ENSCI 383/7993 		Homework #8
Delivered on April 14		Turn a hard copy at the beginning of class on April 28

4.1 Using equations (4.2) and (4.3) from the main text and the Rahmstorf AMOC box model, derive the time evolution equation (4.4) for the overturning flow q under freshwater forcing with assumption that S2 and Δ𝑇are constant. 

4.2 Using equation (4.4) from Exercise 4.1, find the steady-state values of the overturning flow q where dq/dt =0 as a function of the freshwater forcing F1​. Perform a linear stability analysis around each steady state to determine whether it is stable or unstable. Identify the condition under which stability is lost and determine the critical value of F1​ at which the system reaches a tipping point.

4.3 Using the parameter values listed in Table 4.7, plot the bifurcation diagram of the steady-state overturning flow q as a function of the freshwater forcing parameter F1​. Clearly indicate the stable and unstable branches. Discuss the tipping processes and explain how variations in freshwater forcing influence the stability and potential tipping of the AMOC. 
    Table 4.7 Parameters for plotting bifurcation diagram of AMOC flow
		Parameter
	Description
	Value

	k
	Hydraulic constant
	1.5×10−4 m6kg-1s−1

	0
	Reference seawater density
	1025 kgm−3

	α
	Thermal expansion coefficient
	1.5×10−4 ∘C−1

	β
	Haline contraction coefficient
	8.0×10−4 psu−1

	ΔT
	Temperature difference (T2 – T1)
	10 ∘C

	S0 
	Reference salinity
	35 psu


 
4.4 Resilience Potential and Tipping Processes



	Using the relationship : (1) Calculate the resilience potential function U(q) for the AMOC; (2) using  to determine steady states; (3) Using the sign of to assess the stability of steady state; and (4) discuss how resilience and potential tipping behavior may change under warming disturbances.
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