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Abstract
Wildfire regimes respond to atmospheric variability on multiple time scales from interannual variations of drought to daily
fluctuations of humidity and wind. Synoptic weather patterns effectively link both short- and long-term atmospheric variability,
and thus, understanding fire-prone synoptic patterns is an integral part of fire management programs. Different analysis proce-
dures of varying complexity have been used to identify the most common synoptic weather patterns conducive to wildfires. In
this study, we examine the utility of three synoptic-pattern classification methodologies, namely Composite, Empirical
Orthogonal Function (EOF), and Self Organizing Map (SOM). We focused on the synoptic weather patterns associated with
203 wildfires that burned 50,000 acres (20,250 ha) or more and 80 wildfires that burned 100,000 acres (40,500 ha) or more in the
Northwestern United States between 1984 and 2014. The basic 500-hPa geopotential height patterns identified by the three
analysis methods were found to be similar for the two fire-size categories, but the strengths of the geopotential height anomalies
were larger for the larger size fires. All three methods were able to consistently identify the dominant pattern with only small
differences in strength and position of the anomalies, but the EOF and SOM methods yielded other less dominant, but still
important, patterns. Particularly, the SOM method captured transitional synoptic patterns that may account for 20–30% of these
large wildfires.
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1 Introduction

The occurrences of large wildfires depend on several factors
such as fuel, topography, and weather, and among them,
weather is the most dynamic factor that can change rapidly
and significantly during the course of a fire. Many studies
have shown how weather conditions contribute to the start,
spread, and duration of wildfires and to the area burned by
wildfires (Bessie and Johnson 1995; Burgan et al. 1997;

Flannigan and Wotton 2001; Westerling et al. 2006; Pereira
et al. 2005; Hayasaka et al. 2016). While local meteorological
conditions and their fluctuations directly affect fire behavior,
large-scale synoptic patterns determine prevailing wind direc-
tion and strength that exert an overall control of fire spread.
Synoptic weather patterns also help determine the frequency,
duration, and intensity of wildfires by affecting fuel moisture
and by providing an atmospheric environment under which
ignition and changes in local meteorological conditions may
occur. The identification of synoptic patterns associated with
wildfires and the linkage of these patterns to actual fire data or
fire risk, usually expressed by fire indices, have been an area
of active research. Because numerical weather forecast models
are more accurate in simulating large-scale synoptic condi-
tions than small-scale local conditions, understanding fire-
prone synoptic weather patterns that link both short- and
long-term atmospheric variability and aggregate all atmo-
spheric variables in simple categorizations is crucial for fire
management efforts. Earlier efforts to identify synoptic weath-
er patterns associated with large wildfires relied heavily on
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daily weather maps and simple subjective approaches such as
visualization and composites (e.g., Schroeder 1969; Newark
1975; Brotak and Reifsnyder 1977; Takle et al. 1994). Later
studies took advantage of the availability of gridded analysis
or reanalysis products and utilized more objective statistical
methods (e.g., correlation and linear regression) and clustering
techniques (e.g., standard k or c-means, Empirical Orthogonal
Function, Self Organizing Maps) in their analyses (Pereira
et al. 2005; Westerling et al. 2006; Crimmins 2006; Trouet
et al. 2009; Hayasaka et al. 2016; Ruffault et al. 2016;
Paschalidou and Kassomenos 2016; Duane and Brotons
2018).

The objective of this study is to compare three pattern clas-
sification methods, namely the Composite, Empirical
Orthogonal Functions (EOF), and Self-Organizing Maps
(SOM) methods, for identifying the synoptic scale weather
conditions most often associated with large wildfires in the
northwestern U.S. Crimmins (2006) used SOM to determine
the synoptic climatology of extreme fire weather conditions
over the southwestern U.S. While Crimmins (2006) and other
similar studies grouped synoptic patterns based on daily fire
weather indices or fire danger ratings, the current study relates
actual data of large wildfires in the northwestern U.S. to their
respective synoptic patterns.

The rest of the article is organized as follows. Section 2
introduces the fire data and meteorological data as well as the

three methods used in the analyses. Results are described in
Section 3, starting with statistical results organized by
analysis methods and ending with specific cases. The
article concludes in Section 4 with implications of the
main findings and future work.

2 Dataset and methods

The current study focuses on wildfires that burned large areas
in the northwestern portion of the USA in a region bounded by
35° N − 50° N and 95° W − 125° W (Fig. 1). Wildfires in this
region are identified using data from theMonitoring Trends in
Burn Severity (MTBS) database generated by the U.S.
Geological Survey and U.S. Forest Service (http://www.
mtbs.gov). The MTBS dataset contains burn severity data,
maps, and reports for all fires since 1984 that were greater
than 500 acres (202.5 ha) east and 1000 acres (405 ha) west
of the 100th meridian in the contiguous U.S. (Eidenshink et al.
2007). This study focuses only on very large and extremely
large wildfires defined subjectively as those with burn areas
exceeding 50,000 acres (20,250 ha) or 100,000 acres
(40,500 ha), respectively, over the course of the fire. For the
study period of 1984 through 2014, there were a total of 203
very large wildfires and 80 extremely large wildfires in the

Fig. 1 The monthly percentages (a, b) and the locations (c, d) of large (a, c) or extremely large (b, d) wildfires in the northwestern U.S. that occurred
during the 1984–2014 period
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study domain, and the location and percentage of their occur-
rences in each month of the year are shown in Fig. 1.

The synoptic weather patterns corresponding to these fires
are identified using data from the gridded North American
Regional Reanalysis (NARR; Mesinger et al. 2006; Janjic
1994). The NARR dataset, which was generated by the
National Centers for Environmental Prediction (NCEP) using
the operational NCEP regional Eta model and its data assim-
ilation system, has a horizontal resolution of 32 km at 29
pressure levels and a temporal resolution of 3-hourly from
1979 to the present. The 500-hPa geopotential height fields
are extracted from NARR and utilized for synoptic circulation
pattern classification because mid-latitude weather systems
tend to follow winds at this pressure level. In addition, surface

air temperature, specific humidity, and wind speed are also
extracted from NARR and used to characterize surface atmo-
spheric conditions under the synoptic circulation patterns. The
MTDS database contains only the starting date of each fire,
and as a result, the synoptic patterns derived here reveal atmo-
spheric conditions only at the beginning of the fires. A daily
mean is first calculated from the 3-hourly NARR data, and an
anomaly is computed by subtracting from the daily means the
climatology for a chosen day computed by averaging daily
means over the study period of 1984–2014.

Fig. 2 Composites of the anomalies of 500-hPa geopotential height
(gpm) (a, e), 2-m air temperature (°C) (b, f), 2-m relative humidity (%)
(c, g) and 10-m wind field (m s−1) (d, h) for very large (a–d) and ex-
tremely large (e–h) wildfires in the northwestern U.S. during the 1984–
2014 period

Fig. 3 Time series of the number of occurrence and linear trend (red line)
of the very large wildfire events (a) and the extremely large wildfire
events (b), and the composites of the June–September trends in the
500-hPa geopotential height (gpm yearr−1) (c). The dots in c denote sta-
tistical significance above the 95% confidence level

Synoptic weather patterns for large wildfires in the northwestern United States—a climatological analysis... 1059



In this study, synoptic weather patterns corresponding to the
beginning of the very large or extremely large wildfires in the
Northwestern US are identified using three different classifica-
tion methods, namely the Composites, Empirical Orthogonal
Functions (EOF), and Self-Organizing Maps (SOM).

The Composite analysis is a simple method used widely in
meteorological and climatological research for identifying
patterns associated with certain phenomena. It computes
means and sometimes standard deviations for a set of cases
collected for a chosen phenomenon. Sometimes, composites

are stratified by one or more potential factors and the results
may reveal if and how the phenomenon is influenced by the
factors. For this study, the Composite method is used to pro-
duce the mean patterns of the anomalous 500-hPa
geopotential heights, 2-m temperatures, 2-m relative humidi-
ty, and 10-m wind speeds at the beginning of the 203 very
large and 80 extremely large wildfire cases in the northwestern
U.S. The statistical significance of the composite pattern is
established by Student’s t tests, using the variability within
members of the composite. The advantage of the Composite

Fig. 4 Spatial patterns of the first (a, c) and second (b, d) EOF modes for the 500-hPa geopotential height anomalies (gpm) corresponding to very large
wildfire events (a, b) and extreme wildfire events (c, d)
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analysis lies in its simplicity. The main shortcoming is that
individual features may differ somewhat in positions and
strengths and averaging may lead to smeared results that
may not be statistically significant.

The EOF technique (Hannachi et al. 2007) is another
commonly used pattern-extraction dimension-reduction
technique in weather and climate analyses. For a given
dataset, the EOF technique extracts patterns or features
through decomposition of the data with a set of orthogonal
basis functions determined by data structure. A set of
mathematically orthogonal modes is generated and is or-
dered based on the eigenvalues that describe the variance
explained by these modes. The technique has proven pow-
erful for identifying spatial modes of variability and how
they change with time from complex weather and climate

data (e.g., Wang et al. 2017; Naren and Maity 2018). The
major limitation of the EOF analysis technique is its or-
thogonality because physical systems, such as weather sys-
tems, are not necessarily orthogonal (Simmons et al. 1983;
Monahan et al. 2009), though the use of rotated EOFs
(Richman 1986) may help. Another limitation is that the
EOF patterns may be domain-dependent because of the
non-local requirement that the modes maximize variance
over the entire domain. Thus, the results may change as the
domain changes (North et al. 1982).

Since its initial introduction to meteorological and cli-
mate research in the late 1990 and early 2000 (Hewitson
and Crane 2002), the SOM technique (Kohonen 1995) has
been used in a variety of applications such as climate zon-
ing (Malmgren and Winter 1999), rainfall estimation

Fig. 5 The same as Fig. 4, but for 2-m air temperature anomalies (°C)
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(Hong et al. 2005), and Antarctica sea-ice trend identifica-
tion (Yu et al. 2018). As a type of artificial neural network,
SOM transforms high-dimensional input data into a low-
dimensional (usually two-dimensional) array of nodes,
while preserving topographical relationships between the
input data through unsupervised learning using a simple
heuristic method. Unlike the EOF technique, which has
difficulty identifying non-linear structures in the data, a
major strength of the SOM technique is its ability to iden-
tify hidden non-linear information in high-dimensional da-
ta (Hsieh 2001). SOM results represent a continuum of
synoptic patterns compared to EOF and other more tradi-
tional methods that produce discrete realizations of synop-
tic patterns (Sheridan and Lee 2011). Further, the SOM
patterns are local in nature, which means they are not

derived by solving a global covariance matrix as required
in EOF analyses (Monahan et al. 2009).

3 Results

Large wildfires in the northwestern U.S. occur predominantly
in warm seasons, with summer being the peak season (Fig. 1).
For very large wildfires that occurred during the 1984–2014
period, 44.3% occurred in August and 37.0% in July. The
distribution is similar for extremely large fires. Although the
study domain encompasses 20 states, these very large and
extremely large fires occurred mostly in Montana, southern
and central Idaho, easternWashington and Oregon, and north-
ern Nevada and California.

Fig. 6 The same as Fig. 4, but for 2-m relative humidity anomalies (%)
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3.1 Composite analysis

Composites of anomalous 500-hPa geopotential height, 2-m
air temperature, 2-m relative humidity, and 10-m wind fields
are produced over the 203 very large wildfire events and the
80 extremely large wildfire events that occurred during the
study period in the northwestern U.S.; the results are shown
in Fig. 2. For both fire-size categories, the synoptic patterns
are dominated by a blocking high with positive height anom-
alies over the western and central U.S. and central Canada,
flanked by negative anomalies over eastern Canada and the
Gulf of Alaska extending into western Canada. The spatial
patterns are similar between the two fire-size categories, but
there is an increase in the strength of the anomalous high in
central Canada and a considerable intensification of the

anomalous low in the Gulf of Alaska going from very large
to extremely large fires. At the surface, warm and dry anom-
alies prevail across the western U.S. and Canada, with the
largest anomaly values found over the northwestern U.S.
and southwestern Canada. The easterly wind branch of
an anomalous anticyclonic circulation centered over the
central Plains helps to bring hot and dry interior air to
the western portions of the domain.

A significant (95% confidence level) upward trend is detect-
ed in the annual number of very large fires (0.31 year−1) and
extremely large fires (0.14 year−1) over the study period of
1984–2014, although there is considerable interannual variabil-
ity (Fig. 3a, b). This is consistent with the significant (above
95% confidence level) positive trend in the peak warm-season
(June–September) 500-hPa geopotential height anomalies over

Fig. 7 The same as Fig. 4, but for 10-m wind anomalies (m s−1)

Synoptic weather patterns for large wildfires in the northwestern United States—a climatological analysis... 1063



the western and central portions of the USA and much of
Canada and the negative trend over the Gulf of Alaska (Fig. 3c).

3.2 EOF analysis

The EOF technique is applied to extract and rank the most
common anomalous 500-hPa geopotential-height patterns as-
sociated with the 203 very large and the 80 extremely large
wildfires, and the results are shown in Fig. 4. The first EOF
mode explains 22.1% and 24.2% of the total variance in the

observed geopotential height anomaly patterns associated
with the two fire-size categories, respectively. The second
mode accounts for 17.7% and 19.1%, respectively. The cor-
responding near-surface atmospheric conditions are obtained
through regressions of the anomalous surface temperatures,
relative humidity, and wind onto the time series or the princi-
pal components (PC) of the two leading EOF modes; the
results are shown in Figs. 5, 6, and 7.

The overall spatial patterns of the first EOF mode of the
500 hPa geopotential height anomalies are similar for the two

Fig. 8 The 3 × 3 SOMpatterns of 500-hPa geopotential height anomalies (gpm) corresponding to very large wildfire events. The number at the top left of
each panel indicates the number of occurrence of the pattern
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fire-size categories. The patterns show positive geopotential
height anomalies over much of the continental U.S., with maxi-
mum values centered over Pacific Coast and over the New
England Coast. Meanwhile, negative geopotential height anom-
alies appear over northern and central Canada and over the Gulf
of Alaska. Comparing the two fire-size categories, the anomalies
(both positive and negative) for extremely large fires are stronger
and the positive anomaly center moved northward from the New
England Coast to Canada’s East Coast.

At the surface, the regression analyses suggest that the first
EOF mode for the 500-hPa geopotential height anomalies for
the two fire-size categories are associated with significant pos-
itive temperature anomalies over the Pacific Coast and west-
ern portions of the Intermountain regions, as well as over the
northeastern U.S. (Fig. 5). Negative temperature anomalies
are found overmuch of northern and central Canada and along
the Gulf Coast of the U.S. Surface relative humidity anomaly
patterns (Fig. 6) are fairly consistent with the temperature

Fig. 9 Composite map of 2-m air temperature anomalies (°C) for each of the 9 SOM nodes in Fig. 8
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anomaly patterns, with negative relative humidity anomalies
generally occurring where positive temperature anomalies oc-
cur. An exception occurs over the northeastern U.S., where
positive relative humidity anomalies occur at where positive
temperature anomalies are present, an indication that relative
humidity in the northeastern U.S. is not always dominated by
temperature. The anomalous surface wind vector field for the
first EOF mode is dominated by an anticyclonic cell off the
Pacific coast of southwestern Canada and northwestern U.S.

(Fig. 7). Sinking motion and adiabatic warming and drying
associated with the anomalous high along with warm and less
humid conditions at the surface over the northwestern U.S.
produce an environment prone to large wildfires.

Despite the similarity in the general patterns, some dif-
ferences exist between the very large and the extremely
large fires at both the surface and at the 500 hPa level.
For extremely large fires, the negative geopotential height
anomalies over the Gulf of Alaska are somewhat stronger

Fig. 10 The same as Fig. 9, but for 2-m relative humidity anomalies (%)
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and the positive height anomalies along the West Coast are
slightly stronger. Also, compared to the very large fire-size
category, the extremely large fire-size category appears to
be accompanied by weaker surface winds and positive sur-
face temperature anomalies extending eastward across the
Great Plains and the Midwest. These subtle differences in
synoptic patterns are consistent with what would be ex-
pected for larger fires.

The second EOF modes for the two fire-size categories
are dominated by negative 500-hPa geopotential height
anomalies over much of Canada and positive anomalies
over the Gulf of Alaska extending to the northwestern
U.S. Anomalously warm, dry, and weak anti-cyclonic
flows are found at the surface in the regions under the
high. The major differences between the two fire-size cat-
egories are that the extremely large fires appear to be

Fig. 11 The same as Fig. 9, but for 10-m wind anomalies (m s−1)
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associated with somewhat stronger negative geopotential
height anomalies positioned further east in Canada and
the positive height anomalies over the Gulf of Alaska
extending farther inland into the western portions of the
USA.

The EOF analyses allow for the identification of multi-
ple key synoptic patterns associated with large wildfires as
opposed to the Composite analyses that show only the av-
erage pattern.

3.3 SOM analysis

3.3.1 Very large fires

The variability of the anomalous 500 hPa geopotential height
patterns corresponding to the 203 very large fires are depicted
by a 3 × 3 SOM grid (Fig. 8). The 3 × 3 grid is chosen as the
optimal grid for classifying synoptic patterns associated with
very large wildfires in the study domain after testing larger

Fig. 12 The 2 × 2 SOM patterns of 500-hPa geopotential height anomalies (gpm) corresponding to extremely large wildfire events. The number at the
top left of each panel indicates the number of occurrences of the pattern
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(4 × 5) and smaller (2 × 2) grids. A larger grid produces more
details, but makes interpretation more difficult, while a small-
er grid overly generalizes the patterns.

Among the 9 nodes in the 3 × 3 grid, nodes 1 and 8 depict
the synoptic patterns associated with 39 and 37 out of the 203
very large fires. Nodes 9 and 3 depict patterns associated with
30 and 29 of the very large fire events, respectively, while
nodes 5 and 6 are associated with 23 and 20 of the very large
fires, respectively. Node 7 is associated with 17 fires, and nodes
2 and 4 are associated with only a few events. The smaller
magnitudes of the geopotential height anomalies and the weak-
er gradients for nodes 2 and 4, indicating smaller deviation from
the averaging patterns, are consistent with the fewer cases.

Except for node 1 and to some degree node 4, the spatial
patterns are quite similar, with large positive anomalies over

much of the western and central U.S. and southern Canada
and large negative anomalies over the Gulf of Alaska.
However, the position and strength of the anomalies vary
among the nodes. This remarkable similarity in 7 out of the
9 SOM nodes indicates that a majority (159 out of 203, or
approximately 78%) of the very large wildfires in the north-
western U.S. during the study period occurred under or just
behind a synoptic ridge in the central and western U.S. ahead
of a deep synoptic trough in the Gulf of Alaska. However, a
fraction (28%) of the very large wildfires also occurred under
the synoptic patterns represented by node 1 and node 4, where
a weak trough exists over the Pacific Coast and a weak ridge
exists over the north-central U.S.

Compared to the composite maps in Fig. 2, the dominant
SOM spatial patterns represented by nodes 5 and 7–9 are

Fig. 13 Anomalous 500-hPa geopotential height (gpm) patterns for the occurrence of the four largest wildfires in the northwestern U.S. during the 1984–
2014 period. Asterisks indicate the wildfire locations
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similar to the Composite pattern, especially the pattern
depicted by node 5 that shows a close resemblance to the
Composite map. While the Composite map is capable of
portraying the dominant spatial pattern, it cannot depict the
large differences in the strengths of the anomalies and the
small differences in their positions as seen in the SOM pat-
terns. Compared to the EOF patterns, the pattern of node 6,
and to some degree of node 3, resemble the pattern of the first
EOFmode, although there are some differences in the strength
and locations of positive and negative anomaly centers. The
percentage of the variance represented by the first EOF mode
(22.1%) is similar to the combined percentage (24%) repre-
sented by node 6 (9.8%) and node 3 (14.2%). Interestingly,
the pattern in the first EOF mode differs from the dominant
SOMmode and the differences occur mostly in Canada where
the first EOFmode depicts negative anomalies while the dom-
inant SOM pattern displays positive anomalies. The pattern of
node 1 bears some resemblance to that of the second EOF
mode, and the percentage represented by node 1 (19.2%) is
also similar to that of the second EOF mode (17.65%). A
careful comparison reveals that the second EOF pattern rep-
resents more of a transitional state between node 1 and node 3.

Surface conditions corresponding to the anomalous 500-
hPa height patterns represented by each SOM node are shown
by the Composite maps (Figs. 9, 10, and 11). With the excep-
tion of node 7, the Composite maps show generally warmer
(Fig. 9) and drier (Fig. 10) conditions over much of the west-
ern U.S., as easterly wind components around an anti-cyclonic
cell (Fig. 11) transport continental air into the western U.S. as
opposed to westerly winds transporting cooler air from the
Pacific Coast. The variations in the strength and extent of
the anti-cyclonic cell (Fig. 11) are consistent with the variation
in the temperature (Fig. 9) and humidity (Fig. 10) among the
nodes. For node 7, winds around the cyclonic cell off the
Pacific Coast bring cooler and wetter conditions into the
Northwest and northern California, but warmer and drier con-
dition still prevails in the region of the Intermountain West
where a majority of the very large wildfires occurred (Fig. 1).

3.3.2 Extremely large fires

A smaller (2 × 2) SOMgrid is utilized to classify synoptic patterns
for extremely large wildfires, and the results are shown in Fig. 12.
Except for node 1, all nodes exhibit a blocking pattern with

Fig. 14 Locations of the very large wildfires associated with each of the nine SOM nodes in Fig. 8
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positive height anomalies over the north central U.S. and southern
Canada sandwiched by strong negative height anomalies over the
Gulf of Alaska and weaker negative anomalies over southeastern
Canada. This pattern is similar to the dominant pattern for very
large fires (nodes 5, 7–9, Fig. 8). However, one node (node 1)
representing 25 out of 80 (31%) of the cases shows a distinctly
different pattern with a trough over the Pacific Coast, which is
similar to node 4 and node 1 for the very large wildfire events
(Fig. 8). Compared to the Composite and EOF methods, the
Composite pattern (Fig. 2) is very similar to that in node 3. The
first EOF pattern (Fig. 3) bears some resemblance to the dominant
SOM patterns (depicted by nodes 4, 3, and 2), although the extent
and strengths of the positive and negative anomalies in the first
EOF mode differ from those of nodes 4, 3, and 2 in the SOM.
None of the four nodes were similar to the second EOF pattern.

The composites of surface atmospheric variables corre-
sponding to the 4 SOM nodes (not shown) show warmer
and drier surface conditions in the Intermountain West where
most of the extremely large fires occurred.

3.4 Individual cases

The anomalous 500-hPa geopotential height fields on the days
when the four largest wildfires started during the study period
are examined (Fig. 13). These four fires, with locations indi-
cated in Fig. 13, occurred on 21 July 2007, 22 July 1988, 8
July 2012, and 13 July 2002, and burned 567,410; 565,099;
557,622; and 495,302 acres (229,623; 228,688; 225,662; and
200,442 ha), respectively, during the course of the fires.
Although there are some differences in the synoptic patterns,
all four fires occurred under an anomalous 500-hPa high.
Three out of the four fires (first, third, and fourth) had a syn-
optic pattern identified by the Composite, the first EOF mode,
and the dominant SOM nodes, although the positions of the
anomalous ridge and trough and their strengths differ consid-
erably. The pattern for the second largest fire closely resem-
bles the second EOF mode and that of SOM node 2.

4 Discussion and conclusion

Three pattern classification methods, namely Composite,
EOF, and SOM, were utilized to identify the synoptic patterns
associated with the occurrences of very large (≥ 50,000 acres
or 20, 250 ha) and extremely large (≥ 100,000 acres or
40,500 ha) wildfires in the northwestern U.S. during the peri-
od 1984–2014. All three methods indicate that for both fire-
size categories, the dominant anomalous 500-hPa synoptic
pattern is characterized by positive height anomalies over
the western and central U.S. and central Canada flanked by
negative anomalies over eastern Canada and the Gulf of
Alaska. At the surface, the large wildfires are mainly associ-
ated with generally warmer and drier conditions as easterly

wind components around an anomalous anti-cyclonic cell
over the Intermountain West bring interior continental air into
the northwestern U.S. These results are in agreement with
previous findings (e.g., Takle et al. 1994; Westerling et al.
2006; Crimmins 2006; Yu et al. 2013). Compared to very
large fires, the extremely large fires are associated with more
intense 500-hPa height anomalies that cover more extended
regions and weaker surface winds.

The key circulation patterns identified here (Fig. 4a, c) are
similar to that of the positive summertime North Atlantic
Oscillation (NAO) index characterized by positive 500-hPa
geopotential height anomalies over much of the contiguous
U.S. and negative anomalies over northern Canada and the
eastern North Pacific (https://www.cpc.ncep.noaa.gov/
products/precip/CWlink/pna/nao.loading.shtml). Yu et al.
(2013) also noted the connection of the positive summertime
NAO and higher wildfire potentials as defined by higher
Haines index values (in their Figs. 4 and 5).

Despite their different levels of complexity, all three
methods are able to depict the basic synoptic pattern. As ex-
pected, the geopotential height anomaly patterns are smoother
and weaker with the Composite methodology as a result of
averaging patterns with small shifts in positions of the key
features (ridges and roughs). Although the patterns from the
leading EOFmodes are comparable to some of the SOMnodes,
the SOM methodology brings out the differences in the
strengths and locations of the anomalies as well as other pat-
terns representing transitions between synoptic regimes that can
also be associated with fire events. The SOM analyses indicate
that a portion (20–30%) of the large wildfires corresponded to a
synoptic pattern that deviated from the basic pattern.

The utility of linking wildfires to their respective synoptic
patterns using SOM classification can be illustrated by Fig. 14
that shows the locations of the very large wildfires related to
each of the nine synoptic circulation patterns identified by the
SOM nodes (Fig. 8). Nodes 3 and 9 correspond to nearly the
same number of fires (29 and 30, respectively), but represent
different circulation patterns, with node 3 characterized by an
anomalous high centered off the coast of the Pacific
Northwest, extending eastward to western Montana, whereas
node 9 characterized by a large anomalous higher over much
of the north and central U.S. (Fig. 8). The spatial distributions
of the corresponding very large wildfires (Fig. 14) seem to
suggest that more fires east of the northern Rockies tend to
occur under the node 9 circulation pattern compared to that of
node 3. A further examination of the surface conditions under
the two synoptic weather patterns (Figs. 9, 10, and 11) reveals
a warmer and drier environment east of the northern Rockies
under node 9 compared to the environment under node 3. The
ability to relate the differences in synoptic circulation patterns
to the differences in fire clusters by the SOM classification
method is limited here by the relatively small number of fires;
the benefit will becomemore evident when more fires across a
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larger region are used in the analysis. This information on
possible fire-prone locations under each synoptic pattern can
be very useful for resource allocation and fire management.

Previous studies (e.g., Schroeder 1969; Swetnam and
Betancourt 1990; Westerling et al. 2003; Crimmins and
Comrie 2004; Dixon et al. 2008; Mason et al. 2017) have
indicated that wildfire regimes respond to atmospheric vari-
ability through low-frequency (seasonal and interannual)
drought (or ample precipitation)–fuel feedback and high-
frequency (daily, hourly) fluctuation of temperature, humidi-
ty, and wind. Synoptic circulation patterns effectively link
both short- and long-term atmospheric variability, and thus,
a classification of fire-prone synoptic circulation patterns, as
obtained from this study for the northwestern U.S., can be an
integral part of decision making tools for fire managers.

This study is limited to the identification of synoptic pat-
terns and surface conditions associated with very large and
extremely large wildfires in the northwestern U.S. Future
studies, particular modeling studies, are needed to more fully
understand how these patterns develop and evolve and how
they contribute to regional and local atmospheric dynamics
that are conducive to the spread of wildfires. Another caveat
of this study is that the synoptic patterns identified correspond
only to the beginning of the fire events. It would also be useful
to identify synoptic patterns before and during periods of ma-
jor fire spread for each wildfire event.
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