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Wildfires

- Damage property and infrastructure
- Kill and displace people
- Burn vegetation, endanger wildlife, cause pollution
- Cost millions or billions of dollars to fight 
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Satellite Data
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Research Objectives

• The overall objective of this research is to develop innovative
and globally applicable methods for early detection, near real-
time monitoring of wildfires and rapid damage assessment
using Earth Observation (EO) big data and deep learning.
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Introduction

Ø For wildfire detection & monitoring
- VIIRS and MODIS Active Fire Hot Spots & 

burned area maps are often used for 
contextual awareness 
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Multisensor EO Time Series for Wildfire Monitoring
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2021 Lytton + Sparks Lake Fires, BC, Canada 2021 Dixie Fire, California, USA 

Multisensor EO Time Series for Wildfire Monitoring 
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Spaceborne SAR Daily

ESA Sentinel-1 SAR

RADARSAT Constellation Mission SAR

ESA ROSE-L

ICEYE
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Physical Basis: SAR Data for Wildfire
q Scene Properties
ü Roughness
ü Surface Geometry
ü Moisture
ü Burn Severity

q Sensor Properties
ü Wavelength
ü Polarization
ü Incidence Angle
ü Imaging Geometry
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Sentinel-1 C-Band SAR Detection of Wildfires

SAR-based kMaps on 18 wildfire events, of which 16 events were used for training and validation, while the rest two (q and r) were used 
only for progression mapping. All kMap images are visualized in the false color composite of [kCR, kVH, kVV]. The yellowrish denotes kCR
and kVH have higher values than kVV, while the cyanrish denotes kVH and kVV contribute more to highlighting burned areas.
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RCM SAR Detection of Wildfires
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SAR Detection of Ljusdals-komplexet in 2018
Sentinel-1 C-Band SAR ALOS L-Band PalSAR
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Validations
To quantitatively assess the SAR-based
burnt area results:
● Sentinel-2 dNBR is segmented into a 

binary map of burnt and unburnt areas 
and used as the reference maps
together field data and WorldView-3 
imagery

● 10000 validation points are randomly
selected from burnt and unburnt areas 
respectively
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Early Detection of Wildfires with GOES-R Time Series 
& Deep GRU Network

Zhao, Y., Y. Ban and A. Nascetti. 2021. Early Detection of Wildfires with GOES-R Time-Series and Deep GRU Network. Proceedings of IGARSS’2021, Brussels, Belgium.
Zhao, Y. and Y. Ban. 2022. GOES-R Time Series for Early Detection of Wildfires with Deep GRU Network. Remote Sensing. Remote Sensing, 14(17), 4347. 
https://doi.org/10.3390/rs14174347
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EO-AI for Early Detection of Active Wildfires 
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Zhao, Y., Y. Ban, H. Hu, & J. Sullivan. Tokenized Time-Series Satellite Image Segmentation with Transformer Network for Active Wildfire Detection. Submitted to IEEE 
Transaction on Geosicence and Remote Sensing.
Hu, X., Y. Ban, and A, Nascetti. 2021. Uni-Temporal Multispectral Imagery for Burned Area Mapping with Deep Learning. Remote Sens., 13, no. 8: 1509.
Hu, X., Y. Ban, and A, Nascetti. 2021. Sentinel-2 MSI data for active fire detection in major fire-prone biomes: A multi-criteria approach. International Journal of Applied Earth 
Observation and Geoinformation, 101, 102347.
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VIIRS Time Series for Early Detection of Wildfires
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SAR-AI for NRT Monitoring of Wildfire

Ban, Y., Zhang, P., Nascetti, A., Bevington, A. R., Wulder, M. A., 2020. Near Real-Time Wildfire Progression Monitoring with Sentinel-1 SAR Time 
Series and Deep Learning.  Scientific Reports, 10(1), 1–15. https://www.nature.com/articles/s41598-019-56967-x.
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Zhang, P., Y. Ban and A. Nascetti, 2021. Learning U-Net without forgetting for near real-time wildfire monitoring by the fusion of SAR and 
optical time series.  Remote Sensing of Environment, 261, 112467.

EO-AI for NRT Monitoring of Wildfire
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A Large-Scale Satellite Image Dataset for Deep Learning in Wildfire Monitoring 

Zhang, P., X. Hu and Y. Ban. 2022. Wildfire-S1S2-Canada: A Large-Scale Sentinel-1/2 Wildfire Burned Area Mapping Dataset Based on the 2017-2019
Wildfires in Canada. Proceedings of IGARSS 2022.
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EO Time Series for Near Real-Time 
Wildfire Monitoring 

2021 Dixie Fire, California, USA 

22

https://emergency.copernicus.eu/mapping/ems-product-component/EMSR527_AOI02_GRA_PRODUCT_r1_RTP01/1
https://emergency.copernicus.eu/mapping/ems-product-component/EMSR598_AOI01_GRA_PRODUCT_r1_RTP01/1
https://emergency.copernicus.eu/mapping/ems-product-component/EMSR527_AOI01_GRA_PRODUCT_r2_RTP01/1
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EO Time Series for Near Real-Time Wildfire Monitoring 

2017 Elephant Hill Fire, BC, Canada 
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EO Time Series for Near Real-Time Wildfire Monitoring 

2019-20
Bushfire 
near 
Sydney, 
Australia
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Transfer Learning for Fraser Island Fire, 
Australia (2020)

2022-11-30 25
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Sentinel-1 SAR 20m

Sentinel-2 MSI Data

VIIRS Active Fire Hotspot 375m

MODIS Burned Area 500m

Comparisons
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Burn Severity Mapping with Multispectral Imagery 
Using Deep Semantic Segmentation Models

Hu, X., P. Zhang and Y. Ban. 2022 Large-Scale Burn Severity Mapping Using Multispectral Imagery and Deep Semantic Segmentation Models. ISPRS Journal of 
Photogrammetry and Remote Sensing (Revised manuscript under review).
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2022-11-30 29

Sentinel-2 MSI Data for Burn Severity Mapping 
in Sweden with Deep Learning
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Wildfire Monitoring App Based on Google Earth Engine
- Examples in British Columbia, California & EU
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