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Abstract
When tropical cyclones in the western North Paci�c turn into midlatitude cyclones, it often perturbs the jet
stream, resulting in ampli�ed �ow conditions in the north Paci�c and various weather extremes in North
America. Thus far, however, the complex impacts of extratropical transitioning cyclones (ETCs) on North
American �re weather are undocumented. In this study, we group ETCs by the characteristics that are
important for their interaction with the jet stream and document the response in North American �re
weather, �nding that ETCs are consistently associated with enhanced �re weather in North America
through ampli�ed pressure gradients and anomalous winds. While the chaotic nature of the ETC and jet
stream interaction means that ETCs grouped by similar characteristics and locations can result in varying
downstream responses, the composite analysis reveals some areas of consistently enhanced �re
weather, including the Paci�c Northwest and northern Intermountain West. At a time in which the risk and
extent of wild�res in the Western United States is an issue of growing concern, this study represents the
�rst holistic understanding of how ETCs’ downstream perturbations impact �re weather.

Introduction
The peak of tropical cyclone activity and associated interactions with the jet stream (Archambault et al.,
2013; Balch et al., 2017), from July through October, coincides with the peak �re season in the western
North America. While the actual ignition and ecological precursors for �re (i.e. fuel load, seasonal
drought) are mostly independent of the impact of typhoons: winds, humidity and temperature in the
western US can be signi�cantly impacted by ampli�ed �ow due to upstream typhoons (Stuivenvolt-Allen
et al., 2021; Bosart et al., 2017; Grams et al., 2013). September of 2020 was a notable example of how the
extratropical �ow response to tropical cyclones can result in catastrophic �re outbreaks and spread. Days
before the �re outbreak in the Paci�c Northwest on the 8th of September, three typhoons made an
extratropical transition near the Korean peninsula in quick succession, resulting in a Rossby wave train
across the north Paci�c. Subsequently, a strengthened pressure gradient formed directly over the Paci�c
Northwest resulting in record-breaking winds and rapid �re spread throughout the region (Stuivenvolt
Allen et al., 2021). Research has shown that typhoons interacting with the jet stream can result in
downstream weather extremes (Bosart et al., 2017), but the relationship between tropical cyclones and
�re weather has not been examined holistically. As such, our objective is to create composites of western
North Paci�c tropical cyclones and their extratropical interaction to examine their relationship with
enhanced �re weather in western North America.

The mechanisms underlying a typhoon and jet stream interaction have been extensively studied.
Extratropical transitioning cyclones (ETCs)—de�ned as a tropical cyclone that travels into the mid-
latitudes and re-intensi�es as a cold core extratropical cyclone—have the most potential for causing
lasting and energetic �ow ampli�cation in the North Paci�c, though recurving typhoons which do not
transition also result in ampli�ed �ow patterns (Agustí-Panareda et al., 2005; Archambault et al., 2013;
Harr & Dea, 2009; Hodyss & Hendricks, 2010; Pantillon et al., 2013). As an immense source of diabatic
heating, ETCs facilitate the advection of low potential vorticity (PV) into the jet region, resulting in a
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localized ridge and an intensi�ed jet streak to the north of the ETC (Evans et al., 2017; Grams et al., 2015;
Riemer & Jones, 2010). This process catalyzes extratropical cyclogenesis adjacent to the jet streak and
the associated Rossby wave energy dispersion results in an alternating atmospheric wave train which
spans across the entire north Paci�c (Archambault et al., 2013, 2015; Orlanski & Sheldon, 1995).

The interaction between an ETC and the north Paci�c wave guide changes with respect to the seasonality,
intensity and position of an ETC. In summary, these �ndings highlight that the north Paci�c �ow in
August, September and October is most conducive for ampli�cation due to tropical cyclone-jet
interactions (Archambault et al., 2013). From July to October, ETCs become stronger by both measures of
central mean sea level pressure (MSLP) and the radius of 30 kt winds at recurvature. The longitudinal
position of recurvature is also a critical component for determining the strength of the ETC-extratropical
�ow interaction, with stronger interactions occurring with ETCs that recurve farther west (Archambault et
al., 2013). The large variability of storm characteristics (position, intensity, and seasonality) is one
component of the extratropical �ow interaction, as the characteristics of the north Paci�c �ow at the time
of recurvature are also important for determining whether the ETC’s impact is constructive. Speci�cally, if
an ETC becomes phase locked with an approaching trough, meaning the ETC and the trough converge in
space and time, the impact of the ETC is resonant with the existing wave structure–resulting in a more
energetic downstream responses (Aiyyer, 2015; Grams et al., 2015; Riboldi et al., 2019). Additionally, the
intensity and position of the subtropical jet stream impacts the amplitude of the downstream wave
response, with more intense jet speeds resulting in greater wave ampli�cation (Finocchio & Doyle, 2019).
These factors which in�uence the relationship between a typhoon and ampli�ed �ow will be analyzed to
determine if enhanced �re weather in North America changes in response to ETC characteristics.

The existing knowledge of ETCs and recurving typhoons highlights that subsequent analysis of the �re
weather response to ETCs must account for seasonal variability in the midlatitude �ow, along with the
spatial and intensity variability of an ETC. Due to the potential for ampli�ed �ow to greatly impact �re
spread and intensity, we aim to group ETC events into categories that are important for their associated
impacts to analyze the response of North American �re weather. Using the Canadian Fire Weather Index, a
�re severity rating that depends on fuel moisture and weather conditions (Wagner et al., 1987), we will
determine how different ETC characteristics impact the likelihood of enhanced �re weather.

Methods
2.1 Data:

For the record of typhoon position, timing, intensity and classi�cation, we use the Japanese
Meteorological Agency’s (JMA) Best Track Dataset which is provided by the Regional Specialized
Meteorological Center (https://www.jma.go.jp). This dataset has been shown to accurately represent
typhoon intensity and position and has been used in many analyses of the extratropical �ow response to
typhoons (Archambault et al., 2013, 2015; Barcikowska et al., 2012). The response of the atmosphere to
ETCs will be analyzed using the National Center for Environmental Prediction-Department of Energy’s
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Reanalysis 2 (NCEP R2) at six-hour intervals (Kanamitsu et al., 2002). As the diabatic out�ow from a
tropical cyclone is prominent in the upper level, we will use daily geopotential height at 200 hPa (z200) to
analyze the impact of the ETC on recurvature. We use daily data to match the format of the FWI
described below. For evaluating the strength of the ETC and jet interaction, we compute potential vorticity
advection using the European Centre for Medium-Range Weather Forecasts ERA5 global reanalysis data
as the diabatic out�ow of an ETC will be better captured with the 0.25° resolution (Hersbach et al., 2020).
PV advection is calculated at the closest six-hour interval to T0, a reference time for each ETC described
in Sect. 2.3.

To determine the likelihood of �re weather conditions after the recurvature of a western Paci�c typhoon,
we use the Modern-Era Retrospective Analysis for Research and Applications Version 2 (MERRA2)
reanalysis dataset (Gelaro et al., 2017). MERRA2 contains a daily Fire Weather Index (FWI) which is a
component of the Canadian Forest Fire Weather Index System. The FWI used in this study takes
MERRA2’s temperature, relative humidity, wind speed and 24-hour precipitation to provide numeric ratings
for the potential of wildland �re (Van Wagner et al., 1987). The FWI comes from an integration of an
Initial Spread Index (ISI)—which comprises temperature, relative humidity, rain and wind data—and a
Buildup Index (BUI) which uses temperature, relative humidity and rain. Details on the calculation of each
index can be found in Van Wagner et al. (1987). With wind only included in the ISI, we will use the ISI and
BUI to provide diagnostic analysis on whether enhanced �re conditions associated with typhoons are
more driven by wind or moisture de�cits and temperature.

2.2 Typhoon classi�cation:

We include tropical cyclones from 1979 through 2020 which reached a tropical storm classi�cation
(sustained winds greater than 62 km/hr) and an extratropical cyclone classi�cation by the JMA. This
ensures that each typhoon in our analysis had interactions with the extratropical �ow. The start date is
chosen as 1979 because the Best Track Data started classifying typhoons which became extratropical
low-pressure systems in 1977, making categorical grouping of typhoons more e�cient and objective, and
this period overlaps with satellite era reanalysis data as well. The reference point used to view the time-
lagged impact of an ETC is de�ned as the point in which an ETC passes 30°N. As it has been shown that
an ETC may start to impact the jet region before the extratropical transition (Stuivenvolt-Allen et al.,
2021), this latitude threshold produced more clearly de�ned wave trains in the composite maps than
selecting the point of ETC recurvature (not shown). The latitude requirement also reduces the potential for
the composite maps to contain lower-latitude/tropical forcing mechanisms similar to the Paci�c-North
America teleconnection (Wallace et al., 1993). A latitude requirement for the reference time-step (T0) also
results in better de�ned atmospheric wave trains (shown later).

2.3 Composite analysis:

To delineate the general impact of typhoons on �re weather and geopotential height at 200 hPa (z200),
we create composite maps of FWI and z200 anomalies. These composites are displayed at lag times two
days after the day in which an ETC passed 30°N, which will be referred to as T0. As the atmospheric
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upper-level �ow is most ampli�ed about two to three days after typhoon recurvature in the north Paci�c
(Archambault et al., 2013), this lag time most effectively captures the ampli�ed pressure �eld and
potential for enhanced �re weather. Additionally, ETCs are grouped by July through August (JA) and
September through October (SO) so that the seasonal characteristics of the jet stream and ETCs are
separated. Finally, to reduce smearing effects in the composite maps due to differences in the ETC
location, each composite is grouped by the interquartile range (IQR) of T0 longitude. This allows for the
comparison of equitable sample sizes and results in groups of ETCs that occurred within similar
locations.

Anomalies in the geopotential height �eld are de�ned as the difference between the daily long-term mean,
calculated from 1990 through 2021. For the FWI, anomalies are de�ned as the difference in FWI two days
after T0 by the FWI two days before T0. This shows the change in FWI in response to the ETC ampli�ed
�ow. This differencing method helps remove enhanced �re weather conditions that may have existed
before T0 and independent of the ETC.

Results
3.1 Impact of typhoon position and season on downstream �re weather

The methodology of our typhoon classi�cation is shown in Fig. 1, with the track density of the typhoon
trajectories for July through October. This shows that the heaviest density of ETCs occurs just south of
Japan, but ETCs span a longitudinal range from 120°E to about 170°E. Also plotted in Fig. 1 is the
climatological FWI distribution in North America from July through October, showing that the Southwest
United States has a consistently high FWI through these months. The FWI is a unitless and open-ended
index, so the climatology also serves as a reference point for the subsequent analysis. The positions of
the long-term mean jet stream cores in JA and SO are shown in the contours. While the position of the jet
stream does not experience a major shift from JA to SO, the jet intensity is notably higher for SO. Due to
the ability of jet intensity to modulate the downstream wave train (such as the effective wave number or
the ampli�ed �ow potential), all future analysis will be split into the two seasons to better isolate the
signal associated with an ETC (Ding & Wang, 2005; Finocchio & Doyle, 2019).

To avoid smearing of the z200 and FWI �elds in the subsequent composite analysis, typhoons are
grouped into four longitudinal bins based off of their IQR. The �rst three longitudinal bins (shown as gray
rectangles in Fig. 2) each contain 25% of the ETCs used in this analysis for the respective season. The
fourth longitudinal bin, which contains the largest range, is limited to be 10° greater than the 3rd quartile,
to once again limit smearing effects of the composites. The IQR is computed for ETCs in JA, and again
for SO due to the seasonal shifts of recurving typhoons, with the position of recurvature generally shifting
toward the equator and eastward July through September (Archambault et al., 2013).

To evaluate the e�cacy of this longitudinal grouping and of the selection of the T0 start time, Fig. 2
displays the composite z200 anomalies for the day following T0. To the northeast of each T0 point (the
longitudinal IQRs are shown by gray rectangles), enhanced ridging is occurring due to the diabatic
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out�ow of each ETC. Adjacent to the localized ridge produced by the ETC is extratropical cyclogenesis
and the formulation of a Rossby wave train across the North Paci�c. It is notable that the z200 anomalies
are more pronounced for SO, which is likely a product of the stronger jet for this season (Finocchio &
Doyle, 2019). In summary, the longitudinal and seasonal grouping of typhoons effectively produces the
circulation features expected for the initial interaction of a ETC with the jet region. Additionally, we can
see the wave packet associated with ETC is impacted by the longitudinal position of recurvature.

To evaluate the seasonal differences in the downstream FWI response to ETCs, Fig. 3 shows the
composite anomalies two days after T0 for July through August ETCs for each longitudinal position
(Figs. 3a-d), alongside September to October ETCs (Fig. 3e-h) for z200 and FWI. The FWI shown is the
difference from before T0 to after T0 in order to eliminate pre-existing �re weather that may bleed into the
composites. For JA, the z200 composite response depicts an enhanced ridge over the Gulf of Alaska, with
a negative pressure anomaly over the west coast of the US. Even with changes in the longitudinal
position of T0, z200 anomalies three to four days after T0 are only marginally shifted over North America
(Fig. 3a-3d). The most notable and widespread increase in FWI is associated with the second and third
longitudinal IQR shown in Figs. 3b and c. However, other longitudinal groupings show localized regions of
enhanced FWI under low pressure anomalies, frontal boundaries, and regions of high pressure. The
downstream response in SO shows z200 anomalies that are shifted east compared to JA (Fig. 3e-h). The
ridge location adjacent to North America also appears more sensitive to the longitude of recurvature for
SO, with the maximum downstream ridge shifting more dramatically east along with the longitude of T0
(most notable in Figs. 3e-g). Areas of enhanced FWI are seen scattered along frontal boundaries and in
areas ahead of low-pressure, suggesting that the enhanced �re weather conditions associated with ETCs
may be linked to wind events rather than rapid temperature or humidity changes alone.

The composite analysis highlights that �re weather responses in North America are localized and
scattered. Some composites do not result in any statistically robust areas of enhanced �re weather (e.g.,
Fig. 3f). However, the composites do not provide much insight into the spread or variability within each
composite group. Therefore, we show 25 of the composite members in Fig. 4, selected at random, which
are included in Fig. 3b. ETCs which recurve in the same longitudinal location can produce different
downstream responses, noted by the large variance in z200 and FWI response in Fig. 4. As a result, FWI
anomalies are not consistent based on the grouping of ETCs, though the boxed regions roughly highlight
areas where the composite analysis resulted in enhanced FWI anomalies (Fig. 2b). Most circulation
features are also consistent, with a negative pressure anomaly commonly featured just off or over the
western coast of North America. Ampli�ed FWI is often seen on the southwest axis of a trough, likely
because of anomalous winds around the frontal boundary.

Figure 5 shows 25 random members of the composite for the 2nd longitudinal IQR in SO. While the
composite average shows almost no signi�cantly different areas of enhanced FWI following T0, we can
see that individual members are associated with considerably enhanced FWI. However, there is little
agreement on the precise region of positive FWI changes for this grouping of ETCs. Similar to the cases
in Fig. 4, we can see enhanced FWI under high pressure at frontal boundaries. This highlights the
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di�culty of synthesizing general impacts of ETCs on �re weather, as ETCs which occur in similar
seasons and at similar locations can have divergent downstream impacts.

3.2 Impact of ETC strength

Archambault et al. (2013) also showed that stronger ETCs, by measure of their central MSLP and the
radius of the 30 kt winds, produce a more ampli�ed �ow response. Consistent with this �nding, we show
the intensity of an ETC has an impact on the interaction with the jet region and the subsequent amplitude
of the local ridge ampli�cation due to an ETC (Fig. 6). Especially notable in the ETCs which occur in SO,
Fig. 6 shows that ETCs which have lower central MSLP while passing 30°N produce a more ampli�ed
local response than ETCs with higher central MSLPs. These differences are only noticeable for the z200
anomalies in the western Paci�c, while the eastern north Paci�c (150°W-110°W) shows a less coherent
response to ETC based on MSLP. It is possible that this composite analysis better depicts the western
North Paci�c z200 response to an ETC, but the z200 anomalies in the eastern Paci�c which are further
away from the initial perturbation may become more divergent. Subsequently, there is not a clear
relationship between ETC MSLP at T0 and the downstream �re weather. While regions of anomalously
high FWI are still captured in Fig. 6 (most common at frontal boundaries and the southern extent of low-
pressure anomalies), comparing the group of strong and weak ETCs shows that intensity does not
consistently impact the FWI response. The composites for JA produce analogous results and are shown
in Figure S1.

3.3 Impacts of the jet stream interaction

While the position and timing of ETCs within the seasonal cycle has been shown to have an effect on the
magnitude of north Paci�c �ow ampli�cation (Archambault et al., 2013; Evans et al., 2017), our
composite analysis has highlighted that these seasonal and location characteristics do not consistently
alter the realization of �re weather at any one location in North America. It is possible that our grouping of
ETCs does not account for critical factors which in�uence the exact position of synoptic features—the
location of z200 anomalies and frontal zones. Literature about ETC impacts on north Paci�c �ow
regimes has also shown that the background conditions in which an ETC is born are fundamental for the
potential of ampli�ed �ow. In particular, an ETC is more likely to result in downstream impacts if the
interaction with the mid latitude �ow is constructive––meaning the ETC can amplify already existing
wave trains or synoptic pressure patterns (Evans et al., 2017; Jones et al., 2003). Additionally, the impact
of an ETC is greater when the interaction with the jet stream is stronger (Archambault et al., 2013, 2015).
The potential vorticity (PV) framework is commonly utilized to analyze the interaction between an ETC
and the jet, as the diabatic heating from an ETC results in low PV advection into the jet region which is
considered the initial perturbation that eventually results in a Rossby wave train across the Paci�c. The
strength of the ETC and jet interaction can therefore be characterized using the PV framework, where
strong interactions result in more widespread and negative values of PV advection into the jet region
(approximately 200hPa in summer) (Bosart et al., 2017; Bosart & Lackmann, 1995; Molinari et al., 1997).
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Figure 7 shows the response of grouping cases of ETCs by the strength of their interaction with the jet
stream upon extratropical transition for JA. The 200hPa PV advection is computed for the time step in
which an ETC was �rst categorized as an extratropical low-pressure system. To quantify the interaction,
the negative PV advection was summed within a domain surrounding the location of the ETC central
pressure anomaly (20°W to 20°E and 5°S to 20° N of the ETC). The domain was chosen by plotting cases
of negative PV advection and selecting a boundary that captured the entire impact of the ETC. After
determining the median negative PV advection from all cases, the ETCs are separated into strong (more
negative PV advection) and weak (less negative PV advection) groups. In Fig. 7, the composite PV
advection for the ETCs which had strong interactions with the jet stream depicts broader and more
negative PV advection. The maximum point of interaction is to the northwest of the center of each ETC.
The SO interactions are notably more intense which may be a product of enhanced jet stream speeds for
these months (Finocchio & Doyle, 2019).

In the cases with a more energetic interaction with the jet stream, the local ridge ampli�ed directly by an
ETC is of slightly higher amplitude for each longitudinal grouping. However, the wave train in z200 for
both the strong and weak jet interactions are not clearly distinct for JA, and neither is the associated �re
weather. The black rectangles highlight regions from the seasonal composite (Fig. 3) which contained
consistently ampli�ed FWI. Positive FWI anomalies still exist in these locations for both the strong and
weak jet interactions, showing that for JA the strength of the interaction doesn’t signi�cantly alter the
realization of downstream �re weather.

The composites for SO in Fig. 9 are analogous to Fig. 8, but the downstream �ow is more ampli�ed for
the later season composites. The stronger jet interactions (9a-d) result in a more ampli�ed local ridge
than the weak interactions (Fig. 9e-h). The broad area of enhanced FWI in Fig. 3d, shown with the black
rectangle, is more holistically represented by the composites with the weak interactions (Fig. 9h). This
highlights that downstream �re weather is still modulated by relatively weak ETCs with relatively week jet
stream interactions.

3.4 Mechanisms driving enhanced �re weather

Figure 10 investigates the mechanism in which the ampli�ed �ow regime from an ETC can enhance
North American �re weather for JA. The Initial Spread Index (ISI) represents the component of the FWI
that is related to wind in combination with temperature and relative humidity, while the Buildup Index
(BUI) only represents the impact on �re fuel through temperature, relative humidity and rain (Wagner et al.,
1987). In comparing the spatial pattern of enhanced FWI with the ISI and BUI, it is clear that the ISI
spatially mimics that of the FWI two days after an ETC. This supports that the ampli�ed �ow regime is
important for �re weather due to the enhanced pressure gradients and deepened low-pressure systems,
resulting in anomalous wind during a climatologically dry season. However, the BUI also shows that the
impact of an ETC on �re weather or the likelihood of �re is not constrained to the lifetime of an ETC.
While anomalous winds associated with low-pressure and frontal zones can increase the likelihood of �re
spread, the adjacent ridge results in increased temperature and decreased humidity which may increase
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the likelihood of �re in the near future. Notably, the BUI consistently shows positive anomalies along the
west coast and in California, suggesting that ETCs and their associated teleconnection contribute to
decreasing fuel and soil moisture in this region. The JA composites also show that the ampli�ed �ow
conditions associated with an ETC produce broad areas of enhanced �re risk. However, the FWI response
does not shift eastward with respect to the changing longitudinal grouping. In general, the Paci�c
Northwest and the northern Intermountain West regions result in the most consistently enhanced FWI and
BUI response when there is ETC present.

The composites from SO generally support the �ndings from JA, though the areas of enhanced FWI are
more localized than JA. This can be partially explained by the composite members in Fig. 5 which show
more spatial variance in the FWI following an ETC. The SO composite still shows that the spatial pattern
of the ISI more closely matches the spatial pattern of enhanced �re weather, supporting the observation
that increased winds drive enhanced FWI (Fig. 11).

Discussion And Conclusions
Western North Paci�c ETCs have been extensively documented for their impact on ampli�ed �ow regimes
and extreme weather events in North America, most notably cold-air outbreaks and precipitation extremes
(Bosart et al., 2017; Grams et al., 2013; Jones et al., 2003). We have shown that these impacts include
enhanced �re weather conditions for much of North America as well, made likely by the simultaneous
occurrence of peak ETC and �re seasons. However, composite analysis of ETCs and their associated �re
weather conditions highlights that the downstream response to ETCs is chaotic and varied. ETCs which
occur in the same region and season can produce different downstream responses due to minor shifts in
the north Paci�c Wave train. Fire weather in particular is often enhanced on small scales and over small
geographic features, due to the heterogenous distribution of forests and fuels and topographical impacts
on surface winds (Krawchuk et al., 2016). As a result, small shifts in the ampli�ed �ow pattern can cause
large shifts in the location and intensity of anomalous �re weather conditions.

We conclude that the impact of an ETC on �re weather is most prominently caused by enhanced wind
associated with ampli�ed pressure gradients, as the wind-driven �re index (ISI) closely matches the FWI.
However, the position of ridging in the north Paci�c wave train is also a catalyst for enhanced �re
weather, as anomalously hot and dry conditions can result in more �re-prone fuel loads and vapor
pressure de�cits (Keen et al., 2020; Seager et al., 2015). The composite analysis also highlights that the
Paci�c Northwest and the upper Intermountain West have the most consistent �re weather response to
ETCs. The climatology of FWI in Fig. 1 shows that these regions have a lower �re weather risk compared
to the Southwest United States, but the impact of an ETC can result in anomalous spikes in �re weather.
This might be caused by the varied topography in these regions, with ampli�ed pressure patterns often
resulting in dry, downsloping winds (Stuivenvolt-Allen et al., 2021; Mass & Ovens, 2019).

With the well-documented increase in wild�re severity and intensity, largely a result of climate change,
forest management practices and shifts in ignition to more anthropogenic causes (Abatzoglou &
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Williams, 2016; Balch et al., 2017; Collins et al., 2019; Harvey, 2016; Holden et al., 2018; Jain et al., 2017;
Westerling, 2016; Yoon et al., 2015), the relationship between ETCs and actual �re events could be
changing. Even without the impact of climate change, upstream perturbations might exacerbate already
enhanced �re conditions that are caused by internal climate variability that produces drought conditions
(Gedalof, 2011; Schoennagel et al., 2007; Westerling & Swetnam, 2003). Additionally, ETCs have been
shown to decrease forecast skill for about a week after recurvature, a direct in�uence on tools that are
crucial for �ghting and containing existing �res (Aiyyer, 2015; Grams et al., 2015; Jones et al., 2003).

The �ndings of this study are limited by the use of a mostly Eulerian analysis framework. Without using
Lagrangian techniques, it is di�cult to document the impacts of background �ow conditions on the
downstream weather response (Archambault et al., 2015; Bosart et al., 2017). One unexplored factor is
the phase locking of an ETC with nearby troughs, which has a role in determining whether the ETC
perturbation is constructive to existing Rossby waves (Riboldi et al., 2019). While our analysis does not
adequately account for all of the complexity and potential forcing mechanisms involved in the
relationship between ETCs and downstream weather, we provide a baseline for further research and
exploration. Future work will aim to document the background �ow conditions and how they in�uence the
realization of �re weather or weather extremes in North America. Additionally, the impacts of seasonal
and inter-annual climate variability on the ETC-jet stream interaction are currently unexplored and may
further impact the likelihood of downstream �re weather.
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Figures

Figure 1

Typhoon track density (shading in the western Paci�c) of ETCs along with the long-term mean jet stream
(1981-2010) for JA and SO (contours). The shading over North America represents the long-term mean
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FWI from 1981-2010.

Figure 2

Composite z200 and associated with ETCs for JA (a-d) and SO (e-h) for the day that T0 occurred. The
gray boxes indicate the quartile ranges for T0 longitude for the respective season.



Page 16/24

Figure 3

Composite z200 and FWI associated with ETCs for JA (a-d) and SO (e-h) for 2 days after T0. The gray
boxes indicate the interquartile ranges for T0 longitude for the respective season. A student’s t test is
used to determine which areas have mean FWI values that are signi�cantly different at 2 days after T0
the 2 days before T0. Only values which surpass the 90% con�dence interval are shown for FWI.
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Figure 4

FWI and z200 anomalies associated with twenty-�ve composite members chosen at random from the
2nd IQR of ETC longitude for JA. The solid and dashed contour lines respectively indicate a 70 meter and
-70 meter anomaly in z200 from the daily long term mean. The black rectangle highlights the region in
which the composite analysis resulted in a statistically signi�cant difference in FWI from before and after
T0.
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Figure 5

Same as Figure 4, but for the 2nd longitudinal IQR of SO.
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Figure 6

Composite z200 and FWI associated with ETCs which occurred in SO. Figures 6a-d are composites
anomalies of z200 and FWI two days after T0 for ETCs with a central MSLP below the median for each
longitudinal IQR. Figures 6e-h show the composite response for ETCs with a central MSLP greater than
the median for each longitudinal IQR. The gray boxes indicate the quartile ranges for T0 longitude for the
respective season. Only FWI values which surpass the 90% con�dence interval are shown.
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Figure 7

Average PV advection for ETCs with a strong jet interaction (a, negative PV advection less than the
median) and a weak jet interaction (b, negative PV advection greater than the median) during JA (a,b)
and SO (c,d). The contour plot shows the PV advection relative to the center of the ETC, represented by
the red dot. PV is represented by PV units, which is de�ned as m2s-1K kg-1 multiplied by 1.0e6. Note that
the contour range is increased for the SO composites.
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Figure 8

Composite z200 and FWI associated with ETCs which occurred in JA. Figures 8a-d are composites
anomalies of z200 and FWI two days after T0 for ETCs characterized by a strong jet interaction. Figures
6e-h show the composite response for ETCs with a weak jet interaction. The gray boxes indicate the
quartile ranges for T0 longitude for the respective season. Only values which surpass the 90% con�dence
interval are shown for FWI.



Page 22/24

Figure 9

Same as Figure 8 but for the SO ETCs.
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Figure 10

Composite FWI (10a), ISI (10b) and BUI (10c) associated with JA ETCs at each longitudinal IQR. Each
anomaly represents the difference in between the �re index three to four days after T0 and three to two
days before T0. The contours indicate regions where the change in each �re index is signi�cantly
different at the 90% con�dence level than the period before T0.



Page 24/24

Figure 11

Composite FWI (11a), ISI (11b) and BUI (11c) associated with SO ETCs at each longitudinal IQR. Each
anomaly represents the difference in between the �re index two days after T0 and two days before T0.
The contours indicate regions where the change in each �re index is signi�cantly different at the 90%
con�dence level than the period before T0.
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