
Climate and Water:
from the perspective

of the 
Colorado State Climatologist

August 31, 2010

Nolan Doesken
CSU Department of Atmospheric Science



Some topics we’ll cover

• What does a State Climatologist do?
• Climate vs. Weather
• Some highlights of our Colorado climate
• The Water Year and why we use it
• Seasonality and variability
• Detecting Climate trends – not so easy

– Temperature varies some, precipitation varies 
a lot

• CoCoRaHS – A hobby out of control  



First, Some Definitions…

• Meteorology - a science that deals with the 
atmosphere and its phenomena and 
especially with weather and weather 
forecasting 

• Weather - the state of the atmosphere with 
respect to heat or cold, wetness or dryness, 
calm or storm, clearness or cloudiness

• Climate - the statistical collection of weather 
conditions at a place over a period of years 



Weather vs. Climate

Weather
Condition of the atmosphere at any particular time and place, 

day-to-day state of the atmosphere 

Climate
Accumulation of daily and seasonal weather events over a long 

period of time (weeks, months, years and longer)

 Includes weather and weather extremes (heat waves, cold 
spells)

 Long-term averages of weather variables (e.g., temperature, 
precipitation amount and type, air pressure, humidity, cloudiness, 
sunshine, wind speed and direction), departures of weather 
variables from normals (more about normals later!)



Type of clothing we wear 
today

Windows open or closed 
today? This week?

 If a crop will reach 
maturity: hail can destroy 
a crop in a day!

Warm and rainy for a 
day: raincoat

Type of clothing we buy 
and keep

Housing: straw hut vs. 
brick house

Crop selection (timing 
and species): Mangoes 
are not a good crop in 
Oklahoma

Warm and wet for MANY 
years: rainforest

Weather vs. Climate

What climate determines

What weather determines



In other words  -- Climate is 
what you expect, but the 
weather is what you get.



Nolan Doesken
State Climatologist, Colorado Climate Center

Atmospheric Science Department
Colorado State University

So  . . . . .  What does a 
State Climatologist do?



We are - - -

• Data gathers 
• Historians and archivists
• Climate monitors and analysts
• Research scientists
• Interdisciplinary collaborators
• Teachers and advisors
• Climate interpreters
• Writers and public speakers



The Colorado Climate Center was established 
by the state in 1973, through the Colorado 
State University Agricultural Experiment 
Station, to provide information and expertise 
on Colorado’s complex climate. Through its 
threefold program of Climate Monitoring
(data acquisition, analysis, and archiving), 
Climate Research and Climate Services, 
the Center is responding to many climate 
related questions and problems affecting the 
state today.



Let’s Talk a bit about what I know 
the most about –

Colorado’s Climate



What’s so Amazing about 
Colorado?

• 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 



The Result?



Generous sunshine and low 
humidity, i.e. people like it here



Large Seasonal 
Temperature Variations

Fruita, Colo.

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


Large diurnal temperature 
ranges and rapid changes

Kersey, Colo.

Blanca, Colo.



Year to Year Variations in Climate are Expected

Annual 1901 - 2000 Average = 44.87 degF
Annual 1895 - 2007 Trend = 0.16 degF / Decade

Statewide Mean Annual Temperature



Frequent but highly variable 
precipitation 

(for every “upslope,” 
there’s a “downslope”)

Photo by Wendy Ryan



CoCoRAHS 
Precipitation 

August 3, 2007



Where we fit in the national picture

http://www.ocs.orst.edu/prism/products/viewer.phtml?file=/pub/prism/us_30s/graphics/ppt/Normals/us_ppt_1971_2000.14.png&year=1971_2000&vartype=ppt&month=14&status=final&zoom=yes�


Show Colorado PRISM map of 
average annual precip 



Highly seasonal precipitation patterns with 
considerable geographic diversity in “seasonality”

Water Year Average Precipitation for Selected Stations
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Seasonal Precipitation Averages
North-South Transect 

North-South Transect Water Year Precipitation Averages
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Lots of Snow, 
sometimes and some places



National Annual Average Snowfall 



A few storms contribute a large fraction of 
the annual precipitation in many years 

Fort Collins Daily Accumulated Precipitation
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Large Year-to-Year 
Variations in Precipitation

http://ccc.atmos.colostate.edu/~hail/cool/blizzard2003/images/LR53_pear_tree_damage_jpg.jpg�




Drought Visits Our Area Regularly

Photo by NRCS



Fraction of Colorado in Drought 
Based on 48 month SPI

(1890 - July 2007)
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Floods are regular visitors too --

The Fort Collins Flood of July 28, 1997



Of all the many elements of our 
climate here in Colorado, day in 

and day out the most asked 
for and needed information is 

precipitation and the 
relationship between climate 

and water resources



The Water Year

• What is it and why do we use it?

• October 1 through Sept 30

• Corresponds to the water storage – water 
usage cycle that we live out and 
experience each year.



Water Year – the snow accumulation, snow 
melt, runoff annual cycle



Every Year is Different!





Highly seasonal precipitation patterns with 
considerable geographic diversity in “seasonality”

Water Year Average Precipitation for Selected Stations
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Fort Collins
2010 Water Year

0

5

10

15

20

25

30

OCT
NOV

DEC
JA

N
FEB

MAR
APR

MAY
JU

N
JU

L
AUG

SEP

Month

A
cc

um
ul

at
ed

 P
re

ci
pi

ta
tio

n 
(in

ch
es

)

30 Year Averages-1971-2000 Period of Record Average - 1890 - 2009 2010 Water Year Max Precip Min Precip



Grand Lake 1 NW
2010 Water Year
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Variability -- -- -- the nature 
of Climate

and the “Challenge” for 
detecting and documenting 

trends and changes



Temperature  -- relatively well 
behaved – summers always 
warmer than winters, etc –

easier to observer variations over 
time

Precipitation, much more variable –
trend much more difficult to 

determine in a modest number of 
years



Temperatures are different, but annual 
cycles are similar

Average Monthly Temperature (9171-2000) for Selected Station
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Denver, CO Jan 1, 2009 - August 29, 2010  
Mean and Actual Daily Temperature
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Grand Junction Jan 1, 2009 - August 29, 2010  
Mean and Actual Daily Temperature
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When significant temperature trends 
begin, we will be able to detect them

Colorado Statewide Summer Temperatures



Precipitation and Snowpack – a 
whole ‘nother animal



Colorado Statewide April 1 Snowpack  
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Universtiy Camp, CO (Elevation 10,300') April 1 SWE (in) 1939 - 2010

0

5

10

15

20

25

30

35

40

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

S
W

E
 (i

n)

Snow Course April 1 SWE (in)
Snotel April 1 SWE (in)







Colorado Statewide Water Year Precipitation

(Oct – Sept)



Florida Annual Precipitation



California Annual Precipitation



CoCoRaHS
“Because every drop counts”



“CoCoRaHS is a national
grassroots, non-profit, 

community-based, 
high-density  

precipitation network

made up of 
volunteers of all 

backgrounds and ages . . .

. . . who take daily measurements of 
“just precipitation” right in their own backyards”



4-inch diameter 
high capacity rain gauges

Aluminum foil-wrapped 
Styrofoam hail pads

Once trained, our 
volunteers collect data 

using low-cost 
measurement tools . . .

Training is important to assure 
accurate, high quality data



and report their daily observations on our 
interactive Web site:  www.cocorahs.org



Volunteer’s observations are 
immediately available in map
and table form for the public 

to view.

Locally

Nationally

Nashville, TN



Precipitation is important 
and highly variable

Data sources are few and
rain gauges are far apart
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Why CoCoRaHS ??



Measurements from many sources are 
not always accurate (especially snow)

There is almost no quantitative data 
being collected about hail

Storm reports can 
save lives



CoCoRaHS’s main focus is to provide:



precipitation data . . .

Daily precipitation maps: 
Rainfall, Hail and Snowfall

Daily data 
in table form

Albuquerque, NM

This data allows CoCoRaHS to supplement existing networks and provide many useful results 
to scientists, resource managers, decision makers and other end users on a timely basis.



CoCoRaHS data are used by many

• National Weather Service 
• Other Meteorologists
• Hydrologists
• Emergency Managers
• City Utilities

-Water supply
-Water conservation
-Storm water

• Insurance adjusters
• USDA—Crop production
• Engineers
• Scientists studying storms
• Mosquito control
• Farm Service Agency
• Ranchers and Farmers
• Outdoor & Recreation

• Teachers and Students
– Geoscience education tool
– Taking measurements
– Analyzing data
– Organizing results
– Conducting research
– Helping the community



. . . as well as educational opportunities

“Helping to provide the public with a 
better understanding of weather”



CoCoRaHS hopes to one day 
achieve a network of . . .

one observer every square mile
in urban areas

one observer every 36 square miles
in rural areas



How Can 
you become 
part of the 
network?

Simply sign-up on the 
CoCoRaHS web page
www.cocorahs.org

Obtain a 4” plastic rain gauge
(info available on web site)

Set-up the gauge in a “good” 
location in your backyard

Start observing precipitation 
and report on-line daily

Five easy steps

View the “training slide show” or
attend a training session
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