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- Climate change fingerprint: Prediction and Detection
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Manabe’s “Climate change fingerprint” is in the satellite
' temperature data
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' Not so easy ... Climate system varies at all time scales !

Stochastic climate models

Part I. Theory

B 1. HASSELMANN, Moo Planck-[natiotfir Meteorolgie, Hombarg, R« Short-term weather variability leads to long-term
(Manuseript received January 19; in final form April 5, 1978) CI i m ate va ri a bi I ity »

« The slow components (e.g the Ocean) integrate
weather variability on daily to monthly time
scales into climate variability on annual to
multidecadal time scales »

Note: The 2021 Nobel prize was awarded to both Suki Manabe and Klaus Hasselmann
"for the physical modelling of Earth’s climate, quantifying variability and reliably predicting global warming" 3



Detection of climate change due to human influence ?

* |dentify a robust fingerprint pattern of anthropogenic forcing for atmospheric

temperature @ @

» Search for an increase in spatial pattern similarity between recent

atmospheric temperature observations and the fingerprint (index 197%)

S

* Need a null hypothesis H,: define a World without us (counterfactual world)
and derive the distribution of the similarity index (I¥°5¢) in this World

« Assess how (un)likely it is to get I12PS under H,

4



' Detection ingredients

* Observations: annual zonal mean atmospheric
temperature 7(6 z t) with t = 1986,..., 2025

* Model-based:
1. Anthropogenic temperature fingerprint (6, z) :
derived from historical simulations
2. The World without us: simulated temperature
from long control simulations 7.(6, z, t)
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How to get the “vertical fingerprint” F(6, z)?
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- F(6 z) : Multimodel Mean Trend

F(8,z) = Yy XX, trend; (0,z2)
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' Detection algorithm

1. Project temperature observations 7°on the fingerprint F

NG N,

Zone(£) = 2 2 T(0,2 0).F(6,2)

t=1986,.,2025 6=1z=1
2. Fitalinear trend to Z,,.(t)

) |ndex 195 = trend@slope



Temperature observations
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' Detection algorithm

3. Project World without us temperature on the fingerprint

N9 N,

7.(t) = 2 2 T.(6,2 ). F(6,2)

t=1,..,0(1000s) 0=12z=1

4. Fit linear trends to the V. non-overlapping 40-year chunks
of Z.(t)

) [Nose - pdf (trend@slope, 7 = 1,..., V)



World without us temperature

Measure of pattern similarity
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- “Vertical fingerprint” results
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- “Vertical fingerprint” results
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When was the signal first detectable ? Early detection
- was possible in 1995 !
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- Summary

Changes in the vertical structure of atmospheric temperature are a key piece of
evidence for human effects on global climate

Upper stratosphere cooling is key to robust detection (40-sigma !)

The Higgs boson and climate change are two nice examples of predictive science
Two different detection problems !

Higgs: Low SNR problem, direct sampling of the counterfactual world (no Higgs)

Climate change: the one-Earth problem D) Structural model uncertainty

| 15



' Additional slides
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Summary of the Statistical Model:

« T:temperature observations, function of space(s) and time(t)

_ ANT
Tse = mg +Ygy + &

* Separability assumption of ANT forcing : Y*NT = g(s).u(t)

Ts,t = Mg+ gs Ut T E¢

 Time filter: linear trend over a L-year period:

Hy:<«< B =0>
Hi: &< B >0>

TS:,L = ,BL * g T NsL Test: {

LLNL Ambassador Lecture Series ‘ 17



- When was the signal first detectable ?

Last year of L-year trend
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- Why is fingerprint detection so clear?

Human fingerprint Natural variability pattern 1 Natural variability pattern 2
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