
  

Temperature Multi-stability
From non-linear radiation terms
Oisin Hamilton

Jonathan Demaeyer
Stéphane Vannitsem

Michel Cruicifix



  

Key Points

The Model Modifications Results



  

Key Points

The Model Modifications Results



  

QGS Model



  

QGS Model
Stefan Boltzmann Law

Tσ 4 ε Tσ 4



  

QGS Model



  

QGS Model
Radiation



  

QGS Model
Radiation



  

QGS Model
Temperature Equation



  

QGS Model
Temperature Equation



  

QGS Model
Temperature Equation



  

QGS Model
Linearisation



  

QGS Model
Linearisation



  

QGS Model
Linearisation



  

Key Points

The Model Modifications Results



  

Modifications
New Modes



  

Modifications
Dynamic Equilibrium



  

Modifications
Dynamic Equilibrium



  

Modifications
Dynamic Equilibrium



  

Modifications
Non-Linear Equation



  

Modifications
Non-Linear Equation

Problem:

     5-6x run time



  

Modifications
Model Summary

Model T4

Radiation Terms

T
0

Equilibrium Temperature

Linearised Linearised Constant

Dynamic Temperature Linearised Dynamic

Non-Linear Non-Linearised Dynamic



  

Key Points

The Model Modifications Results



  

Model Parameters
Emissivity ε



  

Model Parameters
Emissivity ε



  

Model Parameters
Emissivity ε



  

Model Parameters
Emissivity ε



  

Model Parameters
Emissivity ε



  

Model Parameters
Emissivity ε



  

Model Parameters
Emissivity ε



  

Model Outputs
Lyapunov Exponents



  

Model Outputs
Lyapunov Exponents

ψθψ TVariable Index

C
L
V
 In
d
e
x



  

Conclusion

Non linear radiation terms produce temperature multi-stabilities



  

Conclusion

Non linear radiation terms produce temperature multi-stabilities

Multi-stabilities produce distinct behaviour



  

Conclusion

Non linear radiation terms produce temperature multi-stabilities

Multi-stabilities produce distinct behaviour

Multi-stabilities in majority of cases produced by dynamic equilibria



  

Thank you

De Cruz et al. (2016)
The Modular Arbitrary-Order 
Ocean-Atmosphere Model: 
MAOOAM v1.0

oisin.hamilton@meteo.be


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

