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Where are we with
the CESM2 coupled simulations ?

Cécile Hannay, Julio Bacmeister, Rich Neale, and Andrew Gettelman,

Jean-Francois Lamarque, Simone Tilmes, Louisa Emmons, Mike Mills, David Lawrence,
Keith Oleson, Gokhan Danabasoglu, Keith Lindsay, David Bailey, Marika Holland,
Bill Sacks, John Truesdale, Mariana Vertenstein, and gazillions of others.




Development of the individual components

CESM2 - Phase |:“Let’s build it”

* Individual components were built within each working group
» Effort started around 2010

Sea-ice
CICE5S

Land Ice
CiISM2

Atmosphere
CAM6




Coupling of the individual components

CESM2 - Phase 2:““Let’s put it together”

Home . Abowt. Adminktration i L Everta . Publicatiors . Projects

* Collaborative effort started in Nov 2015
* 2 co-chair meetings per week
* 200 cases
* Thousands of simulated years
and diagnostics . e e
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Labrador Sea

125

Current

Issue Landmark Simulation
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Estuary Box Model

Stratospheric water
vapor bugfix

WACCM bugfix

Ligsupersat turned off

Clubb tuning

New solar file

Ice abedo tuning

Updated land

Topography around Greenland
Dust tuning

CMIP6 emissions

Caspian sea

Land vegetation parameters
Crop improvement

Robert Filter

1 hour coupling atm <& ocn
LENS initial conditions




|.The Labrador Sea Issue

Timeline

Labrador Sea Landmark Current
Issue 125 Simulation



The Labrador Sea issue

June 201 6: Houston, we have a problem
The Labrador Sea is freezing
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The Labrador Sea issue

Sea-ice extent

CESMI CESM2 dev

.........

- 'Observed
sea-ice extent

., Labrador sea &
=" o5 | i £
(black line) %0

Sea-ice extent is close to obs. Labrador sea is ice-covered.
Labrador sea is ice free Can happen after | yr, 40 yr, 100" yr



Why was Labrador Sea freezing?

CESM|

CESM2_dev

SST bias

Salinity bias

This is the result of South of Greenland being too cold and too fresh
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Estuary Box Model (EBM) to the rescue!

CESM2_dev CESM2_dev with EBM

-

SST bias

3 e b ok

Too warm Too cold Too warm

too fresh Too salty
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Salinity bias

EBM: SST and salinity bias similar to CESM|
This solves the Labrador Sea Issue



2. The |25 Landmark

Timeline

Labrador Sea Landmark Current
Issue 125 Simulation



Taylor Diagram for 125

ANN: SPACE—TIME
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Taylor score was best we ever had.
CESM2 is better than LENS



Sea Surface Temperature (SST) bias (ANN)

LENS
Bias = -0.24K

RMSE = 0.91

CESM2
Bias = -0.32K

RMSE = 0.98

RMSE in CESM2 (125) is not as good as in LENS



Precipitation bias versus GPCP (ANN)

LENS
Bias = 0.37
RMSE =1.13
(mm/day)

CESM2
Bias = 0.18

RMSE = 0.89

(mm/day)

The best precipitation we ever had !

* Improved precip RMSE

* Better precipitation over Amazon
* Improved tropical precipitation



TS anomaly (K)

20t" century warming in 125

Global
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3. The Current Simulation

Timeline

Labrador Sea Landmark

Issue 125 Simulation



Current Simulation versus 125

TS over 20" century

125 (Feb 2017) || What is different 125 < now ?

- Topography around Greenland

- CMIP6 emissions
- Dust tuning T 50s cooling

- D cold start (?)
- Vegetation parameters

Now (June 2017) | Crop improvement

- Caspian sea

| | Robert Filter
| | 1 hour coupling atm < ocn
286.8 — LENS initial conditions

I T T T T T T T T T
1860 1890 1920 1950

time

T T T T
1980

Issues 1. Start colder 2. Strong cooling in 1950s



ISSIONS

CMIP6 versus CMIP5 em

TS over 20t century
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CMIP6 emissions: cooling in 1950s

> Is there a problem with the emissions ?



Corrected CMIP6 emissions: SO2

SO2 after correction correction

New York City Los Angeles
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Figures from L. Emmons



125 and Now with CMIP5 emissions

Current simulations with CMIP5 emissions => “anemic” warming
] ! ! | ! ! | ! ! ] ! ! ] ! !

{ TS over 20t century 125 + cmip5 emissions

- Now + cmip5 emissions

1 TS anomalies over 20t century 125 + cmip5 emissions

- Now + cmip5 emissions

1860 1890 1920 1950 1980
time

Will corrected CMIP6 emissions be enough ?
Is the indirect effect too strong ?
Note that indirect effect didn’t change between 125 and now



Surface temperature (radiative}

Reducing aerosol indirect effect?

If needed, we have the option to reduce Vti

the 29 aerosol indirect effect (AIE) i‘

Now + buggy cmip6
+ reduced AIE

125 + cmip5 emission

Now + buggy cmipb
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| | b o oo
1860 1890 1920 1950 1980

time

Caveat if we go that road: The current simulations were done
with the buggy cmip6 emissions and would need to redone



What else ? Change in TS since 125

Change in TS since 125

mean = —0.02 rmse = 0.64

-

Min = =5.17 Max = 5.64

Contrast between land, ocean and Arctic.



What else ? Is sea-ice too thin ?

grid cell mean ice thickness

m grid cell mean ice thickness

Now

b.e20.B1850.f09_g17.pi_control.all.179 - b.e11.B1850C5CN.f09_g16.005

grid cell mean ice thickness m

MIN = -43.16 MAX = 13.18

4
3
2
1
0

1
2
3
4

LENS

Now - LENS

If needed we can adjust snow albedo on sea-ice?



Summary

 Labrador Sea Issue
— Solved with the introduction of Estuary Box Model

e |25 Landmark

— Best simulation ever

e Current simulation
— Challenge to reproduce 20t century
— Issue with the CMIP6 emissions
— If needed, we could reduce aerosol indirect effect



