North Atlantic Ocean in

CESM low and
high-resolution simulations

compared to
observational benchmarks

Taydra Low', Elizabeth Maroon', Stephen
Yeager?

"University of Wisconsin-Madison

’National Center for Atmospheric Research
(NCAR)

CESM Workshop 2023
NOAA CPO Award #NA220AR4310111

WISC

UNIVERSITY OF WISCONSIN-MADISON




LATITUDE

LATITUDE

LoNGITUDE

Weese and Bryan
2006

b & A b o N & 0 ® 3

3

(a) Clim. obs.

T ridh AV g T T
a 4
42N | : <}
Y
= o ¢
40°N | 7 s
W
R
3Nl )
C\Z/ e
36Nl 1 i
%
ﬁy ity e AN ~
N[ S / |
L/ =

30°N L 1 1 1 i

°) ! L il L
80°W 75°W 70°W 65°W 60°W 55w 50°w

Bryan et al 2007

(b) ACCESS1-0

1000

Heuzé 2017

(c) BCC-CSM1-

2000 3000

(d) CanESM2

LSW volume (1 o' m'3)

MLD (m)
4000

— -t
=N

-h

AMOC anomaly [Sv]

r= 0.32 r=0.38

GFDL-MOM
27
Or
8¢
61
NCAR
4+
GFDL-MOM025
2 " " " " "
0 20 25 0 5 10 15 20 25
MOC (Sv) @ OSNAP-W MOC (Sv) @ 26.5°N
Li et al. 2019
3 (a) Multi-model mean AMOC anomaly at 35.0N, 1000m in CMIP5 and CMIP6 ensembles
— CMIPS —— CMIP6-DAMIP
—— CMIP6
=2

Menary et al. 2020



Altimetry based SSH Model based SSH

AVISO
Northwest
Corner —
0.9
AVISO (Archiving, Validation and Interpretation G-compset

of Satellite Oceanographic data) FOSI (Forced Ocean Sea Ice)



Fully Coupled

Ocean and Sea-ice Only
(FOSI)

CESM2 Hist L

A Nigrmn?
8

CESM2 OMIP2 LR

6.0
4.5
3.0
1.5
0.0
kD
-3.0U)
—-4.5
=5.0

T Bias (°C)

S



Fully Coupled

CES

FOSI

CESM1.3 Hist HR

M1.3 OMIP2 HR

6.0
4.5
3.0
1:5
0.0
-1.5
-3.0U0

T Bias (°C)

s







a
f(x: Y t) = _C_fheat + Bfsait

!

Density flux

Cross isopycnal circulation

p T i

Surface
Surface freshwater
heat flux flux

le-5 2.0
1.5
1.0
0.5
0.0
-0.5
-1.0
-1.5
-2.0

lux (kg/m?/s)

L
>

Densit

WMT (o) = %jf fdfla

Density class
area



Neutral density (kg m~3)

f(x'yr t) —

T

Density flux

b Atlantic meridional overturning circulation

221 : Light surface |
# water entering

20°S 0° 20°N 40°N 60°N
Latitude

Groeskamp et al. 2018

25

| | I =
by L
(= w S
(As ssew) uoidUNywRaNS

|
N
wv

a 1
gfhfat + :Bﬁsalt WMT(U) - Eff fd;‘la

Surface Surface Density class
heat flux freshwater area
flux
¥(o)~WMT (o)

Overturning circulation balanced by surface buoyancy forcing

NAC bias [ surface bias (sst,sss) [ density class area and SHF bias [
WMT/circulation bias

v’ O xWMT




1. How does LR vs HR WMT compare to observation-based
WMT?

2. How are surface biases connected to WMT biases?
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* We have used CESM A-compset simulations to create
observation-based WMT benchmarks

* Compared to LR, HR has better WMT in Lab Sea, but has too much
WMT in northern edge of subtropics.

* Errors in both surface density, but mostly SHF lead to WMT errors
MDTF POD

* More observation-based WMT testing to come, but eventually these
will be available to the community through our process oriented
diagnostic in the NOAA Model Diagnostics Task Force software
package.



