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Abstract Florida experiences sea breezes, lake breezes, and bay breezes
almost every day during the year, and there are frequently complex interactions
‘between many of these breezes. Given the often-rapid changes in temperature,
‘humidity and wind speed that accompany these breezes, most wildfires and
prescribed fires in Florida are affected in some way by their interaction with
these circulations. In this paper, we explore the interaction between sea breezes
and wildland fires from both an observational and an idealized modeling
perspective. The progression of the sea-breeze front and its interaction with
the smoke plume from a 26,000 acre wildfire are tracked using a variety of
‘data sources including surface and upper-air observations as well as NEXRAD
radar imagery. Idealized numerical simulations of a thermally buoyant plume
interacting with a density current are performed in an effort to enhance
our understanding of the dynamics of the interaction between sea breeze
circulations and the convective column of the fire. Our observational analysis
and idealized modeling results suggest that the arrival of a sea breeze
front induces a temporary, but significant, increase in fire intensity. This
_ intensification precedes the arrival of the sea-breeze front at the location of
the fire, such that the fire intensity is at a maximum at the time of|, and slightly
after, the passage of the front, and decreases gradually thereafter as cooler
and moister air behind the front arrive.
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7.1 Introduction

Weather is one of the most important factors leading to extreme wildfire behavior.
Rapid changes in wind can quickly affect the rate and direction of fire spread,
and may have a significant impact on fire intensity. Changes in temperature and
humidity also may cause unexpected changes in fire behavior. Florida coastlines
experience sea-breezes, lake breezes, and bay breezes almost every day during
the year, and there are frequently complex interactions between many of these
breezes. Given the often-rapid changes in temperature, humidity and wind speed
that accompany these breezes, most wildfires in Florida are affected in some way
by their interaction with these circulations. Nevertheless, despite the importance
of sea-breeze circulations for fire behavior, the nature of the interaction between
sea-breezes and wildfires remains relatively poorly understood.

Previous studies of sea-breezes depended upon a network of observation sites
in the area of the sea-breeze (e.g., Atkins and Wakimoto, 1997), or used numerical
models to simulate the sea-breeze (e.g., Pielke, 1974; Sha et al., 1991; Rao et al.,
1999; Colby, 2004). Radar and satellite imagery have been shown to be useful in
tracking the structure, evolution and timing of the movement of sea-breeze fronts
(e.g., Atlas, 1960; Wakimoto and Atkins, 1994; Atkins et al., 1995; Atkins and
Wakimoto, 1997), and have also been used to observe smoke plumes from fires
(e.g., Banta et al., 1992; Rogers and Brown, 1997; Hufford et al., 1998), as well
as from other sources of particulate emissions such as volcanoes, dust storms, |
and industrial emissions. '

In this Chapter, we explore the interaction between sea-breezes and wildfires |
in more detail from both an observational and an idealized modeling perspective.
The progression of the sea-breeze front and its interaction with the smoke plume
from the fire are tracked using a wvariety of data sources including surface
observations from the remote automated weather station (RAWS) network,
surface and upper-air observations from the national oceanic and atmospheric
administration/national weather service (NOAA/NWS), and imagery from the
Weather Surveillance Radar-1988 Doppler (WSR-88D) site in Tallahassee, Florida.
Given that the sea-breeze may be represented by a density current, idealized
numerical simulations of a thermally buoyant plume interacting with a density
current are performed in an effort to enhance our understanding of the dynamics
of the interaction between sea-breeze circulations and smoke plumes. Although
these idealized simulations do not allow us to determine directly the impact of the
sea-breeze on fire behavior, which would require a fully coupled atmosphere—fire
model (e.g., Clark et al., 1996ab, 2004; Linn, 1997; Linn and Cunningham, 2005),
they do provide insight into the interpretation of fire behavior observations, and
allow us to make inferences as to how the fire behavior would likely change in
response to the simulated changes in atmospheric circulations. The combination
of observations, idealized modeling results and inferences on fire behavior lead
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7 Interaction between a Wildfire and the Sea-Breeze Front

e development of an initial conceptual model of how the sea-breeze impacts
e behavior.

1.1 Sea-Breeze Structure and Characteristics

npson (1994) provides a detailed overview of the structure and evolution of
» sea-breeze front derived from observations as well as numerical and
atory studies. It is generally observed that the development of the sea-
seze is dependent both upon the temperature difference between the land and the
jacent water surface and upon the strength of any prevailing offshore winds.
ore flow can often have a dramatic effect on the depth of the sea- breeze
culation. The depth of the sea-breeze circulation may be less than 50 m with
nds above this level blowing in the opposite direction. As time progresses, the
pth of the sea breeze may reach 1,000 m or more.

e inland penetration of the sea-breeze can vary from 30— 300 km depending
the location. Typical distances in Florida are about 50 km, although strong
ling winds that are in the same direction as the sea-breeze can often result
ch deeper penetration, almost to the opposite coast. Florida also has a unique
ographic design, being surrounded by water on the east and west coast of the
sula as well as along the Panhandle coastline. Sea-breezes are observed along
e coasts as well as along the bays, inlets and large lakes like Lake Okeechobee
gentral Florida. These lake and bay breezes interact with the coastal sea-breezes
result in very complicated wind patterns. Forecasting the winds associated
the sea-breeze passage is also made more difficult by the presence of convex
concave coastlines, resulting in additional convergence and divergence effects
Simpson et al., 1977).

Wakimoto and Atkins (1994) and Atkins and Wakimoto (1997) showed that
were significant differences between the sea-breezes observed under offshore
onshore flow conditions. The offshore flow case exhibited stronger low-level
ergence, larger vertical velocities, and higher radar reflectivity values at the
reeze front, also known as a radar thin line. The sea-breeze thin line and the
natic sea-breeze frontal boundary are found to be co-located and easily
ntifiable on offshore flow days. Onshore flow days typically have a much weaker
front and the radar thin line is often hard to detect. In the offshore flow case, the
ar thin line is found to increase in intensity during the day and gradients of
perature and moisture are strongest on these days.

is generally accepted that sea-breeze circulations are dynamically similar to
ty currents (e.g., Simpson, 1994), which are predominantly horizontal flows
ven by density differences. Atkins et al. (1995) note that in the case of an
ore flow sea-breeze, there was a kinematic frontal structure similar to that
nd in density currents produced in the laboratory. Wakimoto and Atkins (1994)
ated the speed of sea-breeze fronts and found them to be closely matched
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to the theoretical speeds of comparable density currents. Further study by Atkins
and Wakimoto (1997) showed Froude numbers for offshore and parallel flow
sea-breeze events, as well as for gust fronts, compared well to values calculated
from laboratory density current experiments. This comparison was not as well
defined on the onshore flow days where the sea-breeze was moving slower than
would be expected using density current theory. It is not clear why this discrepancy
exists for onshore flow sea-breezes, although it is suggested that it may be related
to the difficulty in locating the location of the frontal zone in these cases.

7.1.2 Radar Observations of Smoke Plumes and the Sea-Breeze

Many wildfires occur in remote regions where observations are limited; as a result,
the use of satellite and radar imagery is becoming more prominent in fire detection
and monitoring. It has been suggested that remotely sensed data might also be
useful in fire behavior prediction (Hufford et al. 1998). Both smoke plumes from
fires (e.g., Banta et al., 1992) and sea-breeze fronts (e.g., Wilson et al., 1994) are
clearly visible on radar, especially when the radar is in clear-air mode.

Previous studies of the signals returned from the radar during clear-air mode
operation have suggested that the echoes are most likely that of birds or insects

(Crawford, 1949; Hardy and Katz, 1969; Wilson et al., 1994). Wilson et al. (1994) l

found that the thin line echoes commonly seen in association with sea-breezes
correlated to updraft regions and result from insects actively flying downward to
avoid being carried to colder regions of the atmosphere. Atlas (1960) discounts
the idea of echoes resulting from birds or insects since they would have to fly
along in a very narrow beam, lowering their flight as the beam lowered, or fly in
broad waves normal to the beam with the same speed as the beam. Instead, Atlas
suggests the pattern seen is a result of a sharp increase in the refractive index.
The contrast on the radar is highest when the offshore flow is dry so the contrast
1s high, leading to higher refractive discontinuities. This would require a sharp
vertical lapse rate. Battan (1973) suggests both insects and refractive gradients
could be responsible for the radar echoes. Despite some uncertainty regarding
exactly what causes the echoes, the sea-breeze signature is readily apparent on
the radar for the present case and can be used to follow the inland propagation of
the sea-breeze front.

Plumes of smoke have also been observed using radar and satellite imagery in
remote locations such as Alaska (Hufford et al.,, 1998), where plumes from a
large wildfire were readily apparent on radar. The plumes from smaller fires were
not visible, and it was suggested that the plumes in these cases were concentrated
below the level of the radar beam. High reflectivities (i.e., 20— 25 dBZ) were
noted near the head of the fire, however, and Hufford et al. (1998) suggested that
radar imagery can be used to provide information on fire location, intensity and
growth, smoke plumes and fire weather.
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Snmke from a major industrial fire in Montreal, Canada, was observed on three
dars operated by McGill University on 23 May 1996 (Rogers and Brown, 1997).
They suggested that fires produce particulate matter (PM) and create fluctuations
n the refractive index, both of which are potentially detectable by the radar. In this
they concluded that the echoes are the result of scattering by the particles.
ta et al. (1992) also support the idea that particles in smoke are responsible
for the echoes, with the particles having a flat or needle shape (ash platelets or
pine needles).

7.1.3 Effect of Sea-Breezes on Fires

There are three main factors that affect fire behavior: fuel, weather and topography.
Veather is by far the most variable and arguably the most important of the three.
Wind is a strong driver of the rate and direction of fire spread and can also alter
fire intensity as well. Changes in wind direction can transform a low intensity
backing fire (moving into the wind) or a moderate intensity flanking fire (moving
ally to the wind) into an intense head fire (moving with the wind) capable of
v ing fire fighters who thought they were located in a safe area.
Flreﬁghtcrs typically monitor weather conditions regularly for any changes
in wind speed or direction at the scene of the fire using hand-held instruments or
portable weather stations. On days where there is adequate moisture, a line of
u ipproaching clouds and a gust front may indicate the approach of the sea-breeze
front. On dry days, there may be no clouds to warn of the impending frontal passage
and the first indication may be the arrival of the gust front. Most fire personnel
do not have direct access to radar or satellite data while on a fire scene. Local
knowledge of the behavior of the sea breeze is extremely important on both wildfires
and prescribed fires as the onset and structure of the sea breeze are typically
highly regular in Florida in spring and summer months. One case of a springtime
wildfire that is of interest is the East fork fire because of the array of data that
vas available during the incident and the opportunity it provided to study the
sea-breeze—wildfire interaction in a novel way.

7.1.4 East Fork Fire

The East fork fire began either late on 4 April 2004, or early on 5 April 2004, in
the Bradwell Bay Wilderness area of the Apalachicola national forest. This area
is located in the Florida Panhandle, just southwest of Tallahassee. It is believed
cﬂlm the fire was human-caused, either arson or accidental. The fire ultimately
burned over 26,000 acres of the wilderness area. Fire fighting was made difficult
due to the restriction on the use of heavy equipment in the wilderness area itself.
The fire was considered 90% contained by April 16, 2004.
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The sea-breeze was a major factor in fighting the East fork fire. Winds shifted
direction on most afternoons, and these wind shifts resulted in varying directions
of fire spread. Firefighters had to be aware of these possible weather changes and
be able to adjust tactics as the weather changed. Conditions during this period were
generally dry, and the daily sea-breeze circulations did not bring any beneficial
rains and for the most part were dry events. Because of the dry conditions, the
WSR-88D radar site in Tallahassee was operating in clear-air mode at the time of
the fire. During clear-air mode periods, the sea-breeze front is often clearly visible
on the radar; moreover, smoke plumes can often be seen if they are close enough
to the radar. In this case, both the sea-breeze and the smoke plume were noted
together and the resulting interaction between the plume and the sea-breeze front
could be observed.

The plan of the present Chapter is as follows: in the following section, the data
and methodology for both the case study and the idealized numerical simulations
are described, while Section 7.3 presents the results of the case study. In Section
7.4, idealized numerical simulations are presented that explore the interaction
between a buoyant plume and a density current, and Section 7.5 summarizes the
main results of the present investigation and presents a conceptual model for
sea-breeze—fire interactions.

7.2 Data and Methodology

7.2.1 Case Study

The goal of this study is to provide an improved understanding of the interactions
between wildfires and sea-breeze circulations. The foundation of this understanding
is based upon specific observations of one event that will be augmented by
idealized numerical simulations. The atmospheric component can be adequately
described through a combination of surface observations, upper-air soundings
and radar data (both base reflectivity and radial velocity). Description of the fire
is considerably more problematic, as no direct measurements of the fire are
available, except for daily estimates of area burned. As an alternative, we focus
on the behavior of the smoke plume as observed by the Tallahassee WSR-88D
radar as a surrogate, since Hufford et al. (1998) found high reflectivities to be
associated with more intense burning.

The East Fork Fire burned over a period of approximately two weeks in early
April of 2004; however, this study only focuses on the early stages of the fire,
specifically the afternoon of April 5. The location of the East fork fire and the
four nearby weather stations are shown in Fig. 7.1. Observations of temperature,
relative humidity, wind speed and direction are used to track the passage of the
sea-breeze front. A high-pass filter was applied to the temperature and relative
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dity time series to remove waves with periods greater than or equal to 24 h.
high-pass filter was accomplished using a Fourier decomposition of a 96 h
series for each station and recomposing the time series with the longer wave
riods excluded.
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Figure 7.1 Fire perimeters and observation locations

‘noted above, the Tallahassee WSR-88D radar was operating in clear-air mode
this period, which is its most sensitive mode of operation (Crum and Alberty,
The antenna has a slower rotation rate than in precipitation mode that
ises the radar sensitivity, and therefore its ability to sense smaller objects in
mosphere. Most of the signal in this mode will be the result of airborne dust
?M In this mode, the radar scans five different elevation angles (0.5°— 4.5°,
° increments) and takes about 10 minutes to complete each scan. In this study
ill focus our attention on the three lowest elevations (0.5 1.5°, and 2.5%) of
1se reflectivity and radial velocity fields.

Idealized Numerical Simulations

sea-breeze has been studied extensively in the past, and many studies have
ved the use of numerical models to simulate sea-breeze circulations, both in
ffort to simulate observed cases and in an idealized context to explore their
e and dynamics. From the perspective of idealized simulations of the
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sea-breeze, Dailey and Fovell (1999), Fovell and Dailey (2001), and Fovell (2005)
used a 3D cloud-resolving numerical model with horizontal resolutions as high
as 500 m to explore various aspects of the interactions between sea-breeze fronts
and horizontal convective rolls in the boundary layer. Several investigators have
employed even higher resolution in 2D configurations to explore the parallel
between sea-breeze fronts and density currents (e.g., Sha et al., 1991), and in this
regard, simulations exploring the dynamics of thunderstorm outflow boundaries |
are also relevant (e.g., Droegemeier and Wilhelmson, 1987; Xu et al., 1996; Xue
et al., 1997).

As discussed further below, our approach follows these studies in that the
sea-breeze is idealized as a density current; however, we employ a large-eddy
simulation (LES) model focusing solely on the atmospheric boundary layer, with
model grid spacing on the order of 10 m in all three dimensions, to explore the
dynamics of the interaction of this density current with a buoyant plume that is
representative of the smoke plume from a wildland fire. Since it is expected that
the most significant interaction between the sea-breeze and a fire and its attendant
plume will occur primarily with the passage of the sea-breeze front, this approach
appears to be justified, although we acknowledge that there are several details of
observed sea-breeze circulations that cannot be represented by the present model.

The LES model to be used is described by Cunningham et al. (2005), and is
based on the dynamical core of the weather research and forecasting (WRF) model
in physical height coordinates (Skamarock et al., 2001). The domain size used in
these simulations is a rectangular box of size 800x3,200x1,000 m in the x, y,
and z directions, respectively, with a uniform grid spacing of 10 m in all three
directions. Boundary conditions are periodic in the x-direction and open-radiative
in the y-direction. Other details of the LES model are identical to those described
by Cunningham et al. (2005).

As noted previously, there is significant evidence that a sea-breeze front can be
interpreted as a density current, particularly when the ambient wind is in the
offshore direction. Density currents have been explored extensively by numerical
models, in an atmospheric context primarily in connection with thunderstorm
outflows (e.g., Droegemeier and Wilhelmson, 1987; Xu et al., 1996; Xue et al,,
1997), but also in oceanographic (e.g., Ozgékmen et al., 2004) and general fluid
mechanics (e.g., Hirtel et al., 2000) contexts, and even with respect to the backdraft
phenomenon in building fires (e.g., Fleischmann and McGrattan, 1999). Here we
initialize the density current with a cold pool that is uniform in the y-direction in
the presence of an opposing flow, to simulate the advance of a sea-breeze front in
the presence of offshore winds.

As a final comment concerning the modeling approach, we emphasize that
the goal of the idealized modeling portion of this study is not to reproduce the
behavior in the observed case, but rather to gain insight into the basic dynamical
processes associated with the interaction between a sea-breeze front and a buoyant
plume representative of those seen with wildland fires.
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Case Study Analysis

East fork fire began late on April 4, 2004, or early on April 5, 2004, and is
ed to have been started by human causes, either accidental or arson. The
burned in timber and southern rough fuel groups. According to the National
gency Coordination Center reports, by April 7 the fire reached 7,000 acres
km”) and was only 20% contained. Spotting of up to 0.25 mile (0.4 km)
d of the main fire front was observed with rates of spread of 20 — 30 chains
hour (0.11 — 0.17 m:s ") reported. This observed fire activity continued and by
il 8, the area burned had increased to over 8,400 acres (34.0 km?). By April
the fire had consumed almost 20,000 acres (80.9 km®) and was only 70%
ned. The fire ultimately consumed over 26,000 acres (105.2 krnzj of wilderness
and was 90% contained by April 15. The total area burned was increased by
urning activities of the fire suppression crews. Back burning is used to
ove fuels ahead of the active fire front and impede the spread of the fire and
containment.

urly surface observations were used to provide an estimate of the passage of
sea-breeze front. Unfiltered time series of temperature and relative humidity
from four stations near the fire (not shown) indicate that Sanborn, the closest
four stations to the coast, shows the earliest peak in temperature (1,400 EDT),
e the peak at the other stations is delayed by approximately 2 h. Following
perature maximum is a decrease in temperature spanning 6 — 8 h, which is
y indicative of the passage of the sea-breeze front, and more closely resembles
ormal diurnal cycle. The unfiltered relative humidity time series does not
a marked change in air mass either. Using a high-pass filter to remove the
signal as described in the previous section reveals a stronger sea-breeze
in both the temperature and relative humidity time series (Fig. 7.2). It is
nt that Sanborn shows the earliest start to humidity recovery around 1,700
with the other stations following rather sharply an hour later.

e sea-breeze front can be seen clearly on the Tallahassee 0.5° elevation
eflectivity imagery at 1828 UTC (Fig. 7.3). The East Fork Fire is visible
ximately 40 km southwest of the radar location and is indicated by a
ectivity of approximately 18 dBZ with the smoke plume traveling toward the
east (Fig. 7.3(a)). The sea-breeze front continues to move inland over the
veral hours and by 1927 UTC (Fig. 7.3(b)) the smoke plume from the fire
seen to increase in intensity with reflectivities reaching 28 — 32 dBZ for
ief period prior to the arrival of the sea-breeze front. By 2025 UTC the
-breeze is just reaching the fire and the plume is displaying reflectivities in the
of 20— 25 dBZ near the fire (Fig. 7.3(c)), consistent with values observed
ufford et al. (1998) near the head of a rapidly moving wildfire. At 2124 UTC,
sea-breeze front has reached the fire, as evidenced by the humidity recovery
idicated by the Sanborn RAWS site. Despite the start of humidity recovery the
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Figure 7.2 High-pass filtered time series of (a) temperature and (b) relative humidity
at the surface for the period starting at 0900 EDT 5 April 2004 and ending at 0000
EDT 6 April 2004, for several stations identified in Fig. 7.1

plume intensifies to levels not previously seen with a large core of the plume
now displaying reflectivities in the 28 — 32+ dBZ range (Fig. 7.3(d)). Upper-level
winds at this time are carrying the plume back toward the coast, aided by the
upper-level return flow of the sea-breeze circulation. The reflectivity of the plume
decreases from this peak over the next several hours as the fire begins to respond
to the decreased temperature and increased moisture of the marine air, leading to
a decline in fire intensity (Figs. 7.3(e) and (f)).

Base reflectivities from the 0.5° 1.5° and 2.5° elevations are used to examine
the vertical structure of the plume at 2,124 UTC, the time of greatest intensity
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e (f)

Figure 7.3 Radar reflectivity (dBZ, shaded as indicated) at a scan elevation of
0.5° at(a) 1828 UTC, (b) 1927 UTC, (c) 2025 UTC, (d) 2124 UTC, (e) 2223 UTC,
and (f) 2323 UTC for 5 April 2004

(Fig. 7.4). At the lowest elevation, the overall plume is 21.25 km in length with
the region of reflectivity >28 dBZ having a length of 8.75 km. The approximate
heights of the centroids of the ends of the plume at this elevation are 453 m and
638 m, well within the 800 m deep mixed layer (estimated from the 1200 UTC
sounding and observed high temperature). At the 1.5° elevation, the plume is
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slightly longer, 23.75 km (length of the 28+ dBZ core has shrunk to 3.75 km),
ranging in height from 1,151 — 1,637 m. At this elevation the plume is clearly
above the mixed layer and in the return flow of the sea-breeze circulation. The
2.5° elevation reveals a considerably smaller plume, 8.75 km in length (2.5 km for
the 28+ dBZ core), and spanning elevations of 1,849 — 2,157 m. The northwest
corners of the plumes at each level are collocated, indicating that the plume has a
rather strong vertical core immediately above the fire that would be consistent
with an intensely burning fire producing a strong buoyancy flux.

c)

Figure 7.4 Radar reflectivity (dBZ, shaded as indicated) at 2124 UTC for 5 April
2004 at scan elevations of (a) 0.5%, (b) 1.5%, and (c) 2.5°
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The radial velocity field from the WSR-88D is a useful tool in identifying
of convergence and divergence. The 0.5" elevation radial velocity field from
Tallahassee shows a well defined convergence zone along the sea-breeze front as
it pushes inland against the prevailing northwesterly flow in the region (Fig. 7.5).
Near the fire the pattern is more complex as the rising plume generates a region
of divergence oriented along the axis of the plume, possibly marking the return
ow of the thermal circulation generated by the intense heating of the fire. At
1.5° elevation, a divergence pattern is still discernible along the plume axis
aithough its extent is limited to the area near the peak in base reflectivity.

It should be noted that we have avoided making any direct comments as to the
magnitudes of the velocities shown. This is due to the relatively broad spectrum
width observed by the radar in the vicinity of the plume which is indicative of a
highly turbulent environment, and thus renders the magnitudes of the radar-derived
welocities less reliable.

(c) (d)
Figure 7.5 Radial velocity (m's™', shaded as indicated) at 2,124 UTC for 5 April
2004 at scan elevations of (a) 0.5° and (c) 1.5°. Panels (b) and (d) provide close-up
representations of panels (a) and (c), respectively, with base reflectivities of 12 dBZ
and 28 dBZ indicated by the solid contours
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7.4 Numerical Simulations

In this Section, we present results from three numerical simulations to explore
the nature of the interaction between a density current and a buoyant plume: two
simulations in which a density current and a plume are examined in isolation,
respectively, and one in which both are present and are allowed to interact.

The density current is initialized with a cold pool at one end of the domain
(Fig. 7.6). When the simulation is started, the cold pool adjusts under gravity and
initiates a density current that travels in the positive v-direction. The ambient
winds are directed in the negative y-direction, thus representing an offshore flow
situation. The cold pool is initially uniform in the x-direction, but rapidly becomes
3D with the development of lobe and cleft instabilities (not shown), consistent
with laboratory experiments and previous numerical investigations using three-
dimensional models.
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Figure 7.7(a) depicts the potential temperature, vertical velocity, and wind field
in the y—z plane. The Kelvin—Hemholtz billows characteristic of the interface
between the density current and the ambient atmosphere are apparent, as is the
enhanced vertical motion and return flow associated with the density current.

Figure 7.7(b) illustrates the simulation of the plume only. The plume is initiated
by a heat source centered at y=2,700 m, the spatial configuration of which is a
smoothed top-hat function. Characteristic features of the plume are similar to those
described in more detail in the simulations by Cunningham et al. (2005).

The simulation in which both the plume and the density current are present is
depicted in Fig. 7.7(c). It is evident that the interaction between the density current
and the plume results in an apparent intensification of the plume, particularly in
the wvertical velocity field, in conjunction with the arrival of the circulation
associated with the current, and that this intensification occurs before the head of
the density current reaches the heat source. The intensification apparently occurs
in response to the pressure perturbation that precedes the head of the current: this
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e perturbation, which can impact the plume for a period of time before the

]| of the colder, more dense air behind the head of the current, counteracts
ambient flow at low levels such that the plume becomes more wvertical
ompare Fig. 7.7(b) with Fig. 7.7(c)), resulting in vertical velocities that are

gnificantly stronger than those seen in the plume in isolation.
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Figure 7.7 Vertical velocity (in m's ', shaded as indicated) and potential temperature
(contour interval 1 K) in the y—z plane for (a) the density current only, (b) the

plume only, and (c¢) the density current and the plume. Vectors depict velocity in
the plane of the section, with the scale in m's ' at the bottom right
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7.5 Summary and Conclusions

Sea-breeze circulations are frequently observed to have a significant impact on
fire behavior; however, the nature of the interaction between wildfires and the
sea-breeze is poorly understood, and has not been studied extensively. In this
Chapter, radar observations of a plume associated with a wildfire in Florida were
presented that suggest that the arrival of a sea-breeze front results in a temporary,
but significant, increase in fire intensity. This intensification precedes the arrival
of the sea-breeze front at the location of the fire, such that the fire intensity is a
maximum at the time of, and slightly after, the passage of the front, and decreases
gradually thereafter with the arrival of cooler and moister air behind the front.

There is insufficient evidence to explain this intensification; however, the
idealized numerical simulations presented in Section 7.4 suggest that the period
of interaction preceding the arrival of the current may result in the temporary
intensification of vertical velocity in the plume. This increase in vertical velocity
appears to result from the interaction of the plume with a pressure perturbation
that precedes the head of the density current. The direct impact of this interaction
on fire behavior is uncertain, however, and requires further study, particularly
using coupled atmosphere-fire models to explore the details of this interaction.
Another aspect of the wildland fire-sea-breeze system that warrants investigation
is how these interactions influence local and regional air quality.
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