
Disaster Response
Responding to extreme weather events



Assignments

Keep working on your projects!

Discussion question:

“What do you think of NYU's 2040now campaign?” 
https://www.nyu.edu/about/university-initiatives/2040-now.html 

Due Friday by midnight

https://www.nyu.edu/about/university-initiatives/2040-now.html


Climate change in the news
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Recap



Mitigation versus Adaptation
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Extreme weather events

Climate change has already caused

-more heat waves

-changes in rainfall

-increased floods in some regions

       -increased drought

-changes in tropical storms

IPCC



Disaster Response and Recovery

Response: the use of resources (including personnel, supplies and equipment) to 
help restore personal and environmental safety, as well as to minimize the risk of any 
additional property damage after the disaster 

Recovery: involves stabilizing the area and restoring all essential community 
functions. Recovery requires prioritization: first, essential services like food, clean 
water, utilities, transportation and healthcare will be restored, with less-essential 
services being prioritized later. This can take years or decades

https://www.ucf.edu/online/leadership-management/news/the-disaster-management-cycle/ 

https://www.ucf.edu/online/leadership-management/news/the-disaster-management-cycle/


Disaster Response and Recovery

Governments and non-profits are primarily responsible for disaster response.

https://www.ucf.edu/online/leadership-management/news/the-disaster-management-cycle/ 

https://www.ucf.edu/online/leadership-management/news/the-disaster-management-cycle/


Costs of disaster response



Disaster Response

Wildfire response

http://www.youtube.com/watch?v=sRibOv1FQsU


Paper Deep Dive

https://arxiv.org/pdf/2211.14654.pdf 

https://arxiv.org/pdf/2211.14654.pdf


Background

Identifying where wildfires have occurred is important for 

● assessing damage and planning evacuation
● responding to problems and planning ecological restoration
● predicting future wildfire events



The goal

Build a system that can detect where wildfires have occurred using satellite 
imagery without previous examples

● may not have previous examples in many locations
● features of wildfires may differ across locations



Brainstorm

What kind of data would you want to have to be able to approach this problem?

What kind of methods would you apply?

How would you measure success?

What difficulties might you face?



The data

Two image sources:

Sentinel-2 satellite imagery (10m resolution, 5 day revisit time, 13-->4 spectral 
bands)

PlanetScope satellite imagery (3.7m resolution, daily revisit, 4 spectral bands)



The data

3 different study areas in Western United States: 

As long as the imagery covered enough of the study area (>50%) and did not 
have significant cloud cover, each PlanetScope and Sentinel-2 image was added 
to the dataset and could be considered either pre-fire, active fire, or post-fire 
imagery.



The data (preprocessing)

Clouds are a problem in 
satellite imagery.



The data (preprocessing)

“The data is normalised using the statistics from the training set, these 
parameters are saved and later reused for the rest of the data” 



The method

“Change detection is defined as identifying differences in a site’s state or 
phenomenon by observing it at different times.” 



The method

“Change detection is defined as identifying differences in a site’s state or 
phenomenon by observing it at different times.” 

“In this context, our work aims to employ unsupervised machine learning methods 
associated with multispectral satellite images to assess the change detection of 
burned areas”



The method

“SimCLR”

https://arxiv.org/pdf/2002.05709.pdf 

https://arxiv.org/pdf/2002.05709.pdf


Contrastive Learning

The goal of contrastive learning is to build a model that will represent similar 
images similarly, and dissimilar images dissimilarly. It does this through 

“self-supervised” learning with augmented images 

https://blog.salesforceairesearch.com/prototypical-contrastive-learning-pushing-the-frontiers-of-unsupervised-learning/ 

https://blog.salesforceairesearch.com/prototypical-contrastive-learning-pushing-the-frontiers-of-unsupervised-learning/


The method

“FireCLR” based on SimCLR. Training: “Data augmentation for image tiles 
includes: random crop, gaussian blur, random flip and fixed rotation. Importantly, 
we excluded any augmentation process which would change the color of the 
images since the changes caused by fires are sensitive to the reflectance.”



The method

“FireCLR” based on SimCLR. To detect changes, the hidden layer representations 
are compared for two images via cosine distance. This is used to identify if a 
change due to wildfire has occurred.

cosine distance
Pre-fire 
image

Post-fire 
image



“FireCLR” based on SimCLR. To access fire severity, the change in hidden layer 
representations are entered into a clustering algorithm, and clusters are then 
related to different levels of burn severity. 

Pre-fire 
image

Post-fire 
image

The method

cosine and 
euclidean 
distance



The method

Two models trained in order to test two different approaches:

Local model: Trained on same geographical location tested on. Uses Sentinel-2 
data

Global model: Trained on other two locations and tested on remaining one. Uses 
PlanetScope data. 



Evaluation



Evaluation

auPRC (precision recall curve)

ROC                                              PRC



Evaluation

auPRC

ROC                                              PRC

Evaluation on fire severity: per class F1 score



Evaluation

Comparison to (untrained) baseline methods for change detection:

Change in Normalized Difference Vegetation Index (NDVI) - based on red and 
near infrared channels available in PlanetScope data  

Change in Normalized Burn Ratio (NBR) - based on near infrared and 
shortwave infrared which is only available in Sentinel-2



Evaluation

Comparison to (untrained) baseline methods for burn severity:

Change in Normalized Burn Ratio (NBR) + clustering

Principal Components Analysis (PCA) on remote sensing data + clustering



Summary of methods



Results



Results

Change detection with Sentinel-2 data

Ground Truth
dNBR Local FireCLR

AUPRC: 0.95 AUPRC 0.96

dNDVI
AUPRC: 0.76



Results

Change detection with PlanetScope data

Ground Truth
dNDVI Global FireCLR

AUPRC: 0.67 AUPRC 0.8



Results

Fire severity 



Conclusions 

“In conclusion, the proposed FireCLR model outperforms the baseline methods in 
both Sentinel-2 and PlanetScope datasets based on the AUPRC score, and 
shows mixed, but comparable results on downstream validation tasks. 

We note that this work should serve as an initial exploration of this approach. In 
future research, we would like to run more experiments to closely compare the 
performance of using sensor data of different resolutions”



Further resources

Artificial Intelligence for Humanitarian Assistance and Disaster Response 
Workshop

https://www.hadr.ai/ 

https://www.hadr.ai/


Summary


