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Coastal upwelling — Central Baltic Sea: July 01 - July 21, 2012
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Physics of air-sea interface: How are/should data exchanged?

[¢] potential temperature

Jv| : wind
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Physics of air-sea interface: How are/should data exchanged?

u10, V10
P
ANNN Taih Pair P: precipitation
Tair: air temperature
SST: sea surface temperature
SST 0 potential temperature
L uo/vio:  u/v-wind at 10m

Jv| : wind
Pair : air pressure

GETM
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Physics of air-sea interface: How are/should data exchanged?

T E

u10, V10
T shear stress

P ) .
E: evaporation

ANNN Taih Pair P: precipitation
Tair: air temperature
SST: sea surface temperature
SST 0 potential temperature
P uo/vio:  u/v-wind at 10m
¢ Jv| : wind

Pair : air pressure

GETM

Tobias Bauer (tobias.bauer@tropos.de) Coupling of ICON and GETM with ESMF September 23



Motivation: Coastal upwelling ICONGETM with ESMF Central Baltic Sea simulation Summary
o] ] 0000000 000 O

Physics of air-sea interface: How are/should data exchanged?

M ICON Qs,Q: sensible/latent heat flux
Qsw: solar short wave
Quw, @b radiative flux
Quw: terrestrial long wave
radiative flux
QSW Qp: long wave net
u10, V10 radiative flux
T shear stress
P E .
: evaporation
Tain Pair P: precipitation
Tair: air temperature
SST: sea surface temperature
[Z] potential temperature
uo/vio:  u/v-wind at 10m
Jv| : wind
Pair : air pressure
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ICON — ICOsahedral Non-hydrostatic modeling framework (Atmosphere)

= Developed by German Weather Service (DWD)
and Max Planck Institute for Meteorology
(MPI-M)

= Unified modeling system for global numerical
weather prediction and climate modeling

= Flexible grid nesting capability and usage of
non-hydrostatic equations

= Operational weather forecast at DWD (13 km
global + 6.5 km local resolution)

Icosahedral triangular horizontal grid with fairly

uniform resolution on sphere and simple regional

. . grid refinement
Zingl et al., 2015; Giorgetta et al., 2018
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ICON — ICOsahedral Non-hydrostatic modeling framework (Atmosphere)

= Developed by German Weather Service (DWD)
and Max Planck Institute for Meteorology
(MPI-M)

= Unified modeling system for global numerical
weather prediction and climate modeling

= Flexible grid nesting capability and usage of
non-hydrostatic equations

= Operational weather forecast at DWD (13 km
global + 6.5 km local resolution)

= Central Baltic Sea: approx. 2500 m ) ) ] ) )
Icosahedral triangular horizontal grid with fairly

= Simulation configuration based on DWD

uniform resolution on sphere and simple regional

forecast ) _ grid refinement
Zingl et al., 2015; Giorgetta et al., 2018
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GETM - General Estuarine Transport Model (Baltic Sea)

Bathymetry Baltic Sea = Co-developed at IOW (www.getm.eu)

120 P 240

= Modeling baroclinic bathymetry-guided flows including
drying and flooding processes

= Reproducing baroclinic features such as upwelling, internal
seiches and stratified flows

= Simulating flows and transport on larger scales than
estuarine scales, e.g. salt water inflows in the Baltic Sea

= Usage of structured rectangular grid

Bathymetry (meters)

3.0 49.0 95.1 141.1 187.1 233.1

Burchard et al., 2004; Holtermann et al., 2014; Klingbeil et al., 2018
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GETM - General Estuarine Transport Model (Baltic Sea)

Bathymetry Baltic Sea = Co-developed at IOW (www.getm.eu)

120 P 240

Modeling baroclinic bathymetry-guided flows including
drying and flooding processes

Reproducing baroclinic features such as upwelling, internal
seiches and stratified flows

Simulating flows and transport on larger scales than
estuarine scales, e.g. salt water inflows in the Baltic Sea

Usage of structured rectangular grid

Area of interest: Central Baltic Sea (approx. 600m)

Simulation setup from Holtermann et al., 2014

Bathymetry (meters)
3.0 49.0 95.1 141.1 187.1 233.1

Burchard et al., 2004; Holtermann et al., 2014; Klingbeil et al., 2018 =
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ICON & GETM: Model Scheme

Orography Reanalysis data
Land use class (initialise, limited area)

Atmospheric River
Bathymetr
state data y i Open boundaries

GETM

(regional)

ICON
(regional/global)

4D Output
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ICONGETM: Model Scheme

Reanalysis data Ri
Orography o ne y ; Bathymetry iver .
Land use class (initialise, limited area) Open boundaries

Coupler

ICON meteorological fields

(regional/global)

GETM

(regional)

I oceanographical fields |

4D Output

Tobias Bauer (tobias.bauer@tropos.de) Coupling of ICON and GETM with ESMF September 23,



Motivation: Coastal upwelling ICONGETM with ESMF
o6 0000000

ESMF: Coupling Strategy (with NUOPC)

Central Baltic Sea simulation Summary
000 O

AppDriver: ICONGETM

Call Initialize | Call Run | Call Finalize

Initialize Run Finalize

Child GridComp “ICON”
(Initialize r Run r_Fina/ize

— Child GridComp “GETM”
v

("initialize r Run [F/'na/rze ]
| Child CplComp “ICON-GETM-Coupler”

AppDriver: supervising of coupled model run
GridComp: running of original models

CplComp: interpolation/exchange of data
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= Concurrent coupling structure

= Use of NUOPC interface layer

Atmosphere:
ICON
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ICONGETM: Simulation sequence

Initialize ESMF
Configure ICONGETM

‘ ICONGETM component specialized as NUOPC-Driver ‘
¥

1 initialize (1DPv03)
/|(ESMF_Mesh (p1) )

ESMF_Grid (p1)

ICON: NUOPC-Model

)
%
I
i
i
i
| i
c! I
-% advertize data (p1) | [ advertize data (p1) | advertize data (p1) || 3 GETM: NUOPC-Model
e e B0, ‘ ;
E} realize data  (p2) o \T realize data (p5) | S realize data  (p2) ||| Coupler: NUOPC-Mediator
: ; | ‘ ; ~
! 1 S ESMF_XGrid ®5) | 3 3 — NUOPC-Connector
" 1 | ] | T
i 1 | [interpolation weights (p6) |' | K
1 | | ! | i
[ i} L i I ]
1 | — v PR I
5} i [ advance model mtribute dateﬂ | [ regrid data j i [redistribute data] | [ advance model ] |
il I —— ] T —————7 I §
gl v ‘ ‘ v ; ‘ v H
gl cieue | | (finalize model ]
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Finalize ESMF O ercephar Research

Tobias Bauer (tobi g Coupling of ICON and GETM



Motivation: Coastal upwelling ICONGETM with ESMF Central Baltic Sea simulation Summary
[e]e] 0000080 000

O

Interpolation issues due to grid structure

Area of interest:
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ICONGETM with ESMF
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Central Baltic Sea simulation
0000000

000

Summary
O

Interpolation issues due to grid structure

Area of interest: Grid structure and coast line:

182 184 18.6 18.8 19 192 182 184 18.6 188 19 192 ZHSOAN wmemwenr
°E °E
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Interpolation issues due to grid structure

Area of interest: Grid structure and coast line:
i RN LI
B 2.
57.75 ::1177— i 1. Both models show
E land
] 1 5 2. ICON shows water
E : & GETM land
- 3. ICON shows land
& 517 h & GETM water
- 4. Both models show
’ 4 water
57.65 ]
. . . 18.75 18.8 18.85 18.9 18.95 19
23°E 30°E 37°E °E
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Interpolation issues due to grid structure — ESMF_XGrid

= Interpolate data from ESMF_Grid to ESMF_XGrid and vice versa
= Interpolate data from ESMF_Mesh to ESMF_XGrid and vice versa
with sparse matrix multiplication s

1013 1013 1014 1015 1012 1013 ~(290) 289.4 200 2005 201  (290)
—_ e — atmosphere grid — —_— —_
1013 1014 1015 1012 1013% 289 200 290 201
__————mexchangegrldm -_—
s wv
1013 1014 1013 ) 289 200 201
ocean grid
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Demonstration: Central Baltic Sea July 2012: Air-temperature

ICONGETM: 16.07.2012 Difference: 16.07.2012 16.07.2012
} 292 3 292
290 62N 2 290
288 _ 1 288
& 60°N & &
= = =
2 2 2
286 & 0 2 286 52
Z
£ S8°N £ £
5 5 5
284 & a1 F 284 &
56°N
282 2 282
280 54°N -3 280
4E I17°E 20°E 23E 26°E 4B 17°E 20°E  23E  26°E 4E I17°E 20°E 23°E  26°E

Air-temperature in 2m height over Baltic Sea

= Complex feedback on sea surface temperature, wind and air pressure at surface
= Differences, 16th of July 12UTC: approx. 2K

Tobias Bauer (tobias.bauer@tropos.de) Coupling of ICON and GETM with ESMF



Motivation: Coastal upwelling ICONGETM with ESMF Central Baltic Sea simulation Summary
[e]e] 0000000 (o] Je} O

Demonstration: Central Baltic Sea July 2012: Air-temperature

= Measurement
296 f —— ICONGETM
—— ICON

= Two-way coupled, one-way coupled/uncoupled

294 4
simulations vs. measurement from RV Meteor

&2 292

K

= Underestimation of temperature up to 2.5m in
ICON

= Better agreement of temporal development in

Temperature
)
-]
!

1 ICONGETM vs measurement, especially after
286 1 10 days
L . . ' ' ' = Overall, more realistic representation of
2012-07-01 2012-07-05 2012-07-09 2012-07-13 2012-07-17 2012-07-21 Weather condltlons

Air-temperature at 29.1m height

Tobias Bauer (tobias.bauer@tropos.de) Coupling of ICON and GETM with ESMF September 23,



Motivation: Coastal upwelling ICONGETM with ESMF Central Baltic Sea simulation Summary

[e]e] 0000000 000 [0}

Demonstration: Central Baltic Sea July 2012: Water-temperature

TF2715m
18
®  measurements
—— uncoupled
17— onevay
—— two-way . .
= Overestimation of
16 4
water-temperature after 12
s days in one-way coupled
=
simulation
14 4
= Heat flux calculation in
131 two-way coupled simulation
oW ™ based on GETM-SST
17.06.2012 22.06.2012 27.06.2012 02.07.2012 07.07.2012 12.07.2012 17.07.2012 22.07.2012

Water-temperature in 5m depth = TROPOS |
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Summary

= Coupling of ICON and GETM using coupler ESMF
= Addressing various problems, e.g.: representation of the physics at air-sea interface, controlling of
model runs, interpolation issues due to grid structure and horizontal resolution

16.07.2012

Satellite Uncoupled One-way

TROPOS |

Tobias Bauer (tobias.bauer@tropos.de) Coupling of ICON and GETM with ESMF September 23



Motivation: Coastal upwelling ICONGETM with ESMF Central Baltic Sea simulation Summary
[e]e] 0000000 000 ()

Summary

= Coupling of ICON and GETM using coupler ESMF

= Addressing various problems, e.g.: representation of the physics at air-sea interface, controlling of
model runs, interpolation issues due to grid structure and horizontal resolution

= Bauer, Klingbeil, Holtermann, Heinold, Radtke, and Knoth, 2020 (submitted)

16.07.2012

Satellite Uncoupled One-w.
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What happens at the water surface?

Air-Sea Interactions

I Visible radiation ) . )
Linking of atmosphere and ocean via trans-

fer of momentum, heat and gases e.g.

Evaporation l = Wind and atmospheric pressure

generate waves and currents
Ekman transport
apes in the Northem Penetrating

= Hemisphere radiation = Ocean absorbs heat from the sun,

Ocean currents

greenhouse gases like carbon dioxide

Langmuir

circulation = Warming/cooling of the atmosphere
from below
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