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Update and Status Report:

Purpose:

*  Provide an introduction to the tasks proposed in this 
project.

*  Provide a status report of the project.
Start date: October 01, 2009 ( 9 months )

*  Solicit ideas from the WRAP while we are in the early 
stages of the research that would have the 
potential to add applicability to your 
continued progress.



Our ultimate goals are to use satellite, aircraft and in-situ 
observations to enhance inputs to CMAQ by: 

×Using satellite-based fire data to enhance fire emissions 
in poorly represented agricultural and rangelands. 
- enhance existing algorithm, produce and validate product; 

×Synthesize agricultural and rangeland fire research into a 
format usable by the Wildland Fire Emissions Information 
System - existing NASA Carbon Cycle Applications project; 

×Analyze CALIPSO data to build an injection height 
database that links fire behavior and fire weather to plume 
rise - validate the product using satellite-, aircraft- and in-
situ data, verify/enhance injection height within SMOKE;

×Benchmark and validate enhancements within CMAQ 
model simulations using surface network and satellite data.



As part of our project goals, the Fire Emissions 
Information System (WFEIS) will be expanded to contain 
cropland and rangeland burned area and fire emissions.

×Project Name: Development of Decision Products for Spatial 
Quantification of Carbon Emissions from Wildfire for North 
America NASA Carbon Cycle Science Program
Nancy H.F. French, PI Project performance: 2008 ς2011

×Project Goal: To develop improved products for modeling and 
estimating fire emissions across North America and a prototype 
information system for disseminating this information to users 
who manage carbon or model the carbon.

×The Wildland Fire Emissions Information System (WFEIS) is a 
geospatial data system that pulls together fire perimeter maps 
along with corresponding fuel consumption and fuel loading data 
layers for fuel emission modeling.

×Project partners include Canadian, Mexican and US Forest Service 
personnel, large-scale transport modelers and decision support 
representatives. 

×http://wiki.mtri.org/display/firedss/Home Photo courtesy of 
Brian Stocks

http://wiki.mtri.org/display/firedss/Home


Cropland and Rangeland Considerations

ÅBurned Area
ÅEmission Factors

ÅFuel Load
ÅCombustion Completeness

ÅCrop Types
ÅSeasonality

Winter wheat in Arkansas;  

CE ~ 0.90



McCarty et al. (2007, 2008, 2009) uses a combination of 
high- and medium-resolution satellite data with active fire 

detections to define area burned in croplands 

ÅThese data 
should be made 
public by ~ the 
end of 2011.
Å2008 and 

forward 
processed in 
the next ~year

ÅCroplands completed  for 
the contiguous U.S. 
(2003 ς2007)





1 year after burn



Sensor 

(spacecraft) 

Product Spatial 

Resolution 

Satellite 

Overpass 

Temporal 

Availability 

MISR (Terra) AOD, aerosol 

plume height 

17.6 x 17.6 km2 10:30 a.m. ~Once every 7 

days 

CALIOP 

(CALIPSO) 

extinction 

profile 

100 m 

diameter 

x 30 m vertical 

1:40 p.m. Once every 16 

days 



Fire Regimes Vary Widely
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Photos: Stocks and Soja
What burns does matter.



June 28 2008 
Columns near 
Lake Athabasca:
5-6 km

Photos courtesy P3 group

Injection heightClimate Available FuelWeather 



Fires between 
Athabasca and
Reindeer Lakes

Photos courtesy 
P3 group

June 30 2008

5-7 km

Injection heightClimate Available Fuel Weather 



Typical pyroCbconvection columns (10-12 km)

Typical pyroCbfire
behavior: continuous
high-intensity 
crown fires

Injection heightClimate Available Fuel Weather 



CALIPSO
overpass

Transport

Smoke 
Plume 

Injected 
Fire



CALIPSO smoke 
encounter

Four of eleven 
fire complexes 

that likely 
contributed to the 
CALIPSO swath.

Plume and 
CALIPSO 

Coincident 
Overpass

NOAA HMS smoke plume, 
fire detections 

and 
coincident 

Calipsooverpass

Map courtesy of 
Sonoma Technologies Incorporated  



CALIPSO Curtains 08 Aug 2006 (v3)
CALIPSO
overpass

Swath 
from 

south to 
north

Horizontal Averaging

532 nm Total Attenuated Backscatter
1064 nm Attenuated Backscatter

Vertical Feature Mask
Orange - aerosol Aerosol Subtype

Brown ςpolluted dust

20:07 
to 

20:20



Trajectories are 
initialized at ~1 
second intervals 
along the CALIPSO 
smoke segment track 
and at 500m vertical 
intervals within the 
smoke plume.  There 
is a 15 minute 
trajectory time step. 



altitude

along segment distance

Schematic of trajectory initialization: each cross 
represents an initial parcel location
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Smoke plume



T ς24 hrs: Back 
trajectories pass over 
άŦƛǊŜ ƻŦ ƛƴǘŜǊŜǎǘέ ƛƴ 
North-Central 
Washington in the mid 
troposphere (~ 500 mb, ~ 
17000ft, ~5.2 km).

Coincidence 
with some fires 
of interest. 



Additional 
coincidence with 
more fire of interest 
at lower altitudes

T ςос ƘǊǎΥ .ŀŎƪ ǘǊŀƧŜŎǘƻǊƛŜǎ Ǉŀǎǎ ƻǾŜǊ άŦƛǊŜ ƻŦ ƛƴǘŜǊŜǎǘέ ƛƴ 
North-West Montana, in the lower trop. (~ 800 mb, ~ 6500 ft, ~ 2 km)



As the air parcel trajectories 
are traced back in time, each 

day there are unique 
coincidences with fires on the 

ground.



Verification

Forward trajectory from fires in Washington

Contribution 
at a range of 

altitudes 
across the 

entire swath

Fire 13, Washington, August 07, 2006 Tripod Fire 14, Washington, August 05, 2006 

CALIPSO Lidar Version 3.01



Verification

Forward Trajectory
from Montana

CALIPSO Lidar Version 3.01

Contributions to
the southern section 

of the overpass 
at about 1 to 3 km

CALIPSO Lidar Version 3.01



Verification

Forward Trajectory
contribution 

from British Columbia

CALIPSO Lidar Version 3.01

Contribution to 
mid-altitudes

in the mid-range 
of the overpass.

CALIPSO Lidar Version 3.01



Verification

Boundary layer fires 
from the east

CALIPSO Lidar v3.01

Contribution to altitudes ~1 km and below.



This plume can be attributed to 11 separate fires, burning 
on 2 different days.  Smoke can be attributed to:

Washington - large fire 
August 6th (~ 3400 m); 
August 7th (mean 3300 m, range 1900 ς6300 m);

Washington - medium-sized fire 
August 7th (range 2200 ς4400 m)

British Columbia 
August 7th about 3400 m

Montana fires ς2 of them 
August 6thςmean 1980 m

Saskatchewan (3 fires) 
August 6th and  7th ~ 1000 m

North Dakota (3 fires)  August 7th ~ 2000 m  



Task

Year 

One

Year 

Two

Year 

three

Year 

four

Meet with WF-EIS user community and agree on the structure of web-based accessible  data X

Prepare existing burned area and emissions data for WF-EIS (Most of CONUS - 2003-2006) X

Complete verification and validation of initial burned area and emissions data set  

Produce manuscripts from initial burned area and emissions data set and final data set - make 

publically available

Develop user-accessible web-structure built for accepting Ag & R data X

Handshaking - upload initial burned area and emissions for WF-EIS - test and complete 

procedure

Upload initial data set to WF-EIS

Define spatial and temporal patterns of fire is available regions

Produce manuscripts - temporal and spatial assessment of Ag & R fire in the US - make 

publically available

Interact with Users (EPA, WRAP, CenSARA, RPOs and regions)

Benchmark initial Ag & R burned area with the baseline NEI X

Produce initial and final Ag & R NEI benchmark reports

Assemble GOES, MODIS detections; develop relationships between detections and Ag & R area 

burned, verify and publish results ï4 steps 

Develop adaptive algorithm for burned area in difficult regions

Verify and validate adapted algorithm

Enhance, upgrade, refine, finalize development of WF-EIS

Complete Ag & R burned area for 2008-2010

Produce complete Ag & R burned area data set and emission

Calculate emission for adaptation plus initial Ag & R data

Verify and validate complete Ag & and R burned area for 2008-2010

Upload complete area burned and emissions data set to user accesible WF-EIS

Meet with regional and global user community that model plume rise and agree on necessary 

parameters, check-in

Collect CALIPSO data sets

Collect Ecosystem-related data sets

Collect weather-related data sets - additions X X

Run Trajectories X X

Build and upgrade CALIPSO data base

Benchmark - CALIPSO ïLAYPOINT-SMOKE; Ag & Rangeland; CMAQ with all enhancements



Questions?

Is there anything additional that we 
could consider that might be 

helpful to you?

Do you know of any accurate in-situ 
fire plume injection height data or 
projects that we may have missed?  
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