
Improvements in high volume hydraulic fracturing, i.e., "fracking", which 
allows the development of shale gas, have changed the energy landscape. 
However, fracking can potentially contaminate environment. The biggest 
concern is the escape of methane into surface and ground waters. 
Collaborating with geoscientists, we aim at detecting the outlier water 
samples with high methane values, which could indicate gas leakage.

Why not just measure methane? Samples with extreme methane 
concentration are often trivial outliers that are already known (i.e., due to 
a serious well leakage). We are more interested in detecting non-trivial, 
local outliers for unknown leakage. 

A straightforward solution: Build a regression model using features to 
predict methane concentration. Use the prediction error as outlier score.

• Methane  = f (distance to gas well) + g (land type) + h (time) + ...
• But, the contextual features may not be informative enough to learn a 

reliable regression model. Many determining factors are either 
unknown (e.g., underground geology) or not well documented (e.g., 
anthropogenic activities like coal mining, industrial waste, and old 
residential houses).

Our Solution: contextual spatial outlier detection, i.e., compare a sample 
with its contextual neighbors
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The detected outlier is similar to its neighbors in contextual attributes such as spatial location, square feet and 
lot square feet, but its sold price is much higher. In addition, Zestimate value provided by Zillow also suggests 
that this is an outlier ($234,056 Zestimate vs. $580,000 sold price).
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House 1 Sold price: $715K 
Global outlier score: 0.63 (high)
Neighbors: low global outlier scores  
homogeneous neighborhood
Local outlier score: 0.93 (high)  outlier 

Case Study on Zillow House Dataset

Methane value of the detected outlier 
(blue balloon) ranks 66/1645 (top 
4.0%) globally, and ranks 8/300 (top 
2.6%) in neighbors (red dots). The 
detected outlier is only 1km 
downstream from a site where we 
know that methane leaked into three 
homes  (pink balloons) [3]. This 
outlier location could also be affected 
by the upstream gas wells. 

Case Study on Water Dataset

Quantitative Evaluation

House 2 Sold price: $949K
Global outlier score: 0.45 (high)
Neighbors: high global outlier scores  
heterogeneous neighborhood (house prices 
range from $15K to $90K)
Local outlier score: 0.32 (low)  non outlier

Learn more about our work: https://faculty.ist.psu.edu/jessieli/ 
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(b) Metric learning
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(c) Robust metric learning

0

100k

200k

300k

400k

500k

600k

700k

800k

900k

Pr
ic

e 
($

)

0.75 0.70

0.700

0.675

0.650

0.625

0
150k
300k
450k
600k
750k
900k

Pr
ic

e 
($

)

0.75 0.70

0.700

0.675

0.650

0.625

0.0

0.2

0.4

0.6

0.8

1.0

G
lo

ba
l o

ut
lie

r s
co

re

0.75 0.70

0.700

0.675

0.650

0.625

0.0

0.2

0.4

0.6

0.8

1.0

O
ut

lie
r s

co
re

 
w

ith
 lo

ca
l c

on
fid

en
ce

1.0 0.8
0.2

0.1

0.0

0.1

0
150k
300k
450k
600k
750k
900k

Pr
ic

e 
($

)

1.0 0.8
0.2

0.1

0.0

0.1

0.0

0.2

0.4

0.6

0.8

1.0

G
lo

ba
l o

ut
lie

r s
co

re

1.0 0.8
0.2

0.1

0.0

0.1

0.0

0.2

0.4

0.6

0.8

1.0

O
ut

lie
r s

co
re

 
w

ith
 lo

ca
l c

on
fid

en
ce


