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Challenges In Mapping the Nation's Climate 
and Weather: Every day, Everywhere

Chris Daly’s professional background spans a 

unique combination of disciplines, including 

meteorology and climatology, geography, 

ecology, and process and statistical 

modeling. Drawing from this background, he 

has pioneered and advanced an emerging 

discipline he termed “geospatial 

climatology,” the study of the spatial and 

temporal patterns of climate and their 

relationships with features on the earth’s 

surface. Daly is the Founder and Director of 

Oregon State University’s PRISM Climate 

Group, a recognized world leader in spatial 

climate analysis.

Prof. Christopher Daly
Professor and Director

PRISM Climate Group
School of Chemical, Biological, and Environmental Engineering

Oregon State University

Corvallis, Oregon, USA

Keynote Address 

www.icbo-conference.org (ICBO2016)



Challenges In Mapping the Nation's 
Climate and Weather: 
Every day, Everywhere

Christopher Daly, Ph.D.

Director, PRISM Climate Group

Northwest Alliance for Computational Science and Engineering

Oregon State University

ICBO and BioCreative

August 2, 2016

ICBO2016, August 1-4, 2016



Topics

• Who is the PRISM Climate Group? 

• Who do we serve? 

• What do we do and how do we do it?

• Examples of challenges we face

– Metadata

– Data

– Natural language
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What is this? An A-Bomb?
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Close – A “Microburst” 
Phoenix, AZ, 19 July 2016
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So How Much Rain Fell?
Must Have Been HUGE!

Uh, dunno, there were no rain gauges there…
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• Applied research team (5-10 FTE) since 
1991, founded and directed by Dr. 
Christopher Daly

• Housed within the Northwest Alliance for 
Computational Science and Engineering 
(NACSE), College of Engineering, Oregon 
State University

• Climate mapping center for the USDA; de 
facto climate mapping center for the US

• Federal sponsors cut across many 
departments and disciplines

PRISM Climate Group Overview
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Many Agencies Benefit from Collaboration with the 
OSU PRISM Climate Group / NACSE

PRISM Climate Mapping
•USDA’s Official Climate Maps
•Plant Hardiness Zone Map

Climatological Guidelines
Improve Crop Insurance 

Underwriting

Weather Data via Web Portal
Improve Adjustment of Crop 

Insurance Claims

Bio-Fuel Resource 
Mapping

Estimate Potential Distribution 
and Yield of Biomass Crops

USDA (RMA, NRCS, FS, ARS), CBO, DOC, DOD, DOE, DOI, EPA, NSF 

USDA (RMA, FSA)

USDA (RMA, FSA, FAS)

USDA (RMA, ARS, Ag. Secr.)

DOE, DOT (Sun Grant)
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PRISM Public Data Portal
http://prism.oregonstate.edu

• More and more climate-driven modeling and analysis 
activities are performed within spatially-explicit computing 
environments

• Since 2014: 70 million gridded dataset downloads

PRISM data are used in a 
broad range of 
applications in agriculture, 
hydrology, engineering, 
ecology, economics, retail, 
and many others. 
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What is PRISM?

• There are many locations in the US for which no weather observations 
exist. To create a continuous weather or climate map across the country, 
station observations are fed into a computer model called PRISM 
(Parameter-elevation Regressions on Independent Slopes Model). 

• PRISM estimates weather and climate variables, such as temperature and 
precipitation, on a grid of millions of pixels, each measuring about 0.5 
mile across the entire conterminous US, every day.  

Weather maps show what 

occurs from day to day.

Climate maps show long-term 

averages of weather over a 

period of 10-30 years

PRISM is used to produce both 

kinds of maps. 
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- Attempts to simulate the thought 
process of an expert climatologist, 
only faster and more objective

- Pixel by pixel moving-window 
regression of observations vs. 
elevation or observations vs. 
climatology/radar for each grid cell

- Uses nearby station observations

- Spatial climate knowledge base 
weights stations in the regression 
function by their physiographic 
similarity to the target grid cell

PRISM Operation
Moving window
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Combined weight of a station in the regression function is:

Wd = Distance

Wz = Elevation – lapse rates

Wf = Terrain orientation – rain shadows

Wp = Terrain profile – terrain enhancement of precipitation

Wc = Moisture regime/coastal proximity – exposure to moisture sources 
and marine air intrusion

Wl = Two-layer atmosphere – inversion layer, free atmosphere

Wt = Topographic position – susceptibility to cold air pooling 

Physiographic Station Weighting

W = f {Wd Wz Wf Wp Wc Wl Wt} 

“Geospatial Climatology”
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Example: Rain Shadows
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Western Oregon Eastern Oregon
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Santiam Pass
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1961-90 Mean Annual Precipitation, Cascade Mtns, OR, USA

Windward precip = 2108 mm
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1961-90 Mean Annual Precipitation, Cascade Mtns, OR, USA

Leeward precip = 618 mm
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1971-00 July Maximum Temperature
Central California Coast

Preferred

Airflow

Trajectories

Example: Coastal Effects
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1971-00 July Minimum Temperature
Northwestern California

Ukiah

Cloverdale Lakeport

Willits

Lake Pilsbury.

N

54°

63°

48°

61°

50°

63°

Example: Temperature Inversions
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2012 USDA Plant Hardiness Zone Map

The PRISM Climate 
Group was chosen to 
author the 2012 USDA 
Plant Hardiness Zone 
map, which receives 
about ½ million visits 
per month.  

It is likely the most 
heavily used climate 
map in the world. 
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Spatial Weather Forecasts 
Guided by PRISM

PRISM datasets are 
used by the 
National Weather 
Service and the 
Weather Channel, 
the two largest 
weather forecast 
providers, to guide 
the spatial patterns 
of their forecasts.
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Climatologically-Aided Interpolation

• Climate provides a long-term context for weather events

• Weather is a variation on typical climate conditions

• The spatial patterns of long-term climate inform the 
spatial patterns of weather (“Climate Fingerprint”)

1971-2000

July Tmax

2003

July Tmax

(One of Hottest 

on Record)

Different values, but similar spatial pattern
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Conterminous US 1981-present 
Daily Weather Time Series

Daily precipitation, and 

min and max temperature
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= Station

PRISM-Radar Mapping

East of the Rockies, PRISM uses NOAA weather radar to 
provide detailed rainfall information between stations, 
resulting in a more precise and accurate picture of rainfall 
patterns than would be possible with station data alone. 

Stations Only Stations + Radar
Heavy rain cell

PRISM daily rainfall map for the SE US on July 1, 2003
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PRISM Crop Insurance Support

Purpose: Provide high-quality weather and climate 
data to expedite claims

– Did the claimed damaging event occur? 

• Short time scale: Daily and monthly weather maps over the lower 
48 states in near real time

– Was the event unusual enough to support a loss claim?

• Long time scale:  Climate maps to provide context for the event

– Can the assessment process be made quick and easy?

• Web-based tools
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Summary Assessment: Raleigh, NC 2010 Tobacco Season 

Deviation from normal Ranking and 

plain-English 

interpretation
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Summary Assessment: Raleigh, NC 2010 Tobacco Season 

Deviation from normal Ranking and 

plain-English 

interpretation
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Station Data

Each day, over 20,000 precipitation and  6,000 temperature stations collected 
• NOAA’s major networks
• US Forest Service / Bureau of Reclamation
• USDA
• CoCoRaHS precipitation network
• State and regional networks

The quality of the station 
observations is a key factor in the 

accuracy of PRISM datasets.  

Measurement protocols must be 
known

Photos: Colorado State University

Manned CoCoRaHS rainfall station

Automated Colorado Ag Weather 

Network Station
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PRISM Stations 
Reporting Precipitation on 1 July 2014
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PRISM Stations 
Reporting Precipitation on 1 July 2014
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National Weather Service Cooperative 
Observer Program (COOP)

• Backbone of the US historical climate record

• Began in late 1800’s, continues today

• Instrumentation has not changed much

• Once per day observations

• Total Precipitation and max/min 

temperature over previous 24 hours

• Time of observation varies, not always obvious

• Mostly early morning or late afternoon

• Measurements recorded by volunteers

• This is good and bad 
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Rain Gauge Mis-locations
Coweeta  Watershed, NC

1 km

ICBO2016, August 1-4, 2016



Human Observer Bias
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Human Observer Bias
Frequency Distribution of Daily Precipitation 

Watonga, OK

Purcell, OK
Under-reporting Bias

“5/10” Bias
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COOP Max/Min Temperature 
Observations
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Time of Observation
A Little Thing Can Kill You

• Obs time is poorly documented

• Sometimes people don’t tell the truth 

about their obs time

• Spatial-temporal errors result

• Both data and metadata analyses are 

needed

Richard Hendrickson, 101 years old

84-year COOP observer in 2014

Bridgehampton, NY
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Spatial Discontinuity in Daily Tmax
31 January 1985
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Cause: Time Shifting 

Hamilton, TX 

7 AM observer

Recorded Tmax on Previous Day?

Hico, TX 

6 PM Observer
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Warm Tmax Bias By 
Afternoon Observers

“Bridging” or delay of cold events

17.2ºC difference 13.9ºC difference

Monthly bias = 1ºC
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Unknown

Afternoon

Morning
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Corvallis, OR Observer Form
June 1910
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Corvallis, OR Observer Form
June 1980
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Corvallis, OR Observer Form
June 2012
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RMA Severe Weather Interface
Martin Co, FL, 27 Apr 15, 18:00 EDT

10-mile radius around 

selected location

Selected location
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CoCoRaHS Observations

Anyone can join: http://cocorahs.org
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“Some corn pellet sized hail and windy yesterday morning.”

“Some mung bean size hail”

1045AM: Dippin’ Dots-sized hail”

“Severe baseball sized hail damage. Many windows blown 

out, severe structural damage and vehicles severely damaged. 

Rain gauge and weather station destroyed. Hail storm began 

at 6:00PM and lasted approx. 45 minutes.”

“Hail up to 2.33 in. Most just under an inch. I was unable to 

find the ones with my blood on them. Had to put on a MC 

helmet after I was attacked. As of 0702 I'm still bleeding”

CoCoRaHS Comments with “Hail” in the Text
Positive (January 2016)
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“We did not have any rain, sleet, hail or snow at our 

house this day.”

“Neither rain or hail, sleet nor snow. Just plain 

COLD.”

“Trace of frost in the rain gauge and on the hail

pad.” 

“Lightly misting now. Yesterday we had a brief bit of 

something mid morning- little white balls but not 

hail, they were light weight almost like 

Styrofoam…”

CoCoRaHS Comments with “Hail” in the Text

Negative (January 2016)
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I got a lot of pea size hail, but some areas in San Antonio got 

golf ball and soft ball size hail.

“On the afternoon of 4/1/16, I ran into pea-sized hail several 

times on a trip from Princeton MO back to Gallatin, most 

noticeably in Trenton, MO. I also saw small hail in north 

Gallatin, around 3:30 that afternoon. My wife noticed a trace of 

rain at home, but didn't see any hail. There was nothing in the 

gauge at observation time on 4/2/16.”

“Looks like "here we go again" as the N.W.S. issued a Severe 

Thunderstorm Watch until midnight - includes Hail over golf 

ball size. We'll see, so far they've been batting zero & hopefully 

we'll get the water w/o the Hail.”

CoCoRaHS Comments with “Hail” in the Text

Mis-direction (April 2016)

??
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Wrap Up Thoughts

• Wall-to-wall weather and climate surfaces are accessed by 

thousands of users each day

– Many important decisions and lots of taxpayer money depend on them

– They are used to assess how the country’s climate is changing 

• Creating these maps takes domain knowledge about how 

climatologists do their work, and the ability to simulate it

• Data from many sources are combined to produce the most 

intelligent product

– The earth’s physiography

– “Climate fingerprint”

– Radar assimilation (precipitation)
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Wrap Up Thoughts

• Data are imperfect and lacking

– People have biases and don’t follow directions

– Volunteers are just that

– Automated stations have their own issues

• Metadata are imperfect and lacking

– Station locations

– Observation times

• But the data can tell you wonderful things if you can separate 

the wheat from the chaff

To succeed in this work, you have to LOVE DATA
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