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• The datasets• The datasets
• Sources of uncertaintyy
• Approaches to address and 

quantify uncertainty
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Th U S Hi i l d Gl b l Hi i lThe U.S. Historical and Global Historical 
Climatology Networks
(USHCN and GHCN)(USHCN and GHCN)
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GHCN Monthly
• Version 1 released in 1992
• Version 2 released in 1997

(Peterson and Vose, 1997)  

Number of years of data for each station in 
GHCN Monthly mean temperature dataset

• Version 3 “Beta” released 
Sept. 2010 (operational as 
of Spring 2011)
– 7000+ stations with mean 

monthly temperature records
(Lawrimore et al. 2011)

• Version 3 is based on the 
quality control and quality control and 
homogenization approach 
used to produce the USHCN 
Version 2 (but without 
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Version 2 (but without 
station histories for stations 
outside the USA) 



USHCN V1
R l d i 1987 ith

USHCN V2
R l d i 2009

• Time of observation bias (Karl 
t l  1986)

Released in 1987, with 
subsequent revisions

• Time of observation bias 
(Karl et al  1986)

Released in 2009

et al. 1986)
• Changes documented in the 

station history archives (Karl 
and Williams 1987) 

(Karl et al. 1986)
• Documented and 

undocumented station 
changes (Menne and 
Williams 2009)• Urbanization (Karl et al. 1988) 

• LiG to MMTS instrument 
change (Quayle et al. 1991)

Williams 2009)
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Data Received From Many Sources
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Imaged data
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GHCN-Daily
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Changes in biasChanges in bias
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Station Moves & Instrument Changes
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Annual Average Minimum Temperature at  
Reno, Nevada 

( ) f
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(a) Mean annual unadjusted and fully adjusted minimum temperatures at Reno, Nevada. Error bars 
indicate the magnitude of uncertainty in the adjustments (±1 standard error); 

(b) Difference between minimum temperatures at Reno and the mean from its 10 nearest 
neighbors.



Changes in the Time of Observation

1950s 19601950s 1960s

1980s1970s

2000-
20061990s 2006
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Hour of observation histograms for U.S. HCN stations at bottom of each U.S. decadal map
(Figure courtesy of Xioamoa Lin, University of Nebraska-Lincoln)



U.S. Cooperative Observer Network Stations
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Target series and differences with neighbors before adjustment for undocumented shifts
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Target series and differences with neighbors after adjustment for undocumented shifts
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Detected shifts in U.S. HCN mean monthly (a) maximum and (b) minimum
temperature series.  A negative value indicates that the inhomogeneity led 
to a decrease in the mean level of the series relative to preceding values.  
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MMTS transition period
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Average annual difference over the United States between 
the fully adjusted (homogenized) USHCN temperature  data 
and the data adjusted only for the time of observation biasand the data adjusted only for the time of observation bias
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Average across CONUS - Tmax
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Average across CONUS - Tmax
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Average across CONUS - Tmin
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Average across CONUS - Tmin
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Unadjusted
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Adjusted
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Ways to Address and Quantify Uncertainty 
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Benchmarking 
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Benchmarking (“COST HOME”)
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Scatter plot of the centered RMSE before and after homogenization for selected contributions to the
COST HOME Monthly Benchmarking study. The squares display the errors of the stations; the dots show
th f th t k ( i l li t ) ti i P i t th bi t i di t h
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the errors of the network mean (regional climate) time series. Points on the bisect indicate no change,
above the bisect the data is made more inhomogeneous, while below the bisect homogenization
improved the homogeneity of the data (from Venema et al. 2011).



Multiplicity of Approaches
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Satellite Nightlights (DMSP)Urban Boundaries (GRUMP)

Population Growth (1930‐2000)
http://www.ngdc.noaa.gov/dmsp/download_radcal.htmlhttp://sedac.ciesin.columbia.edu/gpw/documentation.jsp 

Impermeable Surfaces (ISA)
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TOB-Adjusted Min Urban-Rural Differences
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Homogenized Minimum Temperature Urban-Rural Differences
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Bayes Factor Approach to Break Detection
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From Zhang et al. submitted



Comparisons with Independent Datasets
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Reanalysis

Least-squares trends (°C dec-1) in mean annual maximum and minimum
temperature over the conterminous United States during the period 1979 2008
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temperature over the conterminous United States during the period 1979-2008.
All trends are significant at the 0.05 level.  From Vose et al. (in review)



Reanalysis

Least-squares trends (°C dec-1) in mean annual maximum and minimum
temperature over the conterminous United States during the period 1979 2008
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temperature over the conterminous United States during the period 1979-2008.
All trends are significant at the 0.05 level.  From Vose et al. (in review)



The Climate Reference Network
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Annual Average Maximum and Minimum 
Temperature Anomalies (Conterminous USA)
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This is just the beginning…
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How you can help

• Come up with novel ways of analyzing theCome up with novel ways of analyzing the 
data

• Partake in the benchmarking exercisePartake in the benchmarking exercise
• Help construct a more comprehensive 

uncertainty modeluncertainty model
• Provide constructive feedback

(E h l t fi d d t )• (Even help to find raw data sources)
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