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1.0 Proposal Summary 

 

This proposal will prototype a global burned area product by combination of NASA-USGS 
Landsat-8, ESA Sentinel-2A, and ESA Sentinel-2B data and is directly responsive to the primary 
focus of the call - developing algorithms and prototyping products for combined use of data from 
Landsat-8 and Sentinel-2 toward global land monitoring, and advances the virtual constellation 
paradigm for mid-resolution land imaging.  Product validation will be conducted by comparison 
with visually interpreted commercial high resolution data and will be endorsed by a regional 
network of African fire scientists and practitioners. The product will be compared with coarser 
resolution MODIS and VIIRS burned area products, and ESA funded burned area products, to 
assess product differences and at the validation sites to quantify their relative accuracies.  

The advantages of the proposed sensor combination are (i) Landsat-8 has improved quantization, 
signal/noise characteristics, and acquisition coverage over heritage Landsat missions, (ii) Sentinel-
2 has Landsat-8 like bands at 10m & 20m with higher acquisition coverage than Landsat, (iii) 
Landsat-8 and Sentinel-2A/B together provide needed temporal resolution for time series burn 
change detection.  
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2.0 Research progress 

In Year 1 the research emphasis was on  

• obtaining and understanding the Sentinel-2 Multi Spectral Instrument (MSI) data format 
and developing Sentinel-2 processing under the global WELD processing,  

• developing a needed automated Landsat-8 to Sentinel-2 registration methodology,  
• developing an automated sensor-agnostic burned area algorithm for WELD processed 

Landsat-8 and Sentinel-2 time series.   

This research resulted in 3 submitted papers and 11 research presentations (Section 3).     

 

2.1 Obtaining and understanding the Sentinel-2 data format and developing Sentinel-2 
processing under global WELD processing 
 
Due to ground system limitations the Sentinel-2 data coverage in the early post-launch period was 
limited predominantly to Europe and Africa and only a limited number of pre-operational 
Sentinel-2 product samples were publically available. In late November 2015 the ESA publically 
released the operational data products.  A script to pull the Sentinel-2 L1C data acquired over 
Africa from the Sentinels Scientific Data Hub (https://scihub.copernicus.eu/) was developed to 
pull large product volumes. Code was developed to read the Sentinel-2 data and reproject it into 
the Global WELD format compatible with Landsat-8 WELD processed data. 
 
The Sentinel-2 data are made available as L1B and L1C top-of-atmosphere (TOA) products. The 
L1B products are defined in the sensor swath geometry and are not currently available.  The L1C 
products are defined in reflectance units and include cloud and land/water masks that are not 
provided in the L1B product. The geolocated L1C products are defined by splitting each MSI 
swath into fixed 109 × 109 km tiles in the Universal Transverse Mercator (UTM) map projection. 
The L1C data are provided in Standard Archive Format for Europe (SAFE) files. In a single SAFE 
file there are typically 10 L1C tiles from the same MSI swath stored compressed in JPEG2000 
format, with a number of ancillary vector and raster data, quicklook images, and XML metadata.   
 
Code to read the L1C data format and extract the relevant 10m and 20m bands was written. The 
L1C tiled data structure is quite complicated for users to handle without reliance on dedicated 
software tool kits. In particular, adjacent tiles in the same MSI swath may overlap spatially, and 
may be defined in different UTM zones. The UTM projection is defined in zones, each covers 6° 
of longitude centered over a meridian of longitude, and so each zone forms the basis of a separate 
map projection.  A letter was submitted to Remote Sensing Letters to (a) illustrate the spatial 
properties of Sentinel-2 L1C data and provide insights into the occurrence of overlapping tiles and 
overlapping tiles defined in different UTM zones, (b) quantify the geometric implications of 

https://scihub.copernicus.eu/
https://scihub.copernicus.eu/
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resampling and reprojection approaches that consider only the data from one tile and not the data 
from other tiles in the overlap region that are defined in different UTM zones, and (c) suggest and 
illustrate a recommended approach for resampling and reprojection of Sentinel-2 L1C data.   
 
We found that Sentinel-2 L1C resampling and reprojection approaches that consider only the data 
from one L1C tile, and not from other tiles in the overlap region defined in different UTM zones, 
will result in a significant degradation of the geometric fidelity of the resampled image.  This is 
illustrated in Figure 1 - the linear high contrast features are more coherent and the geometric 
fidelity is improved when the recommended method is used.  The geometric differences among 
these three sets of images are greatest comparing the results derived from the separate L1C zone 
tiles, i.e., comparing the (a) and (b) results.  The recommended approach considers both sets of 
L1C data and therefore a greater density of Sentinel-2 observations is available for resampling 
which results in the improved geometric fidelity evident in Figure 1(c). A straightforward scheme 
is to process each Sentinel-2 L1C tile independently in sequence was developed. For each 
resampled pixel location the distance to the closest Sentinel-2 pixel is stored. Each time a 
resampled pixel location is projected into a Sentinel-2 tile its distance to the closest Sentinel-2 
pixel is derived and the Sentinel-2 pixel data are selected only if the distance is smaller than the 
distance found for the previous L1C tile. In this way only one Sentinel-2 L1C tile at a time needs 
to be stored in memory, each UTM zone is treated separately, and the resampling results are the 
same regardless of the number or processing order of the overlapping Sentinel-2 L1C tiles.   
 

 
 
Figure 1. Example nearest neighbor resampled Sentinel-2 10m L1C tile data (250 × 250 10m pixels) from the 
same Sudan SAFE file (i.e., MSI swath) considering (a) only one L1C tile defined in UTM zone 35N, (b) 
only one L1C tile defined in UTM zone 36N, (c) both overlapping tiles using the recommended resampling 
method.  True color 665nm (red), 560nm (green), 490nm (blue) top of atmosphere Sentinel-2 reflectance.   
 
Code to reproject the Sentinel-2 L1C data format to the global WELD projection and tiling 
scheme was developed.  Over large areas, users of derived satellite information require spatially 
explicit map products defined in a single projection rather than different UTM projections. 
Therefore, in this study, the Sentinel-2 L1C and Landsat-8 L1T data were reprojected to a 
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common coordinate system. The equal area sinusoidal projection and tiling scheme used to store 
the global Web Enabled Landsat (WELD) products were used. The global WELD products define 
monthly and annual 30m Landsat nadir BRDF-adjusted reflectance (NBAR) surface reflectance 
and are available at http://globalweld.cr.usgs.gov/collections/. The global WELD tiles are nested 
within the standard 10° ×10° MODIS land product tiles and are defined in the sinusoidal equal 
projection used to store the MODIS land products. Each global WELD tile covers about 159 × 
159 km. There are 7 × 7 global WELD tiles within each MODIS land tile, and the filename 
includes the MODIS horizontal (0 to 35) and vertical (0 to 17) tile coordinates, and the nested 
WELD tile horizontal and vertical tile coordinates (0 to 6).   
 
Code to resample the Sentinel-2 L1C data were to 30m output WELD tile pixels was developed. 
Only the 20m and 10m Sentinel-2 bands will be used for burned area mapping and they were 
projected using nearest neighbor and box-car resampling respectively (Figure 2). In addition, a 
code to reproject the near-infrared 10m Sentinel-2 L1C data to 10m output WELD tile pixels was 
developed to support the Sentinel-2 to Landsat-9 misregistration code.   
 

 
 
Figure 2. Landsat 8 (L8) and Sentinel 2 (S2) have different spectral & spatial resolutions. Illustration of how 
the different bands are resampled to 159 × 159 km global WELD tiles.  
 
 

http://globalweld.cr.usgs.gov/collections/
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2.2 Developing a needed automated Landsat-8 to Sentinel-2 registration methodology 

The geolocation performance specification for Sentinel-2 is 12.5m (3σ) and for Landsat-8 is 12m 
(90% circular error). In our comparisons the Sentinel-2 L1C and Landsat-8 L1T data were 
evidently misaligned more than these specifications.  Conversations with NASA, USGS and ESA 
geolocation experts at the Winter Landsat Science Team (Virginia Tech, January 12-14, 2016) and 
at the ESA Living Planet Symposium (Prague, Czech Republic, 9-13 May 2016)  revealed the 
source of this misregistarion. A short communication was submitted to Geophysical Research 
Letters to (i) inform the user community of this issue, (ii) clarify its cause, and (iii) clarify the 
schedule for its resolution. The Landsat geolocation uses a global sample of ground control points 
derived from Global Land Survey (GLS) cloud-free single date Landsat images that are defined 
for each Worldwide Reference System (WRS-2) path/row for different decades. The Sentinel-2 
geolocation is improved by using a global reference image derived from an orthorectified set of 
Sentinel-2 cloud-free images. The relative misalignment of the Landsat-8 L1T and Sentinel-2 L1C 
data varies among Landsat WRS-2 path/row locations due primarily to variable GLS path/row 
locational accuracies.  In solution, the GLS data are being reprocessed by USGS/NASA to 
provide a better match with the ground control used for operational geolocation of the Sentinel-2 
and should provide Landsat-8 to Sentinel-2 registration accuracy of ~10 m (2σ). Unfortunately, 
this will only be achieved once the archived Landsat-8 and Sentinel-2 data have been reprocessed 
using the updated GLS and ESA’s final global reference image, respectively. This could take until 
the end of 2018 for Landsat-8, and the ESA schedule for reprocessing existing Sentinel-2 data 
once the final global reference image set is released, is currently unknown.   
 
An approach for the automated registration of Landsat-8 OLI L1T and Sentinel-2 MSI L1C data 
was developed. It was adapted from an approach developed for registration of High-Resolution 
Imaging Science Experiment (HiRISE) single-band stereo images to derive digital elevation 
models of Mars.  The approach is computationally efficient because it implements feature point 
detection at reduced spatial resolution and then area-based least squares matching around the 
feature points with mismatch detection across four image pyramid levels to identify a sparse set of 
tie-points.  It was assessed by examination of extracted tie-point spatial distributions and tie-point 
mapping transformations (translation, affine and polynomial), dense matching prediction-error 
assessment, and by visual registration assessment.  Test sites over Cape Town (Figure 3) and 
Limpopo province in South Africa that contained cloud and shadows were selected. A Landsat-8 
L1T image and two Sentinel-2 L1C images sensed 16 and 26 days later were registered (Cape 
Town) to examine the robustness of the algorithm to surface, atmosphere and cloud changes, in 
addition to a Landsat-8 L1T and Sentinel-2 L1C image pair sensed 4 days apart (Limpopo 
province). The automatically extracted tie-points revealed sensor misregistration greater than one 
30 m Landsat-8 pixel dimension for the two Cape Town image pairs (Figure 4), and greater than 
one 10 m Sentinel-2 pixel dimension for the Limpopo image pair. Transformation fitting 
assessments showed that the misregistration can be effectively characterized by an affine 
transformation. Hundreds of automatically located tie-points were extracted from the registered 
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sensor pairs and had affine transformations with root mean square error fits of 0.3 10m pixels and 
dense matching prediction-errors of similar magnitude. This and visual assessment of the affine 
transformed data indicate that the methodology provides sub-pixel registration performance 
required for meaningful Landsat-8 OLI and Sentinel-2 MSI data comparison and combined data 
applications.  A paper was submitted to the Sentinel-2 special edition of Remote Sensing.  
 

 
Figure 3. Cape Town, South Africa, test data showing (a) Landsat-8-L1T sensed November 22nd 2015 (week 
47), (b) Sentinel-2 L1C sensed December 8th 2015 (week 49), (c) Sentinel-2 L1C sensed December 18th 2015 
(week 51). The NIR (Sentinel-2: 842 nm and Landsat-8 864nm band) TOA reflectance for each image is 
shown reprojected to 10 m global WELD tile hh19vv12.h3v2 (sinusoidal projection, 15885 × 15885 10 m 
pixels).   
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Figure 4. Illustration of the tie-points and misregistration vectors obtained from the Cape Town data 
(Figure 3). The vectors point from the Landsat-8 week 47 image tie-point locations to the Sentinel-2 week 
49 (116 green vectors) and to the Sentinel-2 week 51 (797 red vectors) tie-point locations. The vector lengths 
are enlarged by 80 times for visual clarity. To provide geographic context, the background image shows 
the Landsat-8 week 47 30 m true color image.  For both image pairs, the x-axis and y-axis mean shift 
magnitudes are greater than 5.2 and 2.1 pixels with standard deviations of about 0.4 and 0.3 pixels, 
respectively.  These 10 m pixel shifts are not insignificant and even at the 30 m Landsat pixel resolution 
will limit the ability to meaningfully compare Landast-8 and Sentinel-2 data. 
 
 
2.3 Developing an automated sensor-agnostic burned area algorithm for WELD processed 
Landsat-8 and Sentinel-2 time series 

Automated algorithms are required for continental to global coverage Landsat-8 and/or Sentinel-2 
burned area product generation as high levels of user intervention are not scalable to the 
considerable data volumes provided by these sensors. Building on our global MODIS burned area 
and WELD product generation experience, an automated burned area mapping algorithm is being 
developed. Given the phased delivery of Sentinel-2A and -2B data, the algorithm has been 
developed so that it can run with any combination of Landsat-8 data and/or Sentinel-2 data in a 
sensor agnostic manner.  
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Figure 5 illustrates the algorithm. The supervised non-parametric random forest classifier is 
trained using synthetic training data rather than using burned and unburned Landsat-8 and 
Sentinel-2 training data (whose collection is challenging and arguably ill-posed given the global 
variation in fire behavior, fuel type and condition). The synthetic training data are derived using 
burned (black char) and unburned spectral measurements converted to sensor spectral band 
reflectance by convolving the spectral measurements with the Sentinel-2 and Landsat-8 sensor 
spectral response functions. An established model of the impact of fire on spectral reflectance is 
applied to the unburned and char simulated sensor spectral reflectance band values. The model is 
based on linear mixing and is parameterized in a physically meaningful way in terms of the 
fraction of the pixel that burned (f) and the combustion completeness (cc). The change in 
reflectance observed for different fires with the same product of cc and f  depends only on the pre-
fire reflectance.  Successive weeks of Global WELD tile gridded Landsat-8 30m and Sentinel-2 
30m data are classified to generate spatially explicit 30m estimates of the product of f and cc.  
Current research is being undertaken on time series combination, including temporal consistency 
checks and spatio-temporal segmentation using MODIS active fire detections.  This research is 
less mature than anticipated due to (i) the considerable effort reported in Sections 2.1 and 2.2 and 
(ii) because we were not granted early access to the pre-opertational Sentinel-2 L1C data.   
 

 
Figure 5.  Automated sensor-agnostic burned area algorithm processing overview. 
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3.0 Publications 
 
The following articles were submitted: 

 
1. Yan, L., Roy, D.P., Zhang, H.K., Li, J., Huang, H., An automated approach for the sub-pixel 
registration of Landsat-8 Operational Land Imager (OLI) and Sentinel-2 Multi Spectral Instrument 
(MSI) imagery, Submitted to the Sentinel-2 special edition of Remote Sensing.  
 
2. Roy, D.P., Li, J., Zhang, H. K., Yan, L., Best practices for the reprojection and resampling of 
Sentinel-2 Multi Spectral Instrument Level 1C data, Remote Sensing Letters. 
 
3. Storey, J.C., Roy, D.P., Choate, M.J, Masek, J.G., Dwyer, J.L., Gascon, F., A note on the 
temporary mis-registration of Landsat-8 Operational Land Imager (OLI) and Sentinel-2 Multi 
Spectral Instrument (MSI) imagery, Geophysical Research Letters. 

 
The following presentations were given:   

 
1. Roy, D.P., Yan, L., Huang, H., Zhang, H.K., Li, J., Kumar, S., Cooper, S., Dosch, A.,  
Boschetti, L., Chuvieco, E., Gomez-Dans, J., Lewis, P., Tansey, K., Prototyping a Landsat-8 
Sentinel-2 Global Burned Area Product, Living Planet Symposium 2016, Prague, Czech Republic, 
9-13 May 2016. 
 
2. Boschetti, L., Roy, D.P., Stehamn, S., Spatial and temporal sampling for burned area Essential 
Climate Variable (ECV) product validation, Living Planet Symposium 2016, Prague, Czech 
Republic, 9-13 May 2016. 
 
3. Gomez-Dans, J. L., Lewis, P., Roy, D.P.,  Brennan, J., Haiyan, H.,  Disney, M., A Simple 
Spectral Model of Fire Impacts, Living Planet Symposium 2016, Prague, Czech Republic, 9-13 
May 2016. 
 
4. Roy, D.P., Yan, L., Huang, H., Zhang, H.K., Li, J., Kumar, S., Cooper, S., Dosch, A.,  
Boschetti, L., Chuvieco, E., Gomez-Dans, J., Lewis, P., Tansey, K., Prototyping a Landsat-8 
Sentinel-2 Global Burned Area Product, NASA LCLUC MuSLI Science Team Meeting, Marriott 
Conference Center, North Bethesda, MD, 20-21 April 2016.   
 
5. Roy, D.P., Yan, L., Zhang, H.K., Li, J., Satellite derived crop field size information and 
change, delivered online as part of the NASA LCLUC 2016 Webinar Series, April 28 2016.  
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6. Roy, D.P., Zhang H.K., Votava, P., Dosch, A., Li J., Huang, H., Taking advantage of the 
moderate resolution data record: consistent global processing of Landsat and Sentinel-2 data and 
applications, Institute of Remote Sensing and Digital Earth (RADI), Chinese Academy of Science, 
Beijing, China, January 27, 2016. 
 
7. Roy, D.P., Yan L., Zhang H.K.,  Li., J., Huang, H., Mapping and monitoring field sizes from 
Landsat & Sentinel-2 moderate resolution satellite time series, Key Laboratory of Land Surface 
Pattern and Simulation, Institute of Geographic Sciences & Natural Resources Research, Chinese 
Academy of Science, Beijing, China, January 26, 2016. 

 
8. Roy, D.P., Li, J., Zhang, H.K., Huang, H., Dosch, A., Kumar, S.S.,  Initial findings prototyping 
a Landsat-8 Sentinel-2 global burned area product, Winter Landsat Science Team Meeting, 
Newman Library Multipurpose Room, Virginia Tech, Blacksburg, VA, January 12-14 2016.  

9. Boschetti, L. and Roy, D.P. Validating satellite-derived disturbance products: the case of 
burned areas. Long-Term Climate Data Records and Applications session. Fall Meeting, AGU, 
San Francisco, CA, December 15-19, 2015.  
 
8. Roy, D.P., Huang, H., Kumar, S.S., Zhang, H.K., Li, J., Gomez-Danz, J-L., Lewis, P.E., 
Boschetti, L., Prototyping a Landsat-8 Sentinel-2 Burned Area Product, 10th EARSeL Forest Fire 
Special Interest Group Workshop, Limassol, Cyprus, 2-5 November, 2015, Invited Keynote.  
 
10.  Roy, D.P., Kumar, S., Zhang, H.K., Boschetti, L., Prototyping a Landsat-8 Sentinel-2 Burned 
Area Product, RSPSoc, NCEO & CEOI-ST Joint Annual Conference 2015, University of 
Southampton, U.K., Sept 8-11th 2015. 

11. Roy, D.P., Kovalskyy, V., Zhang, H.K., Yan, L., Kumar. S.S , Thinking about processing 
steps for generation of combined/compatible Landsat 8 & Sentinel-2 products, Landsat Science 
Team Meeting, USGS Earth Resources Observation and Science (EROS) Center, South Dakota, 
July 6-9 2015.  

 
 


