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Combination of Sentinel-1 and Sentinel-2 images

• combination of radar images from 
Sentinel-1 and multispectral images 
from Sentinel-2 to demonstrate their 
synergistic use and complementary 
information due to their different
sensors and capabilities.

Electromagnetic spectrum and S1 / S2 satellites (Ronan 2013, CC BY SA 3.0)



Sentinel-1 and Sentinel-2 fusion

https://philab.esa.int/big-data-fusion/



Fusion 

There are fusion techniques that 
combine information from different 

sensors to exploit their complementary 
information content, usually at the pixel 

level (Ghassemian 2016, Pandit & 
Bhiwani 2015). Ideally, the images from 
both sensors are acquired at the same 

time. At the very least, the time between 
the two image products should be as 
short as possible to ensure that the 

information from each pixel relates to 
the same state of the Earth’s surface.

How to combine data in SNAP:

Synergetic use of radar and optical data

http://step.esa.int/docs/tutorials/S1TBX%20Synergetic%20use%20of%20S1%20(SAR)%20and%20S2%20(optical)%20data%20Tutorial.pdf


Download the Data from
Copernicus Open Access Hub

• login required,
• registration is free.

In this tutorial we used:
SAR: 
S1A_IW_GRDH_1SDV_20230902T051115_
20230902T051140_050144_0608F8_4363

optical: 
S2B_MSIL2A_20230902T095559_N0509_R
122_T33TVL_20230902T131110

https://scihub.copernicus.eu/dhus


Workflow in SNAP



Area of interest



https://www.kocevsko.com/en/kocevsko/virgin-forest-and-forests/





Sentinel-2 NDVI and Sentinel-1 Sigma0 VV



Suggestions for 
analyses of the 
merged product

Visual interpretation (R-G-B)
• red=S2-B4, green=S2-B3 and blue=S1-VV
• red=S2-B9, green=S2-B5, blue=S1-VH



Principal 
component 
analysis

Create mask for AOI
• collocationFlags==1 is mask for PCA 
• red=PC1, green=PC3, blue=PC5







Alnus glutinosa Fagus sylvatica Quercus petraea Pinus sylvestris Picea abies

broadleaf trees coniferous trees



ESRI Satellite Sentinel-2 R-G-B Sentinel-2 NDVI

PCA Sentinel-1 PCA Sentinel-2 PCA Fused Sentinel



There is a difference between dense and rare 
forest area.

Deciduous trees tend to be green and blue in 
color, conifers tend to be orange in color.

ESRI Satellite PCA from combined Sentinel-1/-2 dataset



There is a difference between broadleaf and 
coniferous forest.

ESRI Satellite Unsupervised classification from Sentinel-2 





Sentinel Hub EO Browser

• more information how to use it at https://www.sentinel-hub.com/explore/eobrowser/
• https://www.youtube.com/playlist?list=PL46vEE2ks3tmYlhI7urPpiPw-WhLQHtSE (tutorials)

https://www.sentinel-hub.com/explore/eobrowser/
https://www.youtube.com/playlist?list=PL46vEE2ks3tmYlhI7urPpiPw-WhLQHtSE


Time series analysis



Code available on: https://mybinder.org/v2/gh/Anapot/Time-Series-Forestry/HEAD?labpath=Time-series-EO-Browser.ipynb

https://mybinder.org/v2/gh/Anapot/Time-Series-Forestry/HEAD?labpath=Time-series-EO-Browser.ipynb




Visualization of NDVI Time Series Data from EO Browser



Filtering and smoothing with Savitzky-Golay filter



Compare time series of coniferous 
and broadleaf tree species

• phenology (seasonal changes)
• Many coniferous species are evergreen, meaning they retain their needles 

year-round.
• The deciduous nature of many broadleaf species can lead to significant 

seasonal variations in their spectral signatures.

• spectral characteristics





Monitoring Forest Dynamics: Change 
Detection Using Sentinel-2 Time Series



Change Detection of Time Series Imagery

https://www.esri.com/arcgis-blog/products/arcgis-pro/imagery/change-detection-of-time-series-imagery/



Disturbance Events

• Abrupt changes in forests often result from natural or human-
induced disturbances, such as wildfires, insect outbreaks, 
windstorms, or logging operations. These events can lead to sudden 
alterations in forest structure, species composition, and ecosystem 
processes.

• Understanding abrupt changes is critical for assessing the resilience of forest ecosystems.
• Abrupt changes in species composition can impact biodiversity.
• Climate change can lead to abrupt changes in forest ecosystems.



Explore EO Data on EO Browser

• Find two comparable images from different date, for example
• 2017-08-24
• 2022-07-19



Time-lapse

• select AOI
• select EO collection (here Seninel-

2 TRUE COLOR)
• select time range and image 

specification (cloud cover = 0 %)



Resample data to identify trends and anomalies with annual values



Forest 
Transformation Due 
to Windstorm 
damage

• Sudden changes in land 
use or forest cover can 
result in increased runoff 
and erosion.



Change detection
• Abrupt changes may signal a loss of 
resilience, indicating that the ecosystem 
is vulnerable to further degradation.





We Can Discover 
Valuable Insights from 
NDVI Time Series

Why Do We Need this Information?
• To assess the extent of damage
• To identify the previous forest type
• To analyze feature trends



Forest Transformation Due to Bark Beetle Infestation







Abrupt changes 
in species 
composition can 
impact 
biodiversity.



We Can Discover Valuable 
Insights from NDVI Time 
Series

Forest Management Considerations:
• Critical for Sustainable Management

Understand the consequences of forest management
activities
Ensure sustainable forest management practices



We Can Discover Valuable 
Insights from NDVI Time 
Series
Early Warning Systems:
• Mitigating Disturbances

Use early warning systems to reduce the impact of
disturbances
Proactive measures to protect forests



We Can Discover Valuable 
Insights from NDVI Time 
Series
Balancing Conservation and Economics:
• Key for Success

Vital for achieving a balance between conservation
and economic objectives
Optimize forest management for long-term benefits
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