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Brief history of the CCC
• Until 1973, the federal government operated a “state climatologist” 

program – but in in 1973 this was abolished

• Later that same year, Colorado established the Colorado Climate 
Center at CSU with support through the Colorado Agricultural 
Experiment Station



COLORADO CLIMATE CENTER

Our mission
The Colorado Climate Center at 
CSU provides valuable climate 
expertise to the residents of the 
state through its threefold 
program of:

1) Climate Monitoring (data 
acquisition, analysis, and 
archiving) 
2) Climate Research
3) Climate Services 
(providing data, analysis, 
climate expertise, education 
and outreach)
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Annual average precipitation



Systematic weather data collection began in Colorado in the 
1870s and 1880s

Denver November 19-25, 1871



Weather reports began on Pikes Peak in 1873

Reports were sent by telegraph every few hours

Stories abounded in the national media of the rigors of Colorado Climate

Credit: NOAA Photo Library



By 1885, the initial “climatology” of Colorado was taking shape
The semiarid and highly variable nature 
of Colorado was identified quickly  --

in many ways similar to today..

Photo Credit:
NOAA Photo 
Library 



The goal back then was not 
to detect climate change –
but to simply define and 
describe the climate of our 
region



But 
“IT” 
was 
talked 
about 
even 
then
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So, what have we learned in the ~100 years 
of observations and research since this 
time?
Let’s first look at where we get our data...
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NWS Cooperative observer program – long-term measurements
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National Weather Service automated stations

Photo of an ASOS station

Map showing NWS stations (from mesowest.utah.edu)
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“Mesonets”
Oklahoma Mesonet
http://www.mesonet.org/
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q 85 stations
q 44 stations with 5-minute 

data

q interactive mapping 
through eRAMS

q includes 
q time series charts
q site photos

coagmet.colostate.edu

CoAgMET
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National Weather Service automated stations

Map showing NWS stations (from mesowest.utah.edu)
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NWS stations + CoAgMET + other networks

(from mesowest.utah.edu)
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SNOTEL (Snow telemetry)

Tower SNOTEL site (10,500 ft, near Steamboat)
https://www.wcc.nrcs.usda.gov/siteimages/825.jpg
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Remote sensing: radar and satellite

8 May 2017 hailstorm
https://twitter.com/NWSBoulder/status/993937075920625665

1 May 2018 storm in eastern Colorado
https://twitter.com/bill_line/status/991486848370466816

https://twitter.com/NWSBoulder/status/993937075920625665
https://twitter.com/bill_line/status/991486848370466816
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Mountains cause 
beam blockage 
for radars
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Upper-air data

Weather balloon launch during the PECAN 
field campaign, June 2015
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Putting them all together...

PRISM technique, prism.oregonstate.edu
NOAA multi-sensor precipitation analysis (radars + gauges)
(3 days ending 13 Sept 2013)



What Makes Our 
Colorado Climate
• High elevation (highest state by far) 
• Mid-Latitude location (lively seasonal 

changes) 
• Interior Continental Location far from 

moisture sources 
• Complex Mountain topography 
• Solar energy and seasonal cycles drive our 

climate



What have we learned 
from 130 years of 
continuous climate 
monitoring?



Colorado is a sunny place.
People like sunshine!
So does vegetation – to a point.

National Renewable Energy Laboratory:  www.nrel.gov



The winds blow, but not as persistently 
as some places



We always experience large 
seasonal and diurnal
temperature variations

Fruita, Colo.



Complex temperature variations 
due to elevation and topography

JANUARY

JULY

Usually colder in the mountains!





We get rain and snow – but 
often not enough



Seasonal 
precipitation in 
Colorado 
varies greatly 
from place to 
place

Month of maximum average precip
Data: PRISM Climate Group,
prism.oregonstate.edu



Year-to-Year Variations in 
Precipitation are Huge



No two years are ever the same
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Water Year 2018: One to forget!

3rd warmest water year on record for Colorado2nd driest water year on record for Colorado
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Water Year 2018: One to forget!

Data	gathered	by	Peter	Goble	(Colorado	Climate	Center)
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Water Year 2018: One to forget!
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Water Year 2019: Off to a better start, but still reasons for concern
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Water Year 2019: Off to a better start, but still reasons for concern
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Anemometer and 
wind vane: Wind 
speed, direction 
and gusts

Pyranometer: 
Solar radiation

Tipping 
bucket rain 
gage

Soil 
temperatures

Temperature/Humidity 
sensor in radiation 
shield

Solar panel 
powers the 
station when 
the sun 
shines

Data logger 

2 m

2 m

2 and 6 
inches 
below 
ground

1-3 m

Above all 
else facing 
South

About the stations
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q 85 stations
q 44 5-minute stations

q interactive mapping 

through eRAMS
q includes 

q time series charts
q site photos

coagmet.colostate.edu

CoAgMET



Growing 
season 
summaries at 
long-term 
stations: 
Lucerne 
(2017)

http://climate.colostate.edu/2
017ET/et_summary_lcn_ano
m.html

http://climate.colostate.edu/2017ET/et_summary_lcn_anom.html


Using the ET data, we 
can put each growing 
season into a historical 
perspective.  Very useful 
for drought monitoring!



(illustration to 
follow courtesy 
of Scott 
Denning, CSU 
ATS)



5 PM surface temperature = 15 �C = 60 �F 

Fall Night
in Colorado

radiation
emitted
by soil

390 W m-2

4 inches
= 10 cm



9 PM surface temperature = 15 �C = 60 
�F 

Fall Night
in Colorado

6 AM surface temperature = -60 �C = -78 �F 

radiation
emitted
by soil

390 W m-2

4 inches
= 10 cm



6 AM surface temperature = 5 �C = 40 �F 

Fall Night
in Colorado

radiation
emitted
by soil

390 W m-2

4 inches
= 10 cm

radiation
emitted
by air

340 W m-2



The strongest 
evidence for the

Greenhouse Effect

is that we can 
survive night!



What effects do gases like CO2 have?
• Doubling CO2 would add 

4 watts to every square 
meter of the surface of 
the Earth, 24/7

• Doing that would make 
the surface warmer

• This was known before 
light bulbs were 
invented!

4 Watts

1 m

1 m

John Tyndall, January 1863



�Scientists expect a warmer future because 
it’s been warming up recently�

WRONG!
It’s because we 

know that 
when we add 
heat to things, 
they warm up
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My background is in weather modeling and forecasting: how 
are weather & climate models different?

• They use the same basic physics: equations 
describing the motion of air

• They also use similar equations to represent 
processes like clouds, rain, etc.

• But there are some key aspects that are 
really important to one type of modeling and 
not so much to the other...
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http://www.karlkelman.com/ski-
pictures/loveland/lovebyrun/chairone/cats-meow/middle-cats-
meow-loveland-basin-2009-04-27.jpg

One example of a 
chaotic system Lorenz 
explains is a ski run with 
moguls – he suggested 
Cat’s Meow at Loveland 

Initial conditions 
are critical for 
weather 
forecasts!

http://www.karlkelman.com/ski-pictures/loveland/lovebyrun/chairone/cats-meow/middle-cats-meow-loveland-basin-2009-04-27.jpg


From Lorenz, The Essence of 
Chaos

Develop a model for a 
ski or board pushed 
from the top of the slope 
at a specified velocity 



Space the boards 10 
cm apart and push 
down the slope at 
identical velocity

From Lorenz, The Essence of 
Chaos



Now space them 1 
millimeter apart

It takes more 
time/distance, but the 
boards eventually 
diverge even in this 
situation

From Lorenz, The Essence of 
Chaos



But they all ended up at the 
bottom of the hill!

And if you pushed lots and 
lots of boards, you’d get a 
pretty good idea of where 
they tend to finish – this is 
akin to climate modeling, 
where you don’t care about 
the weather on a given day, 
but about the *statistics* of 
the weather over long time 
periods 

From Lorenz, The Essence of 
Chaos



And if you changed the 
steepness of the hill, or 
removed some of the 
moguls, you’d expect some 
rather different outcomes...

From Lorenz, The Essence of 
Chaos
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Ensembles of models
• In both weather and climate modeling, we want to use ‘ensembles’ – multiple 

models with some small changes to the initial conditions, or the parameters 
in the model – in principle this gives a good representation of the range of 
possible outcomes, best and worst case scenarios, etc. 



COLORADO CLIMATE CENTER

Ensembles of models
• In both weather and climate modeling, we want to use ‘ensembles’ – multiple 

models with some small changes to the initial conditions, or the parameters 
in the model – in principle this gives a good representation of the range of 
possible outcomes, best and worst case scenarios, etc. 



COLORADO 
CLIMATE
CENTER

Recommended reading –
some of the following is 

based on this report

http://wwa.colorado.edu/climate/co2014report/

http://wwa.colorado.edu/climate/co2014report/
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Statewide temperatures, 1895-2017
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Updated through 2017
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From Lukas et al. (2014), Climate Change in Colorado

Average 
temperature 
increase of 2.5-5℉, 
for middle-of-the-
road emissions 
scenario



Mean: 48.3 �F
Std Dev: 1.9�F
Warmest Year: 53.5�F (2012)     2017 was 2nd warmest at 52.4�F 2018: 51.2, 11th warmest
Coolest Year: 43.9�F (1912)



Lowest temperature of each year Highest temperature of each year



Number of below-zero nights Number of 90-degree days
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Trends around the state: 
temperature

From “Climate Change in Colorado” 
report, 2014: 

http://wwa.colorado.edu/climate/co
2014report/

http://wwa.colorado.edu/climate/co2014report/
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What does a 2-degree change in average temperature look like?

Daily high temperature (F)
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What does a 2-degree change in average temperature look like?

Daily high temperature (F)
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What does a 2-degree change in average temperature look like?

Daily high temperature (F)
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Precipitation is a lot more complicated...



Mean: 15.1”
Std Dev: 4.0”
Wettest Year: 28.28” (1961)
Driest Year: 7.13” (1893)

Note: these averages are over the entire 
record, rather than the 30-year window used 
for official normals



Mean: 48.1”
Std Dev: 18.3”
Record High: 114.0” (1979-80)
Record Low: 8.5” (1945-46)
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Trends around the state: 
precipitation

From “Climate Change in Colorado” 
report, 2014: 

http://wwa.colorado.edu/climate/co
2014report/

http://wwa.colorado.edu/climate/co2014report/
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Precipitation is a lot more complicated...

From Lukas et al. (2014), Climate Change in Colorado
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From Lukas et al. (2014), Climate Change in Colorado
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Climate change is water change
• Remember that even if precipitation doesn’t change (or increases 

slightly), higher temperatures...
• Cause more evaporation & evapotranspiration

– Puts stress on plants requiring irrigation; can reduce reservoir 
levels

– We have always had & will always have droughts in CO, but 
this could make them worse

• Can lead to earlier/faster spring snowmelt
– Changes the expected time of water availability in rivers
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What can be said 
about extreme 

events?

From National Academies Report, 2016, 
“Attribution of Extreme Weather Events in 

the context of Climate Change”

https://www.nap.edu/catalog/21852/attributi
on-of-extreme-weather-events-in-the-

context-of-climate-change

https://www.nap.edu/catalog/21852/attribution-of-extreme-weather-events-in-the-context-of-climate-change
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Summary (1)
• We’ve seen warming in Colorado across all seasons, with the largest trend 

since about 1980
• No long-term trends have been detected for statewide precipitation
• Peak snowpack (SWE) does not show a long-term trend, but the timing of the 

peak has shifted earlier, owing to both higher temperatures and dust-on-
snow

• Long-term warming is expected to continue (with high confidence); future 
changes in precipitation are much less certain

• For most types of extreme/hazardous weather, it remains challenging to 
establish a climate-change fingerprint, aside from decreased occurrence of 
very cold air
– Some, like wildland fire, likely have been influenced by climate change, 

but challenging to separate from other influences
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Summary (2)
• By 2050, the climate of Colorado will still be recognizable as the climate of 

Colorado:
– Plenty of snow in the mountains most winters
– Summers with warm days and (relatively) cool nights
– Highly variable precipitation from year to year
– Regular problems with droughts, floods, fires, water availability, and severe 

weather
• But:

– The snowpack is likely to melt earlier in the spring
– More frequent occurrence of warm weather, less frequent extreme cold
– When droughts happen, they may be worse (mainly owing to increased 

evaporation) – increasing threats to water supply
– Not clear what changes there will be to other hazards like extreme rainfall, 

severe weather, etc.
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And finally, the all-important question: 
“Do you have a rain gauge?” (and a 
snowboard!)



If you are interested in weather and the 
variations in precipitation, please join

the Community Collaborative Rain, Hail and 
Snow Network

http://www.cocorahs.org
or see me today

http://www.cocorahs.org/
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CoCoRaHS 
data in 
Hurricane 
Florence, 
September 
2018

35.05” in 7 days
Swansboro, NC
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CoCoRaHS 
data in 
Hurricane 
Florence, 
September 
2018

35.05” in 7 days
Swansboro, NC



Thank you! http://climate.colostate.edu/
russ.schumacher@colostate.edu

Follow us on Facebook and 
Twitter! @ColoradoClimate

http://climate.colostate.edu/
mailto:Russ.schumacher@colostate.edu






The annual cycle of
Colorado Temperatures



But this is how daily weather, over time, defines our climate



Seasonal Precipitation in Colorado 
varies greatly from place to place
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