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Wildland Fire Emissions Information
j System (WFEIS)

R

Project Goal: To improve information products for modeling
and estimating fire emissions across North America for
users who manage carbon, need emissions information,
or model the carbon cycle.

WFEIS Purpose:

Improve access to emissions modeling data sets and models

Provide best estimates of total carbon emissions and some emission
components to user community

— Geospatially at 1km resolution
— At daily to annual temporal resolution
— For recent fire years (1980’s to 2009)

Additional funding allows extension of the project goal to
Include cropland/rangeland biomass burning and improve
emissions factors for use by the EPA
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j Outline of Today’s Presentations

R

1. Overview of NASA project & WFEIS development

2. WFEIS Demo and web system framework
Demo of the WFEIS API User Interface (“front end”)
Details of the WFEIS geospatial framework (“back end”)
WEFEIS output formats — use and data visualization

3. Details of WFEIS emissions model (for discussion)
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5 WFEIS Inputs

perimeters

Aveabumed-A | Fuelloading- 8 sum Ares
\ / — Landsat-derived MTBS

.
— MODIS-derived burn
Emission area (DBBAP)
Emissions / Factors - EF 500 m

Fuel Loading — FCCS* standard fuelbeds mapped to 1-km

Combustion factors defined by the CONSUME model;
links with FCCS fuelbed by strata; default fuel moisture
Inputs derived from daily weather data

Emission Factors — Integrated with COMSUME; applied
by FCCS fuel strata for each fuelbed

*Fuel Characteristics Classification System (http://www.fs.fed.us/pnwi/fera/fccs/index.shtml)




_ WFEIS Estimation of Fire Emissions

Location and
Research

Consumption & W=

Emissions model M,.cm.ganrém
(Consume - Python) * 4

Where/when?

Daily weather _
Output: Spatial

— Fuel moisture _
& Q representation of
o emissions
Where? Fuel load — ___
' (biomass) and : s .

fire behav}c_)_r |

Fuel (vegetation) - (AR
type (FCCS) AR B o




}, Burn Area Datasets

Research Institute
) - . Example: .
=l Oregon fire perimeters

& for 200022008

Moo o -

Perimeters from Monitoring Trends
In Burn Severity maps (MTBS)
http://mtbs.gov

MODIS-derived Direct Broadcast
Burn Area Product (DBBAP)

— 500 m spatial resolution

— Algorithm uses MODIS
surface reflectance, daily
active fire, and land cover
products

— Burn cells tagged by
approximate burn date

— North America-wide
for 2001 to present

5
:




Fuel Characteristics Classification &
_ System (FCCS) uAs

Shrub
Stratum

nnnnnnnnnnnnnnnn
Snags Other
Tres Aerial Fuels
Non-woody

Graminoids g Hg
Stratum ;% Qf |

Pileg
Sound Wood Rotten Wood Jac _<_

Moss, Lichen, Litter
Stratum

New FCCS 1-km map

« Aggregated from Landfire
30-m maps

« 97 fuelbeds for
CONUS & Alaska

-------

includes fuel loadings
by type & strata =

http://www.fs.fed.us/pnw/fera/fccs/index.shtmi



% Fuel Consumption and Emissions:
CONSUME @ FERA

Research Institute
)

CONSUME estimates fuel consumption and emissions for prescribed and
wildland fire. It imports fuelbed data directly from the FCCS, and can
be used for all forest, shrub, and grassland types in North America.

Low-intensity prescribed fire and high-intensity
crown fire consume different proportions of each
stratum in each combustion phase.

Estimates combustible biomass of
woody fuels in each of the three
stages of combustion.

@ O Predicts fuel consumption, pollutant
emissions, and heat release based
Log on.
- fuel loadings
- fuel moisture
- and other environmental
factors

@“Flash” Fuels

!

Litter

Smolder ava|lable
Residual-available &

ttp://www.fs.fed.us/pnw/fera/research/smoke/consume/
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| Ecoregions for Fuel Moisture Mapping

Fuel moisture is mapped daily by ecoregion:

« RAWS station data is
used to compute 1000-
hr fuel moisture and duff
moisture for input to
Consume

Ecoregions are stable
regions so are easier to
use within the WFEIS
system than regions
that change over time

Bailey's Ecoregions

B sradiea trest - mesdon Lake
I Eroacionves kvusts, continems Lo Mpaiaies Rivee Prenine
I Broadisaved forests, conanic B rediteranean hordeaed evargreen forests, open woodiands and shis

B Avd-anlenos Eveigraen Iomdts I roechimivine an woodland of Shel - ixsd oF Conferis lons! - MEi o mesdow
I Coniterous open woodand and semideserts Mined deciduous-canfierous forests
I Conitercus-broateaved pam-avengnaes Kensts Mixid Kngal - cOnMetug Kredl - aping meadae
I Ceciducus or mined forest - coniferous forest - meadow [l Mxed forest - conflerous forest - bandra, high
I Docerts an gand I e formst - maston

Dry sieppe Mixed foresis
I Oy sienpes I Ouen woodands, shrubs. and savannas

Forest-steppe - coniferous forest - meadow - undra
I Fosess stappes. ana pranes

Franes and savanns
B Fedwond Inmsis

I Semidesert - open woodiand < conferus forest - ipine meadow
I semioneets
I Semideserts and deserts
N Shongeast seppes
I st o woodland - steape - meadow
I Steppe - conitarcass Torest
B Sieppe - conherces forest - lundra
I stappe - open woodland - conibeous Rmet - alping meadow
pe or semidesert - muxed forest - apine meadow or steppe



Information System Design & Development

Client
Interface

Application
Servers

Geospatial
Database

Data
®* Sources

(Fire Perimeter /Fuel Loading / Consumption / Emissions)

Data Products

provided in standard geospatial data formats
(examples: OGC KML, WMS, NetCDF, SHP)

& python

MODIS
Burned Area
Product

MTBS
Fire
Perimeters

FCCS
fuelbeds

ecoregions,
airsheds,
user-defined




Research Institute

j WFEIS: Open Source Technology

Y
f 1') 0SGeo.org
Benefits -
. | django
— Code is highly customizable (great for research)
— Multiple servers can be setup with no licensing cost @, python
There are many benefits to giving away #’F
your data, source code, and model output! GDAL

Specific Open Source Technologies
— GeoDjango - web framework
— GDAL / OGR - raster / vector manipulation libraries
— Proj4 - projection library
— PostGIS - geospatial relational client-server database

— Python - scripting language for integrating components Linux

— Ubuntu - Linux operating system distribution B
> ubuntu

13



@[JWM“M - | |- baileys ecoregion Pl #
8 Whost Visited || Getting Started . Latest Headlines W J. R, Van Pelt and Opie . |_ NASACMS - SignIn . Dashboard - MTR ) NSPIRES - NASA Resear... I Bockmasis

Wildland Fire Emissions Information System

Whatis WEELS.?

The Wildiand Fire Emessions Infomation System (WFEIS) is a web-based loal that
proades users 8 simple user interface for computing valdland fre emissions acrmss Fire Data Resources
Hedh Amenca at kendscape {0 regonal scales (1-km spabial resolubon) WFEIS

provides access 1o fre permeter maps dong with comesponding fuel |oading data . Emissions Calculaor
layers and fuel consumption models to computes widand fre fusl consumption and fre N P
ernezzions for speciied locations and date ranges. The system cumently allows
calculmion of emissions ¥om fes within the Uniled Staies [ocluding Howai and | ™ ITES Databass
teerones) kom 1562 to 2009 . DBBAF Datshass

L] Ermezzaons Factors |pdf)

The WFEIS webste alows for two apgroaches for making fuel consumpbion and
@fmessions estimates: First, therd is an Emessions Caloulator webpage that prowdes g
arapecal user intertace dor constructing quenss Sacond, the WFEIS websile responds
to queres subenitted v properly encoded LURL requests {Le. il implemants a RESTl
Web AP} Examples of vaiid WFEIS URLs, sccessed wa the emissions calouistor
within the KML and tesd reporl oulpd formals cam be modided by wsers and
resubmited to the WFEIS system

WFELS & Buill antnsly fram open-sourca software companants. Dista can ba requested
in mukipie vector and raster formats ncluding ESRY Shapefies. KML documents,
GanTIFF images. and netCOF filzs

Ilore imiormation cam be found on the Project Outmts pags
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WFEIS Web-accessible Framework

The WFEIS website allows for two approaches for making
fuel consumption and emissions estimates

Slilic2. S| Zimbra: Inbox (1731) | L Call For Abstracts General... |E Home - E44223 Gulif of M... * | E3 Dashboard - MTRI | || WEEIS - home | L] Emissions Calculator =P = X
[J http feis.miri.org/calculato - || [ *4- NEHA Pl A
[8) Most Visited || Getting Started =/ Latest Headlines ¥ MTU Research Proposal... ® . R. Van Pelt and Opie ... || NASA CMS - Sign In E3 Dashboard - MTRI 5] NSPIRES - NASA Resear... ¥ Michigan Tech Login 3 Bookmarks
WFEIS Home

E—N

Wildland Fire Emissions Information System (WFEIS ) V. 0.1
Emissions Calculator API User Interface

Select Burned Area Product

Select E\

MODIS DEBAF

LandsatMTES

®Temporal Extent Selection

Start date (mm/ddiyyyy):

End date (mm/dd/yyyy):

®Spatia| Extent Selection (Please select one)

Pan Map below to define geographic (N,S,E,W) parameters

Option 1 N

Geographic Extent N = ‘J
il
Boise
o
D W
ke Cry -

Q.

Option 2:
Region of Interest

Ecoregion: (None) ~ Map of Ecoregions

State/province: (Non

Air Quality Partnerships: (None)

e) -

~ Map of air quality partnerships

Method #1:
WFEIS Emissions
Calculator:
http://wfeis.mtri.org
/calculator

Method #2:
WEFEIS responds
to queries
submitted via
properly encoded
URL requests (it
Implements a
RESTful Web API).
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WFEIS Components

User Input

Fire Extent
& Timing

Select By:

» AOl/lat,long

* Fire Name

* Place Name

e Time

Select Fire
Perimeter:

« MTBS (Landsat)
« DBBAP (MODIS)

Modify
Pre-set Inputs
(optional)

»

System Output

16



KML Output in Google Earth

il 27,2002
i DOEm




2 Wildland Fire Case Stud Lm:atmns
: 2004 Boundary Fire Sapa =B
Uiy ). Ntercomparison i _—
Aesearch nsttte ) Stucly PR e Sy
.-.-':5" - I.-"°'w-._ ; - _,__"Jr.:.'-
1__..#‘: E-“h it 2
The six models: %’ "
-- CONSUME 3.0 \ i@ _ mggmgm-
-- FOFEM 5.7 x.;s. ﬁﬁ_{mw- —r
-- WFEIS ﬁl - N
ZUGZBlscuHFIre 1& 0 il
-- CanFIRE PRl el T
-- Canadian FBP system approach ; A ‘1,4_-,_5;1 !
,i {acrtmam. o) {‘n-u Lpsa el o s _
-- GFED a | [
f San g?agolﬂggjrft?;ﬂms : i 1.1,000,000
Five fire events:
-- 2002 Biscuit fire in southern
Oregon
.. 0y e
-- 2003 Montreal Lake fire in central B o e
Saskatchewan E 16 % 92
-- 2004 Boundary fire in interior I s I
[ 24 N o=
Alaska — ot
-- San Diego County, California s . oo
I 52 [ aoo

Oct. 2003 and Oct. 2007 -




— 4 WFEIS Example: Biscuit Fire

The Biscuit Fire burned in 2002
approximately 200,000 ha of
conifer forestland in southeastern
Oregon (US Pacific Northwest)

Site is dominated by Douglas-fir
forest communities 1

with a ponderosa f"‘ ‘3

pine component | ‘ﬁ ;

FCCS Fire Progression %
7 Douglas-fir, sugar pine, tancak forest -JUIian Day
16 Jefirey pine, ponderosa pine, Douglas-fir, California black oak forest 195 (g ree n) _ 2 4 4 (re d) '

I 24 Pacific ponderosa pine-Douglas-fir forest
B 38 Douglas-fir, madrone—tanoak forest

44 Scrub oak chaparral shrubland

19



Total C (Tg)

| Michiganfech
Research Institute

600
WFEIS Results: o |
Biscuit Fire
. 400
Comparison to other
. . 3.00 +
emissions methods
200
1.00
= Fleld-based FOFEMIS.T COMSUME WEFEIS  WFEIS"daily  WFEIS CanFIRE  FBP System GFED
1 a0 Lindsat burn progression” RMODIS burn)
Area Normalized C (kg/m?) _ . ol
e WEFEEIS is consistent with
300 | other model results for this
250 and five additional cases
2.00
1.50
100
050 French, de Groot, et al. 2011 (in
200 | press) for Journal of Geophysical
Field-based FOFEMS.7 CONSUME ~ WFES  WFES“daily WFEIS | CanFIRE  FEBPSystem  GFED Research Special ISsue on
3.0 Landsat burn progression” MODIS burn .
area area disturbance and carbon




v““ Study Discussion and Conclusions

Models generally agree
(within 25% of each other)

Vegetation fuel density, structure,
and condition (fuel moisture) are
Important drivers of emissions

Global-scale GFED modeled
emissions are consistent with
landscape/regional-scale estimates

Fuel Loading (kg m?)

d Carban Emissions kg m)
]
|

[ 1]

Variability in model assumptions
creates various emissions results

The models reviewed are sufficiently structured to
Include the variables that drive carbon emissions



WFEIS Demo

Photo courtesy NFIC
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WFEIS Framework

Web Browser
Access

A

User Interface

Y
AN

~

RESTful Interface =

\

AN

-

HTTP Access }

CONSUME Backend <

Django Web Framework

A 4

Spatial Database

[
.

Python Scripts}




|v’“ WFEIS Output Formats

« KML — suitable Google Earth

« ESRI Shapefile — suitable for desktop GIS

« NetCDF — suitable for atmospheric scientists
« GeoTIFF — a georeferenced image

. Text Report —a summary report that can be imported to
spreadsheet or word processor




WFEIS Output

@Googie Earth
File Edit View Tools Add Help
v Search

Fly To | Find Businesses I Directions |

Fly to e.g., Reservaoir Rd. Clayville, NY

El<

v Places
5 L& My Places
=& wfeis_emissions-Lkml

= 1B Results Summary Results Summary

Click to view! . < Pa—
The following tables summaries the results for all polygons contained in this
folder.

Emissions Species carbon

= Temporary Places

& (V| & wfeis_emissions.kmi

& [V & wfeis_emissions-Lkml
o V& wfeis_emissions-2.kml
& [¥]E Results Summary

Stratum total
Polygon Count 132
Sum of Results 1.080e+07 tonnes
Area 3.717e+03 km*2
Click to view! / Hormalized Results| 2.905e+03 tonnes/km*2
File Created (UTC): 2011-09-29 15:25:47.823337

hitp:ihwfeis. mtri.org

liani

lemissions

iuelbed=fccs 1km
lburnedarea=mtbs
lecoregion=western
1000hr FM=MNone

WDuff FM=None

Permalink URL: |/CanopyPerConsume=Mone
\PercentBlack=50
Vcombustion stage=total
Ustratum=total

loutput units=tonnes
Vemistype=carbon

map. kml
IDRNG=2002-07-01.2002-07-31
ROI=StateProvince Usa-OR

Contact Info: Michigan Tech Research Institute (hitp:#fmiri.org)|

-Google

] [=*
— — Data 510, NOAAT U.S. Navy, NGA, GEBCO
’/LQIETS Earth Gallery » | 4291746 12% N 123°52'31 65" W elev 2427 it Eyealt 6251 mi
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Photo courtesy NFIC
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5 WFEIS Inputs

perimeters

Aveabumed-A | Fuelloading- 8 sum Ares
\ / — Landsat-derived MTBS

.
— MODIS-derived burn
Emission area (DBBAP)
Emissions / Factors - EF 500 m

Fuel Loading — FCCS* standard fuelbeds mapped to 1-km

Combustion factors defined by the CONSUME model;
links with FCCS fuelbed by strata; default fuel moisture
Inputs derived from daily weather data

Emission Factors — Integrated with COMSUME; applied
by FCCS fuel strata for each fuelbed

*Fuel Characteristics Classification System (http://www.fs.fed.us/pnwi/fera/fccs/index.shtml) -




|_ WEFEIS Inputs

Burn Area

— Landsat-derived MTBS
perimeters
30m

— MODIS-derived burn
area (DBBAP)
500 m

29



5 Burn Area

Two Choices for the User:

Landsat-derived perimeters from USGS
(MTBS) http://mtbs.gov

MODIS-derived burn area
from NASA (DBBAP)

30



0”“ Burn Area - Landsat

Landsat-derived perimeters from USGS
(MTBS) http://mtbs.gov —
WFEIS interface includes guery choice by MTBS flre
name (or multiple fire names; no need to populate
lat/long or date)

These data include a perimeter shapefile that we have

ported to WFEIS
— Perimeter gives location info
— Fire date (for defining fuel moisture) defined initial as start date
(supplied by MTBS), but will be revised to represent the peak
day of buring
— Peak day of burning define with MODIS active fire prodct (T
Loboda at UMd)

MTBS data are not directly served out on WFEIS web
site — we re-direct to the MTBS web site

31



j Burn Area — MODIS

R

MODIS-derived Direct Broadcast Burn Area Product

(DBBAP) — see Giglio et. al 2009

— Algorithm uses MODIS surface reflectance, daily active fire, and
land cover products

— 500 m spatial resolution
North America-wide for 2001 to present

Burn cells tagged by approximate burn date

— Used in WFEIS for fuel moisture

— Dally information creates a more complex product
DBBAP burn area product served out through the
WFEIS web site (nowhere else right now)

32



y— 4 WFEIS Inputs

/
i

/ vt

Fuel Loading — FCCS* standard fuelbeds mapped to 1-km

*Fuel Characteristics Classification System (http://www.fs.fed.us/pnwi/fera/fccs/index.shtml)

33



Fuel Characteristics Classification System

USDN - Ferast Service

Patific Northwest Resaarch Station
FERA  Puclic Wikdiand Fire Scences Laberatary
Fire and Emvirenmentol Research Applications Teom
numa-.ﬁam !-dqlllilm

http://www.fs.fed.us/pnw/fera/fccs/




_ Classification System (FCCS)

Fuel Loading: Fuel Characterization m &

FCCS provides an
comprehensive description
of fuel layers.

Compiled from scientific
literature, fuels photo

Shrubs
: . . S ,
series, fuels inventories, ekt Ak ::::.
and expert Oplnlon’ and Graminoids .-H rbs
represent fuel conditions at M stratum Pls i S
multiple scales, from single dy Fu Sound Wood _RotionWod Jackpots Bt [ :
plots to 1-km cells or larger. !% £& |

Smoldering,

“""“ﬂ i m“m Residual Effects

Fuelbeds are mapped via
crosswalks to satellite-

derived vegetation and land ,
cover. at ScaIeS from < 25 The use of fuelbed strata facilitates the creation of spatial _

data layers and allows the userte include, combine or
m (|andscape applications) exclude as much detail as needed fo suit an application.
to >36 km (continental and ‘

global applications).

There are two current FCCS GIS raster layers,
one at 1 km resolution, and one at 30 m.

35



|aa LANDFIRE Vegetation Map

LANDFIRE vegetation map units are derived from
NatureServe’s Ecological Systems classification, which
IS a nationally consistent set of mid-scale ecological
units.

Using NatureServe’s Ecological Systems search tool,
FCCS fuelbeds and Landfire data can be linked
spatially on a species level.

— http://www.natureserve.org/explorer/serviet/NatureServe




Reassignment of classes
e LANDFIRE EVT to FCCS

Landfire EVT Names
- Agricutture - Cuftivated Cropsand Frigated Agricukture
I sgricutture-Pasture and Hay

- Bamen

Califmia Coastal Redwood Forest
B :aiifomia hesic Chaparral
I califimia Martane Jefrey Pine(-Ponderosa Pine) tio odland

FCCS Names
- Agricutture-Cuttivated Crops and Irrigated Agricuture
- Agriculture-General

- Agricutture-P asturefHay

- Barren

I lack Oak woodland
- Chamise Chaparral Shrubland
- Conifer Swamp Forest
B o evcloped-High Intersity
- D eveloped-Lows Intersity
- Developed-Medium Intensity
- Developed-Open Space
- Crouglaz-fir - Madrone § Tanod: Forest
- Douglas-fir- Sugar Pine - Tanoak Forest
- Douglas-fir - Wiestern Hemlodk - Western R edeedar / Vine Maple Forest
- D ouglas-fir - Wirhite Fir Forest
- Douglas-fir f Ceanothus Forest
- D ouglas-fir /ifestern Hemlock - Sika Spruce Faorest
- Fescue - Whe atgrass Grassland
- Herbaceous Wiretlands
- Jeffery Pine - Ponderosa Pine - Douglas-fir - Bladk Oak Forest
- Jeffrey Pine - Red Fir- White Fir/ Greenleaf Manzanita - Snowbrush Forest
- Open Wiater
- Morthern California C oastal Shrubland
- Oregon W hite Oa - Douglas-fir Farast
- Panderoza Pine - Jeffrey Pine Forest
- Purple fuzzockgrass - California Datgrass Grassland
- QuarriesiStrip Mines/Gravel Pits
- Red Alder Forest
I Red Fir Forest
- Redwaod - Tanoak Forest
- Serub O&« - Chaparral Shrubland
Snonflce
- Western Hemlodk - D ouglas-fir - Sitka Spruce F orest
- Western Hemlaodk - [ouglas-fir - Western R edcedar / Vine Maple Forest
- Western Hemlock - Western Redeedar - Douglas-fir Forest
- Wheatgrass - Cheatgrass Grassland

Califamia Montane Riparian Systems
- Califamia Montane Woodland and Chaparral
Califsmia Northem Coasal Grassland
Calibmia Xeric Serpentine Chaparral
I Ceveloped-High Intensity
Developed-Low Intensity
I Developed-hedium Intensity
I Developed-Open Space
- htroduced Upland “wegetation- Shnb
I Harmath-Siskivou Lewer Montane Serpentine Mixed Conifer Wioo diand
Kamath-Siskivou Upper Montane Serpenting hiixed Coniter Wioo diand
B 4t - siski phic Serpentine $avannaand Chaparal
[ Mediterranean Califomia Dry-Mesic Mixed Conifer Forest and Woodland
I Mediterranean Califimia Lower Montane Black Dak-Canifer Forest and Wi odland

Mediterran ean Califomia hesic Mixed Conifer Forest and Wioo dland
- Mediterranean Califomia Mixed Evergreen Forest
I Mediterman ean Califomia Mixed Oak Wio odland
- Mediterranean Califomia Red Fir Forest
Open Wigter
I north Pacifc Broadleaf Landslide Forest and Shrubland
I torth Pacific Dry Douglas-firi-iadrone) Forest and oo diand
I Horth Pacific Hypermaritime Seasonal Sitka Spruce Forest
North Pacific Hypermartime Wiestem Red-cedar-festem Hemlock Forest
Morth Pacific Lowland Riparan Forest and Shrubland
- North Pacificbartime Dry-hiesic Douglas-fir-Uiestem Hemlock Forest
I torth Pacific Martime Mesic-iifet Douglas-f-estam Hemlock Farast
[0 HNorth PacificMeontne Grassland
North Pacific bon@ane Riparian ifoodland and Shrubland
North Pacific Oak Woodland
- Morth Pacific Swamp Swstems
I northern California Coastal Sorub
- Morthern and Central California Ory-Me sic Chaparral
I Pszudotsuga menziesii Giant Forast Alliance
Quarries-Strip hiines- Gravel Fits
Duercus gamyana tisodland Alliance

Snow- ke




The FCCS fuelbed hierarchy

There are 10,000 30-m cells for every 9 1-
km cells.

The most common fuelbed in a cell may
not be representative of the vegetation.

How can we maximize the
representativeness?



fecsiD

There are 4 levels in which we seek a majority

FCCS hierarchy

fuelbed.name

0 Agriculture = Urban = Barmen
1 Black cottarrwood - Douglas-fir - Quaking aspen
2 Western hemlock - Western redcedar - Douglas-fir forest
4 Douglas-fir / Ceanothus forest
5 Douglas-fir = White fir forest
G Oregon white oak - Douglas-fir forest
T Douglas-fir - Sugar pine - Tanoak forest
B Western hemlock - Douglas-fir - Western redoedar £ Vine maple forest
9 Douglas-fir - Western Hemlock - Western redcoedar ! Vine maple forest
10 Western hemlock - Douglas-fir - Sitka spruce forest
11 Douglas-fir ! Western hemlock - Sitka spruce forest
12 Mountain hemlock - Red fir - Lodgepale pine - White pine forest
14 Black oak woodland
15 Jeffrey pine - Red fir - White fir f Greenleaf manzanita - Snowbrugh forest
16 Jeffrey pine - Ponderosa pine - Douglasfir - Black oak forest
17 Red fir forest
18 Couglas-fir § Oceanspray forest
19'White fir = Giant sequoia = Sugar pine forest
20'Western juniper / Huckleberry oak forast
21 Lodgepole pine early seral forest
22 Lodgepale pine forest
24 Pacific ponderasa pine - Douglas-fir forest
25 Piryorn - Juniper forest
27 Ponderosa pine - Two-neadle pine - Juniper forest
900 Water

species

barren
cottonwood
whemlozk
Crouglas-fir
Couglas-fir
owhite-oak
Caouglas-fir
whemlozk
Couglas-fir
whemlozk
Couglas-fir
mhemlock
black-cak
Jefirey-pine
Jefirey-pine
red-fir
Couglas-fir
white-fir
Wilriper
lodgepole
lodgepole
ponderosa
wuniper
ponderosa
barren

covertype

barren
poplar
hemlock
Douglas-fir
Douglas-fir
cak
Douglas-fir
hemlock
Douglas-fir
hemlock
Douglas-fir
hemlock
cak

pine

pine

fir
Douglas-fir
fir

juniper
pine

pine

pine
juniper
pine
barren

lifaformA

barren
broadleaf
conifer
conifer
conifer
broadleaf
conifar
conifer
conifer
conifer
conifer
conifar
broadleaf
conifar
conifer
conifer
conifer
conifer
conifer
conifer
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1-km cells
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FCCS aggregation counts (Alaska)

Ad). R-squared = 0.974
Slope = 0.00897 (theory says

0.009)
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1-km cells
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FCCS aggregation counts (CONUS)

Adj. R-squared = 0.980
Slope = 0.00953 (theory says 0.009) ot

FCCS type “0” omitted a0

“Lost” fuelbeds = 115, 402, 415, 420, 451
Total area in these = 306566 km”2
62% of that in 451
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FCCS: the WFEIS fuels
map

Scaling to meet the needs of regional-scale
models from 30-m LANDFIRE product to 1-km
Decisions for aggregating 30m FCCS Landcover

data to 1km data
— If the majority (>50%) of 30m FCCS fuelbed cells are of a single
category then the 1km FCCS fuelbed cell will be assigned the
majority category.
— If there is no majority fuelbed exists among the 30m cells in the

1km cell extent, a majority species is sought.
 If a species holds a majority within the 1km cell extent, the most
common fuelbed associated with the species will be used.

— If no majority species exists, the same logic is followed looking
to the covertype, then lifeform2, and finally lifeform 1 attributes.

Revised, LANDFIRE-based 1-km FCCS map
available for US (CONUS and Alaska) and soon
for Mexico

WFEIS project wrap-up meeting 21-22 March 2011



30-m resolution

197 fuelbeds: 5 lost In
aggregation

1-km resolution




30-m resolution

37 fuelbeds: O lost In
aggregation

1-km resolution




WFEIS Inputs

/ ey

/ vt

Combustion factors defined by the CONSUME model;
links with FCCS fuelbed by strata; default fuel moisture
Inputs derived from daily weather data

Emission Factors — Integrated with COMSUME; applied
by FCCS fuel strata for each fuelbed
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Modeling Fuel Consumption

CONSUME 3.0 UsDA

Research Institute

Decision-making tool to assist resource managers in
planning for prescribed fire and wildfire

Predicts fuel consumption, pollutant emissions, and

heat release based on
— fuel loadings
— fuel moisture
— and other environmental factors

Uses information collected on fuel =
consumption and emissions through field collections

Pre-fire
Site Inventory
Post-fire




% Fuel Consumption and Emissions:
CONSUME @ FERA

Research Institute
)

CONSUME estimates fuel consumption and emissions for prescribed and
wildland fire. It imports fuelbed data directly from the FCCS, and can
be used for all forest, shrub, and grassland types in North America.

Low-intensity prescribed fire and high-intensity
crown fire consume different proportions of each
stratum in each combustion phase.

Estimates combustible biomass of
woody fuels in each of the three
stages of combustion.

@ O Predicts fuel consumption, pollutant
emissions, and heat release based
Log on.
- fuel loadings
- fuel moisture
- and other environmental
factors

@“Flash” Fuels

!

Litter

Smolder ava|lable
Residual-available &

ttp://www.fs.fed.us/pnw/fera/research/smoke/consume/
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Michiganfech

Research Institute

i_ .

Fuel Consumption and Emissions:
@ FERA

Live Moss

Dead

Moss
Upper Duff

Lower Duf

Mineral Soil . o

Welding RonONSUME
= | CONSUME uses information
Dend coIIectepI on fuel consumption
Moss and emissions through field
Upper Duff collections
Lower

Duff ]
Mineral Soil

burn

Plots (66 ft spacing)
16 fire pins/plot

" Pre-fire
fost—fire

Flaming Front




| CONSUME Fuel Consumption

Using spatial inputs from WFEIS and FCCS, CONSUME
estimates fuel consumption and emissions for prescribed
and wildland fire.

> ] -« Douglas-fir, madrone, tanoak forest
CONSUME Can 8 —Black spruce/feathermoss forest
= - =-Scrub oak chaparral shrubland
be USGd fOF a.” E 7 - — Jack pine forest
forest, ShrUb, ig" o1\ = =Bluebunch wheatgrass, bluegrass grassland
and grassland &, N\’
typeS |n North g LN T,
America. £
Sometypesare £2 - T~ —
better modeled 1 =TI _
than others. o J st
0 30 60 90 120 150 180 210 240

Duff Fuel Moisture Content (%)
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% Fuel Consumption and Emissions: A9
Michiganfech CONSUME w E ER A

Research Institute
) -

Python-consume
— What we did:

 Recoded Consume 3.0 in python ulitizing the User’s Guide,
original source code, and consultation with Susan and
Roger where discrepancies were found

 Main purpose of python-consume was to integrate w/
WFEIS

This meant:

» Infrastructure and flexibility to handle very large and
redundant input datasets

» Reduced emphasis on GUI development (handle by
WEFEIS front-end)

» Emphasis on “natural” as opposed “activity” equations
(although later added for separate project)
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Research .*nsfmrra

Fuel Consumption and Emissions: @s
CONSUME UAs A

rtpp

| Michigamlechpa

Python-consume
— Where python-consume get its inputs in WFEIS:

1)
2)

3)
4)
S)

6)

7)
8)

Fuel loadings: FCCS raster dataset and associated loadings table

Area:. user-selected burn area dataset (DBBAP/MTBS) subset to a
user-selected geographic area (bounding box/ROI) and time

Ecoregion: Derived from user-selected geographic area
1000-hr fuel moisture: ecoregion level interpolation of RAWS data

Duff fuel moisture: ecoregion level interpolation of Canadian FWI
derived from NARR data

Percent canopy consumed: algorithm based on FCCS-derived
crown fire potential

Shrub blackened: default to 50% (expert opinion)

Emissions factor set:. auto-selected from the SAR/SRM cover types
associated w/ a specific FCCS fuelbed according to tables used by the
official Consume 3.0 code.
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Ecoregions for Fuel Moisture Mapping

Bailey's Ecoregions w——_

B Gradioat forest - meadown Lake B Gemidesert - open woodiand - coniferous forest - aiping meadow
I Eevadienved kvasts. continenal BN v Wssissiopi Rivering Foomst Provincs I semidesers
I Boadisaved forests, comanic I roedieranean hardeaved evergreen kresic. open woodiands and shisb IR semideceris and deserts
| Evnarlienved-toni green lneals B rrecdimransan woodland o sheul - mised of conderous fores - sepes o meadow [0 Shomgeass sieppes
P Condeious open soodand and semedeserts I Mined deciducus. conferous drests I :hnit o woodland - sieppe - meados
I Conitenus-bruadeared semi-gvergreen forsts I Mixed fores! - conenus tomsl - alping meadie I Sieppe - conilarces lonest
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B Dusets on sand B e fores| - meadow I siepps - open woodland - confierous farest - slpins meadon
Dry sieppa ined fomesis -Slnppenrmdmt mexed forest - alpine meadow or sieppe
I Oy seppes I Open woodands, shrubs. and saannas N sieppes
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