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* The concepts behind the Modular Earth Submodel System
* 3 basic concepts
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The conceptual need for (modular) “coupling”

o ermal radiation
< radiation
orbit —
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sphere sphere sphere | sphere |sphere sphere sphere
air ocean glaciers  vege- soll  rock sSocio-
rivers sea-ice tation volcanos economy
lakes snow continents technology
ground- crust

water ﬁ

<coupling“: circulation of energy, momentum, constituents

-

change of ,state variables* by physical, chemical, biological, socio-economic processes
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The scientific needs for (modular) “coupling”
* Increasing complexity requires
Increasingly transparent control (user friendly)
* variable complexity
depending on the scientific questions/demands
* minimised effort for extension
(plugé&play, exchangeable code, alternative
Implementations of processes)
« efficient future developments
(standardised interfaces)
* feedback mechanisms between processes
(quantification)
* reproducibility
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Different ways of “coupling”

¢

Internal coupling

* Os are part of the same
program unit (“task™)

* data exchange via
working memory

e I

on-line

direct

(Jockel, 2012)
(Kerweg & Jockel, GMD, 2012b)

A

-

external coupling

* Os are split into different
Qrogram units (“task%”)

off-line on-line

* data exchange
via external

* data exchange
via working

storage (files) L memory

!

Indirect

direct

* iInvolves an
add. external
program
(“coupler”)
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Different ways of “coupling”

'~

Internal coupling » external coupling
* Os are part of the same * Os are split into different
program unit (“task”) Qrogram units (“taski”)
* data exchange via : ;
) off-line on-line
working memory
i s— * data exchange * data exchange
) on-line ) via external via working
direct storage (files) L memory L
) } indirect direct
choice depends on: * involves an
- application add. external

- I . l

|mp!ementat|qn effqrt (Iegqc_y code!) - program
- desired sustainabillity, flexibility, re-usability B ler”
—~ compromise in minimizing computational (‘coupler)

and communication overheads
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The concepts behind the

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV

in der Helmholtz-Gemeinschaft MOSSCO Workshop, 17.09.2013, Patrick Jockel
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cD) I:I process oriented approach !
different domains U T
- atmosphere L E
- hydrosphere A o _
- cryosphere _» R o Comprehensive
- biosphere | A Earth System Model
- pedosphere i T | |
- litosphere T * one code / flexible (_:omplexny
- anthrosphere | O * transparent (user friendly)
O N * highly consistent
N * single components easily
_ exchangeable
S'm'?l‘? and continuous further development
efficient | j\vays “state of the art” and
Interface

applicable for scientific
# structure purposes

Deutsches Zentrum
fur Luft- und Raumfahrt e V.
in der Helmholtz-Gemeinschaft shop, 17.09.2013, Patrick Jockel



Standardisation

‘V, Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV

in der Helmholtz-Gemeinschaft MOSSCO Workshop, 17.09.2013, Patrick Jockel




strict separation of
model-infrastructure’ and process-description

el

¥

,generic* process- / diagnostic
submodels submodels

— organisation of code in a 4 — layer structure
- consequent formalisation of ,operator splitting" concept
- object-oriented approach (as far as possible in F95)
- “low-level” standardisation
- strict compliance with language standard (F95)
- simple coding-standard

1) memory management, input/output, flow control, grid-transformations, ...
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Concept 1: 4 — Layer Structure

“legacy model”
(GCM, LAM, ...) ﬁaiz Me(;-del
,pinhole surgery* Layer:
OR power supply

generic MESSy BM [

aiakDRICORSI ﬁ@ﬁ@

Base Model

(inigi)ffljljleacr:]t:se) < Interface Layer: §u bmodel
multiple socket Interface
outlet Layer:
\ connector
Submodel
F95  classic* Core
(arrays)
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Standardisation on the lowest possible level ...

Infra-
structure
level
Interface
level i
‘“science
INTENT(IN) INTENT(OUT) code”
process subroutines as 'operators’ Il
level In smallest meaningful entity
(box, column, column-vector, ...)
user interface:
language Fortran90/95 ISO/IEC 1539:1991 i
ovel namelists
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Standardisation on the lowest possible level ...

T Cee =0 Tee S

Infra- SWITCH
structure

level
SUBMODEL
Interface
level ]
“science
INTENT(IN) INTENT(OUT) code”
process subroutines as 'operators' Il
level in smal | entity
(box, col ector, ...)
lanauaqe _ user interface:
Igvelg Fortran90/95 ISO/IEC 1539:1991 namelists
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Concept 2: Operator Splitting

OP 1 OP 2 coe OP n
Aa (+) A;.. (+) A; (+)

0X/0t

XD I__
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Concept 2: Operator Splitting
Example:
X =alr
temperature radiation convection diffusion
OP 1 OP 2 ) OP n
Aa (+) A;.. (+) A; (+)
0X/0t

XD I__
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Concept 2: Operator Splitting

different numerical algorithms (discretisation, parallel decomposition,
cache/vector blocking, ...)

0X/0t

Xl I__
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Concept 2: Operator Splitting

Example:
basic (dynamical) equations — coupled PDE system

reaction kinetics (chemistry) — coupled ODE system

spectral Rosenbrock-3 (auto)
transform

ooe OP n

0X/0t

XD I__
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o |
submodel :
radiation hydrological
cycle
gas phase aerosol clouds
anthropogenic | l | dry
emissions deposition
[ Tremstomaion
' —»ﬁ
natural I_fj deposition
emissions ‘ ‘
A . scavenging
sedi- : : e
: advection convection diffusion
mentation T
I

| OCEAN AND BIOSPHERE |< I




l RAD r 4-‘
JVAL
m I :
submode radiation hydrological | msBM | | scav
cycle
PLUMEGAS MECCA MECCA_AERO
gas phase aerosol clouds | CLOUD || MSBM
OFFEMIS
: | GMXE || MAIDE |
anthropogenic DDEP dry
emissions deposition
TNUDGE ‘ — ‘
1 e *
wet
nf_:ltu_r al f_l eposition
emissions SCAV
ONEMIS | 4 CONVECT -
— scavenging
LNOX ey advection convection diffusion
AIRSEA SEDI T CVTRANS
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Concept 3: Objects

Fortran ‘ “channel object”
variable (nested F95 structures)

(array) - data (pointer to memory)
- geometry + parallel decomp. (representation)
- meta-data (attributes)
- output (incl. simple statistics w.r.t. time)
- restart facility

- pointer / array <«—— “pinhole surgery” !

A
BMIL
objects —
SMIL
\J
SMCL pointer / array <«—— performance !
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Object oriented approach: The generic submodels
* SWITCH/CONTROL: central submodel management

* CHANNEL.: data exchange (coupling) between
processes and data export
* TRACER: coupling between processes via

prognostic variables
(e.g., emission -> kinetics -> advection -> deposition)

* TIMER: time control, event management

* TOOLS: tools shared by various submodels

* NCREGRID: automatic re-discretisation of initial- and
boundary conditions during import

* TENDENCY: time integration & process analysis

* QTIMER: optimum job-scheduling & performance
analysis
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Achievements reached with
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Achievement 1: plug & play / code sharing
Bridging process & chemistry climate modeling
_ regional global
photochemical chemistry climate chemistry climate
box model model model
CAABA COSMO-CLM ECHAMS

basemodel interface layer

basemodel interface layer

- basemodel interface layer

submodel interface layer

submodel interface layer

submodel interface layer

- — . ——-—

J L

process
submodels
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kinetic
solver

— ' — 2 | ab o =l J
other ¥ § ~ 30 other

photolysis
rate calc.

MECCA JVAL

process
submodels
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Achievement 2: coexistence of alternatives

uncertainty w.r.t. process formulation

MESSy BMIL

MESSy SMIL

| A—
T1/T2/T3 EC/EC2 B1/B2 ZH | ZHW

4 different convection schemes
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MESSy Achievement 3:

Increasing consistency
OFFEMIS (Step by Step)

prescribed
oceanic
emissions

emission flux
consistent with

wind speed -
salinity -
ocean circulation -
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MESSy MESSy \

OFFEMIS IMPORT AIRSEA

prescribed prescribed explicit

oceanic oceanic calculation

emissions concen- of alr — sea

trations exchange

emission flux u W,
consistent with N

wind speed -
salinity -
ocean circulation -
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ECHAMS ECHAMS MPIOM
MESSy MESSy ‘
OFFEMIS IMPORT AIRSEA HAMOCC
prescribed prescribed explicit explicit
oceanic oceanic calculation calculation of
emissions concen- of alr — sea oceanic
o trations exchange concen-
eImission riux \ / t t'
consistent with RV \? 'ons /
wind speed - + +
salinity - -/+ +
ocean circulation - - +
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Some examples of

developments
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Example 1: internal coupling versus  indirect external coupling

of an Atmosphere — Ocean System (domain coupling)

MPIOM as MESSy submodel MPIOM — OASIS3 — ECHAMS5
“coupled to” ECHAMS

task - task >

< atmosphere >
| |

| <« UJdataexchange |,

<

‘ - 0Cean |
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Example 1: internal coupling versus  indirect external coupling

of an Atmosphere — Ocean System (domain coupling)

Processor ID # for 4 x 4 decomposition
15 50 [

16
15

80N

) 14 - 14
BO°N 13 60 4 13
12 12
40°N
1 40 ] 11
20°N 10 20 1 10
g ] !
Qe 2 0 _: &
7 ] 7
20°3 6 —20 6
<] 5 : 5
40°5 4 -40 A
v 3 3
60°S 5 —60 2
o 1 1
80°S £ —80 0
v ™ i
o BOCE  10NeF ARMEE 1RMTW 1109%  FO%W  10°W —1RO0 100 —AD 4] R0 100 1680

Atmosphere Ocean (rotated grid)
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Example 1: internal coupling versus  indirect external coupling

of an Atmosphere — Ocean System (domain coupling)

“gather”
NEE - B
| ' - “all-gather”
Y i Y Y
EENE \ N el NN
. grid-trafo J T
grid-trafo (serial)
(semi-parallel) “gcatter”
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Example 1: Performance (seconds per simulated month)

1Y = 0.89207 * X
500 JR2 = 0.9984

800 - number of /

—>

tasks (=cores)

700 -
600 -
500 -
100 -

Internal coupling

300 3

depends on: 2090

- HPC system 100 —
- model setup :

(Pozzer et al., GMD, 2011)
D_IIIII|IIIII|IIIII|IIIII|IIIII|IIIII|IIIII|IIIII|IIII|IIIII

0 100 200 300 400 500 600 700 800 900
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Example 2: direct external coupling
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MECO(n) MESSy -fied ECHAM and COSMO n-times nested

* 1-way on-line nested global-regional ECHAMS5
atmospheric model system |
* multiple instances possible Y Y |
due to client — server COSMO 1 COSMO 2 COSMO 3
architecture of MMD ... |
— e COSMO 2-1 COSMO 3-1

COSMO 3-2

y
COSMO 2-1-1

(Kerkweg & Jockel, GMD, 2012a,b)
(Hofmann et al., GMD, 2012)
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MECO(Z2) simulation of Evjafjallajokull eruptio

TH:;'IEI : ‘I?—%F‘IH—IEIWIDI C‘ID:DG column density [;-::lrlbitlrclr}f ||.m|'|t5:|

EI:'DN | | |

20H T T T T T T T 1 %
4050 205 0° Z0°E 40°E 60°E 209 0° Z0°E 40°E BO°E
EMAS T108LSTECKMWF CGSMDfMESSy—EU
(1.125% x 1.125%, B min) {40 krn, L40, 3 min)

o™ 0" 10°E Z20°E  30°E 0%y 0% 10°E 2Z0°E 30°E
{c) Patrick Joeckel, DLR, Aug 2011

SE°N

34°N

30N

487N

427N

38N

347N

SHON

S54°N

20N

45N

42°N

38N

347N

1o O° 10°E  20°E  I0°E

COSMO /MESSy—DE
(7 km, L40, 40 s=c)




e Vi
St ol

Example 2: On-line nesting: an alternative way to higher resolution

MMD-Server
(ECHAMS or COSMO)

server . .

tasks I H— B

-

>

-

memory
buffers

MMD-Client
(COSMO)
|
>H BB B client
vl B tasks

MPI based, single sided “point-to-point” communication
between cé&s tasks with overlapping grids
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Example 2: On-line nesting: an alternative way to higher resolution

CLIENT MODEL

MPI_send
MPI _recv

interrupt info interrupt info

MMD library

MPI single sided

field exchange -
communication

field exchange

data flow initialisation phase data flow integration phase

(Kerkweg & Jéckel, GMD, 2012b)
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Example 2: On-line nesting: an alternative way to higher resolution

4—4-24 4-4-56 4-4-88 4—-4-120

A -
no. of tasks X - | | -
ECHAM:- @ 6.0 A | :
COSMO-40 km % F
COSMO-7 km 3 >0 -
E 40 1/\ h |( | h i
_4-4-56 = ||| N ||| | H .
is most S 30 | | ML
efficient! G WMy VI
) 2.0 | | | | | | A —
addional & T
effort to % | AN\ #\K N/ Uﬁ

optimize R afvh A~ =A\ls

02 03 04 05
simulation time (hour)

efficiency !
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Summary

* ESMs are based on the coupling of different components
(increasing complexity needs control! . modularity !).
* The Modular Earth Submodel System (MESSy)
* formalises the operator splitting concept ...
* ... In a 4-layer software architecture ...
* ... with object oriented approaches (in Fortran95).
* combines methods of internal and external coupling (MMD).
* has originally been developed for atmospheric chemistry, but
since “development cycle 2” it is general.
* has “main” components (generic submodels), which can be
* used independently.
* Is developed further by a consortium of institutions.
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MESSy is NOT messy !l
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