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Colorado Climate 
It gives and it takes back  

Water, that is 

Paonia Reservoir 
August 2012 



Topics we will cover today 

• Some history 
• What do we measure and why? 
• The Climate of Colorado 
• The September 2013 Floods 
• Where 2013 fit in the historic 

perspective 
• Recent climate and snowpack 

conditions  
 



First -- A short background 

• In 1973 the federal government abolished the 
“State Climatologist” program nationwide 
leaving Colorado without 

• Later that same year, Colorado re-established 
the State Climate program with support 
through the Colorado Agricultural Experiment 
Station at Colorado State University.  

 
 

 



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 education and outreach) 



Basically, we keep track of 
numbers  -- climate numbers 

-- lots and lots of numbers 
We are “Climate Accountants” 
  

and we LOVE IT! 



Monitoring our Climate 
• Elements: temperature, precipitation, snow, wind, solar, 

evaporation, soil temperatures, humidity, clouds, etc.  

Fort Collins CSU Historic Weather Station 
Continuous monitoring since the 1880s 



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 1890 a robust statewide weather reporting 
network was in place 



Each passing year has revealed 
more about the climate of our state 

–  
Spatial patterns,  
seasonal cycles,  

year to year variations 
 occasional wild extremes 

Long-term changes 



By 1885 initial “climatology” of Colorado 
was taking shape 

The semiarid and 
highly variable nature 
of Colorado was 
identified. 

Photo Credit: 
NOAA Photo 
Library  



 



 



 







The National Weather Service still faithfully 
maintains a “taken for granted” network of 
weather stations in Colorado and across the 
country – the Cooperative Observer Network 

Photo by Christopher Davey 



The NWS Cooperative Network is the only source of basic 
climate information (daily measurements of temperature 
and precipitation) that covers the entire country down to the 
local county scale with 120+ years of continuous observations. 



Many other sources of weather 
data have been added since the 

1970s      
CSU’s Colorado Agricultural 
Meteorological Network 
“CoAgMet” 

THANKS!!  to those of  
You who help support 
CoAgMet 



USDA, Natural Resources 
Conservation Service 

Typical NRCS Snotel Site 



And all the others collecting weather 
and climate data 



What have we 
learned from 125 

years of continuous 
climate monitoring?   



This is What Make’s Our 
Colorado Climate 

• High elevation (highest state in the 
Union – by far)  

• Mid-Latitude location (lively 
seasonal changes)  

• Interior Continental Location far 
from atmospheric moisture sources  

• Complex Mountain topography  
• Solar energy and seasonal cycles 

drive our climate 
 



I am happy to report that .  .  .  

 

Most aspects of our climate 
are not changing 



Because, these remain 
unchanged 

• High elevation (highest state in the 
Union – by far)  

• Mid-Latitude location (lively 
seasonal changes)  

• Interior Continental Location far 
from atmospheric moisture sources  

• Complex Mountain topography  
• Solar energy and seasonal cycles 

drive our climate 
 



Colorado has and will continue to 
be a bright and sunny place – 

most of the time 
and we’ll not be too hot or too cold 

– most of the time 

National Renewal Energy Laboratory:  www.nrel.gov 



The winds will blow, 
 but not as much as some places 

  



Large Seasonal and diurnal 
Temperature Variations will 

continue 

Fruita, Colo. 

http://ccc.atmos.colostate.edu/~hail/cool/art/images/leaves1-5-24-2002_jpg.jpg


Nice smooth graphs like this of average monthly 
temperatures – this is a way of looking at 
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But this is how daily weather, over time, defines our climate 



 

Can you tell which stations on this  
graph are in southern California? 



Complex local variations due to 
elevation and topography 

JANUARY 

JULY 

Usually colder in the mountains! 

http://www.prism.oregonstate.edu/products/viewer.phtml?file=/pub/prism/us_30s/graphics/tmax/Normals/us_tmax_1971_2000.01.png&year=1971_2000&vartype=tmax&month=01&status=final&zoom=yes
http://www.prism.oregonstate.edu/products/viewer.phtml?file=/pub/prism/us_30s/graphics/tmax/Normals/us_tmax_1971_2000.07.png&year=1971_2000&vartype=tmax&month=07&status=final&zoom=yes


We’ll still get rain and snow – 
but often not enough 



Show Colorado PRISM map of 
average annual precip  

 



 

We’ll still get some of this 
moisture as snow 



Most Surface Water Supplies in 
Colorado Come From Mountain 

Snowmelt  



Precipitation in Colorado will still  
vary greatly from place to place 

with changing seasons 
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Variability will drive us crazy 
and keep us humble 

 

No two years are ever the same 

Note:  These data are REAL!! 





And sometimes Drought 
 will just about put us under  
and make us really irritable 

Photo by Lyric Lucero 
2013   Manzanola, CO 





Our ongoing journey 
 

In and out of Drought 
 

by way of the U.S. 
Drought Monitor 































 





We thought the dustbowl days 
were over,  
but . . . . . 

Photo by Lyric Lucero 
Manzanola, CO 
June 2013 



Highlights of the 2013 Water Year  
in Colorado 

-- After the wicked heat in 2012, 2013 was “back 
to normal” 
 
-- Dry winter in the mountains –  troubles ahead?  
 
-- helpful late winter/spring snow over Northern 
Colorado (cool springs usually good for water 
and ag) but drought held firmly in S. Colorado 
 
-- Summer rains – even some rain in SE Colorado 
 
-- Floods of Sept 2013 



 



A closer look at our climate in action 



Water Year 2013 Temperature Departures 
From 1981-2010 Average 



CoAgMet Temperatures  
Kersey, Colorado 

Cowdrey, Colorado 



 
After a slow start to 
the snowpack 
accumulation, April 
storms brought the 
South Platte Basin 
above average 

Water 
Year 
2013 



The southern 
mountains 
didn’t benefit 
from the late 
season 
storms. 

Water 
Year 
2013 



 
Colorado River Basin 
peaked at 93% of the 
average 



San Juan Basin peak 
was only 74% of 
average 



Streamflow–  
the Great Climate Integrator 



Streamflow is concentrated into just a few 
weeks each year when the snow melts 
 
So it shouldn’t be surprising why reservoirs are 
so important for our socio-economic well being 

It’s almost 
showtime! 



 



 



 



 



What we learn from 
monitoring 



Some 
beneficial 
storms hit 
the plains 
in late 
March. 



Mar 2013 Percent of Normal 

 



April the 
mountains 
finally 
started 
getting 
storms. 



Apr 2013 Percent of Normal 

 



Early May 
brought 
more 
storms to 
the 
mountains 



May 2013 Percent of Normal 

 



At the end of 
May, we were 
back to near 
normal in the 
mountains and 
northern Front 
Range! 



June brought another round of hot and dry weather 
for much of the state, while SE Colorado received 
some beneficial rains. 



Jun 2013 Percent of Normal 

 



July the monsoon started! 



Jul 2013 Percent of Normal 

 



And 
continued in 
August for 
much of  
the state 



Aug 2013 Percent of Normal 

 



 
 

And then -- -- -- 
The 2013 Colorado 

Floods 



More on this, soon 

Over 1,000% of Sep precip 



Sep 2013 Percent of Normal 

 



Let’s Look Closer at the September floods! 

Photo Credit: Henry Reges 



CO 

Case Study of Colorado Flood Event 
GOES Imagery with NEXRAD Radar 

Overlays 
Hourly animation: 9 – 15 Sept 2013 

Base reflectivity contours in 
dBZ 
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Rains came first to the W Slope 
Sept. 7-8 and spilled over to the 

Front Range later on the 9th 

Credit: 
thedenverchannel co

 



After the Sept 9 T-storms, low stratus 
upslope developed along the Front Range 

Credit: Henry 
Reges 

We call it 
“Upslope” 



By Sept 11, 2013 ingredients for 
very heavy rains were in place 

 

 (Image from Western Water Assesment  
Satellite image: CIMSS, University of Wisconsin) 



Total Atmospheric Precipitable 
water over Denver from 1948 - 

2012 







 



 



 



 



 





Unlike many past floods, this time we  
have a very good idea how much rain 
fell – thanks to nearly 
2,500 rain gauges!!! 





Storm-total Rainfall, north central Colorado, Sep 8-17, 
2013 

This storm is 
likely one of  
the 3-5 
largest 
rain/flood 
events in 
Colorado’s 
measured 
history back 
to the late 
1890s 



These day are preliminary – use only for 
general assessment 



New Colorado one-day 
rainfall record set 12 

Sep 2013 

• Fort Carson Rod and Gun observing 
station 

  -- 11.85” calendar day total 
  --  12.46” for 24-hour period ending 
 9 AM Sep 13, 2013 



For some of us this was a catastrophic life-changing 
event, but for most of us it was relief from drought 



Drought Monitor 

 

Status at end of 2013 Water Year 



Lucerne Reference ET 

 
Water loss to evapotranspiration was much  
closer to average in 2013 that the  
extreme year of 2012 





•September 2013 
Colorado Floods 
Rainfall Report 
Coming Soon 



2013 in Historical Perspective 



Colorado Precipitation in Historic Perspective 

Water Year 2013 is 47th wettest year on record (Period of Record 1895-2013) 

0.3 inches above 1901-2000 average 



How were Temperatures? 

 



Colorado Mean Winter (DJF) Temperatures 

36th Coldest Winter (1895-2013) 

1.4 degrees below average 



Colorado Mean Spring (MAM) Temperatures 

42nd Coldest Spring (1895-2013) 

0.5 degrees below average 



Colorado Mean Summer (JJA) Temperatures 

Summer 2013 was 11th Warmest Summer (1895-2013) 

2.5 degrees above average 



Colorado Mean Autumn (SON) Temperatures 

Fall 2013 was 39th Warmest Autumn (1895-2013) 

0.8 degrees above 1901-2000 average 



Colorado Temperature in a historic perspective 

Water Year 2013 is 33rd warmest year on record (Period of Record 1895-2013) 

0.8 degrees above 1901-2000 average 



 



 



Water Year 2014 so far 

 



Snowcover and Temperature in 
SLV 

 





 















Division 1 – Grand Lake 1NW  



As best we are able, we 
also try to help decision 

makers look ahead. 



MARCH, APRIL, MAY 
OUTLOOK 

Temperature                                 Precipitation 



JUNE, JULY, AUGUST 
OUTLOOK 

Temperature                                 Precipitation 



SEP, OCT, NOV OUTLOOK 

Temperature                                 Precipitation 



WITH THE SNOW WE 
CURRENTLY HAVE ON THE 
GROUND HERE AND IN 
THE MOUNTAINS, AND 
THE UNCERTAIN SPRING 
FORECAST, IT LOOKS LIKE 
OUR WATER SUPPLY WILL 
BE OK FOR THIS YEAR. 



NO GUARANTEES AFTER 
THAT 



Weekly Climate Updates 
Available Upper Colorado 

Regional Drought Early Warning 

Down 16% 
from last 
week 



If you’re tired of getting 
so few e-mails and would 
like one or two each week 

 
Give me your business 
card today, and we can 
put you on our weekly 

update list 



So . . . . .  
Are we seeing any long term 
changes here in Colorado? 



 

The changes we’ve observed so  
far in our local climate are fairly 

modest and  masked by  
year to year variations 



 



Some trends are more attention grabbing 





But this challenge isn’t going away 



And whatever comes next  
is sure to be “very interesting” 



From the best available 
scientific understanding, 

warming is likely to 
continue and accelerate. 



Projections: Temperature near Steamboat 

Summers warm 
more than winters 

Average summer 
temps similar to 

hottest days in the 
past few years 

Earlier spring 

Model Projections 

Observations 

Range of 
projections 

Historical 
range 
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Projected annual temperatures, 1950-2100 for 
northern Colorado, including Denver 

Source:  Jeff Lukas, Western Water Assessment; Projections data available from http://gdo-dcp.ucllnl.org/;   
     Observed data available from PRISM, http://www.cefa.dri.edu/Westmap/  
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+4ºF by 
2050 vs. 
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http://gdo-dcp.ucllnl.org/
http://www.cefa.dri.edu/Westmap/


The future will unfold and we 
can observer it together 

http://climatetrends.colostate.edu 



• The future of Colorado rainfall 
and snowfall is very uncertain!  
-- maybe wetter, maybe drier, 
maybe more extreme (and it’s 
already wildly variable) 



So  .  .  My question is 
“Do you have a rain 

gauge?”  



1)  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/


CoCoRaHS (Community Collaborative 
Rain, Hail and Snow) – A simple but 
effective way to help scientists track 
our climate  

http://www.cocorahs.org  

Rain! Hail! 
Snow! 



Mapping our water as it lands: 
-The Value of Volunteers with 

Gauges -- 
 Rainfall for 24-hours ending 

7 AM  13 September 2013 



































Join Us!     Tell others! 
We need rural observers 

Support for this project provided by NOAA Environmental 
Literacy Program and many local charter sponsors. 

http://www.cocorahs.org  



For information and to 
volunteer, visit the CoCoRaHS 

Web Site 
 

Support for this project provided by  
NSF Informal Science Education Program,  
NOAA Environmental Literacy Program 
and 
many local charter sponsors. 

http://www.cocorahs.org  



Colorado: It’s a great place  
but we have to be ready for 

anything 

Photo by Lynn Kral, Loveland, January 2006 



Colorado Climate Center 

Data and Power Point Presentations 
available for downloading 
 

http://ccc.atmos.colostate.edu  
–  Click on “Presentations” 
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