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Context

During the previous workshop, several issues were raised that relate to the organiza-
Context tion of the physics:

® What is Harmonie?

® Work on physics-dynamics interface is progressing slowly.

® Hirlam wants to compare several radiation schemes (IFS, acraneb(2), hiradia) in the
same testbed.

® The APLPAR routine has become overly complex.
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Context

During the previous workshop, several issues were raised that relate to the organiza-
Context tion of the physics:

® What is Harmonie?
® Work on physics-dynamics interface is progressing slowly.

® Hirlam wants to compare several radiation schemes (IFS, acraneb(2), hiradia) in the
same testbed.

® The APLPAR routine has become overly complex.

= an ambitious action has been started to tackle these issues together.

Regular follow-up and discussion between Hirlam, Météo-France, LACE and Aladin.
Reports, presentations and documentation can be found on wiki page:
https://hirlam.org/trac/wiki/phys-dyn
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Two physics packages

These issues are due to the fact that ALARO/ARPEGE and AROME are entirely sep-
arated:

Context

MF_PHYS
APLPAR Qalculgte fluxes of prognos-
tic variables
Y
CPTEND_NEW Convert fluxes to tendencies
Y
CPUTQY Update prognostic variables
Calculate tendencies of
APL_AROME prognostic variables
Y
CPUTQY_AROME Update prognostic variables

m Different physics-dynamics interface:
CPTEND_NEW/CPUTQY vs. CPUTQY_AROME

m Different calling routine: APLPAR vs. APL_AROME
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Physics-dynamics interface

® There are some differences in convention:

+ ARPEGE and ALARO use the enthalpy-flux-based Catry interface
+ AROME uses a temperature-tendency-based interface

Physics-
dynamics

terface ® The AROME interface makes some approximations:

+ neglecting the heat transport by precipitation

+ neglecting the heat capacity change by turbulence and shallow convection
¢ use of ¢,4 instead of ¢, for radiative heating

® The Catry interface has a big advantage in terms of conservation and consistency,

but it is quite rigid: po

\ q; > q, ﬂ
¢ 4 prognostic hydrometeors
P,

+ fixed set of fluxes \ /

QI > Qr
— @9

(Courtesy of B. Catry)
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Physics-dynamics interface

® During the Convergence Days (2008), it was decided that ARPEGE/ALARO and
AROME should be put under a common physics-dynamics interface.

Physics- B Some generalizations were necessary to the Catry interface CPTEND NEW

dynamics
interface
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Physics-dynamics interface

® During the Convergence Days (2008), it was decided that ARPEGE/ALARO and
AROME should be put under a common physics-dynamics interface.

Physics- B Some generalizations were necessary to the Catry interface CPTEND NEW

dynamics
interface

® Development of flexible interface ‘INTFLEX’:

¢ arbitrary number of hydrometeors

+ all conversions between hydrometeors are possible
+ tested during Working Week in Brussels

¢ phased in cy40t1
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Physics-dynamics interface

® During the Convergence Days (2008), it was decided that ARPEGE/ALARO and
AROME should be put under a common physics-dynamics interface.

Physics- B Some generalizations were necessary to the Catry interface CPTEND NEW

dynamics
interface

® Development of flexible interface ‘INTFLEX’:

¢ arbitrary number of hydrometeors

+ all conversions between hydrometeors are possible
+ tested during Working Week in Brussels

¢ phased in cy40t1

® Also useful for ARPEGE/ALARO!

PCMT scheme with convective hydrometeors, prognostic graupel, newly defined
fluxes, ...

Bonus: automatic detailed diagnostics at the level of the physics-dynamics interface.
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Interfacing AROME

® Three ways exist now to couple AROME physics to the dynamics:

1. Existing: temperature-tendency-based with the mentioned approximations:

Physic;— oT total B oT rad oT dif f oT micro
ertace at “\ar) T\a& T\t
2. Reproducing the existing results with INTFLEX, by making the same approxima-
tions:
anT total _ _gé |:JTad+Jdiff +JmicTo +JpT€C_|_inCt:|
ot Op

where J* are energy fluxes.

3. Discarding the approximations to obtain a more accurate system:

a T total a ra 7 micro rec
( gpt > =95, [J T g g gmiere 4 gP ]

; . . diff di
where J%// is determined from —g 25—~ = ¢, (%}) N

The impact on forecast quality remains to be investigated in detail, but first tests

indicate rather small differences due to compensation effects between the approx-
imations.
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Physics-
dynamics
interface

Interfacing AROME: preliminar results

® Accounting for heat transport by precipitation:

Neighbourhood Observation Brier Skill Score for precipitation > 10 mm
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(Courtesy of Y. Seity)
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Interfacing AROME: preliminar results

® Accounting for dc, /dt in shallow convection scheme:

aroflex - ref : SO60TEMPERATURE+0001 (K)

Physics-
dynamics
interface

0.55
0.50
0.45
0.40
= 0.35
— 0.30
— 0.25
— 0.20
— 0.15

— 0.10

D 0.05
0.00

Difference between correct and
approximated after 1 time step
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Interfacing AROME: preliminar results

® Accounting for dc, /dt in shallow convection scheme:

aroflex - ref : SO60TEMPERATURE+0001 (K)
0.60
Physics- 055
dynamics '
interface 0-50 5
0.45 o
[{e]
0.40 & 7 3.7K
= 0.35 3 9|
¢ o
— 0.30 g s | Do6K
— 0.25 8- Al
- 0.20 E) § N
 0.15
Al
— 0.10 & 7]
0.05 o
i & R Bhfier
0.00 T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5
Time (h)
Difference between correct and Temp. evolution in one point

approximated after 1 time step
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Interfacing AROME: preliminar results

® Accounting for dc, /dt in shallow convection scheme:

aroflex - ref : SO60TEMPERATURE+0001 (K)
0.60
Physics- 055
dynamics '
interface 0-50 5
0.45 o
[{e]
0.40 & 7 3.7K
= 0.35 3 9|
¢ o
— 0.30 g s | Do6K
— 0.25 8- Al
- 0.20 5 § N
 0.15
Al
— 0.10 & 7]
0.05 o
i & R Bhfier
0.00 T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5
Time (h)
Difference between correct and Temp. evolution in one point

approximated after 1 time step

® Anyway, the primary goal of this work is to have a common physics-dynamics inter-
face to allow for the exchange of scientific ideas.
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The APLPAR routine

® The flexible physics-dynamics interface paves the road for a uniform treatment of the
effect of parameterizations on the prognostic variables.

® But what about the inter-parameterization dependencies?

® |[f we want to cross-use (parts of) parameterizations between ARPEGE/ALARO and

e AROME, some cleaning is necessary first.

® The APLPAR routine has become overly complex: 4500+ lines, 300 arguments,
150+ IF statements, ...
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The APLPAR routine

m ALARO data flow between parameterizations:

ALARO targeted organisation of the physical time-step

——————————— 1
Lewellen”2-type S Ii—: N, (t-At) €=-1

Thermodynamic adjustment N°1
=> Ny, (radiation)

vl |

Cloud Radiative Impact

v

Physics
Cleaning

A 4
Turbulent diffusion TKE, L,
including shallow ::; TTE
convection memory

Cellular
Automaton

I saxny JPip 1y-3 d pue b s ‘4 ‘n

$2]1BSUAPUOD
"JP9AU0D }U
uoI11291044

uoijejipes 10} J2A0 PNOP IAPIAUO)

pdynamic adjustment N°2
d. & N*, (microphysics)

|

Convective updraft

cond. & N, (microphysics)

ainsop dap-xy

[esnueuiq

“AU0D “}siowl

Microphysics of clouds

x
ol YV Iy
o I
E ! Memory of hydrometeors ”
o | Prognostic
convective
--> handling

(3 cloud covers, 2 types of condensation, 2 types of evaporation, but 1 radiative
and 1 microphysical computation only; implicit moisture distribution for the
thermodynamic adjustment; flexible choice for convective closure assumption)

(Courtesy of R. BroZkova)
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The APLPAR routine

® ALARO data flow between parameterizations:

ALARO targeted organisation of the physical time-step

D e e I
.: ’I Lewellen”2-type S Ii—: N, (t-At) €=-1
P
e (=]
2 Thermodynamic adjustment N°1 e
E ] => Ny, (radiation) H-
| & 12
1® l| 12
\ 3
Physics o 2
y e Cloud Radiative Impact l e
Cleaning g 8 o v &
= Turbulent diffusion TKE, L, 2 E S %
= including shallow ::; TTE g 2 8 Cellular ;_
¢ convection memory 285 BHIemo S
- a = 12
3 =
: i
g pdynamic adjustment N°2 %.
: d. & N*, (microphysics) 3
2 I
o

[esnueuiq

Convective updraft
cond. & N, (microphysics)

“AU0D “}siowl

Microphysics of clouds

)
ot W )
E ! Memory of hydrometeors ”
I Prognostic
convective
--> handling

(3 cloud covers, 2 types of condensation, 2 types of evaporation, but 1 radiative
and 1 microphysical computation only; implicit moisture distribution for the
thermodynamic adjustment; flexible choice for convective closure assumption)

(Courtesy of R. BroZkova)
...and this is only a subset of APLPAR!
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The APLPAR routine

® ALARO data flow between parameterizations:

ALARO targeted organisation of the physical time-step

D e e I
.: ’I Lewellen”2-type S Ii—: N, (t-At) €=-1
P
e (=]
2 Thermodynamic adjustment N°1 e
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- a = 12
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: i
g pdynamic adjustment N°2 %.
: d. & N*, (microphysics) 3
2 I
o

Convective updraft
cond. & N, (microphysics)

>0

Microphysics of clouds
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a2inso|>

Prognostic
convective
--> handling

(3 cloud covers, 2 types of condensation, 2 types of evaporation, but 1 radiative
and 1 microphysical computation only; implicit moisture distribution for the
thermodynamic adjustment; flexible choice for convective closure assumption)

(Courtesy of R. BroZkova)
...and this is only a subset of APLPAR!

® Try to identify well-defined blocks.
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APLPAR reorganization: radiation

m Started with streamlining radiation:
+ Hirlam radiation team working on comparison of different radiation schemes
+ feasibility case for other blocks
+ may provide some guidelines for cleaner physics

Slryahias m Preparatory calculations were moved to separate subroutines:
Cleaning

aerosols, cloudiness (?), ozone, co2, albedo

® Choice between different radiation schemes (FMR, acraneb) is moved to a separate
routine.

® This clarifies dependencies between radiation and other parameterizations.
® About 600 lines of code were removed from APLPAR.

® Symmetric organization in APL_AROME is possible.
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APLPAR reorganization: some guidelines

® Removal of calculations from APLPAR!
® Fluxes/tendencies of prognostic variables with INTFLEX structures
m Diagnostics with DDHFLEX structures

m Clear purpose of variables
Physics ) ) .
Cleaning + diagnostic variables
+ fluxes/tendencies with effect on prognostic variables
+ auxiliary variables between parameterizations

® Avoidance of global variables

m Limit IF statements at the APLPAR level: choice between equivalent schemes
should be done at a lower level.

® Avoidance of complex |IF statements
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APLPAR reorganization: some guidelines

® Removal of calculations from APLPAR!
® Fluxes/tendencies of prognostic variables with INTFLEX structures
m Diagnostics with DDHFLEX structures

m Clear purpose of variables
Physics ) ) .
Cleaning + diagnostic variables
+ fluxes/tendencies with effect on prognostic variables
+ auxiliary variables between parameterizations

® Avoidance of global variables

m Limit IF statements at the APLPAR level: choice between equivalent schemes
should be done at a lower level.

® Avoidance of complex |IF statements

Remarks

® Reorganization should not go at the expense of efficiency!
® Similar actions for OpenlFS and OOPS.
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Conclusions and work ahead

® Common flexible physics-dynamics interface has been coded.
m |ts scientific performance needs to be tested further for AROME.

® Future developments (new fluxes, new hydrometeors) can benefit from it.

Conclusions
and work ahead
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Conclusions and work ahead

® Common flexible physics-dynamics interface has been coded.
m |ts scientific performance needs to be tested further for AROME.
® Future developments (new fluxes, new hydrometeors) can benefit from it.

® Physics calling routines (APLPAR and APL_AROME) cleaning and reorganization is
challenging but necessary.

Conclusions ®m We should aim (at least) at a ‘symmetric’ organization of these two routines.

and work ahead

m Feasibility has been proven for radiation.

® Next ‘block’ is turbulence and shallow convection.
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Conclusions and work ahead

® Common flexible physics-dynamics interface has been coded.
m |ts scientific performance needs to be tested further for AROME.
® Future developments (new fluxes, new hydrometeors) can benefit from it.

® Physics calling routines (APLPAR and APL_AROME) cleaning and reorganization is
challenging but necessary.

Conclusions ®m We should aim (at least) at a ‘symmetric’ organization of these two routines.

and work ahead

m Feasibility has been proven for radiation.

® Next ‘block’ is turbulence and shallow convection.

m Open question: what level of granularity are we aiming at when organizing APLPAR
and APL_AROME in blocks?

® Finish work on DDHFLEX and remove old-style diagnostics.
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Thank you !
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