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mg S Data mining winter climate



from movie Limitless (2011), stocks trading scene
.y

(a dose of superpower — big data)
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Late December 2017, from financial news

BEST STATES

Rising Energy Costs Eyed
Amid Brutal Cold Snap

Gripping US

Plunging temperatures across half the US

Arctic cold air intruding

underscore stark reality heating aid dollars won't go

as far this winter because of rising energy c

osts;

Coldest New Year in 50 years

U.S. natural gas price shooting up!




Subscribe HDD/CDD Forecast Weather Maps Satellite Machine Learning/Al Nat Gas Use Contact

This Weeks Nat Gas Demand

Image of t

MODERATE
NatGasWeather.com Releases Machine Learning/Artificial s Services! For a free
trial or complementary report, email us at helpdesk@natga

00Z GFS Ensemble vs

July 9-15: The Southern US remains hot with highs
of 90s from Texas to the Southeast, 100s over the
Southwest, although with heavy showers over the
Southeast for local cooling. Hot high pressure over
the southern US will expand to include the northern
US the next couple days with highs of upper 80s to
near 90°F returning from Chicago to NYC, then
cooling back down a few degrees late in the week as

a weather system tracks through. The West will be

| European Data Notably Ha

very warm to hot besides the Northwest where -

Total Degree Days




A small team of traders at Goldman Sachs
made $100 million betting on natural gas —

Dakin Campbell Oct. 8, 2018, 7:00 AM BUSINESS

INSIDER

Natural-gas prices set records in early January when below-
average temperatures accompanied by snowstorms dubbed the
"bomb cyclone" led to soaring demand for the commodity,



erature Departure from Average

5-day Forecast Average
> GFS 0.25°x0.25°

Tuesday, J:

Che Washington Post

Business ¢ Analysis

The Bomb Cyclone Breezes

Into the Natural Gas Market:
Gadfly

Jan 4, 2018
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5-day Forecast Average
Tuesday, J . /|
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NOTE: that the map includes both active and inactive fields.
SOURCE: EIA Energy Mapping System; EIA-191 Monthly Underground Gas Storage Report July

Weekly Lower 48 working natural gas in underground storage (2013-2013)
billion cubic feet (Bcf)
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NOTE: that the map includes both active and inactive fields.
SOURCE: EIA Energy Mapping System; EIA-191 Monthly Underground Gas Storage Report July
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NOTE: that the map includes both ac

tive and inactive fields.
SOURCE: EIA Energy Mapping System; EIA-191 Monthly Underground Gas Storage Report July

Underground Natural Gas Storage Levels
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N.gas price affected
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UNG

United States Natural Gas Fund

$39.69

+$8.95 (33.47%) PAST MONTH




B
0.6 |
77
A
S

- e
0.6

’I

N\\ Winter (NDJ) HGT250

-

correlated with min
natural gas storage
1975-2018 detrend

RN
b\

detrended




2 0 1 3 1 . I winter HGT250 correlation with spring Natural Gas storage: 1975-2018
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2013-14 winter HGT anomaly
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2013-14 anomaly

correlation = -0.85

\

NDJ Index of
Circulation Pattern

March Minimum of
Natural Gas Storage 2005




North American Multi-Model Ensemble Teleconference

Assessment of variances and NAD-NorcCal precipitation relationship in NMME forecast
April 4, 2019 Drs. Huug van den Dool and Emily Becker of Climate Prediction Center (CPC)

North American Dipole (NAD)’s seasonal predictability by NMME

CPC NMME Lead Dr. Becker explored the relationship
between northern California (NorCal) precipitation and
“"North American Dipole” (NAD), a peak/trough of
stationary wave pattern revealed in an early work by
Wang et al. (2014). Her study demonstrated the
relationship between DJF NAD index and NorCal
precipitation was fairly strong (r=-0.55, Fig. 1 top

panel) in observation and even stronger (r=-0.88) in
NMME ensemble mean forecast ' '

N. Ca. precip, observed

-1 0 1
NMME fcst dipole index




Has winter become colder?

- Natural Gas Storage

ISR







Dipole, what is it?

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

* dipole “spells” North American wintertime stationary waves



T 1000
Winter of North America o

is climatologically divided!
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What’s winter
stationary wave?

Jet streams in an aqua
planet (no mountain)

v gl

-l
topography induces waves



Jet stream + orography =
stationary waves

POLVANI ET AL. (1999)




Jet stream and orography

+ tropical heating

Full-heat orographic exp.
by Chang, E. (2009)

Extratropical heating + orographic exp.
by Chang, E. (2009)



the dipole:
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CESM Large Ensemble (x40):
8500 30-yr dipole variance

8000

7500

and could keep amplifying
7000“"“”"” ‘II‘II‘II (Tang and Wang 2019)
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Geophysical Research Letters

: CHANGE IN THE LEADING MODE OF NORTH AMERICA’S WINTERTIME
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and many more...

Is climate change implicated in the
2013-2014 California drought? A
hydrologic perspective

Yixin Mao, Bart Nijssen, Dennis P.
Lettenmaier
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by
Yu-Tang Chien
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and the winter of 2014

Naaatal

Commentary
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* HiLat region
e Jet stream (Tibet)
* Cloud/convection

* Ocean heat




Will the amplified
dipole further
stress the U.S.

natural-gas supply
& its market?

correlation = -0.85




:' frontiers
in Big Data

Data-driven Climate Sciences

BRIEF RESEARCH REPORT ARTICLE 0
Front. Big Data, 20 June 2019 | https://doi.org/10.3389/fdata.2019.00020

Check for
updates

Data Mining Climate Variability as an
Indicator of U.S. Natural Gas

ﬂ Jacob Stuivenvolt-Allen and Simon S.-Y. Wang*

Department of Plants, Soils and Climate, Utah Climate Center, Utah State University, Logan,
UT, United States
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Check for
updates

Data Mining Climate Variability as an
Indicator of U.S. Natural Gas

ﬂ Jacob Stuivenvolt-Allen and Simon S.-Y. Wang*

Department of Plants, Soils and Climate, Utah Climate Center, Utah State University, Logan,
UT, United States




(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.
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Front. Big Data, 20 June 2019 | https://doi.org/10.3389/fdata.2019.00020

Check for
updates

Data Mining Climate Variability as an
Indicator of U.S. Natural Gas

ﬂ Jacob Stuivenvolt-Allen and Simon S.-Y. Wang*

Department of Plants, Soils and Climate, Utah Climate Center, Utah State University, Logan,
UT, United States
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Che Washington Post

Business ¢ Analysis

The Bomb Cyclone Breezes

Into the Natural Gas Market:
Gadfly

Jan 4, 2018
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Extreme winter cyclones significantly impact energy in the Bbecia o the Amaricin Plotesvalogheal Sodety
United States. The January 2018 “Bomb Cyclone”

highlighted the pathway in which similarly intense winter

cyclones amplify the fluctuation in domestic energy use.

January 2018 Bomb Cyclone: a resounding shockwave for U.S.

natural gas and energy

Jacob Stuivenvolt-Allen and Simon S.-Y. Wang

Department of Plants, Soils and Climate, Utah Climate Center, Utah State University, Logan
UT, USA




(a) MSLP anomaly (hPa)
2018:1:4:0 2018:1:4:12

) anuary 2018 Bomb Cyclone: a resounding shockwave for U.S.

Developed criteria for tracking natural gas and energy

Jacob Stuivenvolt-Allen and Simon S.-Y. Wang

Department of Plants, Soils and Climate, Utah Climate Center, Utah State University, Logan
UT, USA



(a) NCEP lowest winter cyclone mslp anomaly (d) Minimum winter cyclone correlation with z250
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What’s next?

More climate?

- Economics?

Trading?

)

)

e N Amer e Bomb e Natural Making money?
Dipole cyclone gas
index market
N y J




Users are

everywhere!

Nat Gas Weather

https://www.natgasweather.com/ v

US Natural Gas Weather Forecast. NatGasWeather.com provides daily weather forecasts focused on

the nat gas industry, specifically how coming weather patterns will effect heating demand and
potentially prices. ... For companies wishing to subscribe, the price is $249 for up to 8 employees

receiving all subscription benefits ...
You've visited this page 2 times. Last visit: 3/4/19

CPC/NOAA 8-14 Day Outlook
CPC/NOAA 8-14 Day Outlook.
Climate Prediction Center 8-14 ...

NatGasWeather

Monday, July 8: Since the weather
data didn't back off on hotter ...

Current Weather Conditions
Current Weather Conditions. About
NatGas Weather. Natural Gas ...

More results from natgasweather.com »

CPC/NOAA 6-10 Day Outlook

Climate Prediction Center 6-10 Day
Temperature Outlook ...

7-Day Temperature Departure ...
7-Day Temperature Departure From
Normal. Current. Day 1 ...

15-Day Low Temperature ...
15-Day Low Temperature Forecasts.
Day 1 Low ...



