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The spatio-temporal characteristics of forest 

fires in China: observations from hybrid 

remote sensing data 



Andela et al. 2017 Science

Fire is compared to be a huge“herbivore”as it consumes 
biomass, drives plant evolution, shapes the geo-distribution 

of flora and fauna. 



Effects of Fire on Terrestrial Ecosystem

Alter budgets of carbon, water, 
and energy

Consume biomass and release 
greenhouse gases

GFED4s 1997-2016 , van der Werf et al. 2017 ESSD



Effects of Fire on Forest Ecosystem

Creat canopy gap, alter soil properties, trigger forest 
regeneration, improve habitat of specific wildlives…



MTBS-US

CNFDB-Canada EFFIS-European Union

National Fire Database 
• Fire atlas: long-term & consistent 

• Open access for publics

• Spatially-related Info（e.g., severity, 

perimeter）

NAFI-Australia

（1984-2017)

(1917-2018)

Why this study？
BA map is important for fire management, 
but such data base is absent in China.



• Advantages of RS for BA mapping

• Mature methods and global BA products

Remote Sensed Global Burned Area Datsets
Why use remote sensed BA?



Advance of MODIS-based BA

Global Fire Atlas（2003-2016）
 Characteristics: global, 2003-2016、500 m
 Fire behavior: size, duration, spread rate&direction



ESA FireCCI Products

The most frequent peak month of fire 
Occurrence obtained from FireCCI51

Mean annual BA obtained from FireCCI50



ESA FireCCI51 for mapping fires in NE China
Landsat Image-2003 Genhe Fire

Omission problem of small fires is evident in NE China.

CCI_Fire51 CCI_Fire51Landsat Image-2010 Huzhong Fire

Landsat Image-2003 Nanwenghe Fire



Landsat Time Series Stacks (LTSS)



\\

Zhao et al.(2018) RSE

White et al.(2017) RSE

1986-2010 Disturbance History in US 1986-2010 Disturbance History in Canada

Disturbance Detection Based on LTSS
LandTrendr VI trajectory of a burned pixelLTSS in Huzhong, NE China

1986-2018 Disturbance History in China (Unpublished)



Global Forest Change(GFC) Product
Forest Loss Year

Hansen et al. 2013. Science

GFC：No Disturbance Type , Low Temporal Resolution.

Q：Can we combin GFC with CCI_Fire to refine the BA mapping？



GFC Product Fire_CCI 
Product

• High Confidence 
Fire Seed Selection

Improved BA

（Using Huzhong 2010 fires as the example）

• Annual Forest Loss
• Spatial 

Aggregation->250m
• Build Forest Mask

Burned Area Day of Year (DOY)Forest Loss

• Data Fusion
• Regional Growth
• Confidence Evaluation

• Monthly BA
• Noise Reduction
• DOY Extraction

• Thresholding
• Filtering

• Iteration
• Interpolation

Data
Registration

Pixel 
Level 

Process
Improved DOY

Note：
Yellow: CCI_Fire BA
Magenta :Added BA

Forest Coverage

Comparison

Hybrid Burned Area Mapping Approach

CCI_GFC 
Product

Confidence 
Level



Open Fire (Forest Fire+Crop Straw Burning) Forest Fire Only 

Results: 2001-2017 Forest Fire in China

MCD64A1

CCI_Fire

CCI_GFC
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CCI_GFC CCI_Fire MCD64A1

Patches Identified 116 112 86

Area Identified (10×kha) 38.2 34.3 16.1

Number of patches：248，~ 46.2 million ha

Validation using burned patches 
of GXAM， NE China

Patch Identified

Patch Unidentified  



Distribution of Forest Fire in China

Forest loss caused by fire during 2001-2018
was about 0.4%.



• BFR =
1

𝐹𝐴
 𝑖=1
m 𝐵𝐴𝑖 × 100%

where FA and 𝐵𝐴𝑖 are forest area and BA in each 
grid respectively, and m is number of years.

Hot Spot Region of China

Forest Coverage of China
(using Hansen’s GFC product)

Burned Forest Rate (BFR) of China
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Mann-Kendall Test： P < 0.05，Tau = -0.47

Eco-Zone Forest Area(×10k ha) Total BA in 17 yrs(×10k ha) Mean Annual BA (×10k ha) Mean Annual BFR

Tropical - subtropical evergreen 
broad-leaved forest 8818.90 663.97 39.06 0.44%

Temperate broad-leaved mixed 
forest 6942.71 416.29 24.49 0.35%

Temperate coniferous forests 3070.44 79.16 4.66 0.15%

Temperate steppe - shrub 325.96 15.08 0.89 0.27%

Wetland meadow - savanna 123.86 35.52 2.09 1.69%

Desert - desert shrub 10.51 0.11 0.01 0.06%

Plateau meadow - shrub 561.32 1.18 0.07 0.01%



Problems of this study：BA Product Validation

• Lack of reference BA data in China

• Need to systematically validation for different eco-zones.

Global Eco-zones

Boschetti et al. (2016) RSE



• Pro-long time series of BA mapping

• Improve the spatial resolution

Couple Landsat-derived Forest Disturbance with MODIS/NOAA-derived Fire Product. 

Problems of this study ： BA Product Improvement



Thanks for your attention!

Appreciation to ESA CCI_Fire team 

and Matthew C. Hansen’s team.


