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Summary 

This document describes the algorithm used to generate the long-term BA time series 

derived from the AVHRR (LTDR, Long Term Data Record) dataset to extend the BA 

product of the Fire_cci contract baseline. 
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1 Executive Summary 

The Fire_cci project aims to obtain the longest possible time series of global BA 

products from existing satellite data (AD-1). Most climate modellers emphasize the 

importance of having long time and consistent series of ECV (RD-2). The bases have 

been European sensors, but others have also been considered to extend the length or the 

quality of the data series. One of the options approved in Phase 2 of the project aimed to 

extend the available time series of BA products back to the early 80’s, using existing 

archives of AVHRR-LTDR data (RD-1). This document describes the technical steps to 

obtain BA information from LTDR. Considering the particular spatial and spectral 

resolution of this dataset, a new algorithm has to be developed, which is not similar to 

others used for the Fire_cci product, mainly because the LTDR data cannot be 

accurately linked to active fire detection. Therefore, we separate from hybrid 

algorithms, which have been the main basis for those developed in other tasks of the 

project. Instead, we use multitemporal time series and dedicated spectral indices that 

maximize the burn signal with the coarse LTDR pixel (5x5 km). 

2 Introduction 

2.1 Background 

The ESA Fire_cci project focuses on developing and validating algorithms to meet 

GCOS ECV requirements for (consistent, stable, error-characterized) global satellite 

data products from multi-sensor data archives. Fire modellers require precise 

information on the timing, size, intensity and spatial distribution of fires (Hantson et al. 

2016). Satellite burned area products have been generated in the last years based on 

existing global observation sensors (Mouillot et al. 2014; RD-2), such as MODIS, 

VEGETATION, ATSR and MERIS data. These products only cover from 2000 and all 

show inconsistencies and omission and commission errors (Granier et al. 2011; Padilla 

et al. 2015). Most papers dealing with fire models emphasize the need to extend the 

existing time series of burned area information backwards. Although the GFEDv4 

includes BA trends from 1995, the authors recognize greater uncertainties for the pre-

MODIS era (Giglio et al. 2010). Estimations for previous periods were based on fire 

ignition and propagation models (Thonicke et al. 2001) or on fire occurrence reports 

provided by some national fire services (Mouillot and Field 2005). These data were 

complemented with auxiliary sources, such as journalist news, literature sources or 

charcoal deposits in lakes (Power et al. 2010).  

The alternative to extend the BA datasets before the MODIS era is the NOAA-AVHRR 

(Advanced Very High Resolution Radiometer) archive, dated back to 1981. 

Unfortunately, only a degraded version of the AVHRR data was archived globally. It 

was named GAC (4x4 km), obtained through a spatial sampling of the High Resolution 

data (HRPT, 1x1 km approximately at nadir). From the GAC data, NASA has released a 

time series of AVHRR data, with adequate geometric and radiometric corrections to 

make it useful for time series analysis. Since the HRPT data were archived only at 

particular regions and need considerable pre-processing effort, it was considered that the 

LTDR was the most adequate time series of AVHRR datasets to feed a BA algorithm 

that would extend the BA time series of the Fire_cci baseline contract.  
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2.2 Applicable Documents 

(AD-1) ESA Climate Change Initiative (CCI) Phase 2 Statement of Work, 

prepared by ESA Climate Office, Reference CCI-PRGM-EOPS-SW-12-

0012, Issue 1.3, date of issue 24 March 2015  

(RD-1) ECV Fire Disturbance Proposal for Option 2: Extending Fire Disturbance 

Time Series using AVHRR-LTDR. 

(RD-2) Heil A., Yue C., Mouillot F. and Kaiser J.W. (2017) ESA CCI ECV Fire 

Disturbance: D1.1 User requirement document, version 5.2.  

(RD-3) Pettinari M.L., Otón G., Chuvieco E. (2017) ESA CCI ECV Fire 

Disturbance: O2.D1 User Requirement Document and Product 

Specification Document for AVHRR, v1.1. 

 

3 Input data 

3.1 Characteristics of the LTDR dataset 

NASA created a global-full time series of AVHRR data, at 0.05° resolution (approx. 5 

km), named the long-term data record (LTDR) dataset. There are other long-term coarse 

AVHRR data series (GIMMS or Pathfinder), whose strengths and weaknesses have 

been cross validated, as reported in the literature (Alcaraz-Segura et al. 2010; Tucker et 

al. 2005). As a result of those analyses the AVHRR LTDR data series was chosen as the 

most adequate input for extending the Fire_cci BA datasets back to early 80’s. NASA’s 

LTDR also includes data from MODIS instruments to obtain a long-term consistent 

time series of surface reflectance and temperature.  

LTDR Version 5 is the latest product available. The pre-processing includes radiometric 

in-flight vicarious calibration for the visible and near infrared channels and inverse 

navigation to relate an Earth location to each sensor instantaneous field of view (IFOV). 

Atmospheric corrections for Rayleigh scattering, ozone, and water vapour are 

undertaken, with aerosol correction being implemented.  

The AVHRR-LTDR V5 products for the 1981-2018 time period are: 

 Surface reflectance: 

o SREFL_CH1 (0.5 – 0.7 µm) 

o SREFL_CH2 (0.7 – 1.0 µm) 

o SREFL_CH3 (3.55 – 3.93 µm)* 

 TOA brightness temperature: 

o BT_CH3 (3.55 – 3.93 µm)* 

o BT_CH4 (10.3 – 11.3 µm) 

o BT_CH5 (11.5 – 12.5 µm) 

 View zenith angle (VZEN), Solar zenith angle (SZEN). 

 Relative azimuth (RELAZ). 

 Quality Assessment Field (QA). 

 Fill value (No Data) = -9999 

 Scale Factor: 

o Surface reflectance = 0.0001 

o TOA brightness temperature = 0.1 

o Zeniths and Azimuth = 0.01 
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 Spatial reference: 

o GCS datum based upon the Clarke 1866 ellipsoid. 

o EPSG: 4008 

o Datum: Based on Clarke 1866 spheroid 

 Satellites used to generate the LTDR dataset are the following: 

o N07: 1981 – 1985  

o N09: 1985 – 1988  

o N11: 1988 – 1994 

o N14: 1995 – 2000 

o N16: 2000 – 2007 

o N18: 2005 – 2009  

o N19: 2009 – 2018 

(*) From 2000 to 2003, the channel 3 was changed from 3.55 – 3.93 µm to 1.58 - 1.64 

µm for day time acquisitions. 

3.2 LTDR versions 

The first analyses to create the LTDR algorithm were based on v4 of this product, 

available when Option 3 started. We found several problems with this version, but since 

it was the best available we started to work with this dataset. The main issues were 

related to the gaps in the temporal series, particularly in 1994 and 2000, with many 

other shorter gap periods (Figure 1). 

 

Figure 1: Availability of LTDR v4.0 daily images for the full time series 

Another problem was related to the lack of temporal consistency of the time series, 

particularly in the calibration of the near infrared reflectance (channel 2) and visible 

(channel 1), which had a discontinuity around the year 2000. Figure 2 includes a time 

series of a pixel extracted from the Sahara desert after filtering out the cloudy or poor 
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quality observations. The reduction of NIR values around the 2000 is evident, which 

may be caused by a lack of proper calibration between versions 2 and 3 of the AVHRR 

sensor (P. Lewis, personal communication, 2017). The problem was not observable in 

the brightness temperatures of bands 4 and 5 (Figure 3). 

 

 

Figure 2: Temporal series of NIR values for a stable pixel of the LTDR time series (v4) 

 

Figure 3: Temporal series of B4 brightness temperature values for a stable pixel of the LTDR time 

series (v4) 

For this reason, we initially decided to use 2008 as a test year to develop the algorithm, 

as it was not affected by the NIR calibration problem, and had reference datasets 

derived from Fire_cci Phase 1 for parameterizing the algorithm. However, in August 

2017 NASA released a new version of the LTDR product, named v5, which apparently 

solves the two main issues observed in v4. The temporal gaps were greatly reduced 

(Figure 4), and now only 1981 and 1994 are really problematic to derive BA products. 

Therefore, we used LTDR v5 for developing the BA algorithm. The time series for 

processing will start from 1982 and end up in 2017.  
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Figure 4: availability of LTDR v5.0 daily images for the full time series 

The intercalibration problems with the RED and NIR bands have also been apparently 

solved as can be observed in the time series of the same pixel used in Figure 2, where 

the continuity between AVHRR2 and AVHRR3 acquisitions is greatly improved 

(Figure 5). 

 

Figure 5: Temporal series of NIR values for a stable pixel of the LTDR time series (v5) 

Further information on the product is available at https://ltdr.modaps.eosdis.nasa.gov/ 

cgi-bin/ltdr/ltdrPage.cgi (last access April 2017). 

3.3 Auxiliary information 

In addition to LTDR data, other auxiliary datasets were collected to train and validate 

the algorithm. A land cover map was used to mask out non burnable classes, as well as 

Year\Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366
1981 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1982 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1983 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1984 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1985 1 1 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1986 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1987 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1988 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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2016 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2017 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2018 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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to report burned land cover in the PSD product. The source was ESA’s CCI Land Cover 

v1.6.1 (LC_cci, Kirches et al. 2013, http://www.esa-landcover-cci.org/, last access 

September 2017) product corresponding to year 2000, as it is the year of the middle of 

the time series.  

For training and validating the algorithm we used the MCD64A1 C6 dataset (Giglio et 

al. 2009), now the standard BA product of NASA. It has been shown to be the most 

accurate among the existing global products (Padilla et al. 2015). 

4 General scheme of the LTDR BA algorithm 

The BA algorithm needed to be adapted to the specific characteristics of LTDR data, 

which were quite different from those previously used for Fire_cci project. Two main 

difficulties arose when designing the algorithm: firstly, active fires were not available, 

and therefore the hybrid algorithms used for MERIS, MODIS and Sentinel 2 could not 

be adapted to this dataset; secondly, the pixel size is considerable larger (5x5 km, versus 

250x250 of MODIS or 300x300 m of MERIS), and therefore much larger confusions 

with other spectrally similar covers to BA were expected. 

The general scheme of the BA algorithm is included in Figure 6. Daily images were 

converted to monthly temporal composites to obtain from them a list of spectral indices 

closely related to BA (extracted from literature and our previous experience). 

Calibration of these indices was helped by locating specific areas where fire perimeters 

were available (from the Landsat validation archive). Then, a synthetic BA model was 

developed based on biophysical relations of fire with those spectral indices. Monthly 

summaries of this variable were computed for a single year (2008) used to calibrate the 

model, which use a sample of MCD64 c6 data as the target variable (assuming it was 

the ground truth, which is obviously not the case, but it has been documented as the 

most accurate BA product from those globally available). The calibration of the model 

was tested with several classification algorithms: Random Forest and Logistic 

Regression were the most used. Only the best results of the model are reported in this 

document. 

 

Figure 6: General scheme of the LTDR BA algorithm 

http://www.esa-landcover-cci.org/
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5 Creating multitemporal composites 

The first step was to check the input images, to assure that they included all required 

bands and files were not corrupted. Problematic files were discarded from further 

processing. Whenever more than one file existed in a single date, both were included in 

the processing. Every daily image had 3600 rows and 7200 columns. The whole LTDR 

dataset covered the period from 1981 to 2017, but some gaps were detected in 1994.   

LTDR data include daily images. However, daily data are difficult to use as input for 

BA detection as observations may be cloudy, affected by BRDF effects or have 

incorrect observations. For this reason temporal composites have been commonly used 

in BA classification (Martín and Chuvieco 1993; Pereira et al. 1994; Razafimpanilo et 

al. 1995). Several techniques have been tested by different authors (Adair et al. 2002; 

Barbosa et al. 1998; Cabral et al. 2003; Cihlar et al. 1999; Duchemin et al. 1999), being 

quite common the maximum value of the NDVI for the target period of compositing. 

However, even though this criterion has proved to be very useful for vegetation trend 

monitoring, it is not adequate for BA detection, as the maximum NDVI values tend to 

select unburned or even cloudy pixels over burned ones within the compositing period 

(Chuvieco et al. 2005a). For this reason, alternative criteria were tested. When 

comparing 8 compositing techniques and using 4 indicators of quality, the maximum 

temperature of AVHRR channel 4 was selected as the most adequate compositing 

criteria for BA detection from AVHRR (Chuvieco et al. 2005b). Following results from 

those papers, LTDR monthly composites were created from daily data, by selecting for 

each pixel the day with maximum monthly temperature, as it provided the best 

equilibrium between near nadir and recently burned observations. All other bands were 

extracted from that day to create the composite, and the information of the date was 

saved for the post-processing stage. Pixels with a very low proportion (<20%) of 

burnable categories were discarded. They include water, desert and urban areas. The 

burnable information was taken from the Land Cover CCI product, which was 

resampled to the LTDR pixel size of 5x5 km. Figure 7 includes an example of a daily 

image and a monthly composite of July, 2008. 

 

  

Figure 7: An example of an LTDR monthly composite from 2008. Left, Day 200; Right, days 183-

213. RGB =NIR, RED, RED, white shown non-burnable areas. 

Once the monthly composites were created, pixels with anomalous data were discarded 

as well. They were identified as pixels with clouds (R and NIR values > 90%), or with 

notorious artefacts (for instance when R>NIR reflectance in vegetated areas). 

Unfortunately, the Quality Flags of the LTDR dataset are not very accurate, and we 

decided not to use them as they flagged out many good observations. Non observed 

areas were given a dedicated code to be used for computing the PSD’s fraction of 

observed area layer.  
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6 Developing a synthetic burned area index 

After different tests with the original bands, we decided to base the discrimination of 

burned areas on a synthetic biophysical index, built on the previous experiences of 

mapping BA from AVHRR images (Carmona-Moreno et al. 2005; Chuvieco et al. 

2008; Chuvieco et al. 2005b; Fraser et al. 2004; Maggi and Stroppiana 2002; Martín et 

al. 2002; Moreno Ruiz et al. 2014; Pu et al. 2007; Riaño et al. 2007; Sukhinin et al. 

2004). The 2008 year was used to calibrate this index, taking the MCD64A1 c6 images 

as a reference BA set. Input bands were brightness temperatures from band 5, the RED 

and NIR reflectances, the GEMI and BAI spectral indices and the temporal differences 

of those variables. The variables that showed clear tendencies among different 

proportions of BA area (0%, 1-20%, 21-40%, etc.) were finally selected.  

All input variables were normalized using the mean and standard deviation of the 

available pixels in each monthly composite: 

𝑧 =  
𝑥− µ

𝜎
                  (1) 

Where x is the monthly pixel value, μ is the global mean and σ the global standard 

deviation of each variable. This was done to balance the different layers and give them a 

similar importance in the final index. 

The final biophysical LTDR BA index was defined as: 

LTDR BA index = 
𝑇5−𝑚𝑒𝑎𝑛 𝑇5

𝑠𝑡𝑑 𝑇5
 - 

𝑇5_𝑑𝑖𝑓𝑓−𝑚𝑒𝑎𝑛 𝑇5_𝑑𝑖𝑓𝑓

𝑠𝑡𝑑 𝑇5_𝑑𝑖𝑓𝑓
- 

𝑅𝑒𝑑−𝑚𝑒𝑎𝑛 𝑅𝑒𝑑

𝑠𝑡𝑑 𝑅𝑒𝑑
 + 

𝑅𝑒𝑑_𝑑𝑖𝑓𝑓−𝑚𝑒𝑎𝑛 𝑅𝑒𝑑_𝑑𝑖𝑓𝑓

𝑠𝑡𝑑 𝑅𝑒𝑑_𝑑𝑖𝑓𝑓
- 

𝑁𝐼𝑅−𝑚𝑒𝑎𝑛 𝑁𝐼𝑅

𝑠𝑡𝑑 𝑁𝐼𝑅
 + 

𝑁𝐼𝑅_𝑑𝑖𝑓𝑓−𝑚𝑒𝑎𝑛 𝑁𝐼𝑅_𝑑𝑖𝑓𝑓

𝑠𝑡𝑑 𝑁𝐼𝑅_𝑑𝑖𝑓𝑓
 + 

𝐺𝐸𝑀𝐼−𝑚𝑒𝑎𝑛 𝐺𝐸𝑀𝐼

𝑠𝑡𝑑 𝐺𝐸𝑀𝐼
 + 

𝐵𝐴𝐼−𝑚𝑒𝑎𝑛 𝐵𝐴𝐼

𝑠𝑡𝑑 𝐵𝐴𝐼
 + 

𝐵𝐴𝐼_𝑡+1−𝑚𝑒𝑎𝑛 𝐵𝐴𝐼_𝑡+1

𝑠𝑡𝑑 𝐵𝐴𝐼_𝑡+1
                       (2) 

where 

T5 = TOA brightness temperature of Channel 5 (11.5 – 12.5 m) 

T5_diff = T5t-1 – T5t, where t is the monthly composite being analyzed, and t-1 is the 

composite of the previous month. 

Red = Surface reflectance of Channel 1 (0.5 – 0.7 m) 

Red_diff = Redt-1 – Redt 

NIR = Surface reflectance of Channel 2 (0.7 – 1.0 m) 

NIR_diff = NIRt-1 – NIRt 

GEMI, the Global Environmental Monitoring Index (Pinty and Verstraete 1992) defined 

as:  

R

RGEMI










1

125,0
)25,01(*

 

   (3) 

Where  

5,0

)*5,0()*5,1()(*2 22






RIR

RIRRIR






 

   (4) 

Being R and IR the reflectivity in the red and infra-red bands, respectively. 

BAI, the Burned Area Index (Martín and Chuvieco 1998) is a non-linear index 

specifically defined for burned area discrimination in AVHRR images. It was defined as 
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the inverse spectral distance to a convergence point, defined by the minimum 

reflectance of burned vegetation in the near infrared and the maximum in the red bands: 

BAI=1 /((IR-cIR)
2
 + (R-cR)

2
)                                            (5) 

where cIR and cR are the convergence values for burned vegetation (defined for 

AVHRR as 0.06 and 0.1, respectively).  

BAIt+1 is the BAI of the posterior monthly composite. 

The distribution function of the LTDR BA index shows good global relation with the 

different proportions of BA, considering the MCD64A1 as the reference dataset.  

Figure 8 and Figure 9 show for two contrasting months (January and July) the box plot 

distribution of all pixels having different proportions of BA, from unburned (BA0) to 

>90% burned (BA9). These distributions show the sensitivity of this index to detect 

different proportions of burned area, even though great dispersion exists in all ranges. 

 

Figure 8: Box plot distributions of the LTDR BA index for all pixels with different proportions of 

BA for January 2008. 

 

Figure 9: Same as Figure 8 but for July 2008. 
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Considering this wide dispersion of LTDR BA index values, we also included in the 

discrimination the temporal variation of this index. It is well known that spectral values 

similar to BA may be obtained from different phenomena (crop rotations, particularly in 

dark soils; seasonal floods; deforestation…). To minimize these confusions the temporal 

evolution of each year was taken into account as an additional discrimination variable. 

Figure 10 and Figure 11 show three examples of burned and unburned pixels for two 

contrasting months (January and July). It is observed that burned pixels show a more 

divergent seasonal trend than unburned pixels that may offer medium LTDR BA index 

values in some months but do not offer such a contrast post-fire trend. 

 

 

Figure 10: Monthly trajectories of the LTDR BA index for unburned and burned pixels in January 

in Africa 
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Figure 11: Monthly trajectories of the LTDR BA index for unburned and burned pixels in July in 

Africa 

7 Classification stage 

The classification models were based on the Random Forest (RF) algorithm. This 

approach has been widely used in the last decades for land cover mapping (Rodriguez-

Galiano et al. 2012), although much less experience is available on their use in BA 

mapping. A recent study showed their potentials for mapping BA using MODIS 500 m 

images (Ramo and Chuvieco 2017). Based on this experience, we computed monthly 

RF models, using as inputs the LTDR BA index for several years when both LTDR and 

MCD64A1 BA product were available. As in the first runs we found that RF showed 

overtraining bias when using only a single year to calibrate the models, we used eight 

years instead: 2001, 2003, 2004, 2006, 2008, 2011, 2013 and 2015. We selected years 

with above average BA occurrence (2004 and 2011), one with lower occurrence (2013), 

and the rest having normal BA occurrence. 

After testing different options, we finally selected a binary classification model 

(burned/unburned), considering a burned pixel as all that have burned area in the 

reference product (assuming again as reference the MCD64A1 information). Other 

models with several BA proportion intervals showed severe overtraining or did not 
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provide accurate results. Later, this assignment is corrected by computing matrix 

metrics with proportion of burned for those pixels detected as burned. 

Following previous experiences (Ramo and Chuvieco 2017) we used 600 trees to build 

the models. For each tree, a 10% proportion of BA pixels were forced to be included. 

Output of the RF models provided a BA probability value. We compared this value with 

MCD64A1 c6 BA data to estimate omission and commission errors (again assuming 

this product as the reference BA). This was the most practical choice, as deriving a 

global dataset of Landsat data for the whole study period was not feasible (the one 

available for the project was to be used for final accuracy assessment).  

The criteria to select the final probability threshold for RF classification was based on 

the Dice Coefficient (DC), previously used for BA assessment within the Fire_cci 

project (Padilla et al. 2015). The analysis was done with the whole common time series 

between the MCD64A1 and LTDR (2001 to 2015). The median monthly value of the 

RF probability providing the best DC output for the full time series was used as a 

threshold for the final RF classification (January 0.54 and July 0.56). The resulting files 

include four categories: non burnable (-2), no data (-1), unburned (0) and burned date 

(1-365). Figure 12 and Figure 13 show two examples of the classification results for two 

months in 2008. Spatial trends are reasonable, with larger fire occurrence in the 

Northern Hemisphere tropical regions for January and the Southern Hemisphere for 

July, along with some areas in central Asia and Tropical South America. Areas above 

60d N are not included in the LTDR database. 
 

 

Figure 12: RF BA classification of LTDR data for January 2008 
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Figure 13: RF BA classification of LTDR data for July 2008 

8 Calculation of proportion of burned area 

Following the PSD of the LTDR option (RD-3), the final dataset will be publicly 

released as a grid product in NetCDF format, including the standard variables of the 

other Fire_cci datasets. To calculate the total BA of each cell, it would be risky to 

assume that the whole LTDR pixel is burned, since the training was done using cells 

with different proportions of burned area according to MCD64A1. For this reason, we 

have analysed the statistical distribution of BA proportions in each of the pixels 

detected as burned in different monthly RF models versus MCD64. The analysis was 

done separately for the different monthly time series (January, February, etc.), as we 

assume the BA proportions may change throughout the year.  

The analysis began by grouping the burned data of the MCD64 by pixel of each specific 

month of the whole time series. The process has been made under the parameters of the 

final product where a 0.25º grid is offered. The pixels were grouped to offer that 

resolution, decreasing the rows and columns by 5 times. Within these pixels, the burned 

area was calculated. The method selected was the one able to adjust in each pixel, the 

LTDR burned area percentage that gives the closest value to the burned area offered by 

the MCD64. The data obtained from percentages of each month were combined with the 

results of the classification, in order to give a value to each burned pixel (Fig. 14, 15). In 

case that the MCD64 does not offer a burned pixel, that pixel cannot be burned in the 

LTDR either, but it will keep a high uncertainty. Also, another layer was created where 

those pixels finally burned were assigned burned date, which corresponds with the date 

of the pixel in the composite. 
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Figure 14: Percentage BA of LTDR data for January 2008 

 

Figure 15: Percentage BA of LTDR data for July 2008 

 

The Dates and Percentage of Burn Area is structured, so: 

 Dates: 

o -2 Unburnable 

o -1 No data 

o 0 Unburned 

o 1-365 Day of burned 

 

 Percentage of Burned Area: 

o -2 Unburnable 

o -1 No data 

o 0-1 Percentage of Burned Area 
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9 Uncertainty characterization 

Since the binary RF model provides an estimation of the probability of each pixel being 

burned, we used this value as the uncertainty of the final product (Fig. 16, 17). The 

resulting files include two categories: probability (0-100) and No data (-1). 

 

Figure 16: Uncertainty of LTDR data for January 2008 

 

Figure 17: Uncertainty of LTDR data for July 2008 

 

10 Validation 

Preliminary validation of the classification results was done by comparing the outputs 

with the MCD64A1 product. Table 1 includes the cross tabulation analysis between the 

two products for January 2008 and Table 2 for July 2008. Overall accuracy was higher 

than 0.97 in both cases, but the omission and commission errors of BA were much 

higher, as expected. They were estimated in 0.44 and 0.47 respectively for January and 

0.61 and 0.46 for July. 

Table 1: Cross tabulation of LTDR results and MCD64A1 for January 2008 

  MCD64A1 
Total 

 
 

Burned Not Burned 

RF 
Burned 42,728 38,693 81,421 

Not Burned 34,128 4,108,291 4,142,419 

Total  76,856 4,146,984 4,223,840 
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Commission error 0.47 

Omission error 0.44 

Dice Coefficient 0.54 

 

Table 2: Cross tabulation of LTDR results and MCD64A1 for July 2008 

  MCD64A1 
Total 

 
 

Burned Not Burned 

RF 
Burned 39,305 33,881 73,186 

Not Burned 61,739 4,088,915 4,150,654 

Total  101,044 41,22,796 4,223,840 

 

Commission error 0.46 

Omission error 0.61 

Dice Coefficient 0.45 
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Annex 1: Acronyms and abbreviations 

AD Applicable Document 

ATSR Along Track Scanning Radiometers  

AVHRR Advanced Very High Resolution Radiometer 

BA Burned Area 

BAI Burned Area Index 

BRDF Bidirectional reflectance distribution function 

CCI  Climate Change Initiative 

DC Dice Coefficient 

ECV  Essential Climate Variables 

EPSG European Petroleum Survey Group 

ESA European Space Agency 

GAC Global Area Coverage 

GCOS  Global Climate Observing System 

GCS Geographic Coordinate System 

GEMI Global Environmental Monitoring Index 

GFED  Global Fire Emissions Database 

GIMMS Global Inventory Monitoring and Modeling System 

HDF Hierarchical Data Format 

HRPT High-Resolution Picture Transmission 

IFOV Instantaneous Field of View 

LC Land Cover 

LTDR Long Term Data Record 

MERIS Medium Resolution Imaging Spectrometer 

MODIS  Moderate Resolution Imaging Spectroradiometer 

NASA National Aeronautics and Space Administration 

NDVI Normalized Difference Vegetation Index 

NetCDF  NETwork Common Data Format 

NIR Near-infrared 

NOAA National Oceanic and Atmosphere Administration 

PSD  Product Specification Document 

RD Reference Document 

RF Random Forest 

S-2 Sentinel 2 

TOA Top of Atmosphere 
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