
Subtle lessons from the art of 
model-observation confrontations

CLIVAR Mar 2024
Gavin Schmidt, NASA GISS 



5

Philosophical Footnote #1

All models are wrong

(There are no scientific realists in 
climate model group foxholes…) 
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Philosophical Footnote #2

All observations and comparisons 
are based on models too

(It’s models all the way down!) 



Climate science controversies

Most of the controversies related to modern climate 
change involve discrepancies between global scale 
climate models and observations (of various sorts). 

The double-ITCZ

MSU “cooling”

Mixed cloud phase

The ‘hiatus’
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There are many reasons for this…

Models are wrong
Observational data are imperfect
• noisy and biased
• Often w/o estimates of structural uncertainty

Comparisons are not appropriate
• Not like-with-like
• Unrecognized point-of-view biases
• Irreducible effects of chaos



Philosophical Footnote #3

This is called Duhem/Quine 
underdeteriminancy

Any model-data confrontation is a 
test of multiple hypotheses 
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Example 1: MSU ‘cooling’

1992: A new method of tracking global atmospheric 
temperature is developed by Spencer and Christy
NASA press release (1997): “the satellite data are the best 
quality possible”
The problem? The MSU lower atmosphere data show 
cooling from 1979, while surface data and models show 
warming.

Christy et al 1995
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Example 1: MSU ‘cooling’ (cont)

Originators of the satellite data (still)
blame the models and the other data 
sets. 
But no fixes/updates to either materially 
affect the problem
Independent replication of satellite 
products shows significant structural 
uncertainty (Mears et al, 2003)
New factors ‘orbital drift’, errors in diurnal 
correction, etc. lead to reversal of 
‘observed’ trends in better concordance 
with models.
Deeper exploration of structural 
uncertainty in models and observations 
effectively eliminate discordance (but 
UAH is still an outlier)

Casas et al, 2022
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Example 2: The ‘hiatus’ 

2006: “Global Warming has stopped in 1998” claim based on 
short term trends in temperature data. Not taken seriously 
given expected internal variability. (A ‘tolerable discrepancy’)



Philosophical Footnote #4
‘Tolerable discrepanies’ arise inevitably 

when a relatively efficient theory is 
confronted with the complexity of the 

real world. 

Only when the discrepancies are not 
expected and cannot be easily explained 

away do we get a discordance
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Example 2: The ‘hiatus’ 

2006: “Global Warming has stopped in 1998” claim based on 
short term trends in temperature data. Not taken seriously 
given expected internal variability. (A ‘tolerable discrepancy’)
2012: In two data sets (HadCRUT3 and NOAA GlobalTemp 
v3), short-term trends start to approach 2σ anomaly…
2013-2014: ~50 papers exploring why
• Misspecified forcings, biases in observations, insufficient 
model internal variability, comparison improvement etc.
2015-2016?
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Example 2: The ‘hiatus’ (cont) 
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Example 2: The ‘hiatus’ (cont) 

Consequences:
- updates to surface data sets removed the anomaly 
perceived in 2012.

- notably, after HadCRUT4 and NOAA update (Karl et al, 
2015) comparisons improved

- SST/SAT blend is a better comparison than just SAT
- model forcings were revised.

- volcanoes, solar, maybe aerosols…
2022: “Global warming stopped in 2016”….
2025 (a prediction!): “Global warming stopped in 2024”…
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Example 3: CMIP6 produced some surprises…
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This is reflected in the ensemble recent trends

(using first simulation from each model)
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But that’s not sufficient to assess the 
consistency of individual models

Using only the first simulation from each modelUsing all the simulations from each model
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What’s an appropriate test?

Do the observations plausibly come from the distribution 
given by a model (or the ensemble)? I.e. are the 
observations exchangeable with a model ensemble 
member?

where ‘d’ should look like a t-statistic, which takes into 
account both the ensemble spread and the observational 
uncertainty (Santer et al, 2008). 
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Example 4: Southern Ocean SST trends in 
recent decades 

SST trends 1990-2019 differ 
from CMIP ensemble mean:

Eastern tropical Pacific 
cooling

Southern Ocean cooling

Arctic Ocean/Barents Sea 
warming 
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Anomalous freshwater from the ice sheets 
is missing in CMIP models

Add estimated anomalous 
freshwater from 1990 to 
2019 in Southern Ocean and 
North Atlantic

Increases Southern Ocean 
cooling

Reverses Antarctic sea ice 
extent trend

Schmidt et al (2023, GRL)

Zonal SST Trend

Sea Ice Concentration Trend
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Example 5: Earth’s Energy Imbalance

The balance of CERES TOA trends 
between the LW and SW seems 
anomalous w.r.t. GISS model varieties.

But, comparisons are not like-to-like -
AMIP runs only until 2014, SST data is 
out of date, aerosol emissions only to 
2019.

Observational uncertainty is poorly 
characterized.

CERESMIP project proposed to try 
and drill down - updates of SST, 
aerosol and other forcings, GHG- + 
aerosol-only runs etc. (Schmidt et al, 
2023)
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To recap…

Models are wrong
Observational data are imperfect
• noisy and biased
• Often w/o estimates of structural uncertainty

Comparisons are not appropriate
• Not like-with-like
• Unrecognized point-of-view biases
• Irreducible effects of chaos



Philosophical Footnote #5

You can’t know ahead of time 
which hypothesis you are 

challenging with any discrepancy
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Structural issues in 
model MSU trends

Importance of internal 
variability in comparisons

Importance of internal variability & 
obs. uncertainty in comparisons

Investigation of possible 
model/forcing issues in EEI trends

Impact of missing model 
processes and noise on 
SST/Antarctic sea ice trends
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