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TALK OUTLINE

➤ Background: 

➤ What is an adjoint model? 

➤ Methodology: 

➤ Our model setup. 

➤ Choosing our objective function (or quantity of interest). 

➤ Key results: 

➤ Sensitivity of mixed layer heat content to surface forcing. 

➤ How do the sensitivities vary with time and location?



BACKGROUND
➤ We use an Adjoint Model to 

directly find out what the mixed-
layer heat content is sensitive to. 

➤ Traditional approach: perturb 
surface forcings (heat flux, wind 
stress etc) and see how these 
impact heat content. 

➤ Adjoint approach: run the 
(linearised) model backwards to 
directly calculate tendencies to 
produce maps of sensitivity for 
any state variable of interest.

(a) Perturbation experiment

(b) Adjoint sensitivity experiment
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METHODOLOGY
➤ We use MITgcm in a global, ~1° 

setup (ECCOv4-r2). 

➤ This is a state estimate that has 
been constrained to 
observations from 1992-2011. 

➤ We first choose a quantity of 
interest, such as mixed layer heat 
content, called our ‘objective 
function’. 

➤ The adjoint model is calculated by 
first running the full model 
forward, and then a linearised 
version backwards. 

Taken from ecco.jpl.nasa.gov

http://ecco.jpl.nasa.gov


METHODOLOGY
➤ We are interested in mixed layer water 

that eventually subducts, taking the 
heat into the inner ocean. 

➤ This is known as mode water, 
characterised by low PV values. 

➤ We identify mode water pools in the 
ECCOv4 fields, and use these in 
combination with mixed layer depths 
to define the spatial extent of our 
objective function. 

➤ We choose our time limits to be July - 
November, covering peak mode water 
formation. 



METHODOLOGY

➤ Objective function = mode water heat content =  
 
 

➤ f(x,y) defines the spatial extent and is determined by a combination of minimum PV values and winter 
mixed layer depths. 

➤ As the adjoint is linear, we can also split the objective function by basins to isolate the main mode 
water pools: 

➤ Running the adjoint model then calculates, at each previous time step, sensitivities (functions of space 
and time) to surface forcings dJ/d…: 

➤ Net radiation 

➤ Net saltwater flux E-P-R 

➤ Wind stress 

JSO = JAtlantic + JPacific + JAustrIndian
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f(x, y)

Qnet

Qnet

f(x, y)



        Sensitivity of 1999 Austr-Indian winter mode water heat content to             at 9 months lag. 

  = Total Heat Flux from Ocean to Atmosphere. Negative = increased heat into ocean = warming

f(x, y)

Qnet

Qnet



        Sensitivity of 1999 Austr-Indian winter mode water heat content to             at 9 months lag. 

  = Total Heat Flux from Ocean to Atmosphere. Negative = increased heat into ocean = warming

f(x, y)

Qnet

Qnet



        Sensitivity of 1999 Austr-Indian winter mode water heat content to             at 9 months lag. 

  = Total Heat Flux from Ocean to Atmosphere. Negative = increased heat into ocean = warming

f(x, y)

Qnet

Qnet



        Sensitivity of 1999 Austr-Indian winter mode water heat content to             at 9 months lag. 

  = Total Heat Flux from Ocean to Atmosphere. Negative = increased heat into ocean = warming

f(x, y)

Qnet

Qnet



        Sensitivity of 1999 Austr-Indian winter mode water heat content to             at 9 months lag. 

  = Total Heat Flux from Ocean to Atmosphere. Negative = increased heat into ocean = warming

f(x, y)

Qnet

Qnet
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  = Zonal Wind Stress⌧E
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➤ Heat fluxes dominate overall sensitivities in all basins. 

➤ However, when considering absolute sensitivities, wind stresses, especially zonal, are as important. 

➤ Absolute sensitivities decay much more slowly in time.
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CONCLUSIONS

➤ Mode water heat content is most sensitive to local heat fluxes within the last 
year 

➤ There is also significant sensitivity to local and non-local wind stresses, 
especially over longer time scales, and when considering absolute 
sensitivities, i.e. sensitivities to dipole patterns. 

➤ However, some of the wind stress sensitivity is due to boundary effects at 
the edge of the objective function, f(x,y), although this is still dynamically 
relevant. 

➤ There is little sensitivity to salinity fluxes (E-P-R), although this appears to 
increase with time. 

➤ Boundary currents appear to dominate non-local sensitivities at longer time 
scales (>1 year).



QUESTIONS?


