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Extended Data Fig. 4 | Comparison of GMST reconstructions to standard 
GMST datasets. a GMST reconstructions when uncertainties are not included 
in the training dataset, compared to standard GMST products, and b GMST 
reconstructions with uncertainties included in the training dataset. Panel a 
also shows a reconstruction of GMST based on infilling the whole field from 
land (yellow line) and ocean-data only (light blue line) based on the machine 
learning method used in ref. 26.



Extended Data Fig. 5 | Global mean surface temperature reconstruction 
from the land and ocean record with several additional reconstructions, 
showing the pre-1960 record. GMST reconstruction from the SST record 

(T̂HadSST4
GMST

) and from the land air temperature record (TCRUTEM5
GMST̂ ), shown along 

several additional GMST reconstructions from alternative land air temperature 

data (TBEST−Land
GMST̂ ) and from other SST products ( COBE−SST2

GMST
T̂  and ̂

ERSSTv5
GMST

T ).  
b. low-pass filtered reconstructions (>20-year time scale), c. high-pass filtered 
reconstructions (<20-year time scale), d. forced GMST response for each 
reconstruction, e. unforced, low-pass filtered reconstruction, f. unforced, 
high-pass filtered reconstruction. The additional GMST reconstructions are 
based on CRUTEM5 and HadSST4 coverage masks, respectively, where few 
missing grid cells have been filled using the nearest-neighbour technique. 

Shading represents the 95th percentile uncertainty ranges of the T̂HadSST4
GMST

 and 

TCRUTEM5
GMST̂  reconstructions, obtained by propagating the HadSST4 and CRUTEM5 

ensemble of uncertainty realizations; bold lines show the median across the 
ensemble.
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Extended Data Fig. 6 | Relative changes in terrestrial and marine 
temperature proxies in the period 1901-20 compared to 1871-1890.  
a Terrestrial proxies with positive anomalies, b marine proxies with positive 
anomalies, c terrestrial proxies with negative anomalies, d marine proxies  

with negative anomalies. All proxy records are uncalibrated, and are shown  
as standardized z-scores relative to the 1871-90 reference period. Hence, 
colours reflect relative warming/cooling; the darker the color, the greater the 
warming/cooling.



Extended Data Fig. 7 | Breakdown of contributions by month to ICOADS subsets split by country of origin, where HSSTD refers to the Historical Sea 
Surface Temperature Data project36. a. number of reports per month; b. as percentage of total.
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Extended Data Fig. 8 | Summary of anomalies by decade for ICOADS subsets 
split by country of origin. Boxes show interquartile range of global monthly 
mean anomalies in decades from 1880s to 1930s, whiskers indicate the full 
range. The wide grey boxes are for all observations and the colored boxes for 
contributing subsets as shown in the legend. The colored bars at the bottom 
show the fractional contribution of each subset to each decade with light grey 
representing “other” observations not included in the country subsets. 
Subsets are HSSTD (ICOADS DCKs 150-156, predominantly data from US); 
Germany (DCKs 192,215,720); Netherlands (DCK 193); UK (DCKs 194,201-
204,216,245); Japan (DCKs 118, 762); see ref. 78. Prior to 1900 most of the 
reports classified as “other” come from DCK 704, later reports are largely from 
DCKs 705-707. Further analysis on ICOADS contributing sources is available in 
the Supplementary Information and relies on references38,79–82.




