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Background

Permafrost generates an impermeable layer between the surface and subsurface, 
the melting of excess ground ice leads to the formation and expansion of a lake.

Muster et al. 2013



Background

Necsoiu et al. 2013 found lake surface 
area in Kobuk Valley National Park 
decreased 0.5% 1951-1978 and 5.5% 
1978-2005

● Can we replicate these results at a 
higher latitudes, 300km north?



Location of Study Area

Utqiagvik, Alaska:

1. In a continuous permafrost zone
2. Has a large sample size of lakes 

in a small area
3. Is located close to a temperature 

measurement station 

...also most Northern city in the USA
Utqiagvik



Location of Study Area



Objectives

The objectives of this project are:

(1) to identify changes in the size and abundance of lakes 
in permafrost regions by looking at a study location near 
Utqiagvik, Alaska.

(2) to determine if lake size and abundance vary with 
temperature changes over time

(3) to predict future lake size and abundance based on 
2013-2021 data



Raw temperature data

Data from Hinzman et al. 2014, recorded at Site A, Barrow Environmental Observatory 
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Monthly and annual temperature variation

Data ends
Feb 2017

Data starts
June 2013

Hinzman et al 2014 hourly data 2013-2017



Time Series Analysis-Temperature
Hinzman et al. 2014 hourly temperature 
data at 140cm.

Fourier transform applied to data (right).



Eliminating periodic variations

(Day variation top right, year bottom left)

Day: 1.16*10^-5Hz, Year: 3.17*10^-8Hz



Regression Plots

Clear temperature increase- 
4 degree increase from 01 
Jan 2014-01 Jan 2017

May be exaggerated:

1. Not long enough time 
series, so removal of 
periodic variation may 
not be efficient

2. Slight lag in temperature 
over year



Moving Average

Moving average of temperature was 
computed for the average over one month 
and one year.



Prediction for the future How long until 
Utqiagvik can market 
itself as a blue 
lagoon?Extrapolating our temperature anomaly, the water will start to boil in 

about 2070, leading to likely dramatic reduction in lake surface area as a 
percentage of total area



Lake Prediction: Unsupervised

2013 20212014

Data: Landsat 8 TOA 
Processing:
● Calculate cloud mask and NDWI (normalized difference 

water index) for each image
● Calculate yearly mean NDWI over cloud-free pixels for all 

images in June-August (least snow/ice during that time 
period)

Clustering: KMeans with 2 classes (GEE Implementation) 
Result: % of area covered by lakes by year

Non-Water

Water



Landsat 8 RGB (July-August Mean)  

Landsat 8 NDWI (July-August Mean) 

KMeans Classification



Lake Prediction: Supervised
Training Area

Non-Water

Water

Train Classify
Data: Landsat 8 raw
Processing: 
● GEE Landsat SimpleComposite function
● Processes and selects least cloudy scene (Jun-Aug) for each year

Classification: SVM (Support Vector Machine)
Result: % of area covered by lakes by year



Comparison of classification results
2016-2018



Spotlight 2018 Spike



Spotlight 2018 Spike

Water Loss Water Gain



Discussion



What did we learn?



Challenges



Future Directions



Conclusion
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Machine Learning: Supervised

Training Area Water Loss Water Gain


