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A word of apology: trouble with 
supercomputing/storage infrastructure



I. Introduction



General philosophy

● Allow code changes that are motivated by physical 
considerations

● Do not ADD parametric dependencies to NCAR code

● Test changes against model performance, and accept 
them if overall impact is positive

● Identify and use (existing) free parameters to tune 
RESTOM 

● Hope for the best, expect the worst



Summary of non-Oslo NorESM-specific options

1. COARE formulation of air-sea turbulent fluxes (NorESM1.2)

2. Local conservation of enthalpy (NorESM1.2)

3. Time-step averaging of SW radiation for albedo/chemistry (NorESM2)

4. Conservation of total angular momentum (NorESM2)

5. Convection (NorESM2)
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5. Modifications to the ZM scheme

● Standard ZM too sensitive to free entrainment parameter in CAPE function
●  Generally too active
●  Dilution process described inconsistently 

a) use moist enthalpy consistently throughout
b) add explicit parametric dependence in ZM plume-ensemble caculation
c) iterate test-parcel calculation with diagnosed ZM ensemble entrainment 
d) recompute CAPE and respective ZM-tendency
e) Match sub-cloud layer with PBL

(in progress)

http://www.cesm.ucar.edu/working_groups/Atmosphere/development/cam6_dev_ZM/

→ convection becomes less frequent, less diffuse, more intense, and deeper



http://www.cesm.ucar.edu/events/workshops/ws.2018/presentations/amwg/discussion.pdf

5e. Modifications to the ZM scheme: 
sub-cloud layer



http://www.cesm.ucar.edu/events/workshops/ws.2018/presentations/amwg/discussion.pdf




II. Tuning steps and biases 



Model parameters and changes to convection used in tuning

● TOA balance (cloud SW forcing): CLUBB gamma
● TOA SW-LW partition: MG2 dcs
● Stratospheric wind and polar vortex: GW tau_0_bc
● PBL stability (continental rainfall): ZM land/sea parameters
● Tropospheric MSE (convective heating): ZM iterative entrainment
● Tropospheric MSE (convective drying): ZM CIN
● TOA balance (cloud LW forcing): ZM c0
● Temperature and humidty profile (CMF): ZM sub-cloud layer

● tau_0_bc = .true. always
● Tune state using ZM
● Tune TOA using gamma and dcs

Choices:
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III. Systematic validation



All tuned experiments: validation of biases and RMSE





IV. Non-linearities



● Untuned Oslo changes reduce RESTOM
● Untuned non-Oslo changes reduce RESTOM
● Combined changes have nearly no effect on RESTOM!



Precipitation

annual mean
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● Non-Oslo
● gamma

● Sub-cloud 
layer



Precipitation

annual mean

● Oslo
● Non-Oslo
● gamma

● sub-cloud 
layer

● variable 
entrainment
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V. Effect of cloud tunings



  

f09 NF2000climo results

ΔRESTOM= -0.153
ΔFLNT      = -0.046
ΔFLNTC   = -0.683
ΔFCFLNT = -0.617
ΔFSNT     = -0.199
ΔFSNTC   = -0.632
ΔFCFSNT = +0.433
ΔCLDLOW= -3.817
ΔCLDMED= -9.872
ΔCLDHGH= -8.708

ΔRESTOM= +0.338
ΔFLNT      = +0.202
ΔFLNTC   = -0.565
ΔFCFLNT = -0.767
ΔFSNT     = +0.540
ΔFSNTC   = -0.621
ΔFCFSNT = +1.161
ΔCLDLOW= -3.413
ΔCLDMED= -9.817
ΔCLDHGH= -8.799

Effect of iceopt=4 tunings (γ=0.288)Effect of iceopt=4 tunings (γ=0.283)

Ice cloud parametrisation (Øyvind’s talk)



Summary

● Non-Oslo changes reduce generally improve the simulations, e.g. winds robustly 
improve (wrt NCAR) in all experiments

● However the RESTOM remains high, mainly due to the cool tropical troposphere

● Tuning TOA with gamma alone makes the mean state worse by cooling model 
further

● Attempts to warm the tropical troposphere via changes to the convection scheme are 
largely successful

● A mass-flux source layer tied to PBL thickness is particularly helpful 

● Additional tuning of ZM parameters allows to mitigate model biases

● To reduce RESTOM we still need to use a lower value of gamma than NCAR

● Tuned F2k simulations with NorESM look reasonably good compared with CESM 

● NorESM2 coupled simulations however are plagued by a small, persistent positive 
RESTOM and additional tunings are required (Øyvind’s talk)
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