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Making $ - Data mining winter climate 
variability for the U.S. natural gas market



from movie Limitless (2011), stocks trading scene

(a dose of superpower – big data)



Late December 2017, a financial news



Late December 2017, from financial news

Arctic cold air intruding

Coldest New Year in 50 years

U.S. natural gas price shooting up!



A major energy stock (WPX)

Medium-range weather 
forecast driving price?

New Year 
cold spell~20% gain







2014 January “polar vortex”

2015 February “energy crisis”.

2018 Jan



2014 super cold

來自「北極暖化全球震盪。美國科學人雜
誌第 155 期」的資訊:

…美國猶他州立大學的王世宇與研究團隊
發現，那段時期北美洲上空的噴射氣流為
史上最劇烈起伏的形態。





Underground Natural Gas Storage
to ensure reliable and responsive delivery



Underground Natural Gas Storage
weekly levels ⇑

Active 
trading
starts
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U.S. Underground Natural Gas Storage Levels

Minimal level
(~March)
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natural gas spot price

cold winters, high priceN.gas price affected by 
cold winters and 
compounded by market
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Climate control?
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Winter (NDJ) HGT250 
correlated with min 
natural gas storage 
1975-2018 detrend

detrended



2013-14 winter HGT anomaly



2013-14 winter HGT anomaly



2013-14 winter HGT anomaly

correlation ≈ −0.65

U.S. Natural Gas Storage



2013-14 anomaly

March Minimum of 
Natural Gas Storage

NDJ Index of 
Circulation Pattern

correlation ≈ −0.85
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North American Dipole (NAD)’s seasonal predictability by NMME



Has winter become colder?

− Natural Gas Storage





• “dipole” is not a new mode (but it has grown)

• dipole “spells” North American wintertime stationary waves

Dipole, what is it? 
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is climatologically divided!

Winter of North America



Billion-Dollar	Disasters	By	State	(CPI-Adjusted)

Drought				|																				Freeze
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What’s winter 
stationary wave?

Jet streams in an aqua 
planet (no mountain)

topography induces waves



Jet stream + orography =
stationary waves

POLVANI ET AL. (1999)



Jet stream and orography

+ tropical heating

+ extra-tropical heating



Jet stream and orography + heating

mean state: variability:

the dipole:

+
=



the dipole has amplified

250-hPa GHP difference



CESM Large Ensemble (x40):
30-yr dipole variance

and could keep amplifying
(Tang and Wang 2019)



Attributing the dipole to climate change is hard.  
細節就略過吧…



• HiLat region

• Jet stream (Tibet)

• Cloud/convection

• Ocean heat

• …



Will the amplified 
dipole further 
stress the U.S. 

natural-gas supply 
& its market? 

winter dipole index

1977 --------------------------------------------2018Q







(A) Correlation map of GPH at 250 
hPa correlated with March 

(minimum annual) NG storage from 
1990 to 2018. (B) GPH at 250 hPa 

correlated with residential and 
commercial NG consumption for 
November through January from 

1978 to 2018. (C) GPH at 250 hPa 
correlated with Kuroshio region SST 
for November through January from 

1950 to 2014 (from twentieth 
Century Reanalysis). (D) SST 

correlation with NG March storage 
from 1990 to 2018. (E) SST 

correlated with residential and 
commercial consumption from 1973 
to 2018. (F) SST correlated with the 

NAWD index from November 
through January from 1950 to 2014. 

The linear trend has been removed 
from all data.







Capsule abstract:
Extreme winter cyclones significantly impact energy in the 
United States. The January 2018 “Bomb Cyclone” 
highlighted the pathway in which similarly intense winter 
cyclones amplify the fluctuation in domestic energy use. 

(in review)



Developed criteria for tracking



Cyclone intensity



(in review)

Climate

• N Amer 
Dipole 
index

Weather

• Bomb 
cyclone

Energy

• Natural 
gas 
market



Climate

• N Amer 
Dipole 
index

Weather

• Bomb 
cyclone

Energy

• Natural 
gas 
market

More climate?
Economics?
Trading?
Making money?

What’s next?



Users are 
everywhere!


