
Goal: Emulate the statistics
       of a chaotic system

Option 1: Option 2:

Target the full
probability distribution
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quantity (e.g. mean/variance)
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Koopman Operator
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Theory Connection
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Connecting to Linear Response Theory

Theory Connection
(FDT)

Section 2.3.3: 
Operator-Based Emulation

Method VI: EDMD

Method V: DMD
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Method II: FDT

Method III: Deconvolution
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Exponential
Decay

Section 2.3.2: 
Impulse Response Emulators

Method IV: Modal Fitting

Section 2:  Theoretical Framework for Climate Emulation
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particle filters, deep-

learning/diffusion models
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response function

Connect to 
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Probabilistic Models

Section 2.3.1: 
Pattern Scaling and its 
Immediate Extensions

Method I: Pattern Scaling
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Appendix A5:
Connecting response theory to

the Fokker-Planck operator

3c Fluctuation Dissipation
Theorem (FDT)

3d

0 50 100 150 200 250

Year

0

1

2

3

4

5

6

T
em

p
er
at
ur
e
[◦
C
]

−1.0 −0.5 0.0 0.5 1.0
Value

0

1

2

3

4

5

6

T
em

p
er
at
ur
e
P
D
F

Select a climate variable of interest, 
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Direct result
Theoretical connection

Emulate distribution or
statistical quantity for new

scenario(s) of interest
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