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OVERVIEW
What is Climate ?

Historic climate, natural variation,
and climate change

Global warming--humans and climate
(current status of the "debate")

How are other western states' water plans
handling climate change

What do we plan for ?
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WHAT IS CLIMATE  ?

Climate is the pattern of variation in temperature, humidity,
atmospheric pressure, wind, precipitation and other meteorological
variables in a given region over long  periods (~10-30 years).  

Weather is the variation in these parameters over the short-term 
(hours, days, weeks, months, a few years)

Climate is weather "averaged" over a longer time interval

2015 Montana Water Supply Initiative
Yellowstone River Basin



2015 Montana Water Supply Initiative
Yellowstone River Basin                                                               (What is Climate ?)

Climate   "drives" the Hydrologic Cycle 
that's why understanding and anticipating

climate change
is an important part of water planning



What controls Earth's climate  ?
- Astronomy (long-term cycles)

- Oceans  and circulation
(store, release, and 
re-distribute heat
and chemicals--CO2 )

- Atmosphere and processes
(same, but quicker interactions) 

-Volcanoes  (Krakatoa; Iceland; etc)

-Cryosphere (snow, ice, glaciers)

-Land (heat, moisture, life)
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Astronomy

-Earth's elliptical orbit
(eccentricity)

-Angle of Earth's axis 
(obliquity)

-Earth wobbles on axis
(precession)

Cause variation in solar energy
reaching Earth's surface:

-Short-term (seasons)
-Long-term (Pleistocene glaciation)
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13  glacial  stages
and   over   past 2.6 
million  years

Separated by warmer
inter-glacial periods

Last glacial advance 
ended about 11,000
to 14,000  years ago

Cyclic occurrence 
partially explained 
by astronomic

variation

HISTORIC CLIMATE and  CLIMATE CHANGE



Milankovitch Curves

Earth's wobble toward and
away from sun

(19,000 to 23,000 year cycle)

Earth's angle of tilt on axis
varies 22 to 24 degrees

(41,000 year cycle)

Earth's orbit varies from
circle to ellipse 

(100,000 year cycle)
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PARADISE VALLEY 
GLACIAL HISTORY

Large Ice-Cap Centered 
on Gardiner

MILL 
CREEK

TOM MINER Cr.

EIGHT MILE Cr.

Gardiner
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Paradise Valley would have
looked like this 20,000 years ago
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Glaciers melt and recede 
about  14,000 years ago --
every wherein Northern 
Hemisphere

For past 11,000 years we 
have been in a warm inter-
glacial period.



How do scientists know this earth history ?

Geologists, glaciologists, 
ecologists use a variety
of tools to examine
the past climate:

Proxy records:
--sediment cores (oceans and lakes)
--ice cores (glaciers and ice sheets)
--tree rings (paleohydrology)
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A key source of information on  historic greenhouse 
gas  concentrations and temperature:   ice cores



Global warming--humans and climate
(current status of the "debate")

--is there a  "legitimate debate" ?
climate science v.  climate deniers
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http://www.pbs.org/wgbh/pages/frontline/cli
mate-of-doubt/

http://illinoisreview.typepad.com/illinoisrevi
ew/2012/10/heartland-institutes-critique-of-
pbs-frontlines-climate-of-doubt.html

VIEW   WEBSITES for CURRENT
SUMMARY of "DEBATE"
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Temperature example:  Is the Earth cooling or warming ?
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Temperature example:
Is Earth cooling or warming? 



Are there "legitimate" climate SKEPTICS-- YES!
--peer review process  (ego and competition in the academic sector);
--scientific disagreement over key aspects of model predictions

Plenty  for scientists
to dig into and
disagree about--

and plenty for 
obfuscators and
deniers to snark
about
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“Settled Science” :  The process of SCIENCE  is never settled  !  Science             
only tells the best and most defensible story with 
available knowledge at a point in  time.

Can’t prove global
warming:     Science cannot “prove”   anything -- proof is exclusive

turf of math and logic.
Science can only reduce uncertainty about our    
knowledge  of the physical, chemical and biological world.
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Common  misunderstandings in the Debate

Science is a process and not a courtroom
trial where someone  wins and someone loses.



A key source of information on climate change (especially  
Temperature and CO2 ) is provided by ice cores from Antarctica
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Numerous ice-cores taken from multiple locations (to depths of 10,000 feet) 
that record past 400,000 to 800,000 years of earth's climate changes



Chemical analysis of ancient air trapped in ice provides
detailed record of earth's paleoclimate
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1950200,063 years ago

High resolution  temporal history of  CO2  and Temperature for last 800,00 years 

1950200,063 years ago800,063 years ago
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Which came first ?
Temperature increase ?

or
Increase in CO2  ?

DOES IT MATTER ?
(not really)
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At this point ice-core research indicates  
that when Temp and CO2 change,  initial 
increases occur nearly at the same time.  
Orbital changes may initiate the cooling 
(glaciation) or warming trend (de-
glaciation).  Once  trend is initiated, 
greenhouse gases strongly influence
rate and amount of  increase in 
temperature.
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Science is not based on consensus, but………….



HOW ARE WESTERN STATES
PLANNING for WATER RESOURCE EFFECTS 

of CLIMATE CHANGE ?

Wyoming
North and South Dakota
Idaho
Colorado
Washington
Oregon
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Water Plan Incorporates
Climate Change  ?

1:  Comprehensive/
Implementation

2:  Fragmented/unguided

3:  Limited

4:  Yet to incorporate into
water planning
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WYOMING
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IDAHO



SOUTH  DAKOTA

2015 Montana Water Supply Initiative
Yellowstone River Basin                     Western State’s Water Planning For Climate Change

NORTH  DAKOTA



COLORADO
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COLORADO



OREGON
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Drought Response Tools Available in Oregon
When the Governor makes a drought declaration, WRD may exercise emergency water rights authority,
generally for the duration of the declaration or one year, whichever comes first (unless the declaration is
renewed). In those cases, the Water Resources Department may:

1. Issue temporary emergency permits under an expedited process. The drought permits a e limited to   
replacement of water not available under a permanent water right.

2. Issue temporary transfers, authorizing changes in type of use, place of use, or point of diversion of an existing 
water right, including “split season” transfers.

3. Issue temporary instream leases to convert all or part of a water right to augment instream flow.

4. Approve special option agreements during  drought emergencies. Water used under the terms of an approved 
option or agreement may be used at locations, points of  diversion version, and for beneficial uses other than those 
described in the water right.

5. Authorize temporary substitution of a supplemental groundwater right for a primary surface water right.

6. Authorize temporary exchange of the source of water allowed under a water right, such as moving from a direct 
flow right to a stored water source; and

7. Grant preference of use to water rights for human or livestock consumption.

Note: Emergency actions involve a review process that includes an abbreviated public interest
determination and a test for injury to existing water rights. There is a specific set of reduced fees for many
of these transactions under Oregon Administrative Rules.
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WASHINGTON
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WASHINGTON
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WASHINGTON
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WASHINGTON
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Federal Government
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Yellowtail 
Dam

Bighorn 
Reservoir

Droughts of the present (2000's)  and past (1930's) provide insight into future  water  
availability  and water supply problems as climate warms:

Inflow to Bighorn Reservoir ( Kane, WY)  2001 to 2004 and 2006  one- half of long-term mean:
USBR  develops public process on modified reservoir operations to accommodate competing 
uses:  fish, hydropower,  boating and irrigation -- ongoing process.
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ANTICIPATED  EFFECTS of CLIMATE CHANGE
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Estimate of  Water Supply Sustainability 
with and without Global Warming
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What  range of climatic
variation do we plan for ?

Paleoclimate (tree-ring)
work  by 
Dr. Greg Pederson
(USGS) and associates



THE END



Climate and Discharge Variability – Corwin Springs
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Geography and Basin Characteristics

Forsyth
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Historic Streamflow and Variability
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