
  

ABSTRACT 

FUEL LOADING AND FUEL CONSUMPTION MAP COMPARISONS 

SEMIP OVERVIEW 

The SEMIP protocol was used 
to perform a case study analysis 
for the Tripod Fire.  The SEMIP 
protocol consists of a six-step 
process: 

1. Acquire fire information 
2. Estimate fuel loading 
3. Estimate consumption 
4. Estimate emissions 
5. Compare model results  
6. Compare modeled results to 

real-world observations 

As part of the Smoke and Emissions Model Intercomparison Project (SEMIP), 
estimates of wildfire size, fuel loadings, fuel consumption, and smoke emissions 
were compiled and compared for the 2006 Tripod Fire Area.  SEMIP is a multi-
year collaborative effort to analyze and quantify variability in fire reporting, fuel 
loading, fuel consumption, and smoke emissions estimates.  SEMIP is based 
on the assumption that estimates of fuel loading, fuel consumption, and smoke 
emissions vary based on the models used in a step-by-step modeling pathway.  
The Tripod Fire Case illustrated how uncertainties could be quantified at each 
modeling step; fire size estimates obtained from sources such as the ICS-209 
incident reports, helicopter-flown fire perimeters, MODIS imagery, and the 
Satellite Mapping Automated Reanalysis Tool for Fire Incident Reconciliation 
(SMARTFIRE) varied widely.  Fuel loadings estimated from fuel loading maps, 
including the Fuel Characteristic Classification System (FCCS) and the 
LANDFIRE project, were also highly variable.  Fuel consumption estimates 
using Consume 3.0, the First Order Fire Effects Model (FOFEM 5.7), and the 
Monitoring Trends in Burn Severity (MTBS) maps differed widely.  Smoke 
emissions estimates produced by Consume and FOFEM continued the trend of 
increasing divergence as model results using the same data inputs differed.  
The Tripod Fire Case clearly shows that fuel consumption and smoke emissions 
estimates are dependent on the models used at each step of a modeling 
pathway.       

SEMIP is an ongoing effort to inter-compare and evaluate the increasing number of 
fuel consumption, smoke production, and fire emissions models available to fire 
managers.  SEMIP is designed to be of use to both the scientific and management 
communities that need model performance evaluations to ultimately aid fire 
management decision making.   
 

The goals of SEMIP are to determine how to make the best use of existing model 
output and where to focus new model development by: 
 creating an open standard for comparing smoke and emissions models against 

each other and real-world observations for use now and into the future; 
 performing rigorous evaluations of selected publicly available models using a 

sequence of standard case studies identified by the open standard; and 
 translating the results into user-accessible guidance and indicating which 

models perform best under which circumstances. 
 

Specific tasks within the SEMIP project include the creation of 
 an initial set of test cases, including acquiring all relevant data; 
 an analysis methodology for both model-to-model and model-to-observation 

comparisons, including identification of variables, statistics, and graphics; and 
 a data warehouse website where test case data and analysis results can be 

shared (see companion poster). 

A basic premise of 
SEMIP is that smoke 
emissions from wildfires 
are modeled in a set of 
discrete logical steps 
from acquiring fire size 
information through 
estimating fuel loadings, 
fue l  consumpt ion, 
smoke emiss ions, 
plume development, 
and smoke dispersal. 

TRIPOD CASE STUDY 

The 2006 Tripod Fire in 
Washington state was 
used as an initial case 
study to test the SEMIP 
protocol. 

A concern of SEMIP is to determine whether the right final 
product is being reached for the right reasons.  There is 
evidence from some studies indicating that the right results 
may be obtained but for the wrong reasons.  Through 
intense data and modeling comparison studies, such as 
SEMIP, we can potentially identify where the current science 
is performing well and where more work is needed. 

METHODS 

Dataset Area Burned (Acres) 

GeoMAC/NIFC 175,000 

MTBS 175,000 

MODIS Burn-Detect 242,000 

MODIS Burn-Area N/A 

SMARTFIRE 
Predictions 

279,000 

Area burned data for the Tripod fire based on 
GeoMAC/NIFC and MTBS ground reports and 
predictions from MODIS and SMARTFIRE. 

MODELED VS. OBSERVED FUEL LOADINGS 

Fuel loading comparisons.  Summarized data for woody fuel loadings from the Current Vegetation Survey (CVS) were compared with 
fuel loading data from six fuel loading maps. 
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SUMMARY 

  
CVS Field 
Plot Data 

NFDRS 1 km 
 Hardy 98 

1 km 
 FCCS1 

1 km 
FCCS2 1 km FCCS2 30 m 

LANDFIRE 
30 m 

Ok_Wen 
25 m 

Sample Size (n) 57  55  55 57 56 57 57 57 

Mean (t/a) + SD  33.4 + 21.9 13.7 + 9.0  14.0 + 4.2 12.3 + 6.8 13.7 +11.1  14.0 + 10.0 5.4 + 6.7 21.4 + 5.7 

Pre-burn fuel loading values based on fire perimeter data 
from GeoMAC/National Interagency Fire Center (NIFC). 
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Fuel consumption estimates generated using Consume 3.0 
and FOFEM 5.7. 

PM2.5 emissions estimates generated using emission factors 
in Consume 3.0 and FOFEM 5.7. 

The SEMIP preliminary results indicate that there is substantial variability in the available sources of fire activity 
information (area burned) and output of fuel loading, consumption, and emissions models depending on the data used 
and modeling pathway chosen.  For the Tripod fire, satellite-based fire extent reporting systems that produce daily 
estimates of fire location and fire size, such as MODIS and SMARTFIRE, tended to overestimate fire size, although 
this may not be the case nationwide.  Fuel loadings varied widely among the sources of data examined.  Moreover, 
when modeled fuel loadings were compared with field plot data, it appears that fuel loading maps produced locally by 
field experts (i.e., Okanogan-Wenatchee National Forest Custom FCCS fuel map) may produce results that are closer 
to real-world observations.  Overall, the fuel consumption estimates from Consume 3.0 were consistently higher in the 
Tripod Fire Area than those estimated using FOFEM 5.7.  However, both the FOFEM and Consume fuel consumption 
estimates were considerably lower than when fuel consumption estimates were produced using the MTBS maps as a 
proxy for observed fuel consumption.  Finally, FOFEM tended to produce higher emissions estimates than Consume 
based on the same initial fuel loading conditions. 

FUEL LOADING, CONSUMPTION, AND EMISSIONS COMPARISONS 

FCCS2 30-m—Vegetation Types FCCS2 30-m Fuel Consumption 
Based on MTBS Burn Severity 

MTBS-Observed Burn 
Severity  

FCCS2 30-m Fuel Loading FCCS2 30-m FOFEM 5.7 

 

FCCS2 30-m Consume 3.0 

 

Box and whisker plot fuel loading comparisons.  Statistical comparisons of the woody fuel loading summaries from the CVS and the 
six fuel loading maps studied.  Black horizontal lines indicate median values, boxes encapsulate the central tendency (first and third 
quartile) and whiskers indicate values that lie within 1.5 times the interquartile differences. 

Percent difference plots illustrate that the Okanogan-Wenatchee 
custom fuel loading map provided the most reasonable estimate of 
woody fuel loadings when compared with the observed CVS woody 
loadings values as 0% difference is included in the central tendency.                                
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National fuel loading maps can be found at http://data.semip.org.  See also  
http://semip.org for more information about the SEMIP Project. 
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