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ABSTRACT

Software has been developed to evaluate National Weather Service spot forecafise management
officials request spot forecasts from National Weather Service Weather Forecast Offices to providetailed
guidance as to atmospheric conditions in the vicinity of planned prescribed burns as well as wildfires that do
not have incident meteorologists on siteThis open source software with online display capabilities is used to
examine an extensive sebf spot forecasts of maximum temperature, minimum relative humidity, and
maximum wind speed from April 2009 through November 2013 nationwide. The forecast values are
compared to the closest available surface observations at stations installed primarilyrfére weather and
aviation applications. The accuracy of the spot forecasts is compared tbat available from the National
Digital Forecast Database (NDFD).

Spot forecasts fora selected prescribed burnare used to illustrate issues associated with theerification
procedures. Cumulative statistics for National Weather Service County Warning Areas and for the nation
are presented Basic error and accuracy metrics for all available spot forecastand the entire nation indicate
that the skill of the spot forecasts is higher than that available from the NDFD, with the greatest improvement
for maximum temperature and the least improvement for maximum wind speed

1. Introduction and no quantitative evaluation of spot forecasts has

A 2008 National Oceanic and Atmosphericbeen undertaken nationwide.
Admini stration (NOAA) r ep drescribednfres ton tederal di State EndWevat h e
Research: A Burning Ag e naperatirfgplans tNaDoemaindghreshalds for atnmesphetich e
need for more robust forecast verification for wildlandvariables such as wind speed anthtree humidity
fire incidents (NOAA SAB 2008). National Weather beyond which they should not commence burning.
Service (NWS) forecasters at Weather ForecasSpot forecasts play a central role in determining
Offices (WFOs) have issued 103 370 forecasts, oftewhether a burn is initiated on a given day. Of the 16
at very short notice, requested by fire and emergend00+ prescribed burns undertaken in 2012, only 14
management professionals for specific locations, oescaped (Wildland Fire Lessons Lear@ahter 2013).
ispot so, dur i niNovemhee 20¥8p Hawever, puble Feaction to this small number of
period. Spot drecasts are requested for prescribe@scapes is overwhelmingly negative. Outcry from the
burns, wildfires, search and rescue operations, arldwer North Fork Fire, which broke out in smoldering
hazardous material incidents (Fig. 1). The Medfordlitter four days after the prescribed burn work,
Oregon (MFR) WFO issued the most prescribed burdestroyed 23 homes, caused three tataliand led to
forecasts while the Missoula, Montana (MSO) WFOmodifications of the Colorado state constitution to
has been respomde for the most wildfire forecasts allow victims of prescribed burn escapes to sue the
during this period. Nationwide, spot forecasts arestate (Ingold 2012).
issued twice as often for prescribed burns than for The nation is increasingly at risk for loss of life
wildfires. NWS forecasters rarely receive detailedand damage to property as a resfilvildfires (Calkin
feedback from fire and emergency managemergt al. 2014). During 2003, fires near San Diego,
professionals on thesefulness of their spot forecasts California destroyed over 3500 homes and killed 22
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people (Hirschberg and Abrams 1A). Three fires
(High Park, Waldo Canyon, and Black Forest) in the
Front Range of Colorado in 2012 and 2013 destroyed a
total of 1117 homes. Forecast guidance helps to
determine the magnitude and placement of responding
firefighters. Guidance is issued WFO forecasters
initially and later by Incident Meteorologists as
wildfires grow in extent. In some circumstances, there
is little that can be done to contain explosively
developing conflagrations, but even when the ability to
control a fire is diminishedaccuracy in forecasting the
timing and intensity of fire growth is essential. The
deaths of 19 firefighters in Yarnell, Arizona, caused in
part by a sudden wind shift outflowing from a
thunderstorm, underscore the need for addressing the
wide range of pssible fire weather conditions in
forecasts.

As outlined by Brier and Allen (1951), the goals of
forecast verification fall into three categories:

1 administrative (assess overall forecast performance
for strategic planning),

1 scientific (improveunderstanding of the nature and
causes of forecast errors to improve future
forecasts),

9 economic (assess the value of the forecasts to the
end users).

This research is focused on the first two categories.
Joliffe and Stephenson (2003) and Wilks (2011)ngef
objective estimates of forecast quality that are
appropriate for administrativeriented verification at
the national level as well as scientiidented
verification that can provide feedback directly to the
forecasters. Both needs can be addressedutiined
by Murphy and Winkler (1987) either in terms of
measurewriented or distributionsriented verifica
tion. The former is centered on statistics such as bias,
rootmean squared error, or skill scores developed to
contrast forecasts with verifyirgata. Nevertheless, as
Murphy and Winkler (1986) state regarding measures
oriented approaches, Afét he
helpful when it comes to obtaining a more detailed
understanding of the strengths and weaknesses in
forecasts or to identifying waya which the forecasts

mi ght be i mprovedo.
Figure 1. Locations of spot forecasts in the continental United The distributionsoriented method alleviates some
States, April 2009 to November 2013. a) sfiot forecasts, b) f these concerns in part by presenting more detailed
wildfire spot forecasts, ¢) prescribed burn spot forecasts, and d . : .
hazardous materials (black) and search and rescue (or@ig). information about the relationships between the
image for an external version; this applies to all figures hereafter.
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forecasts and the verifying observations. It allows for Lammers (2014) describesthe procedures
ary type of forecast to be examined, whether for aleveloped to verify spot forecasts and a broader set of
discrete or continuous variable and whether done in @ases and statistics than possible here. Before
categorical or probabilistic manner. The locations oBummarizing national statistics on spot forecasts, we
errors are also exposed more effectively, as breakirijustrate validating spot forecasts using a prescribed
up the joint, marginal, and conditional dibtrtions burn case (Box Creek), amdimulative statistics from
allows for the inspection of categorical errors that onlthe Tucson WFO. Lammers (2014) examines
occur under certain conditions. Horel et al. (2014)additional prescribed burn and wildfire cases, statistics
illustrate how the skill of forecasts for fire weatherfor other WFOs, and cumulative statistics for wildfire
applications can be evaluated using both measurespot forecasts in greater detail.
and distributionriented stastics.

Brown and Murphy (1987) provide an excellent2. Data
example of evaluating fire weather forecasts. Forecasgs Spot forecasts
issued by the Boise WFO in 1984 for the Black Rock™
Ranger Station in Wyoming were evaluated. The Spot forecast are issued by forecasters at NWS
forecasters were instructed to issue not only alVFOs for four primary purposes: prescribed burns,
anticipated value for maximum temperature, minimunwildfires, search and rescue, and hazardous materials
relative humidity, and maximum wind speed, but alsdFig. 1). Professionals submit an online request form
projected 25th and 75th percentile values. They foundutlining the reason for needing the forecast along
a slight warm/dry bias in the maximum temperaturevith otherpertinent information (Fig. 2). The resulting
and minimum relative humidity forecasts. Theyrequest is stored as a text document (Fig. 3).

sugg e st t hat the biases are due to the forecasters

perceptions of the consequences to fire professiong SALETAKE CITY SEOT FORECASTREQUEST,

of underforecasting the maximum temperature an
maximum wind speed, while overforecasting
minimum relative humidity, such that fire danger
calculations wuld then be underestimated. The
forecaster does not desire to leave the fire officials ill
prepared for potential curing of fuels. Brown and

Murphy (1987) also suggested that difficulties in

guantifying uncertainty by the forecasters (i.e., i e

predicting theupper and lower quartile values) led to 15 ot e~ =

negative skill in relative humidity and wind Speed | st

relative to climatological forecasts. e Se o Se o O Jey RS KT e S
The objectives of this research have been to: (]

provide operational spot forecast verification e

TDA TNT TMR amoow)

methodologies with the inténhat they be transferred
to operational use, and (2) assess the degree
improvement provided by such forecasts relative tq ity

those available from the National Digital Forecast
Database (NDFD) (Glahn and Ruth 2003). ForecasteRigure 2. The online spot forecast request form for Salt Lake City
require verification of thie spot forecasts to help (SLC)WFO.

improve those forecasts, and fire and emergency _ _ _
management personnel need to be able to develop The spot forecast itself contains four primary
confidence regarding the skill of those forecasts. T§€ctions, each of which is represented in the example
demonstrate the capabilities of the tools developed, wroduct in Fig. 4. The first contains basic information:
limit this study to evalating quantitatively maximum hame of the fire, land ownership, time the forecast was
temperature, minimum  relative humidity, andissued, and contact qurmatlon for thege‘cast 'offlce.
maximum wind speed. These variables are central thhe second section is a fre@m discussion of
estimates of fire spread rates and hence affect fi@nticipated conditions, including wind shifts, trends,
management and containment activities. potential for thunderstorms and lightning, or simply
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BMBB91 KSLC 202121 o ~ =
P FNUSTS KSLC 202145

FWSSLC
A SPOT FORECAST REQUEST HAS JUST BEEN RECEIVED FOR A WILDFIRE

NANED Ratch: Springs™ SEOT FORECAST FOR EATCH SERINGS

PRIORITY: IMMEDIATE NATICNHAL WEATHER SERVICE SALT LRAEE CITY UT
DATE: 8/20/13 o . = an o
TIME: 1521 323 FM MDT TUE AUG 20 2013
PROJECT NAME: Patch Springs
PROJECT TYPE: WILDFIRE .DISCUSSICN. ..SHOWERS AND THUNDERSTCEMS WILL CONTINUE ACROSS
REQUESTING AGENCY: USFS S TR THE ATEDITAET e - - i -
HEGUESTING DEETCTAL: | Chi s EhikER VORTHERI UTRH INIO THE OVERNIGAT HOURS. THERE 1S THE BOTENTIL FOR
REQUEST REASON: WILDFIRE THESE STCEMS TC IMPFACT THE PATCH SFRINGS FIRE. THESE STORMS ARE
FAX: WET...AND WILL EBE MEANIED BY MCODERATE TO HEAVY BAIN. EVEN IF &

ENERGENCY. PHONE:  (899) 59229507 STORM DOES NOT DIRECTLY IMPACT THE FIRE...GUSTY AND ERRATIC WINDS
STATE: UT FROM STCRMS IN THE VICINITY MAY AFFECT THE FIRE. THE POTENTIAL FOR
BAT ety THUNDERSTORMS TO DEVELOF DECREASES TCMORROW TEROUGH FRIDAY A3
e R MOISTURE DECREASES ACROSS THE AREL. WINDS WILL INCREASE FROM THE
FUEL TYPE: Grass,Brush,Timber SOUTH ON FRIDLY.
SHELTERING: PARTIAL
BOTTOM ELEVATION: 5312 o
TOP ELEVATION: 8400 -REST OF TODAY...
SIZE (ACRES): 31000 I 3.
WEATHER CONDITIONS AT PROJECT OR FROM NEARBY STATIONS %AIHES EH _‘ . --VERY LOW.
Cedar Mountain RANWS ELEV=4650 TIME=1455 WIND=NE11l Gtol9 T=86 TW= RH=28 TD= mostly CLEARING INDEX......1000+.
cloudy SKY/WERTEER. . ..u.... PARTLY CLOUDY (65-75 PERCENT CLOUD COVER) .
ELEV= TIME= WIND= T= TW= RH= TD= . e R - ~
s e Ml e e Re 1= _ SCATTERED SHOWERS AND THUNDERSTORMS.
ELEV= TIME= WIND= T= TW= RH= TD= MR¥ TEMPEPAIURE.....E7-91.
MIN HUMIDITY........ 22-24 PERCENI.
i RERARKS sa WINDS - 20-FOO0T..... UPSLOPE/UEVALLEY & TO 11 MPH. GUSTY AND

Please include tomorrow night, LAL and CWR in all forecasts.
ERRATIC IN THE VICINITY OF THUNWDERSTCRMS.
Thanks, new team taking fire tomorrow. Thanks for all the help the

last 3 days. Really appreciated the phone callsand the spots Chris.

TONIGHT...
+..WEATHER PARAMETERS REQUESTED... . 3.
LaL:0,9,1 HLINES INDE ..3 ..VERY LOW.

HAINES INDEX: 0,0,1 . - . . . - - -
CLEARING INDEX: ©0,6,1 SKY/WEATHER.........MOSTILY CLOUDY (75-85 PERCENT CLOUD COVER).
SKY/WEATHER: 0,0,1 SCATTERED SHOWERS AND THUNDERSTORMS.
TE":E:‘I‘;‘I”T*E( ggi MIN TEMPERATURE..... £5-67.
WIND - 20 FOOT: ©0,0,1 MAX HUMIDITY........ 52-54 PERCENT.
ites e WINDS - 20-FCCT.....DOWNSLOFE/DOWNVALLEY 5 TO 9 MPH.
Figure 3. Example request form for Patch Springs Wildfire, 20 |-°7; /9% % TERESEEE. -
August 2013. HAINES TNDEX........ 3 ..VERY LOW.
CLEARING INDEX......1000+.

A .. . SEY/WERTHER......... BRRTLY CLOUDY (40-50 PERCENT CLOUD COVER). A
providing context for the forecasted conditions relativg SLIGHT CHANCE OF SHOWERS AND THUNDERSTORMS.
to recent observed values. Detailed forecasts follow 4 7 e, -l feas zeacen.
requested values for the requested time periods. Oftq s - 20-FCoT. ... .UPSLOPE/UEVALLEY & TO 11 MPE.

t hese peri ods ar e A T o d §.weomesony wrear... , 0
A H A N P ...4 UNTIL MIDWNIGHT...THEN 3.
A T oni g ht, o and _ t h spot forecadt S L M o
identifies the forecaster responsible, the requestor, aif szv/wearzs.. ... MOSTLY CLOUDY (75-85 PERCENT CLOUD COVER) .
MIN TEMPERATURE.....89-T72.
the type Of requeSt MAYX HUMIDITY........ 40-45 FERCENT.

From the Graphica| Forecast Editor (GFE) within| #wos - 20-FCeT.. ... DCWMSLOPE/DOWNVALLEY 5 T¢ 9 MPH.
their Automated Weather Interactive Processing
System (AWIPS) workstation, forecasters can choOS|, .. cisren. . sossurers
to populate theequested specific forecast values for|zeguesTen sv...car1s cavRes
each time period from the locally stored gridded fields e 2015000 sacs o1 /oo
at the WFO or enter the requested values manuall
(Mathewson 1996; Hansen 2001). The forecast gril_
files at the WFOs are often at higher spatial resolutioRigure 4. Example spot forecast from Patch Springs Wildfire, 20
than those stored as part of the NDFD nationa/August2013.
products. Considerable effort is spent by operational _ _
forecasters adjusting numerical guidance and previo@d conceptual models with datasets available on
forecast fields to update their local grids several time§WIPS is a useful approach in operational forecasting
per day (Myrick and Horel 2006; Stuart et al020 (Andra et al. 2002; Morss and Ralph 2007). Whether _
Horel et al. 2014). After reviewing additional Oy request or oecast er prerogativ
information, the spot forecaster may then choose tfPrecast regularly includes more detailed hourly er bi
adjust the gridded values initially populated by thehourly values, which can prove highly useful to end
GFE as needed based on their interpretation of tHéS€rs in the case of a frontal passage or anticipated

forecast situation. Integrating forecaster exgere Wind shift.
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b. NDFD forecasts

NWS WFOs release their forecasts for their
respective County Warning Areas (CWASs) as gridde(
products, which are stored nationally as part of thi
NDFD at 5 km horizontal resolution during the
majority of the period evaluated in this study (Glahr
and Ruth R03). A goal of this study is to assess the
extent to which the numerical components of the spc
forecasts provide improved forecast guidance relativ
to the NDFD forecasts. Of course, the NDFD forecast
can replace neither tme
provided by the forecaster, nor can it resolve valuabl
information on  terrainelative  flows (e.g., =~
upslope/upvalley) often provided within the forecas{/:
guidance, broken down by time period, that take into
account local knowledge of topographic features

The online web tools developed as part of thi

gure 5. Locations of NWS/FAA and RAWS stations in
esoWest.

maintenance standards (Horel and Dong 2010), e.g.,

project make it possible to compare NDFD and sp oth network report temperature and relative

: : umidity at ~2 m (~6.6 ft). Permanent RAWS stations
forecasts for all available forecasts. However, in Orderreport wind speed at 6.1 m (20 ft), which has been the

;grei\gtiatet}hea 0%%%5'%?% ;eDthf f,c\)lrchaDstsanfccj)r Sj[';g&esired height for fire management operations, as well
afterroon/evening (§ &, 1., and 15h forecasts for as the height at which wind speed is generally forecast

in spot forecasts. Temporary RAWS stations are often
1500'. 1800, 2100, and 24.00 UTC) are useo! as ployed to support planning for prescribed burns and
baseline for comparison with spot forecasts issue rovide wind speed at 3 m (10 ft). NWS/FAA stations

commonly in the early morning. This time was chose port wind speed at 10 m (33 ft).to meet the goals of
as it corresponds to forecasts being issued between eé/iation applications

! : - a
and 6 AM in the continental United States, near or The National Centers of Environmental
rediction (NCEP) has generated the R@éale

prior to when many spot forecasts are issued. NDFIB
values are extracted from the nearest neighbor grilglesoscale Analysis (RTMA) since 2006, providing
hourly analyses of surface atmospheric variables (de

points to the spot forecast locations.
Pondeca et al. 2011). This study used the operational 5

km gridded fields available duringast of this study

Fire professionals rely most heavily onrfsge period, although operational RTMA grids are now
observing stations installed by land agencies as part efailable at 2.5 km resolution. Whereas it can be
the Remote Automated Weather System (RAWSgenerally assumed that nearly all NWS/FAA and most
Horel and Dong 2010). There were, as of NovembeRAWS observations are used in the RTMA analyses,
2013, 2277 RAWS stations in operation from whichsome RAWS observations are not receiwetime for
data are archived in the MesoWest database (Horel #te RTMA due to transmission latencies. The analyses
al. 2002). Equally relevant for this study to validate thgprovide a point of comparison within at most a few km
spot and NDFD forecasts are the additional 2289f the location requested for the spot forecast. We
NWS/Federal Aviation Administration (FAA) stations focus here on validating the spot forecasts relative to
as of November 2013. As shown in Fig. 5, the densitpearby observations; see Laens (2014) for more in
of the observations from these two networksies depth discussion about verifying the forecasts using
across the nation, with the highest number ithe RTMA grids.
California. While data from an additional P50
surface observing stations are available in MesoWe$t M ethods
(see mesowest.utah.efiuthe RAWS and NWS/FAA
networks are alied on most heavily by NWS
forecasters issuing spot forecasts. In addition, The mix of textual and numerical values contained
forecasters depend on standardized equipment aifl spot forecasts (Fig. 4) makes it difficult to extract

c. Validation datasets

a. Text parsing

ISSN23256184,Vol. 2, No. 20 250
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pertinent information fowerification. The numerical is upslope or upvalley? What is gusty and erratic?
values contained within the spot forecasts are ndilence, a pragmatic approach was adopted to simply
separated and sent to a centralized online databasecus on the maximum wind speed forecasted,
NWS forecasters rely on the GFE to translatégnoring directioml terms or phrases related to wind
guantitative information into text products for thegusts. Forecasters in a specific CWA may be required
general public and other stomers. However, to forecast winds at a single level or multiple levels
validating spot forecasts requires the inverse, revertings i ng di fferent definitions
from text products back to numerical values. Hencef EYE LEVEL, 0 or i GENERALO) .
natural language methodologies were developed asasonald maximum wind speed forecast value for

part of this project to parse the forecast values fromalidation, 20 ft winds are preferred, because that is

the freeform text of thespot forecasts. Iterative the height of permanent RAWS sensors. If there are
subjective examination of parsed values helped tmultiple forecasts for wind speed for the day, then the
develop an effective parsing algorithm. The resultingnaximum of all the values is kept because our intent i

code was found to be adequate to evaluate sptu verify the maximum sustained wind.

forecasts for all CWAs, and minimized the number of

forecasts dropped due toability to parse the text b.Verification

properly (i.e., 9854 forecasts of the 020 forecasts

issued during the study period were not able to bfaorecasts are compared to RAWS and NWS/FAA
processed). observations as well as RTMA analyses. It is

Development of the validation web tools hasimportant to distinguish between the broader

focused on analyzing those spot forecasts that ar iliies of thenline web tools developed as part

i A
Iseitigni Iofe tgxt F\;g ?ﬂosl‘edjgzolt fr;chlzsltE tS CesR Iargfgh 5 'pr%ject rndl the fore restrictive limits used to
P yp Sddress the objectives of this study. For this study, the

Lgr;orse(l t;e;:agsr(]e they eare outside ttheh Zcopeﬁ (I)Df iﬂﬂgtitcude aréd.longriﬂtude extracteg flrom the request go m S
forecasts for re’scribed. gu;rné are issued in thaSlre L}géd té 8e n% thé<' gté:ti n n%ar;lels'[ to "the “spot g
p Forecast location within a horizontal distance of 50 km

morning _for the remainderfdhe glay, such that the and_vertical distance of 333 m, Only 1054 forecasts
section following the m}ﬁ%‘reﬁwo 45 tRe” Ra|ysi§ eéallsg they did Bdl

NTodayo or fARest of TOd%é’vegst;\%%%i%iﬁﬁwsgdistaﬁccrss.'l%é Sitndm P ©

spot forecasts often are submitted the night befor{e mperature, wind speed, and minimum relative
sche_duled burn operations, but th‘? forec_as_ts are nIg%midity aré determined a,nd stored from all values
required nor desired untilady morning. Within the

ATodayo or ARest of Tod aavallablé Pe(t)weqén 1609 UFC end n2 00 HTCmand i C ¢
values are obtained for maximum temperatures\?FnBIe renge chiecks aré u%ec_j to eifinlhate occgsloﬁ_aﬁy
minimum relative humidity, and maximum wind erroneous ve}lqes. The r_naxmur_n_temperature, wind
speed ' speed and minimum relative humidity from all RTMA

' values fetween 1600 UTC and 2400 UTC at the

e l;'fer:jdl}';? tvgr?]delfa?l](r)ereo?owuprlrﬁlit%jog;?ge\rm;ﬁ; Shearest neighboring gridpoint to the spot forecast
q P location were also obtained. Similar values were also

following snippets of content from spot forecasts. . .
ALl GHT AND VARIABLE Wl ’\ig%rsrcted arg;&tgel\“Dl,ilDGgrlds for comparison to the

SOUTHWEST 5 MPH EARLY IN THE Mgre
AETERNOONETHEN BECOMI NG |'€

As described previously, the spot and NDFD

rgmrie’r&t?ﬁ? metrics that are used to
VARI ABLE LATE IN THE Afd Lﬁ’ RS rNDS?szorecasetﬁf;rne tgztz"zrgge
ARUPSLOPE/ UPVALLEY 6 to 1 hciiichue &‘Wod g
ERRATIC IN THE VICINITY OF THUNDER o'¢ Pias ofrMean Effol, ME) arld Median Absolute
rror MAE)I, which_is_less ﬁenesitailv% to auglieersf trlljap

.STOR.MS' 6 Although an e .naemléa%%bsolut%grr%r. 9
information from such forecasts, the lack of specificity

makes it difficult to validate against observations tha :

are reported at typically hourly intervals. What is theE' Online tools

wind speed corsponding to light and variable? When  As described by Murphy (1991), the large
specifically is early or late afternoon? What directiondimensionality implicit in forecast verification inhibits

ISSN23256184,Vol. 2, No. 20 251
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documenting all of the characteristics of these spd ML ot
forecasts in this single study. For the April 2009 [ s N
November 2013 period, there were R4 prescribed | . EreE—— D
burn and 16280 wildfire forecasts that could be
verified. It is important as well to be able to examine
forecast skill as a function of the particular values o
the forecasts or the verifying observations or analyse|. .
Hence, a central goal of this study wasléwelop tools ST &
that forecasters and end users can use to evaluate | s 5 N B e
forecasts of interest to them, rather than attempting { , ; o I S
relate cumulative statistics over a limited sample o~ /.. o 2
broad categories to their needs. These tools a}u.s oD
available atmesol.chpc.utah.edu/jfsp/ .
In order to be able to rapidly query such a largg \ :
dataset that is continually updating, a comma b SRS
separated text fil_e containing every valid_forecast Witﬁfigure 6. lllustration of the me‘lF; sectlonofthe web to;l; ’évailable
the —corresponding nearby . observation8|DFD .. at mesol.chpc.utah.edu/jffspshown are markers for prescribed
forecasts, and RTMA values is created. To alleviat@um spot forecasts issued in teuthern Appalachian Mountains
the complexity of the multivariate nature of the spoton 1 April 2014. Upon clicking a marker, a box appears containing

forecasts, the open source Crossfilter code developdtiormation about the spot forecast and the verification values, in
by Square, Inc., is used that allows for Rearthis case for the Barker Il Prescribed Burn. This box also contains

. . . links to the MesoWegiage for the verifying station and to the spot
instantaneous  slicing on each axis of &gecastitself.
multidimensional data set. That allows users to create

histograms conditioned on ranges of values in multiplghe MesoWest page for that station for the day of the
dimensions, i.e., within selected elevation rangesorecast to be able to examine the observed conditions
times of year, values of variables [for examplejn, more detail.
maximum temperature in the rangei26°C (68 On either side of the histogram of forecasts binned
77°F)], etc. These histograms then can be adjustegy montharde wo fAbrushes. o Draggi.r
dynamically by the user based on selections in othqre range of allowable months adjusts the markers on
histograms. The Crossfilter object is instantiated byhe map to only reflect those forecasts that were issued
simply pulling in the necessary information in comma dyring that time frame. It also modifies all of the other
separated format. Filters are generated on omeooe  myltivariate histograms that are initially higtdl within
of the variables so that the user can make selectiofge clickable tabs. As many of these tabs can be
based on ranges of values, but also visualize thgpened as are desired by the user, and brushes can be
impact of other selections on these variables. used on every histogram to pare down the number of
Consider the verification data available atforecasts to only those the user wishes to view on the
mesol.chpc.utah.edul/jfsp/statsAlIWFE.htmifor all map and see reflected in the h|st0'gsa By |everaging
wildfires starting 1 April 2009 and updating daily. A these web tools, basic questions about the distributions
short description of the forecasts available for thisf errors and the relationships between variables can
page is provided, followed by a histogram of thepe addressed without searching endless archived
number of forecasts broken down by dateseries of figures. Because the intention is for such tools to be
other tabs, and a map with red markers for accuraigsed operationally, theynust be dynamic such that

spot forecasts issued during that period. Black markegacent forecasts are constantly being provided to the
are forecasts that are assumed to have less skirecasters and end users.

because they deviated from the surface observation by

userselectable values that defato +2.5C (+4.5F), 4 Analysis and discussion

+5% relative humidity, and +2.5 m's(#5.6 mi ht') _ _

(Fig. 6). By clicking on any of the markers, a window@ B0ox Creek prescribed fire

is displayed that contains the parsed values from each The Box Creek Prescribed Fire occurred in the

of the datasets that were used for verifying thaftishiake National Forest of Southern Utah htay
forecast. There amso links to the spot forecast and t02012 (USFS 2012). A crew ignited a test fire on 15

=08 Knoxville ==

a
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May that burned for a few days under containment®
According to the Facilitated Learning Analysis (FLA),
spot forecasts were reqgl

- } = :
H H g e - t\z. " = Spot
observed weather conditions and feedbaels \given | : % f =¥ v‘ "
£ v

Box Creek Spot Forecast Verification (Temperature)

to the meteorologist. The spots lined up with § o
conditions on the ground very well. This provided the
RXB2 (Burn Boss) with much confidence in the| —=&&feies i eiaidtiidtatanstiniisiim,

Date (MM-DD)
A

met eorol ogi stés forecast'svvrvoro zvazir- roe—rc A al

stated that ignitions were halted for severalsddye to | " Bax Crosk Spot Forecast Verhcaton (RH)
unfavorable winds and did not resume until 29 May| :

Mop-up and patrol operations followed until 4 June| = \

when torching and spotting were observed to an exte| , = T
that or_asi_te resources could not c_o_ntair! it vyithin the ° “NA 3 7‘\\\; T e ﬂ“ﬂ‘: ., ™
prescription boundary. Weather cd@iehs in this area : .

were warmer and drier on 4 June than typical for thi| =

time of year. No prescribed burn spot forecast wa

requested on the morning of 4 June because the fi-
was assumed to be contained. A wildfire spot foreca

0515 0517 0519 0521 0523 0525 0527 0520 0531 06-02
14 0516 0518 0520 0522 0524 0526 0528 05-30 0601 05
Daie (MW-DD)

Box Creek Spot Forecast Verification (Wind Speed)

was requested later thafternoon and subsequent ones =

continued to be issued until 17 June. £ -t
As an illustration of the web tools developed for : SM ‘\f -, -

verifying prescribed and wildfire forecasts, the sampl¢ ~ - a .

of 23 spot forecasts and verifying data for this case a|  .ririsesasasasrisasrasssnsnraririss,

Date (MM-DD)

accessible via the following web page:

mesol.chpc.utah.edu/jfsp/BoxCreek.htmFigure 7  Figure 7. Forecasts and verifying data during the Box Creek

contrasts the Spot forecasts of temperature relati\%escribed burn and subsequent wildfire. Data are for a) maximum
oy : : ’ mperéure (C), b) minimum relative humidity (% and c)

h_umldlty, and wind s_peed issued for the Box Cree aximum wind speed (si?).

fire to the observations from the portable RAWS

(FISHLAKE PT #4, assigned MesoWest identifier sneeforecasts would be considered accurate using the
T1084), deployed 3 km away from the forecast requesty e thresholds when verified against the RTMA (Fig.

location and 56 m above the average burn elevatiogy The |ower accuracy implied by the comparison to
which was cited to support the prescribed firee'"n o RTMA results in this

operations. Figure 7 also contains the NDFD gridpoir\;varm, dry bias due to a lower elevation specified i

values and RTMA values at the specified forecasf,q, analyses for the verifying gridpoint (2690 m)

location. Figure 8 shows histograms of differenc%ompared to that used by the forecaster (2896 m) or
between the 23 spot forecasts and the correspondifg: of TT084 (2952 m).

conditions observed at TT084_ and portrayed_ by the |n order to evaluate the accuracy of the spot
RTMA. The usercontrolled whisker filters available toracasts for the Box Creek fire relative to the value
on the web page can be used to isolate, for examplgyaijable from the NDFD, Fig. 9 tabulates the
which forecasts are outliers (i.e., 26 May Wlth anG7 departures of the spot and NDFD forecasts from the
(~12.6F) temperature error, see also Fig. 7) or th&rogs opservations into bins defined in terms of their
da_te when the location requested for the spot forecastgcoiute error following the approach of Myrick and
shifted several km further south (29 May). Horel (2006). Note that the sample size is reduoed

If we use the default thresholds for accuré@y 19 pecause four NDFD forecasts are not available in
temperature, relative hum|(§:l|ty, and wmg%speed SPGhe NDFD archive at the University of Utah. Columns
follrf:casts of 2.8 (4.5F), 5%, and 2.5 m'S(5.6 M afjact increasing error from left to right of the spot
hr'®), respectively, then Flg'. '8 indicates _ that 18 ecasts whereas rows indicate increasing error from
temperature, 19 relative humidity, and 18 wind speeflOp to bottom of the NDFD forecastsah bin is split

forecasts would be considered accurataties to the ¢ rther such that the values above (below) the diagonal
observations for this sample of 23 forecasts. Howeve[ine indicate forecasts for which the forecaster made
3 temperature, 12 relative humidity, and 21 wind
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Figure 8. Histograms of differences between Box Creek dpotcasts and observations at TT084. Histograms are for a)
maximum temperatur€€), ¢) minimum relative humidit{9s), and e) maximum wind speed (M)sb) as in a) except verified
against the RTMA, d) as in c) except verified against the RTMA, andit) @sexcept verified against the RTMA.
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no or small (large) changes relative to the NDFD ) = o]
guidance. The thresholds for distinguishing between X235 BSekes Seoxeis xols
small and large deviations from the NDFD guidance ) 0 0 0 7 @m

are set for temperature, relative humidity, and wind
speed by dault to 1°C (1.8F), 5%, and 1 m'5(2.2

mi hr'"), respectively. It is readily apparent from Fig. 9
that 17 (7) of the 19 temperature spot (NDFD)
forecasts would be considered accurate. The light
shading in the left column highlights the ten cases 0 0 0 1
wherethe forecasters provided improved temperature
guidance relative to the NDFD values. The forecasters
never degraded accurate NDFD forecasts in this case
(dark shading in the top row). However, only one
relative humidity and three wind speed NDFD b [CEweE]
forecasts wre improved to the point they would be

considered accurate whereas the accuracy was lowered
for three NDFD wind speed forecasts.
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b. Tucson WFO

The Tucson CWA in the southeastern corner of
Arizona experiences, not surprisingly, hot and dry - > N :
conditions(i.e., there are no spot forecasts issued for
maximum temperature below 10 (50F) or
minimum relative humidity above 60%). There were
214 prescribed burn forecasts issued during thei2009
2013 period and 258 wildfire forecasts. As 9 *= oot ona e 1]
summarized in Figs. 10and 10b, Tucson forecasters e
tend to overforecast maximum temperature and
underforecast minimum relative humidity. We will
show later that the Tucson warm, dry bias of Q.7
(~3.7°F) and 3% for prescribed burn forecasts differs
from the majority of WFOs #it exhibit a slight cool,
wet bias relative to the observations. Further, only

|NDFD-Obs| in %
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~10% of prescribed burn forecasts (Fig. 10a) and N 0 0 0 o
~20% of wildfire forecasts (not shown) called for i 0 0 0 0
maximum temperatures less than what was observed. e | sem | zam | 1em | @

NDFD forecasts exhibit lessioticeable biases in
temperature and relative humidity (Figs. 10c and 10d).

As summarized in Fig. 1la, 74% of the NDFD Figure 9. Count of the number of cases for absolute differences
: ' : etween spot foreces and observations (columns) and NDFD
maximum temperature forecasts for prescribed burr%recasts and observations (rows) for the Box Creek case for a)

in the Tucson CWA are considered accurate, whereggximum temperature°G), b) minimum relative humidity (%),
65% of the spot forecasts exhibitmilar accuracy. and c) maximum wind speed (s Marginal counts for the spot
Tucson forecasters modify by more thaiC1(1.8'F) (NDFD) errors are shown ithe bottomrow (right column).
accurate NDED forecasts 60% of the time and thereb%alues above (below) the diagonal lines in each bin indicate spot

recasts that are within (greater than) specified ranges of the
0 A
reduce the accuracy of NDFD forecasts for 24% o DFD forecast values. These ranges @@, 5%, and 1 m'$ of

these cases (dark shading in the top row) whereas onle NDFD forecast for temperaty relative humidity, and wind
14.5% of inaccurate NDFD foredasare improved speed, respectively. Each marginal count is also separated into
(light shading in the left column). Similarly, the values differentiating between spot forecasts within (outside) the

: S . specified ranges of the NDFD values. Light (dark) shading denotes
accuracy of NDFD relative humidity forecasts ISthe cases where forecastepgovided accurate (inaccurate)

higher than that of the spot forecasts with mMOrgyrecasts when the NDFD forecasts were inaccurate (accurate).
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Figure 11. Percentages of the total number of cases for absolute
differences between spot forecasts and observations (columns) and
NDFD forecasts and observations (rows) for Tucson WFO
prescribed burn forecasts for a) maximum temperature, b)
minimum relative humidity and ¢) maximum wind speed.
Marginal percentages for the spot (NDFD) errors are shown in the
bottom row (right column). Values above (below) the diagonal
lines in each box indicate the percent of the spot forecasts that are
within (greater than) specifiednges of the NDFD forecast values.
These ranges ar€@, 5%, and 1 m'$ of the NDFD forecast for
temperature, relative humidity, and wind speed, respectively. Each
marginal percentage is also separated within the parentheses into
values differentiatindoetween spot forecasts within (outside) the
Figure 10. Histograms of errors for prescribed burn spot forecastgpecified ranges of the NDFD values. Light (dark) shading denotes
for the Tucson CWA for a) maximum temperatur€){ b)  the cases where forecasters provided accurate (inaccurate)
minimum relative humidity (%), c) as in a) except for NDFD forecasts when the NDFD forecasts were inaccurate (accurate).
forecastsandd) as in b) except for NDFD forecasts.
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