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WREF fire simulation coupled with a fuel moisture model and smoke transport by WRF-Chem
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Fuel moisture

Motivation: The new additions to WRF-Sfire include the fuel moisture K gyne1| ||V|Ct>_lsl’f‘ure BRI =S
' ' ' ' | | : R e
Capabilities of the recent version of the WRF-Sfire in terms of real l model and mteg_ratlon with WRF'Phem’ allowing for mor_e . . Hi I ;‘Hi: i';
wildland fire simulations and its potential usefulness for fire advanced coupllng between the fire and the atmosphere. > for no-rain conditions the B o2 _ iiiﬁ"lli :g:w\ BN i -
managers were limited due to: - the heat and moisture fluxes from the fire are fed into the weather air temperature and * i W J%l ;” \;:;.!“ N J?{..,;.f
- very simple representation of the fuel moisture (constant in time model, which responds to the fire by changing the atmospheric Fe'ative humigitirom AP A AN VAY RV
and space) temperature, moisture, pressure and consequently also the wind field WRF are used to compute. : | /") SRR T A T
: : (model captures the fire-induced winds) the equilibrium moisture LA ¥ DR v
> lack of representation of the fire-generated smoke content toward which the R S VI
> meteorological conditions like the air temperature, relative humidity and fuel moisture approaches 05| %
This poster presents newly developed functionalities addressing precipitation controls the fuel moisture content, which in turn affects the asymptotically with a given
these limitations of the WRF-Sfire. . fire behavior and the amount of heat and moisture released into the times scale. W R

atmosphere

if the fuel moisture is greater than the drying EMC (equilibrium moisture

content), the fuel moisture decreases toward the drying equilibrium (Ej)

If the fuel moisture is smaller than the wetting EMC (equilibrium moisture

content), the fuel moisture increases toward the wettinghequilibrium (Ew)
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fuel combustion is associated with tracer emissions corresponding to
the smoke dispersion within the atmosphere

- ultimately, the fire emissions will be treated as chemically active fluxes

v

WRF-Sfire coupled with WRF-Chem and the new fuel

moisturiutn of CO», CO, CH4 and particular matter (PM 2.5), that will undergo - during precipitation events fuel moisture tends toward the saturatjon
: o chemical reactions and interact with radiation and microphysical moisture content with a time scale dependent on the rain intensity-
> ——— WRF Sfire B >
:-.} METEO INPUT DATA WRF Chem ™ > 2y . p— . . . = > P . ~ oy
Large scale weather data: » tracer dispersion ted APTa - AT 0 e - K ‘ -3 5 il |
 initial and boundary » chemistry of fire-emitted _ :
it i i : 4 Smoke Simulations
R chemicalspecies Fuel Moisture Model _ .
>tatic data: — "} WRF framework (atmosphere) ~The fuel moisture model bases on Van Wagner and Pickett (1985). L SRR e oPt=14):
» High resolution topography

» smoke Is treated as a passive tracer, and chemistry is turned off
» amount of emitted smoke (p_smoke) Is proportional to the heat released
by the fire

> full chemistry option (in development)
> fire smoke is represented as a mixture of CO», CO, CH4 and PM 2.5
» emissions of smoke gasses are computed following the Fire Emission
Production Simulator by Anderson (2004), based on the amount of fuel
burnt, and the smoldering correction computed from atmospheric humidity
and the wind speed

»  ARW atmospheric core It computes the fuel equilibrium moisture content for drying (Eq) and

wetting (Ew) using WRF-simulated air temperature (T) and relative
humidity (H).

Eg = 0.924H%°™ + 0.000499¢° " +0.18(21.1 +273.15 — T) (1 — e~ %1 1°H),
R0, 6193 HIRE2°\ K 97000464 ¥ 0:18(2T. T 27315 — T)(1 — e %11°H),

. » Land Use and Soil Data »  WPS preprocessing system

Fire Spread Model:

FIRE-AFFECTED WINDS

FIRE INPUT DATA

AIR TEMPERATURE
RELATIVE HUMIDITY

~ The fuel is considered as a combination of time-lag classes (f.e. 1h,
10h, 100h and 1000h fuels). Each fuel class (k) has its own time lag (7x)
which is then used to compute time changes in the fuel moisture within

‘HEAT AND MOISTURE

» Rothermel fire spread model

» Fire front tracking based on the
level set method

High resolution fuel data: E

» 30m-resolution fuel
description (13-categories)

TRACER / CO2, CO, CH4, PM 2.5 FLUXES
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*In development
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rain (mm{ day) rain [mrmi day)

» 30m-resolution elevation eaCh CIaSS k (dmk/dt) . iati
. Fuel Moisture Model N \ RO
dryi d wetting due t d_Mk. | © v
» initial fuel moisture data } clrlglgggjeg?n 'IWaencin HEto dmy T ! my; > B é
- » » wetting due to rain 7 ™~ %'f %l <fmk < By 3 Fire Emissions .
w M | o —
@ : T Mg < By e - %
| Fire Emission Model - E | j l ' o
A~ Duri - h ilibri : E, i | d bv th S5 CO, CO CH4PM2.5 e
, . Emission of a passive scalar | uring rain ev_ents, the equilibrium moisture cw IS replaced by t. e S 1 |
|+ Emission of chemically active : satu_rahon m0|stur_e contents S and_the abo_ve equation is modified t_o —
RS (60, (AL el BT L 250 achieve asymptotically the rain-wetting lag time T only for heavy rain v
(when the rain intensity ris large):
P- Microphysics
FIRE OUTPUT METEO OUTPUT CHEM OUTPUT ) dmy, o S — mg P D TG S T —
. . dt ok ez
High-resolution fire forecast: Standard weather forecast (3D): ’ -
: - ) ﬁre area > wind Speed and direction mlacﬂ'?;["fqofﬂierﬁaes?‘:‘iSSions and air Fine fuel moisture equation [Yan Wagnerand Pickett, 1985) Fine fuel ODE modeltimelag=14 saturation rain==5 Conclusions
B - ir t t ke (t tration) <. .
g > fire heatflux ¢ alremperature DU Extended capabilities of the WRF-Sfire allows for:
LY ) fire intensity > air humidity ' e . : . :
7. , precipitation » €02 CHa, CO, PM 2.5 > more realistic simulations of the fire spread thanks to variable fuel moisture
» fire rate of spread » concentration of secondary Y 9 f : i . -
—_ AT » cloudiness etc... pollutants (03 etc) S il = content, driven by atmospheric conditions and precipitation
il W I - > generating fuel moisture forecasts
T Tt N A - forecasting smoke transport and dispersion
i 111 e > simulating air quality effects associated with wildland fires
| ; # # * * * * * 100 \ 150..... . I . g . q | y b f. | d. . d . h . "
-, INPUT OUTPUT INTERNAL DATA EXCHANGE - L | > simulating interactions between fire plume, radiation and microphysics
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