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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)



Monitoring our Climate

> Elements: temperature, precipitation, snow, wind, solar,
evaporation, soll temperatures, humidity, clouds, etc
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Systematic weather data collection
began in Colorado in the 1870s and 1880s
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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
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Since then, the U.S. Weather Bureau/l{lational
Weather Service has faithfully maintained an oft
taken for granted network of weather stations In

Coleradoe and acress the country — the
Cooperatlve Ojaserver“fNetwork

Photo by Christopher Davi : 2 -1,‘..,
'3 3# . i‘rﬂ '-' _,.d|“_-"-r'. | = b



The NWS stations remain the
backbone network for long-
term climate monitoring

From Kelly Redmond, WRCC

Approximately 5000 daily max/min temperature stations, 8000 daily
precipitation stations, 3000 automated hourly precipitation stations.




U.S. Climate Reference Network (CRN)

»>New observing networks have been added
specifically to help track national climate trends
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Montrase, Colorado

e Installed Pair (14)

® Installed Single (100)



What have we learned

from over 120 years of
continuous climate
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The Resulit?




Solar Radiation for FTCH1 (B1-81-2886 - 12-31-2806)
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http://ccc.atmos.colostate.edu/~hail/cool/art/images/leaves1-5-24-2002_jpg.jpg

Winters are consistently colder
than summers — ©
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Average Monthly Temperatures (F) for selected sites in CO and CA
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Large diurnal temperature
ranges and rapld Changes




Complex local variations due to
elevation and tepography.

Maximum Temperature: January Climatology (1971-2000)

Maximum Temperature: July Climatology (1971-2000)

ht (e) 2006, FRISM Group, Oregon State University
www prismelimate.org — Map ereated Jun 16 2006

For example, variations within
Rocky Mountain National Park —
Totally different climate west of the
Continental Divide than east even
at the same elevation

t (¢) 2006, PRISM Group, Oregon State University
rw.prismelimate.org — Map created Jun 16 20068


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

Average Maximum Temperature

Maximum Temperature: January Climatology (1971-2000)

Maximum Temperature: July Climatology (1971-2000)

L .-
right (c) RISM Group, Oregon State Universit
rww prismelimate.org — Map ereated Jun 16 2008

, Oregon State Unive
Map created Jun 16 2008



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

Relatively Large Year to Year
Variations (“Interannual Variabililty™)

Colorado Statewide Mean Annual Temperature (1895-2011)
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Frecuent out nignly variziols
pre ,)Its!tL)H
(for every “ugsloge=
there's z “,L»w IS ope”)

i . ks Photo_by Wendy Ryan



Where we fit In the national picture

Precipitation: Annual Climatology (1971-2000)

Precipitation (in.)

[]o [Cl16—20 [J36—40 [ls0~100
BW<s [Je0-24 [J40-50 100120
Ba—+s [Jeg—28 Os0-60 [120-140
Bls—12 [2s—32 WE0-70 []140-160
[Ch2—16 M32-36 @70-80 []160+

Copyright (¢) 2006, PRISM Group, Oregon State University
httpyiwww prismelimate.org — Map created Jun 16 2006



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

Colorado Average Annual Precipitation
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Highly seasonal precipitation patterns with
considerable geographic diversity in
“‘seasonality”

—&—Grand Junction ——Vail Vail Pass Georgetown —8—Denver Burlington




Average Monthly Precipitation (in) for selected Colorado Stations
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Thisyear (2012) we've missedm f-our-spring-moisture so far,
But we'll have more chances with summer thunderstorms
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Average Monthly Precipitation (in) for selected California Stations
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Southern California rainfall patterns are

TOTALLY DIFFERENT

Their chances for summer precipitation

\ are-almostnil
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Lots of: Snew,
SOmetimes and seme places




National' Annual’ Average Snowfall

w " ANMNUAL
MEAN TOTAL SNOWFALL

| I STATES

13 MEAN TOTAL SNOW (INCHES)
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Considering our
Latitude (40 N)
Colorado is one
of the snowiest
areas of the
world --
because of our
high elevation



SNOTEL -- Tracking Colorado’s
High-elevation Snowpack

http://www.co.nrcs.usda.gov/snow/
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Colorado Statewide Time Series Snowpack Summary
Basedon Provisional SNOTEL data as of May 02, 2012

Current as Pct of Avg: 21%

Current as Pct of Last Year: 1 (
Current as Pct of Peak: 18%

Ayerage as Pct of|[Peak 90% Natural Resd
Current Peak as Fct of Avg P Corgervation Ser
corrent Feak Crate ttar 1
Awerage Peak Date: Apr12
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Vi ’re having a bad year \
e With a very early melt SN,
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Colorado Statewide April 1 Snowpack

APRIL 1 SNOWPACK
COLORADO STATEWIDE
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http://ccc.atmos.colostate.edu/~hail/cool/blizzard2003/images/BO57_snow_measurement_jpg.jpg

Boulder
2012 Water Year
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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

Rocky Ford Water Year Precipitation (1894 - 2011)
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Fort Collins Water Year Precipitation (1894 - 2011)
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Colorado Statewide Water Year Precipitation (1895 - 2011)

Even when averaged statewide, precipitation can

vary by a factor of two from one year to the next
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rought Visits Our Area Regularly




Fraction

1.2

0.8

0.6 -

04

0.2

Fraction of Colorado in Drought

Based on 3 month SPI

(1890 - March 2012)

Short, local and regional drought is common

Some portion of Colorado experiences drought

conditions almost every year
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Fraction of Colorado in Drought
Based on 48 month SPI (SPI <-1)
(1890 - March 2012)
Our severe drought of 2002 was relatively short

Severe and widespread drought is less frequent
[N comparison to some past drougnts
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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
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We can find many frustrating
limitations to our climate records:

e Changing instrumentation

e Changing environments around
our weather stations

e Changing weather station
locations and observation times

e Automation, etc.



Denver — Station Keeps Changinc

Denver Annual Average Maximum and Minimum
Temperatures (1872 - 2011)
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Reservoir Built, Station Moved
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Fort Collins Average Winter (Oct - Apr) Temperature
(1889 - 2012)

The Fort Collins Weather Station has experienced regional

warming trend than other parts of Colorado
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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).

. s - L
'I ® ‘:_ E.. o : i o -l". $EL oY \
"_ ] . y 2 - . WL : ®




Colorado Cooperative Stations
COLORADO




Long-Term Analysis Stations

COLORADO

Legend

Good
Useful
Better
Best




Colorado Climate Trends Website

! Colorado State University
Colggercle
Chimate Trends

Colorado Climate Center » Climate Trends » Home

Climate Trends Home | Colorado Climate Center | CIRA | Atmospheric Science

Welcome to the Colorado Climate Trends VWebsite

Station Map | Station Info | Data Access | Links + Besources | About

Climate Trends of Colorado Mational WWeather Senvice Co-op Frogram

Welcomel The climate of Colorado is a walued natural resource affecting our

YWeather observations

lives and livelihoods. By nature, climate is variable. Mo two years are ever
exactly alike. Instrumental observations of our climate dating back to the late
1800= give a sense of our average climate, typical variations, extremes and
lang-term trends. (For a description of historic weather observations in Colorado,
click here). Tracking temperatures and precipitation through history reveal
seasonal patterns, cold and warm periods, and episodes of drought and
abundant water.

Today there is great interest in climate change. If our state is warming, these
data will show it. This YWebsite lets you view, graph and download histaoric
temperature and precipitation data for selected weather stations in Colorado
having the longest and most consistent historical data. Histaric consistency is
critical for accurately assessing climate trends. There have been hundreds of
weather stations operated in Colorado since the 1890s, but very few have data
that are complete and consistent. Even the best stations selected for this site
are imperfect.

For each station shown here, a description of the history of the station is

nrovided so that data users will know what factors may have affected the long-term time series. To learn more

http://climatetrends.colostate.edu

" LA 'rj" i,

in Colorado using v ’ p

thermometers and rain :
-
L

gauges date hack to
the late 18005, Some of &, 2
* . %

National Weather Service
Cooperative Observer Program

the earliest weather
stations were
established in the
largest cities during the 1870s by the LS. Signal
Service. Inthe 18805 Colorado formed a "State Yweather
Service” and began setting up more basic weather
stations in smaller towns and rural areas. By 1890, the
first nationwide civilian weather service was farmed within
the LIS, Department of Agriculture. State networks, such
as Colorado's were combined to form a single nationwide
volunteer weather observing netwark This same network
continues today managed by the Mational Weather
Service. WWhat began as a few dozen stations in the
1880= grew to owver 200 in the 19405 and 505 and




This website Is a resource that
anyone can use to keep tabs on
Colorado’s observed climate — its

variations and trends.

http://climatetrends.colostate.edu



For much of Colorado, upward
trends In seasonal

temperatures are being
observed and analyzed.

However, precipitation
continues to vary greatly and

l no discernable long-term
trends have yet been detected
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Colorado Statewide Summer Temperatures (JJA) Averages 1895-2011
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Average Temperature

2010 and 2011 were hot ones
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Colorado Average Winter (DJF) Temperatures 1895-201.1
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After a stretch of very mild winters,
we have had some recent cold weather again
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Degreas Fanrenheit

Statewide Mean Annual Temperature 1895 - 2010
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Colorado statewide annual precipitation 1895- 201.1
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There IS evidence of earlier
snowmelt in Colorado, but It IS less
evident here than in other Western

States, probably because of our
very high elevation
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SO....... Do we need to be
concerned about climate
change when we have so many
other challenges to deal with?

»>Any recent (past 120 years)
climate trends are still rather
subtle - - - but that may not
always e the case



Has our Climate
Always Been the Same

> No, climate Is always a changing, dynamic
equilibrium




But it looks like we’re headed
SOomewhere we've never been
before — or at least not for a long,
long time



Increases In greenhouse gases are

real, large and continuing
Atmospheric CO, at Mauna Loa Observatory
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Solar radiation powers
the climate system.

Some solar radig
is reflected b}
the Earth and t
atmosphere.

\

is absorbed by the
Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s
surface.

About half the solar radiation T



The recent warming IS

unusual...

2000 Year Northern Hemisphere Reconstruction of Surface Air Temperatures
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Carbon Dioxide Variations
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Climate Change: Emissions

=—Emissions

Fossil Fuel Emission (GtCly
O P D W PR 01 o0 N 0o ©o

Pre-Industrial;

20009:

PARTS PER MILLION

2
8
5
£
[-%
&

1 Scenanas
ne | — AIB
257 T

w=es ATF
—
20 - — B1

| — B2

1— 1582a

2005 2006 2007 2008 2009 2010
YEAR

Future Emissions Scenarios:

—_
£n

S I I ——

—
Q

g
n
5
0
k'
E
a

L]
o
L)

=

L]

2020 2040 2060 2080 2100

Data Source: G. Marland, T.A. Boden, R.J. Andres, and J. Gregg at CDIAC; Slide from global Carbon Project ; NOAA ESRL;



T —
Global Indicators of Warming

Changes in Temperature , Sea Level
and Northern Hemisphere Snow Cover
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Global Mean Surface Temperature Anomalies
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Attribution: Observed v. Modeled Temperature (1950—-2007)

Observed

Attribution of observed
temperature changes to
greenhouse gas
emissions is more difficult
at smaller spatial scales
because climate variability
Is larger at these scales.

*The accumulation of greenhouse gases in the atmosphere is very likely
the cause of most of the increase in global average temperature (IPCC).

In North America, “human-induced warming has likely caused much of
the average temperature increase over the past 50 years” (CCSP 3.3).

«Climate models show a 1F warming in the West in the last 30 years in
response to greenhouse gas emissions.



Global Temperature Projections
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Regardless of GHG emissions, temperature increases by 2025 and 2050
will be about the same



Projections: Time-evolving vs. “snapshots”

Annual average temperature

A climatological average in the future will be like taking a
snapshot of moving object...




Projections: Temperature

Temperatures Temperatures N\
(Projected 2050)

Winter temperatures shift
— northward on the plains

Temperatures creep
upwards in the mountains in
all seasons
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Summer temperatures shift
westward on the plains

— bringing the temperatures of
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Front Range.
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Projections: Temperature

Average Temperature Projections granby 2050 scenario: alb Su m m er S W ar m
more than winters

Average summer
temps similar to
hottest days in the
past few years

Earlier spring




s ________________________________________________________________________
Projections: Precipitation

Climate model projections do not agree whether annual mean
precipitation will increase or decrease in Colorado by 2050. The
multi-model average projection shows little change in annual mean
precipitation...
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Projections: Precipitation

Precipitation will continue to
be variable

More mid-winter precipitation
and less in late spring and
summer

Grand Junction

Extremes?? Worse floods
and drought seems likely

0
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 Temperature projections (relative to 1950-1999)
+ 2.5 °F by 2025
+ 4 °F by 2050

* Precipitation projections
 Annual precipitation trends uncertain
« Some agreement on more mid-winter

precipitation and less in late spring and
summer

 Both temperature and precipitation trends have
Implications for the hydrologic cycle.



What shall we do?

> Changes observed so far have not been
dramatic and are similar to other observed
climate changes in recent centuries,

> However, we may not be able to stop the
momentum from already rapidly increasing
greenhouse gases

> Hang on == because we're all a part of a crazy.
global climate experiment



-- - and In the meantime —

\We could use your help



\We are encouraging citizens across the State
and Nation to help us measure local

precipitation
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Daily Precipitation (inches x.xx), for the 24 hour period ending ~7:00 am
00 Trace 001-022 022-064 064-1.50 1.60-282 282 -572 672 - 637
Colorado 8/3/2007 BN

CoCoRAHS
Precipitation
August 3, 2007




Daily Precipitation (inches x.xx), for the 24 hour period ending ~7:00 am
Trace 0.01-0.16 0.47-0.32 0.33-079 0.80-1.80 190-2.54 2.85-3.15
USA 42772012 I I I S N D

CoCoRaHS Dally Precipitation




Daily Precipitation (inches x.xx), for the 24 hour period ending ~7:00 am
Trace 0.01-0.16 0.47-0.32 0.33-079 0.80-1.80 190-2.54 2.85-3.15
USA 42772012 I I I S N D

CoCoRaHS Dally Precipitation

-
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More help still needed © \\_{,

Many gaps Remam /




For information and to volunteer,
Visit the CoCoRaHS Web Site

http://www.cocorahs.org

Support for this project provided by

NSF Informal Science Education Program,
NOAA Environmental Literacy Program
and

many local charter sponsors.




2012 Water Celebration

> Colorado Is celebrating water in 201.2

> As a part of this statewide “2012 -- Year of
Water” celebration, we are encouraging
every school in Colorado to help us
measure and track precipitation. Because
“the weather Is our seurce of water”

> Please help us find schools, teachers
and classes willing te help!!



We are already finding Sponsors
for Colorado’s ~1800 Schools

Now we need teachers or
volunteer leaders to serve as
contacts for each participating

school



Colorado Climate Center

Data and Power Point Presentations available for
downloading

hitp://ccc.atmos.colostate.edu

Noelan.Doesken@Colostate.edu

Colorado P RIPY COLORADO
SR Sl CLIMATE
Knowledge to Go Places @ C E N ‘|‘ E R



http://ccc.atmos.colostate.edu/
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