
Applying Google Earth Engine to Wildfire
Disturbance Detection in the State of Alaska

Forrest M. Hoffman1,2, Zachary L. Langford2,
Jitendra Kumar1,2, Steve Norman3, and William W. Hargrove3

1Oak Ridge National Laboratory, 2University of Tennessee Knoxville, and
3USDA Forest Service Eastern Forest Environmental Threat Assessment Center

2018 US-IALE Annual Meeting
Chicago, Illinois, USA

April 11, 2018



Rationale
I To use remote sensing and meteorology to estimate wildfire areal

extents for the 2004 wildfire season in Alaska

I To test the utility of Google Earth Engine (GEE) to determine the
most important attributes from MODIS and Daymet

I Future:
I Monitor: Locate fires under 1,000 acres (below cutoff for

Monitoring Trends in Burn Severity (MTBS) dataset)
I Predict: Determine preceding meteorological conditions that result

in fire susceptibility

Numerous forest fires (outlined in red) were burning
in the Yukon Flats region of east-central Alaska in
mid-June 2004 captured by MODIS sensor. (Image
Source: NASA)
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Monitoring Trends in Burn Severity (MTBS) dataset for
Alaska from 2000–2015, with 2004 having the most area
(km2) burned.



Study Region: Interior Alaska

I Study region is Interior Alaska (Bieniek et al., 2012)

I Wildfires are natural and may be increasing in intensity due to
climate change (e.g., length of the growing season has increased
45% over the last century (Chapin III et al., 2014)).

I Monitoring
Trends in Burn
Severity (MTBS)
dataset was used
for training
classifier with
MODIS and
Daymet variables.

I Binary
classification:
• wildfire (1)
• no wildfire (0)
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2004 Wildfire Season in Alaska

I One of the warmest and driest summers on record.

I Most lightning strikes recorded during summer.

I Wildland fires burned the largest area in recorded Alaska
history.

Departure from average temperature across Alaska for
every year since 1949. (Image Source: Alaska Climate
Research Center)
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This map is a user generated static output from an Internet mapping site and is for
general reference.  Data layers that appear on this map are obtained from many
sources.  This map is not to be used for navigation.

Map Created:
Apr 2, 2018 12:31:50 PM

on the AICC Mapping Site
Number of lightnings strikes (6,538) in Alaska from June
5–19, 2004. The grand total was over 147,642 strikes
(Chapin et al., 2008).



Geospatial Datasets

We used Google Earth Engine (GEE) for processing images and building
models. Two types of datasets were employed:

I MODIS: MOD09A1 (Surface Reflectance 8-Day L3 Global 500m) and
MOD11A2 (Land Surface Temperature and Emissivity 8-Day L3 Global
1km) (Vermote, 2015; Wan et al., 2015).

I Daymet: gridded estimates of daily weather parameters (Thornton et al.,
2017).

Daymet V3 average annual minimum temperature for
1980 and 2015 for a subset of the Daymet domain in

Alaska and western Canada.

MOD09A1 RGB composite from June 17, 2004.



Geospatial Datasets

Description Resolution Variable

GMTED2010 225 m elevation (m)

225 m slope (%)

MOD09A1 500 m at 8 days NDVI

500 m at 8 days EVI

500 m at 8 days SAVI

500 m at 8 days Bands 1–7 (459–2155 nm)

MOD11A2 1 km at 8 days Daytime LST (Kelvin)

Daymet 1 km at daily Daylight period (seconds)

1 km at daily Precipitation (mm)

1 km at daily Snow water equivalent (kg/m2)

1 km at daily Maximum temperature (◦C)

1 km at daily Minimum temperature (◦C)

1 km at daily Shortwave Radiation (W/m2)

1 km at daily Vapor Pressure (Pa)

Daymet and MODIS products were processed from early-April through late-October in 2004.



Data Workflow

I Perform image
processing methods
for classification.

I Build models with
MODIS (288),
MODIS/Daymet
(456), and Daymet
(168) variables and
the MTBS dataset.

I Right Figure:
Google Earth
Engine interactive
development
environment
(Gorelick et al.,
2017).



Image Processing
I Increased resolution to 500 m for all

datasets, GEE performs nearest
neighbor resampling.

I Linear interpolation for missing
values.

I Savitzky-Golay filter was applied to
smooth out noise (Chen et al.,
2004).

I Daymet variables were merged into
8-day averages.
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Example image processing workflow applied to a large
wildfire, which occurred on June 13, 2004.
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Latitude: 65o 15' 46.8"
Longitude: -146o 56' 34.8"
Fire Ignition Date: June 13, 2004
Assessment Type: Extended
Pre-Fire Image Date: May 27, 2002 (Landsat 7)
Post-Fire Image Date: July 22, 2005 (Landsat 7)

This map portrays fire severity for the fire specified in the map title and summarizes proportions
of fire severity classes.  These data are produced under the Monitoring Trends in Burn Severity
(MTBS) project jointly implemented by the USGS EROS and the USFS RSAC. The MTBS project
ascertains the locations of fires based on available fire occurrence information provided by federal
and state agencies, and other reliable sources.  The MTBS project reserves the right to correct,
update or modify geospatial inputs to this map without notification.                                     
* Areas in either the pre-fire or post-fire reflectance imagery containing clouds, snow, shadows,
smoke, significantly sized water bodies, missing lines of image data, etc.                              

2004 Alaska: BOUNDARY
ak6526314694320040613

Acreage of Burn Severity
Burn Severity

Total

Acres

538,166

Unburned to Low
Low
Moderate
High
Increased Greenness
Non-Processing Area Mask* 133,467

19,224
110,133
149,418

83,971
41,952

0 10 20
Miles

Fire severity for the Boundary fire based on Landsat 7.
(Source: USGS and US Forest Service)



Random Forest

I Random Forest: estimator that fits a number of decision tree
classifiers on various sub-samples of the dataset and use averaging
to improve the predictive accuracy and control over-fitting.

I We split up dataset based on 100 × 100 pixel tiles, with 163 tiles
used for training and 73 tiles used for testing.

Wildfire Extent
Test Tiles
Train Tiles

Legend
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100 x 100 Pixel Tiles

Train = 163 Tiles
Test = 73 Tiles



Results: MODIS

Validation Metrics
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I Precision, recall, and F1-score for non-wildfire
class (n=493710) was 0.99, 1.00, and 1.00,
respectively.

I Precision, recall, and F1-score for wildfire class
(n=16878) was 0.93, 0.78, and 0.85, respectively.
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I EVI, NDVI, and MODIS Red band contributed
the most using the Gini feature importance
metric.

I Elevation, slope, SAVI, and SWIR1 contributed
the least.



Results: Daymet

Validation Metrics
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I Precision, recall, and F1-score for non-wildfire
class (n=493710) was 0.99, 1.00, and 0.99,
respectively.

I Precision, recall, and F1-score for wildfire class
(n=16878) was 0.62, 0.53, and 0.57, respectively.
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I Most variables contributed equally for feature
importance.

I Snow water equivalent, minimum temperature,
and precipitation were the highest scoring
features.



Results: MODIS/Daymet

Validation Metrics
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I Precision, recall, and F1-score for non-wildfire
class (n=493710) was 0.99, 1.00, and 1.00,
respectively.

I Precision, recall, and F1-score for wildfire class
(n=16878) was 0.93, 0.78, and 0.85, respectively.
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I Daymet variables (minimum temperature,
maximum temperature, shortwave radiation)
contributed most for Daymet/MODIS
classification.

I MODIS Green, Red, and SAVI variables
contributed the most.



Results: Test (Bonanza Creek Wildfire)

!

Latitude: 64o 34' 40.8"
Longitude: -157o 23' 02.4"
Fire Ignition Date: June 28, 2004
Assessment Type: Extended
Pre-Fire Image Date: July 31, 2002 (Landsat 7)
Post-Fire Image Date: June 21, 2005 (Landsat 7)

This map portrays fire severity for the fire specified in the map title and summarizes proportions
of fire severity classes.  These data are produced under the Monitoring Trends in Burn Severity
(MTBS) project jointly implemented by the USGS EROS and the USFS RSAC. The MTBS project
ascertains the locations of fires based on available fire occurrence information provided by federal
and state agencies, and other reliable sources.  The MTBS project reserves the right to correct,
update or modify geospatial inputs to this map without notification.                                     
* Areas in either the pre-fire or post-fire reflectance imagery containing clouds, snow, shadows,
smoke, significantly sized water bodies, missing lines of image data, etc.                              

2004 Alaska: BONANZA CREEK
ak6457815738420040628
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Fire severity for the Bonanza Creek wildfire
based on Landsat 7. (Source: USGS and US
Forest Service)
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Conclusions

I MODIS bands and vegetation indices can be used to predict
spatial extents of wildfire with good accuracy, and including
Daymet does not improve the predictions.

I MODIS (NIR, SWIR), indices (EVI, NDVI, SAVI), and
Daymet variables (minimum temperature, maximum
temperature, snow water equivalent, shortwave radiation) are
the most important factors determining wildfire extent.

I Random Forest provides a good approach for determining
feature importance.

I Google Earth Engine provides a powerful platform for
processing and analyzing datasets without moving data.

I Future Work:
I Would even (fire/no fire) sampling for training provide more

balanced prediction accuracy?
I Can the method be used to predict fire extent across multiple

years?
I Can we use antecedent meteorological conditions (for 3

months or 1 year anomalies) to predict fire susceptibility?
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