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The Amazon rainforest faces increasing threats from heat stress as a result of climate change and 
deforestation [1]. Detecting canopy heat stress in degraded Amazonian forests requires daily high-
resolution thermal imagery that captures peak afternoon temperatures [2]. However, existing satellite 
datasets present a spatiotemporal trade-off [3]: 

• MODIS Aqua captures thermal data daily at ~1:30 pm local time, but at a coarse 1 km resolution. 

• Landsat 8 provides 30 m resolution, but only every 16 days and at ~10:00 am local time, missing 
the daily thermal peak. 

To address this, we develop a downscaling algorithm that reconstructs daily MODIS LST at 30 m 
resolution. 
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Figure 3. MODIS Aqua LST Downscaling to 30 m Using Random Forest Regression.  In data prepro-
cessing,  U and D describe upsampling and downsampling methods.  
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Figure 2. Constructing HR-LR Image Pairs with Matched Acquisition Time for LST Downscaling 
Model Training.   

We propose a three-stage LST downscaling framework to generate high-resolution (30 m) LST maps 
from MODIS Aqua data (1 km): 

 

Figure 5. Thermal Image Comparison: Original Landsat 8 LST (22/08/2023), degraded Landsat, 
inpainted MODIS Aqua LST (21/08/2023), and final downscaled MODIS (30 m).  

We will run the downscaling model across multiple MODIS images to generate a high-resolution daily 
LST time series. Next, we will calculate the number of consecutive days during which pixels exceed 
the thermal margin in order to assess canopy heat stress.  
 
To better capture fine-scale thermal structure and spatial context, we plan to replace the current 
Random Forest regression with a Convolutional Neural Network (CNN) model.  
 
We will validate the downscaled MODIS LST using high-resolution thermal drone imagery. Addition-
ally, we will cross-check results against other satellite LST products.   

Figure 4. LST Distribution Comparison: Landsat (30 m), MODIS (990 m), and Downscaled MODIS 
(30 m). 

Our downscaling model successfully reconstructs fine-scale thermal structure that is lost in low-
resolution MODIS data. The high-resolution MODIS output closely matches high-resolution Landsat 
observations in the upper tail of the temperature distribution (Figure 4), capturing thermal extremes 
and revealing hidden canopy hotspots with greater spatial detail (Figure 5). 

Figure 1. Study area in 
Mato Grosso, Brazil.  

The RGB composite 
from Landsat 8 Sur-
face Reflectance 
(bands 2, 3, and 4) 
acquired on August 
22, 2023.  

 
2. Pixel Inpainting 
   Missing pixels in MODIS and Landsat LST are reconstructed using regression-based inpainting to 
   provide cloudless inputs for downscaling (Figure 3).  
 
3. LST Downscaling using Random Forest Regression 
   A regression model trains on the synthetic HR-LR Landsat 8 pair, and predicts high-resolution 
   LST during daily peak temperatures using MODIS Aqua LST input and biophysical covariates                
   NDVI, DEM and land cover (Figure 3).  

1. Synthetic Training Pair Generation 
   Landsat 8 LST is first downsampled to 990 m using average aggregation and then blurred using 
   a Gaussian kernel to simulate actual MODIS observation (Figure 2). This creates HR-LR image 
   pairs with consistent acquisition times [4] for model training.  
 

However, the model underestimates extreme temperatures, given that MODIS data are acquired later 
in the day when temperatures peak. This likely reflects limitations in the Landsat degradation method 
used to simulate MODIS data.  


