceleration due to
gravity.
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Figure S1. Coastal transects for Figure 3 and 4 in the main article. For the Western US and
Europe, which includes both UK and Iberian Peninsula, masks are taken from Shields Kiehl
algorithm for direct comparison; for Southern South America and South African coastline points
were chosen for consistency with regional Tier 1 ARDT’s developed by Viale and Ramos et al.,

(IDL_v2s), respectively.



Counts at coastlines
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Figure S2. South American AR occurrences for the Full Tier I ARDT catalogues (a) and only
global ARDTS applied to Figure 3i that directly compare Viale regional ARDT (b). One
explanation for the subtropical maximum detected by many of the global ARDTs could be the
prevalent coastal southern winds trapped by the marine boundary layer. IVT values can exceed

the typical ARDT threshold of 250 kgm!s™! and could potentially be “miscounted” as an AR.
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Figure S3. Tier 1 AR occurrence metrics by method for Western North America and Western
Europe.
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Figure S4. Geographic regions for precipitation distributions. All grid points within the red

boxes are included in calculations in the main text. Figure S5 includes only land points within

the Western U.S. box.
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Figure SS. Precipitation distribution for land points only across all ARDTs. ARDT mean is
shown in heavy bold lines, and the spread in shading. Although the signal is similar to the full
regional area (land + ocean), land-only distributions highlight, on the whole, greater uncertainty,

and especially so for Western North America.



ARDT Region Algorithm Summary Restrictiveness | DOI Reference
Name/Developer
AR-Connect Global** Object identification; Absolute: IVT | R 10.1029/2020J
thresholds used = 700 kg/m/s for D033425
seeding, 300, for region growing;
Time stitching, minimum 24-hour
period; Global weighted centroid of
AR event must be outside tropics
(23.25N-23.259)
Gershunovetal 2017 | Western >= 1500km long Absolute: 250kgm™ | LR 10.100
vl North IsTIVT; 1.5cm IWV; Time 2/2017GL0741
America stitching 18 hours 75
Goldenson_vl-1 Western >2000km long and < 1000km wide | R 10.1175/JCLI-
North Object recognition; Absolute: 2cm D-18-0268.1
America wv
Guan_Waliser v2 Global** Length >2000km and length width LR 10.1002/2015J
ratio >2; Coherent IVT direction D024257
within 45° of AR shape orientation 10.1175/JHM-
and with a poleward component; D-17-0114.1
Relative: 85th percentile IVT;
Absolute min requirement designed
for polar locations: 100kg/m/s IVT;
Time slice condition
Ramos et al. Western Detected for reference meridians, R 10.5194/esd-7-
(IDL_v2s) Europe**, length >=1500km (1800km*), 371-2016
South Africa* | latitudinal movement <4.5°N; 10.1175/JHM-
Relative: IVT 85th percentile (1000- D-17-0111.1
300mb); Time slice, but 18-hour
minimum for persistent ARs
Lora v2 Global** Length >=2000km,; LR 10.1016/j.epsl.2

Relative/Absolute: IVT 225 kg/m/s
above time/latitude dependent

threshold using 30-day running mean

020.116293




and zonal average of IWV; Time

slice condition

Mundhenk v3

Global**

>1400km length, aspect ratio 1:4, lat
limit >16N/S, axis orientation based
on IVT; Relative IVT percentiles
and/or anomalies both temporal and

spatial; Time slice condition

LR

10.1175/JCLI-
D-15-0655.1

PanLu

Global

1) Length>2000km; 2) Length-Width
ratio>2; 3) sum of turning
angle<360; 4) percentage within
tropics < 95%; 5) 50% <
percentage within tropics < 95% or
percentage with IVT direction
smaller than 15 degrees <50%; Two
relative thresholds. Local threshold:
smoothed 85% quantile IVT field
using the Gaussian kernel density
smoothing technique; regional
threshold: the 80% quantile of IVT
for all grids within 80N and 80S;
Time stitching: last for at least 18

hours

LR

10.1029/2018W
R024407
10.1029/2020G
L089477

Payne Magnusdottir

vl

Western
North

America

Length > 1200km, landfalling only
Relative: 85th Percentile of
maximum IVT (1000-500mb) with
reference period time varying;
Absolute: IWV >2c¢m, 850mb wind
speed > 10m/s; Time stitching (12-

hour minimum)

10.1002/2015J
D023586
10.1002/2016]
D025549

Payne Magnusdottir

V2

Western
North

America

Same are above except reference
period dependent on historical

period.

LR

10.1002/2015]
D023586
10.1002/2016]
D025549




PNNL AR Hagos Western Dependent on threshold requirements 10.1175/JCLI-
North to determine footprint;> 2000 km D-14-00567.1
America long and < 1000 km wide; Absolute:
2cm IWV 10ms-1 wind speed; Time
slice
Shields Kiehl v1 Landfalling Ratio 2:1, length to width grid points 10.1002/2016G
ARs for min 200km length; 850mb wind L069476
Western direction from specified regional 10.1002/2016G
North quadrants, landfalling only; Relative: L070470
America, spatial anomaly moisture threshold
Europe, (Zhu and Newell 1998) using IWV;
Iberian Wind threshold defined by regional
Peninsula 85th percentile 850mb wind
magnitudes
Teca Bard vl Global** Runs 1,024 AR detectors 10.5194/gmd-
(Previously called simultaneously. Percentile threshold, 13-6131-2020
Cascade Bard vl) minimum area, and filter latitude
width are all sampled from a
posterior distribution that is designed
to optimize global AR counts relative
to a dataset of AR counts from a set
of experts.; Relative threshold (based
on spatial percentile for each
timestep); An inverted Gaussian filter
is applied at the equator to damp out
the ITCZ; Time slice condition
TEMPEST (IVT Global** Contains both an absolute threshold
threshold 250) (typically set at IVT>250 kg/m/s) 10.5194/gmd-

and a relative threshold (which uses a
local Laplacian of IVT, typically set
at del"2 IVT < -50k); Laplacian IVT
thresholds most effective for widths
>1000km; cluster size minimum =

120000km2; Time stitching

10-1069-2017




condition, Global, but latitude >=15°

TEMPEST (IVT Global Same as above except for IVT > 500 10.5194/gmd-
threshold 500) kg/m/s 10-1069-2017
TEMPEST (IVT Global Same as above except for IVT > 700 10.5194/gmd-
threshold 700) kg/m/s 10-1069-2017
Viale Southwestern | Relative: 85th percentile IVT; 10.117
South Absolute min requirement designed 5/JHM-D-18-
America* for subtropical locations: 100kgm-1s- 0006.1

1 IVT; a frontal zone intercept or
locate south (up to 50 km), i.e., mag.
of the horizontal gradient of the
1000-850hPa thickness > 5 m 100
km-1)

*Only Tier | MERRA-2 available
**Tier 2 CMIP5/6 participant

Table S1. ARDTs applied to this study including Tier 2 High Resolution and accompanying

Tier ARDT algorithm details. Summaries are also available on the ARTMIP webpage

(https://www.cgd.ucar.edu/projects/artmip/algorithms.html). *notation refers to ARDTs where

only Tier 1 data was available, but included for context in the South American and South African

discussion. ** notation refers to ARDTs that also participated in Tier 2 CMIP5/6 climate change

experiments described in O’Brien et al., 2022. Note that all ARTMIP Tier 2 participation is

voluntary, hence, the different Tier 2 experiments (Shields et al., 2018) each consist of a unique

set of ARDTs. Restrictive algorithms are labelled as “R”, and less restrictive “LR”.



Restrictive Methods

Restrictiveness justification

AR-CONNECT

Tier 1 occurrence metrics*; absolute, high
IVT values

Goldenson_vl1-1

Tier 1 occurrence metrics*; absolute, strict
geometry

Ramos et al. (IDL_v2s)

Tier 1 occurrence metrics*; relative; regional
9 9

Payne Magnusdottir 2016

Tier 1 occurrence metrics*; relative; regional
9 9

PNNL AR Hagos

Tier 1 occurrence metrics*; absolute strict
geometry

Shields Kiehl v1

Tier 1 occurrence metrics*; relative spatial;
regional

TECA Bard vl

Tier 1 occurrence metrics*; relative time
independent

Tempest vl 250

Tier 1 occurrence metrics*; strict relative
geometry but low absolute value, could fit
into both groupings, behaves similar to others
in the restrict group for climate change

Tempest vl 500

Tier 1 occurrence metrics*; strict relative
geometry high absolute value

Tempest vl 700

Tier 1 occurrence metrics*; strict relative
geometry high absolute value

Viale

Tier 1 occurrence metrics (Figure 3, main
paper)

Less Restrictive Methods

Restrictiveness justification

Gershunovetal2017 vl

Tier 1 occurrence metrics*; low absolute
value, light geometry although regional

Guan_Waliser v2

Tier 1 occurrence metrics*; relative time
dependent and historical reference period

Lora v2

Tier 1 occurrence metrics*, relative and




absolute constraints; running mean reference

Mundhenk v2 Tier 1 occurrence metrics*; relative time
dependent and historical reference period

PanLu Tier 1 occurrence metrics*; relative

Payne Magnusdottir 2016 _v2 Tier 1 occurrence metrics*; relative time
dependent and historical reference period

Table S2. Restrictiveness Justification. *Based on (1) Tier 1 Occurrence Statistics (Figure S3)
and (2) reference period for climate change if relative method. If ARDT uses historical data for
reference period, a less restrictive label is applied.
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