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S1 Spatial pattern of heavy precipitation events (HPEs) in North America (NA)

To illustrate the ERAS precipitation estimates used for our analysis, in fig S1 we show the spatial pattern of HPEs in NA, ob-
tained by thresholding the daily precipitation estimates at the 95-th percentile. Only days exceeding 1 mm of total precipitation
were used for computing the percentiles. Specially note that the highest values of the 95-th percentile are along the western

5 coast of NA, were the topography plays a crucial role in the land-falling of ARs and were the most intense HPEs occur.
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Figure S1. 95-th percentile thresholds of precipitation considering only wet days (days exceeding 1 mm of total precipitation).
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S2 Analysis of the impact of latitudinally categorized atmospheric rivers (ARs).

In the main manuscript, we have only used ARs making landfall north of 47.5°. We based that on the finding that the number
of grid cells at which HPEs are significantly correlated with ARs is not increased by including ARs making landfall at lower
latitudes. For that, we have step-wise included more ARs (with a 2.5° step size) and counted the number of significant grid cells
in central and eastern Canada (for the spatial extent, see red box in Fig. 5b). As an illustration of how the results appear when
including all ARs, we have run the analysis evaluating the synchronization between HPEs and ARs making landfall anywhere

on the western coast of NA. We show Fig. S2, featuring otherwise the same key findings as in Fig. 2.
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Figure S2. Event synchronization (ES) between ARs making landfall on the western coast of NA and HPEs. We use the SIO-R1 catalog of
land-falling ARs and consider all ARs of level AR3 or higher. Different values of Tiin and 7max are considered to calculate ES in each panel:

Tmin increases from left to right and 7max from top to bottom. Color bar as in Fig. 2.

As the results shown in Fig. 2 and Fig. S2 are not visually distinguishable in central and eastern Canada and the number of
grid cells exhibiting significant synchronization does not increase in that region, we assume our choice is robust and proceeded

with the subset of ARs for the main analysis.
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S3 Dependence on the choice of the AR catalog

As mentioned in the introduction, a plethora of work has analyzed how the choice of an AR detection algorithm affects the
outcome of an analysis (Shields et al., 2018; Rutz et al., 2019; O’Brien et al., 2022). For this reason, we have re-run the whole
analysis for a systematically different AR catalog (for details see Sec. 2). Whereas in the main manuscript we utilized the SIO-
R1 catalog by Gershunov et al. (2017), here we feature the analysis carried out with a catalog based on the IPART algorithm
(Xu et al., 2020; Traxl, 2022).
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Figure S3. Event synchronization (ES) between ARs making landfall on the western coast of NA and HPEs. We use the IPART catalog of
land-falling ARs and consider all ARs of level AR2 or higher. Different values of Timin and Tmax Were considered to calculate ES in each panel:

Tmin increases from left to right and 7max from top to bottom. Color bar as in Fig. 2.

To verify that we find, in principle, the same results using this alternative approach, we again show the results of assessing
the synchronization between land-falling ARs and HPEs, and as in the previous section, we consider all ARs making landfall
anywhere on the western coast of NA. The results are shown in Fig. S3 and, as expected, are visibly different to some extent,

so we must acknowledge that we had to adapt the parameters of the analysis. In particular, for the IPART catalog, we reduced
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the considered lower threshold for the AR level. Therefore, Fig. S3 is based on ARs of level AR2 and higher, whereas Fig. S2,
and Fig. 2 are based on ARs of level AR3 and higher. We assume that this is due to two reasons: first, ARs identified by the
IPART catalog have, on average, a shorter persistence in comparison to the ones listed in the SIO-R1 catalog. Therefore, ARs
are often ranked higher in the SIO-R1 catalog (persistence is one criterion on the AR scale by Ralph et al., 2019). Second, the
IPART algorithm identified significantly fewer ARs, which leads to a more sparse AR time series. Then, filtering out many
ARs may decrease the ES score due to the sparsity of the time series.

Aside from this adaptation, which we consider reasonable, we again find a region of synchronization between land-falling
ARs and HPE:s in central and eastern Canada. Note that the results show striking qualitative similarity (the signal is strongest
for Timin > 3 and Tax = 12), and for 7, > 3 the signal close to the coast vanishes/gets less significant). Therefore, we consider
the results based on the IPART catalog (Fig. S3) comparable to the results featured in the main manuscript (Fig. 2).

To be transparent regarding the construction of the IPART catalog we refer to Xu et al. (2020) and the chosen parameters

below, which are mostly the default parameters of the algorithm.
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S4 Dependence on the choice of the AR level

In the main manuscript we have stated that the synchronization pattern observed in the western coast of NA between land-
falling ARs and HPEs occurring between 0 and 3 after the landfall does not change if ARs of the lower levels AR1 and AR2
are excluded from the calculations. This statement is based on the results shown in Fig. S4, which displays the grid points
whose time series of HPEs are significantly synchronized with the AR time series, when Ty, = 0 and Ty.x = 3. In panel (a)
all the ARs are considered, and for the subsequent panels, ARs of the lower levels are step-wise excluded such that the lower
limit of the considered AR level increases. Note that the most prominent synchronization pattern is always present along the
western coast of NA, which is expected given the direct impact of ARs in the inmediate HPEs of this area (Neiman et al., 2008;
Gershunov et al., 2017; Waliser and Guan, 2017; Ralph et al., 2019). However, excluding ARs of the lower levels AR1 and
AR2 does not change this result, as only considering ARs from levels AR4 and AR5 does. Including ARs of the lower levels
for the calculations of ES introduces noise into the results, especially in eastern NA, where the synchronization pattern is not
related to ARs making landfall on the West Coast but rather to ARs and extra-tropical cyclones making landfall on the East
Coast. On the other hand, only considering ARs of leves AR4 and AR5 reduces the number of events and makes the AR time
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Figure S4. Event synchronization (ES) between ARs making landfall on the western coast of NA and HPEs. We use the SIO-R1 catalog
of land-falling ARs but only consider ARs making landfall north of 47.5°N. ES is calculated with Tiin = 0 and Tmax = 3. From (a) to (e)
the lower limit of the considered AR level increases: (a) ARs of level AR1 and higher e.g. all ARs, (b) ARs of level AR2 and higher, rest

accordingly. Color bar as in Fig. 2.



55

60

series too sparce to retain the statistical significance of the results. Since panel (c) exhibits an intermediate pattern between

these 2 scenarios, we have selected ARs of level AR3 or higher for our analysis.

S5 Synoptic conditions during type II and III events

In the main manuscript we revealed the synoptic conditions facilitating the delayed effect of ARs in the precipitation over
central and eastern Canada. We did so by analyzing composite anomalies of IVT, geopotential height at 500 hPa, wind at 500
hPa, and precipitation, on the days of type I events (when the highly synchronized ARs made landfall) and for the following
3, 5, and 12 days. Now, we contrast those results with the composite analysis for type II and III events, i.e. for days after the
landfall of ARs that did not synchronize with HPEs in central and eastern Canada, and for days before HPEs in central and
eastern Canada that occurred in the absence of a land-falling AR (see Sec. 3.5 for a detailed description of the types of events).

In Fig. S5, we first present temporal evolution of the synoptic conditions after the landfall of ARs that did not synchronize

with HPEs in central and eastern Canada. As in Fig. 7, when lag = 0 days, there is a high positive IVT anomaly on the
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Figure S5. Same as in Fig. 7 but for land-falling ARs that do not synchronize with HPEs in central and eastern Canada.



Northeastern Pacific accompanied by a cold front and a southwesterly steering wind driving the ARs to the western coast of
NA. Moreover, on the day of landfall, the mid-level pressure dipole identified in Fig. 7 is present and determines the location of
HPEs along the western coast of NA. However, the striking difference between ARs leading to type II events and those leading
65 to type I events is the evolution of this pressure dipole in the days following landfall. Note that the cold front vanishes instead
of digging into Canada, preventing the anomalous influx of water vapor from reaching the northern parts of North America,

and therefore resulting in the absence of HPEs in central and eastern Canada.
Secondly, in Fig. S6 we present the temporal evolution of the synoptic conditions preceding HPEs in central and eastern
Canada that occurred in the absence of land-falling ARs. Note the negative IVT, wind, and precipitation anomalies that are
70 always present over the Northeastern Pacific and the western coast of NA, which are attributable to the warm front located
in the northwest of the scene. These specific synoptic conditions are a clear indicator of the absence of land-falling ARs
during the 12 precedent days considered for the analysis. For type III events, the climatological drivers are more likely related
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Figure S6. IVT, geopotential height at 500 hPa, wind at 500 hPa, and precipitation anomalies (from top to bottom), from 12, 5, 3, and 0 days
(from left to right) before the occurrence of HPEs in central and eastern Canada with no precedent land-falling ARs on the western coast of

NA at locations north of 47.5°N, according to the SIO-R1 catalog. Shading, contours and arrows as in Fig. 7
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to summertime convective processes forced by the trough located over central Canada when the HPEs occur (right column)

(Raddatz and Hanesiak, 2008).

S6 Precipitation anomalies for increasing AR levels

As stated in the main manuscript, only considering ARs of level AR4 and higher, or even examining only ARs of level ARS5,
does not lead to significant correlation between land-falling ARs and HPEs. We suspect that first, the sparsity of the time series
does not allow for significant ES scores but also that HPEs do not only occur after such strong ARs. To give an argument that
these ARs still contribute to the HPEs, we studied the precipitation anomalies in the aftermath of just these exceptional AR

events. The results are shown in Fig. S7.
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Figure S7. Precipitation anomalies, from 0, 3, 5, and 12 days (from left to right) after the landfall of ARs leading to a delayed synchronization
pattern with HPEs in central and eastern Canada. From top to bottom the lower limit of the considered AR level increases. Only ARs with

land-falling latitude north of 47.5°N are considered.

The delay grows from left to right and the AR strength increases from top to bottom. As there are only a few events, the
pattern differs visibly between the different parameter settings, but nearly all configurations show a considerable signal of

above-average precipitation in central and eastern Canada. Therefore, we conclude that these strong AR events are one integral



part of the identified precipitation scheme but explain only one puzzle piece and, thus, do not account just by themselves for

85 the increased precipitation in central and eastern Canada.
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