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Elephant(s) in Room……
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John Tyndall



Hurricane Michael came ashore with Tyndall Air Force Base near the center of the 
storm. While Tyndall AFB is named for a different Tyndall, it was hard not to be 
reminded: That CO2 absorbs long wave radiation that would otherwise escape into 
space is an experimental observation. The original experiment was conducted by 
John Tyndall in an 1872 “Contributions to Molecular Physics in the Domain of 
Radiant Heat” paper.

And another interesting side note. Tyndall’s work was actually done in 1859. An 
American scientist, Eunice Foote had actually reached very similar conclusions in 
1856! The Smithsonian magazine discussed her work, and subsequent failure to get 
credit for what was one of the crucial findings of climate science in a 2016 article.

$$$ ~ 5 Billion

Tyndall….



No Fundamentals
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Why  me?

Lac Choiseul, Quebec, Canada



Why  me?



Mt Assiniboine

Alberta, Canada

North face/east ridge, 

1978



Peyto Glacier: 5 years of melting 2011-2016



Zortman-Landusky: May 2011 
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How does all this affect the 

Mining Industry?
1) Warmer temperatures-critical shoulder seasons

2) More intense precipitation events

3) More frequent drought conditions

4) More extreme weather events

5) Northern climate - loss of permafrost

6) Coastal and shipping - higher sea levels

7) Increasing health and safety concerns



What matters most for mines?

• More extreme weather/precipitation events

• More frequent drought conditions



More extreme weather events

Why?

1)



2) Arctic Sea Ice Loss ??



Increases in atmospheric 

blocking events (???) 

Montana, May 2011 (subject of this presentation)

Hurricane Sandy, October 2012 (?)

Alberta, Canada, June 2013

Central Colorado, September 2013

Houston, Texas, August 2017, Hurricane Harvey

Hurricane Florence, September 2018

Texas Flooding, October 2018 (?)





What does an extreme weather 

event at a  minesite look like?

Funny you should ask…

Zortman Landusky Minesite, 

May, 2011



Zortman and Landusky Mines - Facilities & Land Status Map



Zortman Mine – July 2005

Carter/Alder Gulch Waste Rock Dump



Carter/Alder Gulch WRD





Carter/Alder Gulch Storm 

Damage
Approximately 43,000 cubic M

Repair costs - $300,000 – 14M



Swift Gulch water treatment plant 

(completed, fall 2010)



Repair Cost Estimate: $ 252,000

Approximately 3.5 m





Various examples of site-wide 

road/infrastructure damage



$$

$375,000

+ 

equipment

Time

~$500,000

And, what did it cost?



It could be worse…



What matters most for mines?
More extreme weather events

More frequent drought conditions



In Austin, for example, 100-year rainfall amounts for 

24 hours increased as much as three inches up to 13 

inches. 100-year estimates around Houston 

increased from 13 inches to 18 inches and values 

previously classified as 100-year events are now 

much more frequent 25-year events.

(September 27, 2018)



October 17, 2018



September 19, 2019



More extreme weather events

1) Reclamation must be based on fundamental 

geomorphic principles

2) Water management and treatment 

infrastructure must be geared towards 20-

50% (site specific..) more intense storms

3) Mines should have plans in place for 

extraordinary flooding events to minimize 

costs and risks to site and public



Critical Shoulder Season Changes

1) Late season precipitation as rain

2) Early season precipitation as rain

3) Reclamation cover performance 

degraded

4) Earlier/later fire season considerations 



How to plan for more extreme weather?

Good question….

3 options (?), 2 suggestions

1) Rely on NOAA Storm Atlas numbers if current

2) Extrapolate from most recent NOAA Storm Atlas 

updates (Houston…100 year storm ≈ 25 year storm

3) Statistical evaluation from nearby station (?)

4) Remember: The climate is not stationary!

5) Pay attention to the science



Pay attention to the science….



More frequent drought conditions

1) Must be addressed through a detailed 

evaluation of Native Plant Species adapted to 

the anticipated site specific conditions

2) This detailed evaluation should develop a 

reclamation program that links these species 

to the microsites a geomorphology based 

landscape provides

3) Timing considerations for extreme events



But, that’s not all…

• Fires in 

the West!

Travel in the North!



Speaking of fires…



Arctic Sea Ice Loss/Blocking Events



“Evidence is mounting that Arctic sea ice loss can affect 

weather and climate throughout the Northern 

Hemisphere,” (Screen et al. 2018)

Washington Post, February 21, 2018





Blocking Events?

“Both the models and observations suggest this signal 

has only recently emerged from the background noise of 

natural variability”

So…the short answer 

is…we’re doing the 

experiment now.

There is no Plan(et) B



A couple other things to think about

• To what extent will operators be responsible for 

long term effects, which may impact water 

management that can be “clearly” projected, but 

are outside the range of normal longer term 

effects?

• What are the potential economic implications?

• What are the potential legal implications of 

these collective uncertainties?



Resources:
For general background and scientific info:

http://www.realclimate.org/index.php/archives/2007/05/start-here/

http://skepticalscience.com/Welcome-to-Skeptical-Science.html

https://www.aip.org/history/climate/index.htm

For an online course:

http://forecast.uchicago.edu/lectures.html

For current info:

http://www.climatecentral.org/

If you really want to be overwhelmed:

http://www.cambridge.org/us/academic/subjects/earth-and-
environmental-science/climatology-and-climate-change/principles-

planetary-climate?format=HB

http://www.realclimate.org/index.php/archives/2007/05/start-here/
http://skepticalscience.com/Welcome-to-Skeptical-Science.html
https://www.aip.org/history/climate/index.htm
http://www.climatecentral.org/
http://www.cambridge.org/us/academic/subjects/earth-and-environmental-science/climatology-and-climate-change/principles-planetary-climate?format=HB


Slide left blank to confuse you…
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The End

Any 

Questions??




