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ABSTRACT: Extreme fire weather receives substantial attention, yet conditions allowing readily
manageable fire, or “good fire weather” remain less studied with no formal definition. We propose
a qualitative definition of good fire weather as “the set of atmospheric conditions before, during,
and following ignition allowing wildland fire to achieve beneficial outcomes while minimizing
hazards from fire and smoke.” We explain beneficial fire outcomes and share examples of the
multiscalar challenges in observing and forecasting good fire weather to inform decision making
using schematics, example tools, and a case study. Suggestions for ways the weather enterprise

can support good fire weather forecasting are provided.
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1. What Is “Fire Weather”’?

Weather comprises a foundational component of the total fire environment, defined as “the
surrounding conditions, influences, and modifying forces of topography, fuel, and weather that
determine fire behavior” (National Wildfire Coordinating Group 2025). Fire weather directly
influences the probability of fuels igniting, all aspects of fire behavior (e.g., the rate of fire spread,
fire intensity, flame length, and flame height) and the strategies and tactics used for fire suppression
(National Wildfire Coordinating Group 2025). Fire weather is commonly evaluated using near-
surface air temperature and relative humidity as well as low-level stability, wind speed and direction

at various heights, radiation, cloud cover, and precipitation.

2. When Is Fire Weather “Good”?

Good fire weather creates an environment allowing readily manageable fire behavior. This envi-
ronment facilitates safely achieving wildland fire management objectives by minimizing extreme
fire behavior (Werth et al. 2011). Wildfires often burn during good fire weather producing a
mosaic of beneficial effects; they are also more easily suppressed during good fire weather. During
wildfires, protecting life and property is a key objective. Management objectives vary when fires
are determined to provide benefits or are ignited intentionally for beneficial outcomes. Location,
fire history, the season, and community as well as ecological needs influence objectives. These
can include reducing fuels to lower wildfire hazard and producing ecological outcomes by reduc-
ing vegetation competition, mitigating invasive species, stimulating regeneration of fire-adapted
species, improving soil health, and enhancing habitat (Figure 1a-b; Huffman et al. 2020; Hankins
2024). An equally valuable objective is increasing well-being through ecocultural stewardship
(Hankins 2024). Beneficial fires lit by humans, including traditional, prescribed, and cultural fire,
are planned to coincide with good fire weather to achieve these benefits. A range of temperatures,
relative humidities, and winds both on and before the burn day can achieve fuel moistures yielding
desired outcomes. However, conditions evolving over multiple weeks-seasonal timescales (and
beyond) govern fuel moisture in live and dead fuels.

The parameters defining good fire weather (the “prescription”) occupy a range (Figure 1a) but
vary markedly depending on the location, fuel type, objectives, scale, and complexity of a burn.

The weather must be sufficiently warm and dry to allow ignitions and fire spread but not so hot, dry
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and windy that a fire cannot be controlled with available holding resources. Good fire weather is
therefore a “Goldilocks” situation (Lutz 2024), where weather and associated fuels conditions are
often marginal by wildfire standards (Hiers et al. 2020). Wind often differentiates environments
conducive to dangerous fire behavior versus an environment where fire can be readily managed.
Un-forecast wind increases, shifts in wind direction, and rapid relative humidity decreases are
common weather-related ingredients in prescribed burns that spot over control lines (Dether 2005).
At best, fire outside the designated burn unit distracts from the beneficial fire mission and at worst
leads to a wildfire declaration, additional resource expenditure, and poses hazards to values-at-risk.
These weather changes can result from localized topographic and thermally-driven circulations or
outflow from isolated moist convection that are poorly resolved by operational forecast models
(Figure 1b). Yet some circumstances, such as in grassland or chaparral systems, dictate wind
is required to carry fire across low-angle terrain. Once burning is winding down, cloud cover,
increased relative humidity, and precipitation helps control fires during securement. Thus, good
fire weather includes a temporal component to forecast both combustion-favoring and combustion-
suppressing environments (i.e., a skillful multi-hour or multi-day forecast).

A complete definition of good fire weather includes an atmosphere that favorably transports and
disperses pollutants. Minimizing smoke impacts from beneficial fire to human health, visibility,
and agricultural production will ensure community support for burning (Figure 1b-c). During
burning, an unstable vertical profile of temperature and presence of winds aloft allows smoke
to rise and become available for transport and dispersion; the direction of transport will ideally

transport smoke away from populated areas, roads or agriculture.



a) Good Fire Weather Parameters
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6 Fic. 1. Good fire weather requires understanding and skillful forecasting of numerous environmental com-
& ponents across the weather parameter space, highlighting the value of high-resolution observations and models.
s« Nonetheless a mismatch occurs between the desired forecast precision and the reality of weather and fire behavior,

especially in complex environments.
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3. Examples Of Good Fire Weather

Because good fire weather occupies a middle-ground (“Goldilocks™) between weather extremes,
the environment can quickly become unfavorable. Too cool and moist means insufficient consump-
tion to meet objectives and may prove costly in terms of resources allocated to the burn. Conversely,
the weather may abruptly turn hot, dry, and windy leading to unintended ecosystem responses as-
sociated with higher severity fire effects like crown scorch and inducing extreme fire behavior such
as spotting, rapid fire spread, or fire whirls posing safety and containment concerns. However,
microclimates can provide good fire weather refugia despite unfavorable conditions elsewhere
(Figure 1c¢). Observations from a Remote Automatic Weather Station in Santa Rosa, California
highlight an example of this variability during a spring 2025 period (Figure 2). Comparisons to
hourly mean values calculated daily between 1991-2025 provide climatological context.

Near-to-slightly-below-average daytime temperatures and light winds on 30 April-3 May pro-
duced brief windows of good fire weather for prescribed burning. Elevated nighttime relative
humidities provided recovery. Drier conditions on 3 May increased fine fuel availability to burn,
though afternoon winds likely exceeded prescriptions. Above-average temperatures and below-
average relative humidity on 4 May were in prescription but with a catch: warming continued with
notable overnight drying and increased vapor pressure deficits into 5 May with the onset of gusty,
offshore, downslope “Diablo” winds. Good fire weather returned on 6 May with in-prescription
conditions before becoming colder, moister, and cloudier on 7 May. The lagged drying effect of the
warm Diablo winds on 10 hr fuels and the subsequent recovery implies 6 May offered an optimal

beneficial fire window.






