~ZAMG FLEXPART

carolagic und Geody:

EXERCISE 1

Forward “Hello World” example

Aims:

Familiarise with FLEXPART structure and output
Set-up and execute a simple scenario

Plotting the output

Effect of the OUTGRID resolution

Effect of the number of particles

bk owhE=

Questions? Write delia.arnold-arias@zamg.ac.at
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Compiling FLEXPART on ZAMG's virtual aamc  FlExpaRT

Zenfralan<ta Flar
Metearofagic und Geodynamik

fifeq (3(gcc), 4.9) o tar -xvf flexpart_v10.3.1 3cdOf17.tar
# Compiled libraries under user ~flexpart, gfortran v4.9 . ] — —
#  ROOT_DIR = /homevip/flexpart/ » Edit makefile (see box to the left)
# F90 = ${ROOT_DIR}/gcc-4.9.1/bin/gfortran * Complle' make serial
# MPIF90 = ${ROOT_DIR}/bin/mpifort
#  INCPATH1 = ${ROOT_DIR}/gcc-4.9.1/include + For compllgtlon In parallel n_mde with
#  INCPATH2 = ${ROOT_DIR}/include MPI see Pisso et al., 2019. in GMD.
#  LIBPATH1 = ${ROOT_DIR}/lib
# System libraries at ZAMG, gfortran 4.9.2
F90 = gfortran
MPIF90 = mpif90 Edit par_ mod.f90 (for ECMWEF data):
* integer,parameter ::
:mgiﬁmé - EECSE'TEE;‘SE'T&%?Q?) nxmax=800,nymax=400,nuvzmax=138,nwzmax=13
LIBPATH1 = $(GRIB_API_LIBDIR) . g,trlzmax:138, ?Xs_r_"ftzo
LIBPATH2 = $(NETCDF_LIBDIR) Integer,parameter ..
maxnests=1,nxmaxn=800,nymaxn=400
#else * integer,parameter :: maxpart=5000000
# Compiled libraries under user ~flexpart, gfortran v5.4 * integer,parameter :: maxspec=10
# ROOT_DIR =/homevip/flexpart/
#  F90  =/usr/bin/gfortran LIBS = -Igrib_api_f90 -Igrib_api -Im -Inetcdff
#  MPIF90  =/usrt/bin/mpifort LDFLAGS = $(FFLAGS) -L$(LIBPATH1) -WI,-
. | rpath,$(LIBPATH1) $(LIBS) -L$(LIBPATH2)
# INCPATH1 = ${ROOT_DIR}/gcc-5.4.0/include LDDEBUG = $(DBGFLAGS) -L$(LIBPATH1) $(LIBS) -
# INCPATH2 = /usr/include L$(LIBPATH2)
#  LIBPATH1 = ${ROOT_DIR}/gcc-5.4.0/lib
#endif
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Some preparations... Preparing the structu Fanwe  rlexoasr

1. mkdir exercises - make the exercises folder

2. cd exercises = enter the exercises folder

3. mkdir Hello_World_fwd and cd Hello_World _fwd -> make the directory for your hello
world forward exercise

4. In -s /path/to/metdata/ECMWF_meteorological_input/ Jorln-s
/path/to/metdata/NCEP_meteorological_input/ ./

Flnd the necessary weeteorologieal tinput data sets tn
“ECMWTF_meteorologieal_tnput” and “NCEP_meteorological_tnput”
for all the hands-on which path has to be entered tn the respective
pathnames file Later on.

Meteovological files are heavy and it Ls best wot to copy them tn
multiple places, Linking ts tdeal.
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Some preparations... Preparing the stru zame  rlexeart

Mctearofagic und Geodyr

1. mkdir exercises - make the exercises folder

2. cd exercises -2 enter the exercises folder
3. mkdir Hello_World fwd and cd Hello World_fwd

4. In -s /path/to/metdata/ECMWF_meteorological input/ Jorln-s
/path/to/metdata/NCEP_meteorological input/ ./

5. Copy pathnames file and options folder from FLEXPART 10 folder. Pathnames file has to be
edited accordingly for every exercise!

6. cd options Replace sub-folder SPECIES by In -s /path/to/SPECIES/ ./
7. Link FLEXPART dfortran executable to working directory (i.e., Hello_World_fwd)
8. cp /path/to/plotting/plot_ FLEX binary.py ./

cp /path/to/plotting/read _header.py ./

cp /path/to/plotting/read_grid.py ./

9. mkdir output [ECMWF,NCEP]

Remenmber steps 3 to 9 for all test cases!
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Hello World fwd & plotting aama_ eloomer

This test case aims at making you run FLEXPART with a very simple
case to warm-up for the following, more complicated FLEXPART

options
Specifications: = OUTGRID NEST
B COMMAND FILE: * Resolution 0.015

o 420 x 220 grid cells
- LLC37.5° N° E.1.0° E
W RELEASES FILE:

 Forward run: 1 March 2007 9
am UTC to 2 March 2007 14

UTC
- Output every hour » Point source at the top of the INTE
» Convection building: 41.384° N, 2.116° E, 60 m
- Concentration output a.g.l.
» Nested output * Release start: 1 March 2007 9 UTC
- No adaptation to TL * Release end: 1 March 2007 21 UTC
B OUTGRID FILE: « Total mass: 21 kg of SO4 aerosol

- Resolution 0.1 degree » Particles released: 10000

: ';'6(33230760° _('j\l’ 0|-|0° E Does all this malke sense? What does this
. X grid cells ) )
. 1 output layer, 250 m a.g.l MEAN? Duscus/s results and test different
output resolutlons. The syne and
Launch FLEXPART! average times. Number of particles.
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Hello World fwd & plotting iz elowar

Metearofagic und Geodynamik

B Reflexible (evolution of pflexible)  John Burkhart

+ Pyth O n base d Total Column Sensitivity: AIRTRACER

Release Start: 2008-04-11 08:04:02, Release End: 2008-04-11 08:34:02
a

+ handle both binary and netcdf output
+ Easy folding with gridded inventories
+ ZAMG uses a variation of it operationally

+ Additional routines for dumping
information and processing files
(accumulate )

+ Simple plotting and complex plotting

B QuickLook Radek Hofman  https://bitbucket.org/radekhofman/quickl ook/

- Based on flex_81.py

Spec: ASH-106 (2012-05-17 21:00)

- Under development

+ Easy command line parameters

+ Responsive developer
+ Python based

100 2

102 19 10 10 1° 107 af 07 0% 307 ab® ¥ ¥ b

concentration dry+wet deposition
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Hello World fwd & plotting e sloomer

__Total Column: 22-Sep-2014 04:00:00
e = R

Even some options for 3D plotting s ==l N
B Matlab:- Requires license N = ' )
_ Not fa_st -20 -1-0 | 0 | 10 20
Sabine Eckhardt (NILU) 5 " ¢ o
g LTI 5
. . . . . Date: 20.09. 04:00 E vy v 20
+ Easy folding with gridded mvenl:jorles _ . F . |,

+ nice 3D plotting capabilities .

100

+ rendering possible

22.09. 06:00 22.09. 12:00 22.09. 18:00 23.09. 00:00

¥ plot_FLEX_binary.py
Delia Arnold (ASC, ZAMG), Christian Maurer (ZAMG),  Don Morton (Boreal SciCom)

2D slice at time 20070302140000

+ Free
+ Simple to use
+ Python based

- Very limited and developed for
In-house use or testing

: .' HEE———
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0
le-13

Concentr.ation (kg/m3)
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Hello World fwd & plotting aae sto

Note there is the option of plotting the NetCDF output

. PANOPLY (useful for Windows
users)
. NCVIEW
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ECMWEF: Hello World fwd & plot Famwe, il

Results: Did you get a ‘congratulations’ message on your run?
- Yes - We should see the output produced

- No - Were the option files well set? Was the compilation appropriate for your
run? Is recompilation (with adjustment of par_mod.f90) needed?

Species name  Release index (O: first release )

Output directory ~_, . -, Projection : Lambert or cylindric
./plot FLEX binary.py ./output ECMWF/ False tracerl © 0 \*cyl False
9,20,37,44 mesh . /Level inde (0: first level No déposition

/ f False — plot the MOTHER domain plotted
Plottin Mesh or
region:g C?r:;.our 2D slice at time 2007030214}0000
eftand o9
right lon,
lower and
upper lat

it e
0® 10°E
1

; : B
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
Concentration (kg/m3) le-13
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Results: Did you get a ‘congratulations’ message on your run?
- Yes - We should see the output produced

- No - Were the option files well set? Was the compilation appropriate for your
run? Is recompilation (with adjustment of par_mod.f90) needed?

./plot FLEX binary.py ./output ECMWF/ False 1 © @ alldates cyl False
0,20,37,44 mesh False

./plot _FLEX binary.py ./output ECMWF/ True 1 © © alldates cyl True
1.0,4.3,40.0,43.8 mesh False

Effect of munber of particles. ..

2D slice at time 20070302140000

10000 parti

\
N

0° 10°E
[ DT ' ' R
i I E e e
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 i S e O
Concentration ( kg /m3) le-13 08B0 e hgmatoriema o 1edd 00N B iRl Rl

FLEXPART TRAINING 2019 10



NCEP: Hello World fwd & plotting aame lexoarr

Results: Did you get a ‘congratulations’ message on your run?
- Yes - we should see the output produced

- No - where the option files well set? Was the compilation appropriate for
your run? Is recompilation (with adjustment of par_mod.f90) needed?

./plot _FLEX binary.py ./output NCEP/ False 1 © © alldates cyl False
0,20,37,44 mesh False

./plot _FLEX binary.py ./output NCEP/ True 1 © © alldates cyl True
1.0,4.3,40.0,43.8 mesh False

2D slice at time 20070302140000

0.0 0.6 1.2 1.8 2.4 3.0 3.6
Concentration [kg/m3] or [Bg/m3]

0o
E
i 1 2 3 4 5 6 7 8 9
le-13

Concentration [kg/m3] or [Bg/m3]
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Hello World fwd & plotting Fzame_ clexou

Metearofagic und Geodynamik

Results: plots of concentrations what can we see?

2007-03-01_16UTC Species 001

[ 22

2007-03-01_16UTC
— 9 vt e B
53°N R
52°N ke
51°N
500N |-
490” i
4g°N
47°N
46°N
45°N
a4°N
430N
42°N
410N
40°N
39°N
38°N
37°N
36°N

B T Tt .
R R
i

42°N

B'EEIH "R B H BB H B"B°E 40°N

/.
0.05 ; 0.30 1.00 5.00 10.00 25.00

ng/m’

0.05 0.20 0.50 1.00 5.00
ng/m’

Effect of OUTGRID resolution: Sharper and Larger
maxima, Less smooth edoges...
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Metearofagic und Geodynamik

Hello World fwd & plotting anwe_slexoner

Results: what can we see?

2007-03-02_09UTC

2007-03-02_09UTC Species 001

i

0.05 ; i X ; 10.00 25.00

0.05 0.20

ng/m’

Effect of nunber of particles...

FLEXPART TRAINING 2019 13




Hello World fwd & plotting

Another example: Outputl — 0.1 -

2007-03-01_11UTC

2007-03-01_11UTC

0.05- 0.015

FEE
FLEXPART

2007-03-01_11UTC

44.5°N —
-
430N bl SRS = - 430N e
o i - i aaen
42.5°N = 42.5°N - e 43,50
H i
42°N 42°N Rt
2007-03-01_10UTC
= 425N
41.5°N 41.5°N
H a2 -
43°N o - t ;
- i 41°N 41N 415N
i
i H |
4N
42.5°N - = 40.5°N 40.5°N
! | 40.5N
i i i a0°N il 400N
4z2°N ; o
i 39.5°N - = 39.5°N 3950
i | 3
0.5°E L5°E  2°E  25°E  3E  35°E & 05 15 2 *E 1'E L5°E 2° 25 FE 35°E A'E 45°F E
41.5°N -
H 0.05 0.20 0.50 1.00 5.00 10.00 25.00 0.05 0.20 0.50 1.00 5.00 10.00 25.00 0.05 0.20 0.50 1.00 5.00 10.00 25.00
ng/m’ ng/m® ng/m?
41°N -
40.5°N
2007-03-01_17UTC 2007-03-01_17UTC 2007-03-01_17UTC
44.5°N —
i3
A43°N foee TG e - & 43°N foe
40°N - e | - : a4
42.5°N = 42.5°N - e 43.5°N
39.5°N 1 i .
42°N 42°N Ll
0.5°E 1°E 15°E 2°E 3E 3.5°E 4°E
5N
41.5°N 41.5°N
a2
0.05 0.20 0.50 1.00 10.00 "
i
ng/m* a1en aLen N
|
E areN .
40.5°N 40.5°N
| 20.5°N
40°N et 40°N
a0°N
39.5°N = 39.5°N 39.5°N
i
0.5°E L5°E  2°E  25°E  3E  35°E & 05 15 2 *E 1°E 15°E 2° 25 FE 3
0.05 0.20 0.50 1.00 5.00 10.00 25.00 0.05 0.20 0.50 1.00 5.00 10.00 25.00 0.05 0.20 0.50 1.00 5.00 10.00 25.00
ng/m’ ng/m® ng/m?

wWhat does happen when resolutlon tnereases while
Reepling the number of particles ?
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Hello World fwd & plotting elexoanr

what to do?

Options:

Increase the number of particles - larger computational demands
(FLEXPART 10 & FLEXPART-WRF are parallel/have option for a
parallel executable) and the problem may appear later

Particle splitting = it increases the particles after a user-defined
time-step. Number of particles increases exponentially and so do
the computational times

Larger grid sizes (horizontal and vertical) so that more particles are
sampled - smoothing

No perfect solution, trade-offs need to be made
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ECMWEF: Hello World fwd & plotting ane_slowm

Results: Concentration and deposition
What can we see?

2D slice at time 20070302140000 2D total deposition slice at time 20070302140000

40°N 40°N
- . - _ -
2.4 3.0 3.6 4. 10 1

Concentration [kg/m3] or [Bg/m3] de [icg,rm Jor [Bg/m2]
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