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2. Implications for global temperature projections
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Global mean surface temperature (GMST)

− GMST is a key policy metric

− Different reconstructions in 

reasonable agreement

− Observation-based estimates 

derived from blending sea 

surface temperatures (SSTs) 

with land surface air 

temperatures (LSATs)

3

US National Research Council, 2020. Climate Change: 

Evidence and Causes: Update 2020. 
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GMST reconstructions are challenging

− Coverage is limited, in particular 

in the early instrumental record

− Observing techniques vary over 

time

− LSAT and SST measurements 

contain different biases and 

uncertainties

4

January 1901 coverage in HadCRUT4, 

Kennedy et al., 2019
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The land air vs. sea surface temperature record

5

Osborn et al., 2021

Kennedy et al., 2019
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The land air vs. sea surface temperature record
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Osborn et al., 2021

Kennedy et al., 2019

Early 20th century (1901-

1940) land-ocean 

warming ratio: 0.83  

Late period (1970-

2020) land-ocean 

warming ratio: 1.79



How consistent are global mean 

surface temperature estimates from 

land air- and sea surface temperatures, 

if reconstructed individually?
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Reconstruction method

• A statistical learning method is trained on CMIP6 historical 

simulations (masked to observed historical fields) to predict GMST 

independently from land or ocean data

• Uncertainties and bias realizations from observations (HadSST4 / 

CRUTEMP) are added to CMIP6 fields before training

• Statistical model is then applied to land temperatures or SSTs to 

predict GMSTLand or GMSTOcean from observations

8
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Sippel et al. (2024), 

Nature 635, 618-624.
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Results

High consistency between land- and SST-based 

reconstruction in long-term GMST warming

Period IPCC AR6 GMSTLand GMSTOcean

1850-1900 

to

2011-2020 

1.09 

[0.95 –

1.20]

1.07

[0.92 –

1.20]

1.10

[1.05 –

1.16]

Sippel et al. (2024), 

Nature 635, 618-624.
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Results

Increased Pearson correlation between GMSTLand and 

GMSTOcean

Period and 

metric

CRUTEM5 

vs. HadSST4

New 

reconstr. 

(land vs. 

ocean)

1850-2020,

monthly

0.77 0.87

1850-1900, 

annual

0.47 0.70

Sippel et al. (2024), 

Nature 635, 618-624.
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Results

Discrepancy between ocean and land during ~1900 up to 

1930, with GMSTOcean substantially colder than GMSTLand
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Is this multi-decadal ocean cold 

anomaly realistic?
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Decadal ocean cold anomaly 

is unforced

14

Sippel et al. (2024), 

Nature 635, 618-624.
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Ocean-land decoupling not 

reproduced by any CMIP6 model

15

Sippel et al. (2024), 

Nature 635, 618-624.
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Odd coastal temperature patterns post- vs. pre 1900

16
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No evidence for global cooling in 

paleoclimate reconstructions

17

Sippel et al. (2024), 

Nature 635, 618-624.
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Conclusions Part 1

High consistency between GMSTLand and GMSTOcean in large(st) part of 

instrumental period

Unexplained ocean cold anomaly identified during 1900-1930 

Different lines of evidence (attribution, statistics, coastal patterns, paleoclimate

data) suggest that the early 20th century ocean cold anomaly likely arises partly 

due to uncorrected SST biases
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Cold Bias in early 20th century

 ocean surface temperature estimates?
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Conclusions Part 1 – independently supported by 

SST diurnal cycle analysis and coral proxy data

High consistency between GMSTLand and GMSTOcean in large(st) part of 

instrumental period

Unexplained ocean cold anomaly identified during 1900-1930 

Different lines of evidence (attribution, statistics, coastal patterns, paleoclimate

data) suggest that the early 20th century ocean cold anomaly likely arises partly 

due to uncorrected SST biases
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Agenda

1. Early-twentieth-century cold bias in ocean surface temperature observations1 

2. Implications for global temperature projections

  1Sippel et al., 2024, Nature, doi:s41586-024-08230-1
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DCENT* – A new perspective on the global 

temperature record

Chan et al. (2024), Scientific Data

Osborn & Kennedy (2024), Nature

• DCENT is less cold (dynamically 

consistent) in the early 20th century

• DCENT is less warm during WWII

• Slightly lower 1850-1900 baseline

What does DCENT imply for constraints 

on future warming? 

*A Dynamically Consistent 

ENsemble of Temperature at the 

Earth surface since 1850 from 

the DCENT dataset

Duo 

Chan
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High-end CMIP6 temperature projections 

were considered unlikely

Sippel et al. Work in progress
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Constraints on future warming may not fully 

rule out high climate sensitivity

} Old 

constraint 

(2020)

}
New 

DCENT 

constraint

Sippel et al. Work in progress



Thank you for the attention!
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Reconstruction method

Training setup

• CMIP6-hist. masked to observed 

coverage for each time step

• Uncertainties and bias 

realizations added to CMIP6 

fields

• Statistical learning method to 

predict GMST from sparse 

reconstruction

• About 20% lower MSE compared 

to simple benchmark method 

before ~1950

27

GMST Prediction 

Model: 

(1) CMIP6 models:

𝑌𝑀𝑜𝑑
𝐺𝑀𝑆𝑇 = 𝑋𝑀𝑜𝑑 መ𝛽 + 𝜀

Regression coefficients 

for optimal GMST 

reconstruction (June 

1895)

CMIP6 temperature anomaly patterns

(in °C, masked to June 1895 coverge)

+

Obs.-based uncertainties and biases

(in °C, for June 1895)



Reconstruction method

Observations-based 

reconstruction

Observations and statistical 

model to predict GMST

• GMSTLand: CRUTEM5-

based 

• GMSTOcean: HadSST4-

based

28

GMST Prediction 

Model: 

(1) CMIP6 models:

𝑌𝑀𝑜𝑑
𝐺𝑀𝑆𝑇 = 𝑋𝑀𝑜𝑑 መ𝛽 + 𝜀

Regression coefficients 

for optimal GMST 

reconstruction (June 

1895)

CMIP6 temperature anomaly patterns

(in °C, masked to June 1895 coverge)

+

Obs.-based uncertainties and biases

(in °C, for June 1895)



Evaluation
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Evaluation

30

• Reconstruction MSE reduces 

substantially with increasing 

coverage over time

• 20% lower MSE before 1950 

with statistical learning 

reconstruction as compared to 

reference setup



Evaluation



Why does including uncertainties/biases reduce reconstruction MSE?



Why does including uncertainties/biases reduce reconstruction MSE?
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Ocean-land decoupling not 

reproduced by any CMIP6 model
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No evidence for global cooling in 

paleoclimate reconstructions

35

Sippel et al. (2024), 

Nature 635, 618-624.
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In-situ paleoclimate reconstructions

36

Terrestrial anomalies from proxies (z-scores),

1901-1920 – 1871-1890
Marine anomalies from proxies (z-scores),

1901-1920 – 1871-1890
a b

c d



Cold Bias in early 20th century

 ocean surface temperature estimates?

37



Cold Bias in early 20th century

 ocean surface temperature estimates?
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A subtitle can go here,

possibly spread over two lines

39



The slide title goes here

Table title

Column heading 2021 2020 2019 2018

Lorem ipsum dolor 1,606 1,678 2,072 2,196

Excepteur sint occaecat 373 281 381 410

Ut enim ad minim veniam 537 607 733 786

Nostrud exercitation 365 425 506 559

Consectetur adipiscing elit 318 349 355 359

Nim ad minim veniam 13 16 97 82
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