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““I need Weather I need Weather 
and Climate Dataand Climate Data””



Systematic weather data collection 
began in Colorado in the 1870s

Denver November 19Denver November 19--25, 187125, 1871



In the 1880s the 
Colorado legislature 

approved and 
funded the 
“Colorado 

Meteorological 
Association” to 

better monitor and 
document the 

climatic resources of 
our young state.



In 1890 the USDA took over the 
responsibilities of climate 

monitoring on a national level, and 
the first civilian weather service 

was formed –
the U.S. Weather Bureau



Colorado Weather Stations in 1890



In the 1930s growth of civilian 
aviation created a new need for 

timely weather observations



Airways Weather Observations



The US Weather Bureau was transferred to 
the Department of Commerce in the 1940s



The U.S. Weather Bureau/National Weather 
Service has faithfully maintained an oft taken for 
granted network of weather stations in Colorado 

and across the country – the Cooperative 
Observer Network

Photo by Christopher Davey



From Kelly Redmond, WRCC

The NWS stations remain the 
backbone network for long-

term climate monitoring



Automation of some weather 
observations began in the 1970s



As a result of automation, many other organizations 
have gotten involved in weather measurements

» (show your slide of assorted weather stations by 
various orgs.)



Weather data are important for 
many and varied applications



National Weather Service 
Cooperative Weather Stations

Cooperative Weather Stations

in Colorado

Cooperative Weather Station

http://www.wrcc.dri.edu/summary/Climsmco.html



Holyoke NWS Cooperative Site



Award ceremony (9/19/07) to Sedgwick 4SE 
cooperative observer – Congratulations on 

60 years of observations!

Layton Munson (center)



NCDC’s
Climatological 

Data
publication for 

Colorado

http://www7.ncdc.noaa.gov/IPS/



Colorado Average Annual Precipitation Map



National Weather Service Automated 
Surface Observing System (ASOS)

Denver International Airport ASOS, 
Photo courtesy of the National Weather Service



Example F-6 
form from 

Denver Intl 
Airport for 
July 2005

http://www.crh.noaa.gov/den



CoAgMet
Weather Data for Agriculture

• Automated weather 
stations with daily and 
hourly readings of:
– Temperature
– Humidity
– Wind
– Precipitation
– Solar energy
– Evapotranspiration

http://www.coagmet.com



Coagmet map

COLORADO



Center, Colo., CoAgMet Daily Values
of Temperature and Solar Radiation



Kersey CoAgMet Temperature
Sep 2005-2006

Sep 2006-2007



Burlington South



USDA, Natural Resources 
Conservation Service

NRCS Snotel Sites for Colorado

Typical NRCS Snotel Site



NRCS Colorado Streamflow Forecast
http://www.co.nrcs.usda.gov/

Colorado



University Camp Snotel WY2007

• University camp and 
Steamboat (tower/ dry 
lake)

http://www.wcc.nrcs.usda.gov/snow/



Tower Snotel WY2007

• University camp and 
Steamboat (tower/ dry 
lake)

http://www.wcc.nrcs.usda.gov/snow/



U.S. Geological Survey

http://water.usgs.gov/waterwatch/



Other Data Sources

RAWS (Remote 
Automated Weather 
Stations)

Storm King RAWS

http://www.fs.fed.us/raws/



http://www.raws.dri.edu
COLORADO



http://www.raws.dri.edu



School Weather Stations



Colorado Department of 
Transportation (CDOT)

http://cotrip.org



Urban Drainage and Flood Control 
District (UDFCD) ALERT system

New ALERT weather station & stream gauge 
on Marston Lake North Drainageway. 



http://alert.udfcd.org



http://www.fcgov.com/stormwater/rain.php



http://www.fcgov.com/stormwater/flow.php



And if you canAnd if you can’’t get enough data try this one!t get enough data try this one!

Meteorological Assimilation 
Data Ingest System (MADIS)

http://madis.noaa.gov/



MADIS Map for 9/19/07



We have more data sources than We have more data sources than 
ever before, but weather varies ever before, but weather varies 

greatly from place to placegreatly from place to place



Community Collaborative Rain, Hail 
and Snow Network



The Origin of CoCoRaHS
The Fort Collins Flood of July 28, 1997 



What is 
CoCoRaHS?

CoCoRaHS is a unique, 
non-profit community 
based network of 
volunteers of all ages 
and backgrounds 
working together to 
measure and map 
precipitation (rain, hail 
and snow).



CoCoRaHS: Simple tools to study 
rain and snow

Rain Gauge Example Station



CoCo RaHS Gauge in March 2003 Snowstorm

Arapahoe County CoCo RaHS observer near Cherry Creek, Colorado



CoCoRaHS: : Simple Tools to Study Hail

Hail Pad
Damaged Hail Pad



Example Hail Pad Stands



CoCoRaHS – Supplementing NWS 
Cooperative Program to Improve 

Precipitation Measurements



CoCoRaHS Statewide 
Precipitation 
April 25, 2007



Denver County 
CoCoRaHS Precipitation 

July 28, 2007



CoCoRaHS Statewide 
Precipitation 
Aug 3, 2007



Fort Collins CoCoRaHS 
Precipitation 
Aug 3, 2007



We still need more Volunteers!!

Photos by H. Reges



A Review of the 2007 A Review of the 2007 
Water Year in ColoradoWater Year in Colorado

Nolan DoeskenNolan Doesken
State Climatologist State Climatologist 

Colorado Climate CenterColorado Climate Center
Atmospheric Science DepartmentAtmospheric Science Department

Colorado State UniversityColorado State University

http://ccc.atmos.colostate.edu
Presented to 62st Annual Meeting of the Rocky Mountain 
Hydrologic Research Center (RMHRC), held at 
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Highlights of the 2007 Water Year Highlights of the 2007 Water Year 
in Coloradoin Colorado

Photo courtesy Rich Keen, Coal Creek Canyon, December 2006



Colorado Snowcover
As of January 7, 2007

http://rapidfire.sci.gsfc.nasa.gov/subsets/?AERONET_BSRN_BAO_Boulder



As of February 15, 2007

Colorado Snowcover

http://rapidfire.sci.gsfc.nasa.gov/subsets/?AERONET_BSRN_BAO_Boulder



Water in the Snowpack during early February and the Total 
Precipitation for the months of December and January

Yellow - water equivalent measured by coring/melting as reported by Cooperative 
Observers

Light Blue - water equivalent measured by coring/weighing as reported by NWS
employees

Boxed - total precipitation for December and January as reported by 
Cooperative Observers

http://www.crh.noaa.gov/crnews/display_story.php?wfo=pub&storyid=5870&source=0



A Very Bad Day – Holly Tornado
March 28, 2007



A Cold Easter
Rocky Ford COAGMET

Rocky Ford COAGMET

Easter



Highlights of Water Year 2007

• Wet October 2006

• December 2006 Snowstorms

• Persisting snowcover and cold 
(E. Plains)

• Holly tornado March 28, 2007

• Early snowmelt and dry May 07

• Hot summer with spotty storms

• September rains especially 
West Slope



A closer look at the climate of 
the 2007 Water Year in Colorado

Sunset, November 2006



Water Year 2007 Temperature Departures 
from 1971-2000 average

Water Year 2007 Temperature Departures
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CoAgMet Temperatures 
Kersey, Colorado

Hotchkiss, Colorado



January 2007 temperature 
departure from average (Prism)



February 2007 temperature 
departure from average (Prism)



WY2007 Snowpack Accumulation and Meltout

Photo courtesy NRCS



University Camp Snotel



Joe Wright Reservoir Snotel



Hoosier Pass Snotel



Month by Month Precipitation



October 2006 precipitation as percent of average (Prism)



November 2006 precipitation as percent of average 
(Prism)



December 2006 precipitation as a percent of average 
(Prism)



January 2007 precipitation as a percent of average (Prism)



February 2007 precipitation as a percent of average (Prism)



March 2007 precipitation as a percent of average (Prism)



April 2007 precipitation as a percent of average (Prism)



Winter (Oct 2006 - April 2007) precipitation 
as percent of average



May 2007 precipitation as a percent of average (Prism)



June 2007 precipitation as a percent of average (Prism)



July 2007 precipitation as a percent of average (Prism)



August 2007 precipitation as a percent of average (Prism)



Summer 2007 (May–Aug) precipitation as a 
percent of average (Prism)



CoCoRaHS September 1-25, 2007 precipitation by County



Water Year 2007 (through August 2007) 
precipitation as a percent of average (Prism)



Boulder Water Year 2007

Boulder 
2007 Water Year
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Colorado Precipitation in Historic Perspective

Most recent 12-month period (Sep 2006 – Aug 2007)
(Period of record 1895 – 2007)



Reservoir Storage Levels
Colorado Statewide Reservoir Levels on October 1st

for Years 1997- 2006 and Sept 1, 2007
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Drought Monitor



And How About CoCoRaHS?

• Hundreds of new observers, 
especially from other states

• Added 10 new states to the 
program since we last met



CoCoRaHS Precipitation map for Oct 26, 2006



CoCoRaH Precipitation map for Dec 21, 2006



CoCoRaH Precipitation map for Dec 29, 2006



CoCoRaHS Precipitation map for April 25, 2007



Boulder County CoCoRaHS 
Accumulation for Water Year 2007

CoCo RaHS Accumulated Precipitation
for Boulder County
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For More Information, 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



Nolan Doesken
State Climatologist, Colorado Climate Center

Atmospheric Science Department
Colorado State University

Presented at Colorado Climate and Weather 
Seminar, 21 September 2007, Longmont, CO

Prepared by Odie Bliss

Is Colorado Is Colorado 
Getting Warmer?Getting Warmer?



What have we learned from nearly 
120 years of continuous climate 

monitoring?



Winters are consistently colder 
than summers – ☺

Average Monthly Temperatures (1971-2000) for Selected Stations
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Temperatures are far more stable 
than precipitation.  In fact most 

other climatic elements (humidity, 
wind, sunshine and cloudiness, 

evaporation, etc.) are much more 
consistent from one year to the 

next than precipitation.



Mesa Verde Mean Temperatures
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Some seasons are more consistent 
than others – nighttime summer 
temperatures are most stable

Akron 4E Temperature 
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Precipitation varies by as much as 400% 
from a very dry year to a very wet year

Durango Annual Precipitation
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Confidently detecting 
climatic trends is much 
more challenging and 

difficult than 
determining spatial 
patterns, seasonal 

cycles, or year-to-year 
variations



We can find many frustrating 
limitations to our climate records:

• Changing instrumentation 

• Aging weather observers 

• Changing environments around 
our weather stations 

• Changing weather station 
locations

• Automation, etc.



Denver All Stations
Denver (all 3 stations) 

Monthly Average Maximum and Minimum Temperatures 
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Changing stations disrupt longChanging stations disrupt long--term recordterm record



Dillon Annual Precipitation
Dillon Precipitation
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Fort Collins Winter Temperatures
Fort Collins Water Year Average Temperatures 

for Winter (Oct-Apr)
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Poor station location can also 
lead to warming



Of All Our Climate Observing Stations



Only a Few Have Excellent 
Long-Term Records



Still, our climate records are more complete, 
consistent, and widespread than nearly all 

other forms of long-term environmental 
monitoring  (i.e. we shouldn’t whine).



Let’s Look at Long-Term 
Temperature



Fort Collins
Fort Collins, CO Winter Temperatures
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Fort Collins, CO Spring Temperatures
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Fort Collins
Fort Collins, CO Summer Temperatures

40

50

60

70

80

90

100

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Year

Te
m

pe
ra

tu
re

 F

Mean Minumum Temperature
Mean Maximum Temperature
Monthly Mean Temperature

Fort Collins, CO Fall Temperatures
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Akron 4E (winter/spring)
Akron 4E Winter (DJF) Temperatures
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Akron 4E Spring (MAM) Temperatures
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Akron 4E (summer/fall)
Akron 4E Summer (JJA) Temperatures
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Akron 4E Fall (SON) Temperatures
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Colorado Statewide Mean Annual Temperature



Grand Lake, CO Winter Daily Minimum Temperature Distribution 
(5 degree bins)
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Grand Lake, CO Spring Daily Maximum Temperature Distribution 
(5 degree bins)
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Precipitation
Photo by Wendy Ryan



Fort Collins Precipitation
Fort Collins Annual Precipitation
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Akron Precipitation
Akron 4E Annual (Jan-Dec) Precipitation
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Cheyenne Wells Precipitation 
Cheyenne Wells Annual Precip

0

5

10

15

20

25

30

35

18
80

18
85

18
90

18
95

19
00

19
05

19
10

19
15

19
20

19
25

19
30

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

20
10

Pr
ec

ip
ita

tio
n 

(in
ch

es
)



Rocky Ford Precipitation 
Rocky Ford Annual Precipitation
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Montrose Precipitation 
Montrose Annual Precipitation
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Colorado Statewide Water Year (Oct-Sep) Precipitation
from 1896 - 2006
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Colorado Statewide Water Year Precipitation



Fort Collins 
Seasonal Patterns of Precipitation

Fort Collins Comparison of Monthly Averages
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Akron 
Seasonal Patterns of Precipitation

Akron 4E Monthly Precipitation Averages
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Rocky Ford 
Seasonal Patterns of Precipitation

Rocky Ford Seasonal Precipitation Patterns
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Mountain Snow!

Photo by Wendy Ryan



April 1 Colorado Snowpack
APRIL 1 SNOWPACK

COLORADO STATEWIDE
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University Camp
April 1 Snow Course and Snotel

Universtiy Camp, CO (Elevation 10,300') April 1 SWE (in)
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Porphyry Creek
April 1 Snow Course and Snotel

Porphyry Creek, CO (Elevation 10,760') April 1 and May 1 SWE (in)
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Upper San Juan
April 1 Snow Course and Snotel

Upper San Juan, CO (Elevation 10,200') April 1 SWE (in)
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Evaporation



Bonny Dam Evaporation

Bonny Dam 
May through Sept Pan Evaporation
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John Martin Dan Evaporation

John Martin Dam 
May through Sept Pan Evaporation
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Frost Free Days 
(Growing Season)



Rocky Ford
Frost Free Days
Rocky Ford 2SE Length of Frost Free Period Based on 32 F Threshold
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Fort Collins
Frost Free Days 

Fort Collins, CO Length of Frost Free Period Based on 32 F Threshold
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Montrose
Frost Free Days

Montrose #2 Length of Frost Free Period Based on 32 F Threshold
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Drought



Standardized Precipitation Index 3 
Month

Fraction of Colorado in Drought 
Based on 3 month SPI

(1890 - February 2006)
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Fraction of Colorado in Drought 
Based on 48 month SPI

(1890 - Apr 2007)
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We will be monitoring the 
situation closely

Colorado Statewide Average Summer (Jun-Aug) Temperature
(1895-2006)
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Installed Pair  (14)

Installed Single (61)

NOAA National Climatic Data Center’s 
Climate Reference Network (CRN)

http://www.ncdc.noaa.gov/oa/climate/uscrn/program.html



Climate Reference Network (CRN)



The End!?!



Colorado Climate Center

Data and Power Point Presentations 
available for downloading

http://ccc.atmos.colostate.edu
– click on “Drought”
– then click on “Presentations”


