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Ocean Model Spin-Up Practices in Diverse Contexts

It has become clear that a diverse set 
of approaches are used, and that 
these depend on application.  

There is the potential for learning 
across disciplines, and new 
mathematical acceleration 
approaches that may be useful.

A community paper is being created 
to draw together and share these 
insights.

The group has had meetings with a 
variety of different types of modeling 
centers over the past few years.

The goal is to collect information about 
practices for ocean model spin-up in 
coupled configurations, including 
especially:
 CMIP-class projections
 Mesoscale and km-scale sims.
 S2S forecasts
 Coupled NWP



Ocean Spin-Up Theory

It is the propagation of waves or advection along isopycnals that spins up a 
non-diffusive model… Timescales set by advection/wave crossing times 
(Pedlosky et al. 1984).  Diffusion takes longer (Boccaletti et al. 2004).
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Whole-Depth Ocean Heat Content Anomaly Ensemble from Observations and Reanalyses

Thorne, Nicklas et al. (in prep). Figure: John Nicklas.



Simple Emulator: 2-Layer Homogeneous Energy Balance Model 
(Hasselmann 1976; Gnanadesikan, 1999; Gregory, 2000; Winton et 

al. 2010; Geoffroy et al. 2013; Palmer et al. 2018)

This emulator has parameters that are not observable, 
but… 

can be estimated by DECK simulations

G. Hall and BFK. Regional mixed 
layer depth as a climate 
diagnostic and emergent 
constraint. In revision.
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CMIP5 Ocean Model Timescales (Geoffroy et al. 2013)

From this analysis, one could shorten 
spin-up to:

O(4.2 yr) for global mean SST spin-up

O(290 yr) for global mean OHCA spin-up

Observations say oldest water is O(1500 
yr)--Gebbie & Huybers (2011, 2012)

Hence the CMIP approach, where a 
piControl run of many hundreds of years, 
after a previous (?? yr) spin-up 



Estuary Ocean Models:  Predictability Timescales



Mixed Layer Models:  Predictability Timescales



The GFDL CM4X-p125 Exception:



The GFDL CM4X-p125 Exception:



Acceleration Techniques, e.g., Anderson Accel.

Net annual air-sea flux of CO2 in MITgcm-BLING driven 
by interannually varying circulation and forcing.

Comparison of AA and DI solutions for JULES configured 
for 63°N, 149°W. JULES is vertically discretized into 20 soil 
layers, for each of which there are four carbon and nitrogen 
pools representing decomposable and resistant plant 
material, microbial biomass, and a long-lived humified pool
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