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ABSTRACT

 Multiple high-impact wildfire episodes on the southern Great Plains in 2021/22 provided unique 
opportunities to demonstrate the emerging utility of Convection-allowing Models (CAMs) in fire-weather 
forecasting. This short contribution article will present preliminary analyses of the deterministic Texas Tech 
Real Time Weather Prediction System’s Red Flag Threat Index (RFTI) compared to wildfire activity observed 
via the Geostationary Operational Environmental Satellite-16 during four southern Great Plains wildfire 
outbreaks. Visual side-by-side comparisons of model-predicted RFTI and satellite-detected wildfires will be 
shown in static and animated displays that demonstrate the model’s prognostic signal in depicting fire-outbreak 
evolution. The data analyses are supplemented with preliminary information from state forestry agencies that 
provide context to predicted RFTI relative to size-based categorization of observed wildfires and human 
casualties. In addition, use of the National Severe Storm Laboratory’s Warn-on-Forecast System to provide 
short-term updates on the evolution of fire-effective atmospheric features that promote new fire ignition, 
problematic spread, and extreme fire behavior is also demonstrated. The examples presented here suggest that 
CAMs serve an important role in the mesoscale prediction of dangerous wildfire conditions. With this novel use 
of CAMs in fire meteorology, the authors advocate for expanded availability of fire weather-specific fields and 
parameters in high-resolution numerical weather prediction systems that would improve wildfire forecasts and 
associated impact-based decision support.

1. Introduction

Wildland fire is affected by both the biosphere and
atmosphere (Pyne 2021). Although the context of fire is 
dependent upon the character of available combustible 
vegetative fuels, an ignition’s propensity to propagate 
and spread is mostly a consequence of short-term 
weather (Pyne 2004). Thus, it is expected that 
meteorological influences on the fire environment are 
reflected in numerical weather prediction (NWP). In 
fact, short-term high-resolution meteorological model 
systems, particularly the High-Resolution Rapid 

Refresh (HRRR) model, have shown skill in predicting 
weather conditions associated with high-impact 
wildfire episodes (Nauslar et al. 2018, Mass and Ovens 
2021). Yet, real-time operational use of Convection-
allowing Models (CAMs, ≤4 km grid spacing) in fire 
prediction remains challenging in practice, largely 
because few CAMs output fire weather-specific fields 
and parameters. 
 This short contribution article provides preliminary 
observations and analyses of the Texas Tech Real Time 
Weather Prediction System’s Weather Research and 
Forecasting Model (TTU WRF, Texas Tech 
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Atmospheric Science Department 2022) deterministic 
Red Flag Threat Index (RFTI, Murdoch et al. 2012) 
relative to wildfire activity detected via Geostationary 
Operational Environmental Satellite-16 (GOES-16)
shortwave infrared (SWIR) imagery. Both static and 
animated side-by-side comparative displays of TTU 
WRF RFTI and corresponding GOES-16 satellite-
detected fire hot spots are shown for four southern 
Great Plains wildfire outbreaks (SGPWOs, Lindley et 
al. 2014) that occurred between December 2021 and 
March 2022. These primarily visual-based comparisons 
demonstrate how CAM predictions of RFTI identified 
the general time frame and geographic location of 
greatest wildfire occurrence. In addition, the percentage 
of outbreak fires meeting defined size-based 
categorizations, including those that resulted in human 
casualties, is found for varying magnitudes of model-
derived RFTI. To further demonstrate the use of CAMs 
in wildland fire decision support, particularly CAMs 
that feature rapidly cycled data assimilation, we 
document real-time use of the National Severe Storm 
Laboratory’s (NSSL) Warn-on-Forecast System 
(WoFS; Stensrud et al. 2009, 2013, Wheatley et al. 
2015, Jones et al. 2016, and Heinselman, P., and Co-
authors, 2023: Warn-on-Forecast: From Vision to 
Reality. Wea. Forecasting, in preparation) during a 
subsequent 22 April 2022 SGPWO. During this event, 
high spatial and temporal resolution WoFS-derived 
projections of 500-hPa wind speed and 2-m 
temperature were used in short-term diagnosis and 
prediction of a fire-effective low-level thermal ridge 
(LLTR, Lindley et al. 2017), an atmospheric feature that 
promotes momentum transfer of strong winds aloft into 
a narrow zone of anomalously warm near-surface air 
and exacerbates wildfire ignition, spread, and behavior 
on the southern Great Plains. WoFS guidance relevant 
to the LLTR and ensemble wind gust products were 
used to communicate the likelihood of new problematic 
fire occurrence and of >26 m s-1 (50 kt) gusts at ongoing 
wildfires within an interagency wildfire decision 
support forum. Discussion will advocate for the 
proliferated use of CAMs in mesoscale predictions of 
the fire environment and further adoption of fire 
weather-specific fields and parameters in such NWP 
systems, including ensembles.

2. Data and analysis

a. TTU WRF

RFTI (Murdoch et al. 2012) uses quartile analyses
of observed 2-m relative humidity (RH) and 6-m wind 
speed (WS) in excess of local red flag warning (RFW) 
criteria over a 10-year period to quantify the criticality 
of fire weather at a given site (Appendix A). The index 
was developed and initially employed using 2000–2009 
observational data but was updated in operations for 
many locals in 2019. RFTI is scored 1–10 when either 
RH or WS exceed locally defined critical RFW 
thresholds. Values of 1–2 are defined as “elevated,” 3–4 
as “critical-low” or “near-critical” (the former adjective 
description was defined in literature; the latter is used in 
operations), 5–6 as “critical-high” or “critical,” 7–8 as 
“extremely critical,” and 9–10 as “historically critical.” 
TTU WRF-derived RFTI was first implemented in 
2015 and was previously noted in literature with respect 
to weather associated with megafires (≥404.7 km2) on 
the southern Great Plains (Lindley et al. 2019). 
Subsequent efforts to expand the domain of TTU WRF 
RFTI output have occurred; however, the derived RFTI 
domain remains geographically limited compared to the 
TTU WRF model domain because of the index’s 
dependence on analyses of observed RH and WS 
relative to local RFW criteria. RFTI quartile thresholds 
have been coordinated with National Weather Service 
(NWS) Weather Forecast Offices (WFOs) for many 
established climate/Automated Surface Observation 
System sites across the TTU WRF RFTI domain. Local 
RFW criteria, upon which the RFTI quartile scoring 
regime is based, varies dramatically across the country 
and even across WFO jurisdictions (Kimutis et al. 2018, 
Jakober 2023). It is not within the scope of this study to 
detail specific RFW criteria across the TTU WRF RFTI 
domain, but the basis of criterion across the region is 
generally RH ≤15–20% and WS ≥9 m s-1 (17 kt). 
Although this paper focuses specifically on TTU WRF 
RFTI output in relation to observed wildfires, and not a 
detailed accounting of localized RFW thresholds, the 
authors note that RFTI’s quartile analyses and two-
valued range categorization helps to minimize spatial 
discontinuities in the output associated with 
discrepancies in RFW criteria across geographic 
boundaries. Such changes in local RH and WS 
thresholds can still result in unnatural RFTI gradients. 
RFTI, however, has been shown to be climatologically 
relevant to local wildland fire potential.
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 RFTI output is currently limited to the TTU WRF 
deterministic system (single-model member), which 
utilizes the WRF-ARW Version 3.5.1 (Skamarock et al. 
2008) to create forecasts on a nested 3-km grid with 38 
vertical levels over Texas, Oklahoma, Kansas, and 
portions of the surrounding states. The 3-km grid 
receives its initial and lateral boundary conditions from 
the Global Forecast System, and a spin-up process 
occurs in the first hours of the WRF forecasts to achieve 
high-resolution structure. Forecasts are run out to a 60-
h forecast time from four initializations daily at 0000, 
0600, 1200, and 1800 UTC using the NOAH land 
surface model (Chen and Dudhia 2001), Thompson 
microphysics (Thompson et al. 2004), the Yonsei 
University planetary boundary layer scheme (Hong 
2010), and the Dudhia (1989) shortwave radiation and 
Rapid Radiative Transfer Model longwave radiation 
(Mlawer et al. 1997) schemes. No cumulus 
parameterization is used on the 3-km domain as it is 
considered convection-permitting.
 The unusual frequency of high-impact wildfire 
episodes within the TTU WRF’s RFTI domain in 
2021/22 provided the unique opportunity to document 
spatiotemporal comparisons of this output to GOES-16-
depicted wildfires during multiple SGPWOs in a single 
fire season characterized by a geographically consistent 
vegetative fuel environment. Analyses will focus upon 
four SGPWOs that occurred on 15 December 2021, 5 
March 2022, 17 March 2022, and 29 March 2022. The 
NSSL WoFS will be used in an additional case example 
from the 22 April 2022 SGPWO (Table 1).
 Hourly RFTI output is available in the TTU WRF 
from the initialization time to 60 h. For the purpose of 
these analyses, the 1200 UTC initialized TTU WRF 
RFTI is shown for a valid time of 21/2200 UTC (time 
shown is dependent upon the GOES-16 observed peak 
burning) on the day of each respective wildfire episode 
in Fig. 1 (a, d, g, j). Corresponding GOES-16 SWIR 
channel 7, centered near 3.9 µm, which is sensitive to 
subpixel heat and useful in wildland fire detection and 
monitoring (Dozier 1981, Weaver et al. 1995, Weaver et 
al. 2004), is shown to illustrate ongoing wildfire 
activity at approximately the same time (Fig. 1 panels 
b, e, h, and k). Lastly, all satellite-detected fires that 
occurred during the SGPWO episodes are mapped and 
categorized (Table 2) by burn size (National Wildfire 
Coordinating Group, cited 2022) based upon 
preliminary reports by state forestry agencies and a 
generalized spectrum of plains wildland fire types 
defined in a body of work by Lindley et al. 2015, 2018, 

and 2019. These summaries provide context to the 
cumulative magnitude and geographic scope of fire 
activity during each SGPWO (Fig. 1 panels c, f, i, and 
l) and provide the basis for rudimentary statistical
analysis.

Preliminary visual comparisons of the data show 
that TTU WRF RFTI values corresponded in space and 
time to the occurrence of observed wildfires (n=138, 
Table 3). Nearly all (99%) initial attack fires (0–1.2 
km2) were associated with TTU WRF-predicted RFTIs 
of elevated or greater (RFTI ≥1), with nearly two-thirds 
(63%) of such fires noted to occur within predicted 
near-critical to critical (RFTI 3–6) environments. All 
observed large (>1.2–20.2 km2) and significant (>20.2–
404.7 km2) fires occurred in near-critical or greater (≥3) 
predicted TTU WRF RFTIs, and 95% of significant 
fires were associated with TTU WRF-predicted critical 
or higher (RFTI ≥5) environments. The only observed 
megafire in the dataset, the 15 December 2021 Four 
County Fire in west-central Kansas, occurred in a TTU 
WRF-predicted historically critical (RFTI 9) 
environment. In this observational dataset, extremely 
critical (7–8) and historically critical (9–10) RFTI 
values appeared to delineate particularly dangerous 
southern Great Plains wildfire environments that 
constitute a significant threat to life and property. All 
three fatality fires in the dataset were characterized by 
predicted TTU WRF RFTIs ≥7. This included the 
aforementioned Four County Megafire, the 
Cottonwood Fire in south-central Kansas on 5 March 
2022, and the Eastland Complex Fire in north-central 
Texas on 17 March 2022.  A fire that resulted in 
multiple injuries in Jewell County, Kansas, on 29 
March 2022 also occurred within TTU WRF-predicted 
critical and extremely critical RFTI (6–7). The 
observations documented here corroborate Murdoch et 
al. (2012), which found that mean fire size increases 
with increasing RFTI.

b. WoFS

WoFS is an experimental 36-member analysis and
18-member forecast, rapidly cycling ensemble data
assimilation and forecasting system that currently runs
over a relocatable, developer-defined 900 km x 900 km
region of expected high-impact weather using 3-km
horizontal grid spacing. Ensemble member initial
conditions are taken from the HRRR, and unique
boundary conditions are created for each respective
member by applying variances of Global Ensemble
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Forecast System (GEFS) members from the GEFS 
mean to the existing HRRR-based conditions along the 
boundaries. What distinguishes WoFS from other 
CAMs is that the system assimilates conventional radar 
and satellite data at 15-min intervals to continually 

update the model analysis and account for rapidly 
evolving meteorological environments. New 18-
member forecasts that incorporate the latest in situ and 
remotely sensed observations are launched every 30 
min, with forecasts out to 6 h (top-of-the-hour runs) or 
3 h (bottom-of-the-hour runs). This system has proven 
successful in generating skillful short-term (0–3 h) 
probabilistic forecasts of high-impact weather in the 
real-time operational forecasting environment (Skinner 
et al. 2018, Yussouf and Knopfmeier 2019).
 During a subsequent SGPWO on 22 April 2022, an 
NWS Incident Meteorologist (IMET; co-author 
Murdoch) was assigned to the Texas A&M Forest 
Service Operations Center at College Station, Texas, in 
support of ongoing wildfire response. The IMET 
leveraged WoFS to message the evolution of meso-β 
scale fire-effective atmospheric features in short-term 
updates to both NWS WFO forecasters and state agency 
fire-behavior analysists in advance of newly ignited 
wildfires in eastern New Mexico, eastern Colorado, and 
western Kansas.
 Fire-effective LLTRs are atmospheric features that 
are known to exacerbate wildfire conditions on the 
southern Great Plains (Lindley et al. 2017). A fire-
effective LLTR occurs when a narrow poleward-
extending corridor of anomalously hot lower-
tropospheric temperatures couples with an 
overspreading speed maximum in the wind fields aloft 
to create a “blow torch-like” effect of dry air and strong 
near-surface winds that promote wildland fire ignition, 
extreme fire behavior, and rapid rates of fire spread.
 The SGPWO Working Group forum is an online 
collaborative multi-agency operations-to-research-to-
operations community focused on science-based 
decision support for state forestry agencies in Texas, 
Oklahoma, and Kansas (Lindley et al. 2021). At 1923 
UTC on 22 April 2022, the IMET posted to the forum 
that “WoFS forecast at 2100 UTC [shows that the] 500 
hPa speed max and LLTR will intersect in [the] vicinity 
of northeastern New Mexico and southeastern 
Colorado” and that a new fire was “erupting in 
southeastern Colorado…very near [the] intersection” of 

Dates Data # of Fires Area Burned (km2) Structures Lost Casualties
15 December 2021 TTU WRF 32 843 24 6

5 March 2022 TTU WRF 41 57 130 5
17 March 2022 TTU WRF 34 264 50 3
29 March 2022 TTU WRF 29 409 26 3
22 April 2022 WoFS 18 541 203 16

Table 1. Impact statistics from the referenced wildfire episodes. “# of Fires” refers to the total of unique GOES-16
hot spots identified. Burn area, damages, and casualty data are based on preliminary reports from state forestry 
agencies.

Figure 1.  TTU WRF RFTI (a, d, g, j) initialized at 1200 
UTC and valid at 2100/2200 UTC with corresponding 
GOES-16 SWIR imagery (b, e, h, k) showing 
geographic areal extent of visually large/intense fires 
(purple) and more subtle hot spots (red) indicated. Fires 
of unknown nature outside of the TTU WRF RFTI 
domain are indicated by black in panel h. Panels c, f, i, 
and l summarize cumulative and categorized SGPWO 
episode wildfire incidents. Click image for an external 
version; this applies to all figures and animations 
hereafter.

http://nwafiles.nwas.org/jom/articles/2023/2023-JOM6-figs/fig_1.png
http://nwafiles.nwas.org/jom/articles/2023/2023-JOM6-figs/fig01a.gif
http://nwafiles.nwas.org/jom/articles/2023/2023-JOM6-figs/fig01g.gif
http://nwafiles.nwas.org/jom/articles/2023/2023-JOM6-figs/fig01j.gif
http://nwafiles.nwas.org/jom/articles/2023/2023-JOM6-figs/fig01d.gif
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these atmospheric features (Fig. 2). At 1944 UTC, a 
Kansas State Forestry representative responded that 
fires would likely become problematic for Kansas 
firefighting interests and noted new fire starts occurring 
in eastern Colorado and western Kansas. Subsequently 
at 1949 UTC, the IMET relayed information derived 
from WoFS 30-min maximum wind gust paintball 
products that depicted increasing probabilities for ≥26 
m s-1 (50 kt) wind gusts near the nose of the 500-hPa jet 
within the windward side of the LLTR. Observed gusts 
of 26 m s-1 (50 kt) in southeastern Colorado were noted 
shortly thereafter in proximity to the ongoing wildfires. 
The IMET stated at 2030 UTC that new WoFS guidance 
showed “excellent coupling of the 500 hPa jet nose and 
the windward side [of the] LLTR. Coupled intersection 
[is] almost directly over where the two southeastern 
Colorado fires are running, taking on typical elliptical 
shape [for wind-driven wildfires]” and that a merger of 
the two fires was possible. Fire activity on this day 

culminated with particularly damaging wildfires in 
northeastern New Mexico and a fatality fire with 
multiple injuries that burned from northwestern Kansas 
into southwestern Nebraska, all within proximity to the 
aforementioned fire effective LLTR. 
 These real-time communications between an NWS 
IMET and state forestry fire officials represent the first 
documented use of WoFS for direct fire-weather 
support. Although the same atmospheric features were 
evident in other NWP models and with greater forecast 
lead-time, in this case, the IMET applied conceptual 
models of a known critical fire-weather pattern toward 
effective mesoscale analysis informed by WoFS and its 
rapid update cycling and assimilation of near real-time 
data to convey predictions of precise locations and 
timing of intense fire weather conditions more 
confidently. This information was communicated to fire 
behavior analysts 1–3 h prior to the occurrence of peak 
burning conditions in the specified areas as observed by 

Size Class Size (km2) Categorization Symbol

A-D 0-1.2 Initial Attack Fire

E-H >1.2-20.2 Large Fire

I-K >20.2-404.7 Significant Fire

L >404.7 Megafire

Unknown -- --

Casualty Fire -- --

Table 2. Map legend for Fig. 1 panels c, f, i, and l, which map and categorize the magnitude of wildfires for each 
of the four documented SGPWO episodes. Reported fire sizes are based on preliminary reports from state forestry 
agencies.  Fig. 1 panels c, f, i, and l, which map and categorize the magnitude of wildfires for each of the four 
documented SGPWO episodes. Reported fire sizes are based on preliminary reports from state forestry agencies.

Table 3. Combined percentage of fires from the four 2021/22 cases that occurred within predicted TTU WRF RFTI 
categories.

Fire Categorization 
(Fire Size km2)

Fires Occurring Within Predicted TTU WRF RFTI by Category (%)
Nil (0) Elevated (1–2) Near-critical (3–4) Critical (5–6) Extremely Critical 

(7–8)
Historically Critical 

(9–10) 
Initial Attack
(n=94*) 0–1.2

1 11 33 31 19 5

Large Fire
(n=21) >1.2–20.2

- - 24 29 14 33

Significant Fire 
(n=22) >20.2–404.7

- - 5 41 36 18

Megafire
(n=1) >404.7

- - - - - 100

Casualty Fire (n=4) - - - - 75 25
Unknown (n=4) 100 - - - - -

*2 known initial attack fires were excluded because of occurrence outside of the TTU WRF RFTI Domain.
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GOES-16 SWIR imagery. Although not routinely 
available via WoFS at this time, a retrospective WoFS 
product was generated to show ensemble probabilities 
of exceedance for 500-hPa wind speed >26 m s-1 (50 kt) 
and 2-m temperature 29°C (85°F). In this example, the 
overlap of exceedance probabilities in these fields serve 
as a proxy to identify conceptually favored areas for 
problematic fire associated with the fire effective LLTR 
(Fig. 3). This proof-of-concept demonstrates how 
CAMs, particularly those that frequently assimilate 
near real-time observations, can be used in operations 
to identify and predict short-term evolution of 
atmospheric features and their influence on the fire 
environment in a probabilistic sense. Similar 
application of WoFS and other ensemble-based CAMs 
(including the TTU WRF) could extend to probabilistic 
lightning information, downslope windstorms, and 
wind shifts associated with fronts, drylines, or 
convective outflow boundaries—all of which are 
common factors attributed to wildland firefighting 
fatalities (Wilson 1977 and National Wildfire 
Coordinating Group 1997).  

3. Discussion

Pyne (1982 and 2012) described wildfires as
atmospheric events that organize heat release from the 
surface through a climatic determinism and emphasized 
that particularly damaging fires synthesize anomalous 
environments characterized by short-lived 
combinations of vegetative fuel and weather. At the 

scale of an individual wildland fire, mesoscale 
atmospheric processes greatly influence the potential 
for dangerous fire behavior and spread. The 
spatiotemporal resolution and projection of such 
atmospheric effects on the fire environment are well-
suited to the domain of CAMs. It is important to note 
that these preliminary analyses of fire-weather relevant 
CAM output associated with the 2021/22 SGPWOs are 
focused on selective meteorological components of 
complex fire environments. It is beyond the scope of 
this short contribution article to quantifiably investigate 
specific fuel-based fire danger measures that 
contributed to these wildfire episodes. It is worth 
noting, however, that the fuelscape of the southern 
Great Plains fire regime proved supportive of intense 
burning across the geographic range of these fire 
outbreaks, all of which occurred during a single winter/

Figure 2. WoFS run at 1800 UTC 22 April 2022 
showing a) 500 hPa wind speed with 26 m s-1 (>50 kt) 
speed maximum (green arrows) and b) 2-m temperature 
and 10-m winds (barbs) with LLTR (black dashes) valid 
at 2100 UTC. The conceptually favored area for 
problematic wildfires is indicated by the red-dash area. 
Panel c) is the 2236 UTC GOES-16 SWIR with area of 
active wildfires indicated (red-dash area), and d) shows 
the conceptual model for a fire-effective LLTR with the 
favored area for problematic wildfires indicated (red-
shaded area). 

Figure 3. WoFS demonstration product initialized at 
1800 UTC 22 April 2022 and showing ensemble 
probabilities of 500 hPa WS >26 m s-1 (50 kt, blue) and 
2-m temperature >29°C (85°F, orange) valid at 2100
UTC 22 April 2022. Probabilities are contoured at 10,
30, 50, 70 and 90% (10–70% indicated by increasingly
thicker lines and >90% likelihood shaded. The
conceptual fire-effective LLTR area favored for
problematic fire identified in Fig. 2 panels a and b is
annotated (red-dash area), and GOES-16 hot spots
detected between 2000–2200 UTC 22 April 2022 are
denoted by flame icons.

http://nwafiles.nwas.org/jom/articles/2023/2023-JOM6-figs/fig_2.png
http://nwafiles.nwas.org/jom/articles/2023/2023-JOM6-figs/fig_3.png
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spring dormant season, the climatological peak period 
for wildfires on the southern Great Plains. Fuels and 
Fire Behavior Advisories issued for parts of Texas, 
Oklahoma, Kansas, and Nebraska on 11 April 2022 
stated, “Above-normal to exceptional fuel loading and 
subsequent long-term drought persistence have 
promoted…dangerous fire behavior conditions,” 
including “wildfire outbreaks with an associated 
increase in significant fire occurrence…for much of the 
region” (National Interagency Coordination Center, 
cited 2022). 
 The fact that the included preliminary analyses of a 
single CAM-derived fire weather parameter (RFTI) 
qualitatively compared favorably to observed wildfire 
occurrence, size, and public impacts is significant given 
that the results constitute NWP-based prognostication 
of only one variable (weather) in the fire-behavior 
triangle, e.g., weather, fuel, and topography (Werth et 
al. 2016). With 99% of all initial attack fires shown to 
occur in elevated or greater TTU WRF RFTI (≥1) 
environments, 95% of significant wildfires associated 
with critical or higher RFTIs (≥5), and 100% of 
megafire and casualty-related fires in model-predicted 
extremely critical or greater RFTIs (≥7), the results 
presented here underscore wildland fire’s dependency 
on meteorological conditions and suggest that a role for 
CAMs in mesoscale wildfire prediction exists. Further, 
the demonstrated use of WoFS depiction of a fire-
effective LLTR in identifying areas of newly evolving 
problematic wildfire ignition and spread potential 
during the 22 April 2022 SGPWO highlights the 
emerging capability to leverage CAMs in the provision 
of actionable mesoscale intelligence on the fire 
environment and in predicting specific fire-influencing 
atmospheric features.    
 The authors advocate for expanded availability of 
fire weather-specific fields and parameters in CAMs, 
including ensemble-based products, as well as Fire 
Weather Testbed activities to scientifically evaluate 
these and other emerging operational fire products and 
services. The development of high-resolution NWP 
systems has traditionally focused on delivery of 
convection-related parameters associated with severe 
local storms, such as ensemble-based simulated 
reflectivity, updraft helicity, and probability of 
exceedance for thresholds of wind, hail, and 
precipitation. Similar ensemble-based approaches to 
fire weather-relevant fields and composite parameters 
such as RFTI, Hot-Dry-Windy Index (Srock et al. 
2018), Fosberg Index (Fosberg 1978), and the 

calibrated Grassland Fire Danger Index (Schreck et al. 
2010) should be developed.  In addition, exceedance 
probabilities of base meteorological fields like RH and 
WS thresholds, as well as stability and temperature 
anomaly parameters, would be equally important in 
addressing service gaps that currently exist in the 
prediction of dangerous wildfire environments. For 
instance, the development of ensemble-based smoke 
forecasts within both the HRRR (Ahmadov et al. 2017) 
and WoFS (Jones et al. 2022) are examples of how 
CAMs can be leveraged for fire-specific use. There will 
be no fire unless the state of both weather and fuels are 
supportive (Pyne 1982). Thus, incorporation of 
meteorologically derived, fuel-based fire danger indices 
[such as energy release component (Bradshaw et al. 
1983) and total (weather and fuel) fire environment 
parameters such as the Severe Fire Danger Index (Jolly 
et al. 2019)] into CAMs would support the adoption of 
phenomenon-based probabilistic fire forecast and 
warning paradigms consistent with a Forecasting A 
Continuum of Environmental Threats (Rothfusz et al. 
2014 and 2018) framework. Such evolution of NWS 
fire services could greatly enhance the provision of 
impact-based decision support (Uccellini and Ten 
Hoeve 2019) available to core fire partners and 
subsequently improve emergency messaging and public 
preparation and mitigation efforts for dangerous 
wildfires.
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