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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
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Previous state climatologists

https://www.atmos.colostate.edu/wp-content/uploads/2017/08/8.9.17_Nolan_retirement.jpg

Tom McKee, 1974-2000
Nolan Doesken, 2006-2017

(Assistant State Climatologist, 1977-2006)

Roger Pielke, Sr, 2000-2006
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Annual average precipitation

Data: PRISM climate group

prism.oregonstate.edu
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http://www.joeandfrede.com/colorado/misc_trip_reports/colorado_topo_med_res.png

http://www.joeandfrede.com/colorado/misc_trip_reports/colorado_topo_med_res.png
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Colorado’s weather and climate extremes
High Park Fire, June 2012 (from the dept)

“Great Colorado Flood of September 2013”

Fountain, August 2018

Photo from Jennifer 

Stark, NWS Pueblo

Photo courtesy of Noel Bryan

https://twitter.com/ViaeroWXCams/status/1009168644415328258

Nederland, March 2003

From Wesley et al. (2013) Otero County, May 2018
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Analyzing climate 

data: both useful 

and fun!

Month of maximum average precip

Data: PRISM Climate Group,

prism.oregonstate.edu
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http://climate.colostate.edu/

http://climate.colostate.edu/
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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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A small selection of our partners and stakeholders
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Today’s outline

• Drought monitoring and early warning

– Becky Bolinger, Assistant State Climatologist

• Community Collaborative Rain, Hail, and Snow network (CoCoRaHS)

– Noah Newman, Julian Turner, and Henry Reges (currently in Geneva at 

a WMO meeting)

• The Colorado Agricultural Meteorological Network (CoAgMET, “Colorado’s 

Mesonet”

– Zach Schwalbe

• Other CCC projects and activities

– Peter Goble (currently on his honeymoon!)



National Integrated Drought Information System
Intermountain West Drought Early Warning System

Becky Bolinger

@ClimateBecky
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some history…
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improved monitoring = improved drought depiction

Implementation of weekly monitoring operations in 
2010 led to more timely detection of the 2012 drought.

Yes! Drought can happen in the winter!!
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improved monitoring = improved drought depiction
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Weekly Drought Monitoring
climate.colostate.edu/~drought

 Conditions

 Precipitation, snow

 Evaporative Demand

 Streams, soils, vegetation

 Impacts Reports

 Outlooks

 Recommendation to USDM
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Our Current NIDIS Team

• Me! (about 50% of my time)
• Peter (about 50% of his time)
• Zach (weekly summary, some mapping products)
• Noah (condition monitoring efforts, communication)
• Henry (in-person engagement with NWS and climate offices)
• Julian (support for CoCoRaHS efforts)
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Seasonal prediction of 
drought-specific 
metrics, like the 
Standardized 
Precipitation Index
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Ground validation of the 
Evaporative Demand Drought 
Index (EDDI) product using 
CoAgMET data.
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Our Current NIDIS Objectives

 enhancing engagement and interaction

 communication and dissemination

 value added information and products
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enhancing engagement and interaction

works for Durango-Silverton Railroad
(suspected cause of the 416 Fire)

one
week
later

Soliciting Condition Monitoring reports from CoCoRaHS observers in D2 counties

working with CSU Extension to keep engaged with the ag community
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communication and dissemination

social media

media interviews

presentations

website updates

webinars and videos

promotional materials
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value added information and products

how hard would it be to get back to normal?

how 
“important” is 
each month to 
the annual 
contribution of 
precipitation? 



COLORADO CLIMATE CENTER

value added information and products
understanding the relationship 
between precipitation and 
evaporation and how the drought 
responds to water balance



The Community Collaborative Rain, Hail 

and Snow Network

https://www.cocorahs.org

http://www.cocorahs.org/


CoCoRaHS was born in response to the  1997 Fort Collins, 

Colorado Flood
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Simple low-cost measurement tools

4-inch diameter

High capacity rain gauges

Aluminum foil-wrapped

Styrofoam hail pads

Snow rulers marked

in tenths of an inch
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Easy Training

Written Instructions Slide Shows Videos and Animations
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Data used by national entities



CoCoRaHS For Schools

• All 50 states

– Colorado, Florida, Maine Coastal Islands, 

Hawaii school network, and more

• Connections with Scientists

– UNC Chapel Hill and schools in Washington 

isotope analysis

• “Rain Gauge Week” bi-annual campaign
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CoCoRaHS Observation Protocols
• Daily Precipitation

• Multi-day Precipitation

• Hail

• Significant Weather

• Condition Monitoring

• Soil Moisture

• Evapotranspiration

• Frost

• Optics

• Snowflake

• Thunder

• Ice Accretion (Coming 2019?)
https://pmm.nasa.gov/education/sites/default/files/article_images/Water-Cycle-Art2A.png
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Precipitation Reports Make Up the Bulk of the Observations



Significant Weather and Hail Reports are sent to the NWS in Real-time



Observation Protocols Used in Drought Monitoring



Observation Protocols from PA FROST Project



Mobile Apps
iOS

Android

Android and iOS apps currently support

entry and editing of daily and multi-day

precipitation observations with more

observation types and features to come



Viewing the Data



www.cocorahs.org => View Data
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Water Year Summary Reports





Growth in the Network



Daily Precipitation Observations for July 1st 1998



Daily Precipitation Observations for July 1st 1999



Daily Precipitation Observations for July 1st 2000



Daily Precipitation Observations for July 1st 2001



Daily Precipitation Observations for July 1st 2002



Daily Precipitation Observations for July 1st 2003



Daily Precipitation Observations for July 1st 2004



Daily Precipitation Observations for July 1st 2005



Daily Precipitation Observations for July 1st 2006



Daily Precipitation Observations for July 1st 2007



Daily Precipitation Observations for July 1st 2008



Daily Precipitation Observations for July 1st 2009



Daily Precipitation Observations for July 1st 2010



Daily Precipitation Observations for July 1st 2011



Daily Precipitation Observations for July 1st 2012



Daily Precipitation Observations for July 1st 2013



Daily Precipitation Observations for July 1st 2014



Daily Precipitation Observations for July 1st 2015



Daily Precipitation Observations for July 1st 2014



Daily Precipitation Observations for July 1st 2016



Daily Precipitation Observations for July 1st 2017



Daily Precipitation Observations for July 1st 2018









Condition Monitoring













CoCoRaHS Mapping vNext



Overview of CoCoRaHS Mapping 

Requirements
• Ability to map tens of thousands of data points without crashing the browser

• Make every data point interactive

• Ability to provide maps for the entire CoCoRaHS archive of over 40 million daily precip observations

• Provide accumulation maps over entire archive of daily and multi-day observations for dynamic (user-defined) date ranges

• Ability to map the observer contributed data in near real-time

• Support for a multitude of stakeholder filtering and visualization requirements
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Prototype 
Solution is a 

custom Angular 
App that utilizes 
Carto mapping 

services via their 
SQLAPI and 
Mapping API



CoCoRaHS Observations of Hurricane Harvey



CoCoRaHS Observations of Hurricane Maria



CoCoRaHS Observations of Hurricane Florence



What you don’t see



CoCoRaHS 
Cyber-

Infrastructure

NWS

Universities

Public

CHARM

RiverWatch

NERain

Global Historical Climatology 
Network (GHCN) River Forecast 

Centers

Private 
Companies

Municipal 
Governments

CoCoRaHS Staff

CoCoRaHS 
Coordinators

NWS:DENCCRHS 
Real-time Alert 

System

Meteorological Assimilation 
Data Ingest System (MADIS)

CoCoRaHS Cyber-Infrastructure Data Flow Context

bulk.cocorahs.org
year-to-date/nightly

entire-archive/weekly 

Observers

Android and 
iOS Apps

 Submit observations 

SignificantWx & 
Hail Observations

Import CHARM
 stations & observations

Import NERain
stations & observations

Import RiverWatch
stations & observations

Precipitation Networks Aggregated by CoCoRaHS

Data Aggregators that Incorporate CoCoRaHS Data

CoCoRaHS Staff, Volunteers, and the Public

 View  data, maps, and
educational materials

Applied Climate Information 
System (ACIS)

Manage observations

View data and maps

data.cocorahs.org

 PRISM 
Climate Group 

data.cocorahs.org

NASA GPM

 Global Precipitation 
Measurement mission

National Operational 
Hydrologic Remote 

Sensing Center (NOHRSC)

Manage stations & observers
QC Data

Manage coordinators, 
stations & observers, and data

 Get observer data 

Import CoCoRaHS
 observations into RiverWatch

Institutional Data Users

NOAA



Observers

iOS and Android Apps

www.cocorahs.org data.cocorahs.org cms.cocorahs.org

Public

Coordinators and 

CoCoRaHS Staff

SciStarter.com

scistarter.cocorahs.org

auth.cocorahs.org

bulk.cocorahs.org

cartodb.cocorahs.orgapi2.cocorahs.org data.cocorahs.org

NCEI: GHCN

MADIS Carto.comRiverWatch

CoCoRaHS Web App and Web API Overview





Why use the data



Canadian Regional Deterministic Precipitation Analysis System 

(CaP A-RDPA RDPA) 

• Product of Environment and Climate Change Canada

• Is a regional deterministic precipitation analysis system that provides objective estimates of 

precipitation amounts for a specific domain by combining readings from precipitation gauges, 

radar and a trial field generated from RDPS -V6

• As of September 18, 2018 is incorporating CoCoRaHS data into the analysis after testing its 

impact on the data product

• “The addition of the CoCoRaHS network combined with the change in trial field brings value 

to the 24-hour analysis in summer across the entire CaPA domain. It is clearly seen by the 

gain in skill.”

From CAPA-

RDPA_4_5_0_Tech_note_e.pdf



Inter-comparison of gauge data quality 
National Severe Storms Laboratory - Jian Zhang, Steve Martinaitis, Micheal Simpson









The CoAgMET Network

Zach Schwalbe
CoAgMET Manager
zach.schwalbe@colostate.edu
970-491-8140



CoAgMET  =

Colorado Agricultural 
Meteorological Network

also known as “Colorado’s Mesonet”
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History

► In the early 1990’s, CSU extension plant pathologists and 
ARS scientists decided to collaborate efforts to collect 
detailed agricultural weather data.

► Standard instruments and data collection platform were 
selected and a small network of stations were deployed in 
fully irrigated agriculture.

► As the network grew, the Colorado Climate Center 
became increasingly interested in using the data, began 
daily data collection, quality control and built a web 
interface to distribute data and products to users across 
the state.
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Colorado Climate Center’s role
► Coordination, data management, web support

► We hosted annual meetings of key partners and 
data users – set priorities, secure commitments, 
prepare proposals (rarely funded but we persisted)

► We now run the network including station 
maintenance, product development, funding, etc.
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CoAgMET 1992



CoAgMET 2002



2018



Overview of CoAgMET Network

►Currently there are 85 stations

►Data are collected hourly, daily and 60 
stations with 5-minute data

►Data include: temperature, humidity, solar 
radiation, wind speed and direction, and 
soil temperatures.



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



Why these measurements?
► The main goal of CoAgMET is to calculate 

evapotranspiration (ET) from meteorological 
measurements.

► The standard CoAgMET station collects the elements 
needed to calculate evapotranspiration.

► These are also very important data for real-time weather 
monitoring.
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CoAgMET web access:
http://coagmet.colostate.edu/

Data are free and available to the public



Daily Data



Daily data for a month



Five minute data



Hourly Data



Soil Temperatures

Can you see the difference between when 
the ground was snow covered and when 
it was free of snow?



Wind summaries



EVAPOTRANSPIRATION 
DATA





Select from 
a number of 
crop types.

Select 
Ref ET 
Model

Key gives 
irrigation 
status by 
color





ET reports by 
region









http://coagmet.colostate.edu/



Interactive map





Real-time data



Maintaining the data

► Our goal is to visit each station at least once a year to make sure the 
station is operating properly.

 Sensor are swapped out once every 2 years.

 Emergency visits to stations when there is a problem with the station causing 
bad data or an interruption of data.

► Data are quality controlled daily to catch data errors and catch 
issues with stations before it becomes a problem.
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Zach Schwalbe
CoAgMET Manager
zach.schwalbe@colostate.edu
970-491-8140

CoAgMET web access:

http://coagmet.colostate.edu

Web services are available for 

downloading data



The Historic Fort Collins Weather Station
First established in 1872, on the CSU campus since 1879, consistent data since 1889

At current location since 1961 

Nolan Doesken discussing the history of the station: 

https://www.youtube.com/watch?v=c-Za8TPTvlc
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https://www.youtube.com/watch?v=c-Za8TPTvlc


Collaboration with Colorado Wine 
Industry Development Board

Photo Credit: Canyon of the Ancients 
Guest Ranch

Peter Goble

Climatologist and 

drought 

specialist
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CWIDB

• The largest constraint on wine 
grape growth in Colorado is plant 
hardiness 

• As the climate warms, more pockets 
of the state become suitable for an 
increased quantity and diversity of 
grapes

• Because of the complexity of 
western Colorado topography, this 
involves carefully-placed 
temperature observations
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Montezuma County Minimum Temperatures: 
January 22nd, 2018

Fremont County Minimum Temperatures: February 11th, 
2018

• Dangerous cold winter and spring nights can produce surprising variation in surface 
temperature

• In general, the coldest nights occur under synoptic high pressure conditions with near-
surface inversions where wind patterns are dominated by cold air drainage

• Odds of avoiding freeze damage increase on hill slopes, and near the mouths of 
canyons where mixing is continuous
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Social Media



Hazard Mitigation Grant Program

• The Colorado Climate Center 
lead a FEMA-commissioned 
study to assess the biggest 
data collection gaps in the 
state for emergency weather 
events

• Top recommendations were 
radar coverage in SW CO, 
and rain/stream gage flood 
alert networks for the cities 
of Colorado Springs and 
Pueblo
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• We welcome collaboration ideas and 

opportunities with the department –

please don’t hesitate to get in touch (or 

just walk across the “wind tunnel” to the 

annex!)

http://climate.colostate.edu/

Follow us on Facebook and Twitter! 

@ColoradoClimate

http://climate.colostate.edu/

