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COSMO-POMPA:

Materials Science and Techn

COSMOPOMPA (Performance On Massively Parallel Architectures)
GPU accelerated version v5.0 2017.6
Computations on CSCS (Piz Daint)

3x faster on GPU, 1.5x faster on CPU
Greenhouse gas (GHG) tracer extension by Empa

Structure; <

Main code :

A

Fortran + OpenACC
(cosmo-pompa/cosmo/)

e

AN

F

Dynamics:
C++/Cuda

(cosmo-poma/dycore/)

Dycore

/

3

[ (separate repository : https://github.com/C2SM-RCM/stella)

STELLA Library
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Input Data for €@SMO-GHGH

@ Empa

Materials Science and Technology

Background
Anthropogenic
Respiration

-~

Photosynthesis (GPP)

8 GHG Tracers

o

Background
Anthropogenic

Background
Anthropogenic

oL

Boundary conditions
Global CO, model CAMS
(ECMWEF, experiment ghqy)

Anthropogenic emissions
TNO/MACC-3 (Europe) +
CarboCount (Switzerland)

Biosphere fluxes
VPRM (MPI Jena)
ECMWEF hourly forecasts (0.125°)

—

time-varying CO2 mass fraction at lateral boundary (10°-6 kg kg-1)

<

614.0

615.0 616.0 617.0 618.0 619.0 620.0

surface upward mass flux of GPP CO2 (10"-9 kg m-2 s-1)

e e T T
kg m=2 yr-1

—TTT =
10-3 10-2 00 1875 3750 5625 750.0 9375 11250 13125 1500.0
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Input Data: Anthifopogenic Eﬂr%{ssio'ng o

i
z SNAP

@ Empa
Materials Science and Technology
Categories
X CO2_A_SURF_E
Scalings

50N

BN

)

— —

«
1.0E4+00
L vertical

1.0E+01

CO2_A SURF_E (10"-9 kg m-2 5-1)

1.0E+02
Data Min = 0.0E+00, Max = 3.1E+05

1.0E+03
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Input Data: Bies - °Empa

nology

Vegetation Class Fractions (8 class

Evergreen Cropland

o VPRM Parameter Table T 2M
P e Mahadevan et al., 2008 -
SWDIR_S

MODIS Surface Reflectances (MODO09A1):
Red NIR |

Biosphere Fluxes (VPRM)
= Respiration (RA)

= Gross Photosynthetic
Production (GPP)

Vegetation Indices

= Enhanced Vegetation Index (EVI)
= Land-Surface-Water Index (LSWI)
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Offline vs. Online Emissions/Fliixes

Anthropogenic
Emissions

Biospheric
Fluxes
(VPRM)

Offline

$

Non modular

Costly pre-processing

Large amount of files (hourly)

Lot of I/O during runtime

Different meteorology

¢ Coarser resolution

¢ incoherent

ICCARUS 2019, 20 March 2019

michael. jaehn@empa.ch

Online

&

Easier to manipulate
Computation during runtime
Parallelized on GPU

Only 1/O during initialization
Meteorology (T_2M, SWDIR_S)
directly from COSMO

Same resolution as model grid
coherent



COSMO-GHG Medel Setupr™

Model configuration

Domain: centered over Switzerland

Grid spacing: 1.1 km x 1.1 km (0.01°) Model orography
Grid points: 900 x 600 S ;.\
Vertical levels: 60 (Az,, = 20 m)
Time step: 10 s | i ghion s i =
Output freq.. every 1h Mo o A

Sim. period:  October 2017 i "’"
Meteo BC: ~ COSMO-7 R
Turbulence:  Prognostic TKE-based P W )
scheme —_ o
Observation nudging used Ty,
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®m Numerical instabilities for tracer fields

Tue 2017-10-31 00 UTC

slope angle - topography (rad)

0.000 0.058 0.117 0.176 0234 0293 0351 0410 0468 0527 0.585

s S TR N
0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0 36.0 40.0
Height (m) [-91.0..4267.7] [-96.1..4057.5]
Max. slope angle (rad) 0.585 0.521
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Materials Science and Technology

% Engelberg (1036 m)

COSMO-GHG-1 Mon 2017-10-16 03 UTC COSMO-GHG-1 Mon 2017-10-16 03 UTC Oktober 2017
Lufttemperatur Tagesmittel (° C) Mittel: 8.7 Norm: 7.5
w
&
<+
2
T T T T 1
5 10 16 20 25 30
Sonnenscheindauer (h) Summe: 142.2 Norm: 114.2
Mean: 406.3 Min: 403.7 Max: 409.0 Mean: 3.0 Min: 0.0 Max: 838.7 15 -
COSMO-GHG-1 Mon 2017-10-16 03 UTC COSMO-GHG-1
C02_GPP
(ppm) 104
200 R JWm 00900 e | /7200 | |mmm———— e |
5 =
D T T T T T
5 10 16 20 25 30
Niederschlag (mm) Summe:; 121.5 Norm: 101.3
100.0 ©
50.0 1=}
q
o
10.0 I
5.0 -
Mean: 8.5 Min: -0.0 Max: 71.4 Mean: 15.0 Min: -0.0 Max: 121.6 ) 8(5) :
0.1 - T T T
5 10 16 20 25 30

https://Www.meteoschvveiz.admin.ch/c_ontent/dam/meteoswiss/de/service—und—
publikationen/Publikationen/doc/klimabulletin_oktober 2017_d.pdf
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CO, Measuremets — Project*Garbosense @ Empa

Carbosense CO, sensor network

Active nodes

- LP8: 217

« HPP: 9

« CRDS: 7

(14 January 2019)

Picarro CRDS

Three classes of sensors

« HPP: Every minute

~ HPPsen$6r node L

» High precision instruments: Picarro CRDS
* Intermediate precision instruments: SenseAir HPP

(Temperature stabilization, active sampling, reference gas supply, + P/T/RH sensors)
* Low-cost sensors: SenseAir LP8

(only diffusive, + T/RH sensor)

LoRaWAN data transmission
+ LP8: Every 10 minutes

Materials Science and Technology
*

IS o OEmpa

nano-tera.ch

dECEMNE @SDSC swisscom RS EE

als Science and Technology

Curtesy of Michael Miiller, Empa
Coupling of observations and model simulations

Observations > Model simulations

* Adjustment of CO, baseline

» Conversion of model residuals into improved
emissions and biospheric fluxes

» Quantification of local impact factors

Observations €< Model simulations
» Adjustment of low-cost sensor drifts during
selected time periods
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Materials Science and Technology

. Mittlerer monatlicher 'lemparnll.ll’verl.al.ll 1991 - 2011
. DUBENDORF
DUE - 25
.. 20
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suburban K
N . S M AN S AsonND
- B Mittlerer monatlicher Temperaturverlauf 2013 - 2015
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BRM I
15
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5
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Source: https.//www.bafu.admin.ch/bafu/de/home/themen/luft/zustand/daten/nationales- beobachtungsnetz fuer-luftfremdstoffe--nabel-.html
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h_s =797.7, h_agl = 4.0, level = 3

min = 279.84, max = 292.11, mean = 285.93
min = 280.66, max = 291.81, mean = 285.73
min = 280.13, max = 292.62, mean = 285.94

T at BRM

292 4

290 4

288 4

286

-

284 4

282 4

280 4

—— COSMO (nudging)
—— COSMO (no nudging)
—— Observations

rural, 797 m asl.

h_s =432.4, h_agl = 0.0, level = 1

09 10 11 12 13 14 15 16

min = 280.08, max = 292.03, mean = 286.17
min = 281.35, max = 293.06, mean = 286.24

T at DUE1 min = 279.41, max = 295.04, mean = 285.59

294 4
292 4
290 4

~ 2884
¥

T
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284 4

282 4
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—— COSMO (nudging)
—— COSMO (no nudging)
—— Observations

suburban, 432 m asl.
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@ Empa

Materials Science and Technology

min = 409.32, max = 536.58, mean = 432.23

min = 407.13, max = 529.78, mean = 432.91 h_s=432.4, h_agl = 0.0, level =1 CO2 categories at DUE1
h_s = 432.4, h_agl = 0.0, level = 1 CO2_DRY at DUE1 min = 405.84, max = 580.17, mean = 473.47 15
1— coza
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Stronger orography smoothing necessary to avoid tracer
Instabilities

Observation nudging = meteo fields closer to

measurements
Two major issues:
» Too strong vertical mixing during nighttime (“terra incognita”)
» Point measurements vs. grid cell values
Planned:

= Analyzing spatial variability between nearby CO, sensors
» Vertical profiles (e.g., BRM: 5 height levels up to 212 m a.g.l.)
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