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&

Data files processing

Meso-NH Tutorial Class 1-4 December 2025



MesoNH files

NC (Netcdf)
|

highly recommended format

Ifi
historical format J

2 types of output files :
» synchronous
» diachronics
with 2 parts :
» .des : descriptive ascii file (namelists used)
» _Ifi or .nc : data + metadata
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Examples of NetCDF output from a MesoNH simulation

6 hours run with outputs every 2 hours )

1 segment (no RESTART) J

Synchronous files

CTRLO.1.SEG01.001.
CTRLO.1.SEG01.002.
CTRLO.1.SEG01.003.

Diachronic file
CTRLO.1.SEG01.000.

nc
nc
nc

nc

3 segments (RESTART) J

1st segment
CTRLO.1.8EG01.000.nc
CTRLO.1.SEG01.001.nc

2nd segment
CTRLO.1.SEG02.000.nc
CTRLO.1.SEG02.001.nc

3rd segment
CTRLO.1.SEG03.000.nc
CTRLO.1.SEG03.001.nc
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Some useful commands for data printing

All the data

ncdump file.nc

Variables name + metadata

ncdump -h file.nc

Data from specific variables only

ncdump -v varl var2 file.nc

Data of coordinates/dimensions

ncdump -c file.nc
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Example :

netcdf NDADV.

ncdump -h file.nc

1.RUNBL.0B1 {

dimensions:
ni 12 ;
nj =12 ;
niu=12 ;
nj_u =12 ;
nivs=12;
nj_v =12 ;
level = 112 ;
level w = 112 ;
time = UNLIMITED ; // (1 currently)
size3 = 3 ;
charle = 16 ;
char32 32 ;
sized = 4 ;
size2 = 2 ;
sizeb = 6 ;

variables:

int MNHVERSION(size3) ;

MNHVERSION: long_name

MNHVERSION: Fillvalue

MNHVERSION:valid_min
MNHVERSION:valid max

int MASDEV ;

MASDEV:long_name = "MesoNH version (without bugfix)" ;

int BUGFIX ;

char
char

char

BUGFIX:long_name = "MesoNH bugfix number” ;

BIBUSER(charls)
BIBUSER:long name =

PROGRAM(charl6)
PROGRAM: long_name =

STORAGE_TYPE(charl6) ;

STORAGE_TYPE: long_name
STORAGE TYPE:comment =

"MesoNH version”
-2147483647
-2147483646
2147483647

= "STORAGE_TYPE"
Storage type for the information written in the FM files"

"MesoNH: user binary library" ;

"MesoNH family: used program" ;
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Example : ncdump -h file.nc

LUUFLLNG: COMMENT = "LOglcal Tor coupLing T1Le"m;
double UT(time, level, nj_u, ni_u) ;

UT:standard_name = "x_wind" ;

UT:long_name = "UT"

UT:units = "m s-1" ;

UT:grid = 2 ;

UT:comment = "X Y _Z U component of wind" ;

UT: FillValue = 9.96920996838687e+36 ;

UT:valid min = -1.e+36
UT:valid max = 1.e+36 ;

double VT(time, level, nj_w, ni_v) ;

VT:standard_name = "y wind"

VT:long_name = "VT" ;

VT:units = "m s-1" ;

VT:grid = 3 ;

VT:comment = "X ¥ Z V component of wind" ;

VT: Fillvalue = 9.96920996838687e+36 ;

VT:valid min = -1.e+36
VT:valid max = 1.e+36 ;

double WT(time, level_w, nj, ni)

double THT(time, level, nj, ni)

WT:standard_name = "upward_air velocity" ;
WT:long_name = "WT" ;

WT:units = "m s-1" ;

WT:grid = 4 ;

WT:comment = "X_¥Y_Z vertical wind" ;

WT: FillValue = 9.96920996838687e+36 ;
WT:valid_min = -1.e+36

WT:valid_max = 1.e+36 ;

THT:standard_name = "air_potential_ temperature"

THT:long_name = "THT" ;
THT:units = "K" ;

_—rrr e -
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NCO commands

nco.sourceforge.net J

ncap2 netCDF Arithmetic Processor

ncatted netCDF AT Tribute EDitor

ncbo netCDF Binary Operator (addition, multiplication, etc)
nces netCDF Ensemble Statistics

ncrcat netCDF Record Concatenator

ncks netCDF Kitchen Sink

ncrename netCDF RENAMEer

ncwa netCDF Weighted Averager

VVVYyVVYVYyVYVYY

ncpdq netCDF Permute Dimensions Quickly, Pack Data
Quietly
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NCO commands : examples

ncbo --op _typ=add filel.nc file2.nc file3.nc
file3 = filel + file2 (same variables)

ncrcat filel.nc file2.nc file3.nc file4.nc file.nc

concatenate variables from files 1 to 4 in file.nc (add a dimension)
v

ncks -a -A in.nc out.nc

write all the variables from in.nc in out.nc )
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NCO commands : examples

ncwa in.nc out.nc

write the mean of the variables (on all the dimensions) from in.nc
in out.nc

nces file[1-4].nc out.nc

write the mean of the variables of file[1 to 4].nc in out.nc

ncrename -v latitude,lat file.nc

rename the variable latitude to lat in file.nc
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Quick visualization : ncview

ncview file.nc

Neview 2.1.7] e
no variable selected
Neview 2.1.7 David W. Pierce 29 March 2016
*** SELECT A VARIABLE TO START ==

“« «IFr »

(269) 1d vars (39)2d vars (51)3d vars

Dim: Name: Min: Current: 3 Units:
4 Min: Current: 3 Units:
¥ Min: Current: 3 Units:

Min: Current: B Units:
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Quick visualization : ncview

Neview 2.1. 73]

Set range L]
Meview 2.1.7 David W. Pierce 29 March 2016

Minimum: 0 Import  Export

variable=U VAR Maximum:  1.12468 Import | Export
Scan axi displayed

Symmetric about Zero
displayed range: 2.96365e-09 to 1.12468 (0 to 1.12468 shown)

Reset to Global Values: 2.96365e-09 to 1.12968
Current: (i=3, j=176) 0.0398194 (x=3, y=178) Use this range for all vars

OK  Cancel
qut | =1 4 4« > W Edic 7 Delay: |

3gauss InvP  InvC MagX1l Low Aotes

Opts
Range Bilin  Print

04

(29)1d vars (41)2d vars (51)3d vars

Dim: Mame: Min: Current: Units:

Scan: Z (] 9

¥: Y o

b X

Horizontal cross-section of u’2 variance
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Quick visualization : ncview

Neview 2,17} Dimension Select )

Nceview 2.1.7 David W. Pierce 29 March 2018

Scan axis is displayed
displayed range: 2.96365e-09 to 1.12468
Current: 0, j=282) 2.47824e-09 (x=10, y=282)

Cancel
Quit “ 4 m P M Edit ? Delay:l Qpts

3gauss InvP  InvC MagXl Low Axes Range Bilin Print

(29)1dvars (41)2dvars (51)3d vars

Dim: MName: Min: urrent: Units:

Scan: Z (] -¥-

0

Vertical cross-section of v
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Graphical tools : online documentation

Meso-NH

mesoscale non-hydrostatic model

&2 | Mesonh-56 &2 | Mesonh-55 &2 | Mesonh-54 &2 | Mesonh-53 &2

Documentation graphic
Meso-NH References
Books and Guides

. ‘ Graphic documentations
Graphic Documentation

Chemistry * MNHPy

Meso-NH Tutorial » Miscellaneous python scripts

Team's FAQ * Use EPyGrAM

Extract ECMWE « Use NCL with Meso-NH

AROME/ARPEGE » Use Vapor with Meso-NH

GFS « Use Vislt with Meso-NH and parallel tools

« Plot Spectra from Meso-NH
Source code & data

Download

@ Git Sources

® KODA Git Sources
@ KTEST Namelist
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MNHPy : distributed python library for Meso-NH

http ://mesonh.aero.obs-mip.fr/mesonh57/PythonLIB

PythonLIB
Here Is a gallery and Python scripts examples of what Is possible with the Python library package distributed since MNH-VS-X-X In src/LIB/Python. Feel free to contribute (add functions, examples, etc) by

Yoy 1

30+ python scripts are available online
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MNHPy

Type of graphics
XY lines
XY lines
XY lines
XY lines
XY lines

Horizontal section

Horizontal section
Horizontal section
Vertical section
Vertical section

Oblique vertical section
Time series of vertical profiles

Histogram

Features
single line, time-series, panel plot
multiple lines, time-series, one figure
single line, muiti x-axe, (2val)
multiple lines, (z,val), panel plot

multiple lines and axes (3D vs 1D files)

conformal coordinate with coastaljregions line and grid iso-contours

cartesian coordinate Iso-contours
Iso-contours + overlapping vectors
cartesian coordinate Iso-contours + Iso-lines
with vectors and orography

with vectors

iso-contours

Scripts example
0 plot AZF2M.py

@ plot_Reunion.py

@ plot_001 2DRelief.py
@ plot_COPTB1_MASK.py
0 plot_GABLS1.py

0 plot_004_Reunion.py @ plot AZF2M.py @plot_007_16janvier.py
B plot_009_ICARTT.py @l plot 012 dust.py Wplot FANNY LIMA_CAMS.py
@ plot_FOG_3D_LIMA py B plot ICE3_LRED_MOENG.py

@ plot_002_3DRelief.py @plot 003 KW78.py Bplot OCEAN.py

0 plot_003_KW78.py W plot_007_16janvier.py

0 plot_003_Kw78.py W@ plot_011_KW78CHEM.py @plot_CYCLONE.py
0 plot_003_KW78.py W plot Reunion py

@ plot_003_KW78.py

B plot_004_Reunion.py B plot 005 ARM.py #lpiot 014 LIMA.py
0 plot_BOMEX.py @ plot_FIRE_1D.py @plot_FIRE_RKC4_LIMA_ECRAD.py
B plot ARM_COND_SAMP.py ipiot COPTB1 CARTpy @lplot FOG_1D.py

O plot_009_ICARTTpy
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MNHPy

aittude (m)

Ice water content

014_LIMA

Ice concentration

Snow water content

min = 0.0006+00 max = 1.2826.02 I min = 0,0006.+00 max = 89586403 g min = 0.000e+00 max = 2.73¢.01
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MNHPy
Example KTEST 014 _LIMA

& import matplotlib as mpl

9 mpl.use('Agg’)

10 from read MNHfile import read_netcdf
11 from Panel Plot import PanelPlot

12 from misc_functions inport comp altitudelovar variables coordinates
2 Read the and

th=""

15 LnameFiles = ['XPREF.1.SEGO1.600.nc' ]

16

17 Dvar_input = {*f1:[('RI’, pEr ), ('CICE',"AVEF'), ('RS’,AVEF'),('RG','AVEF'), ('CIFNFREEO1','AVEF'),( CIFNNUCLO1', AVEF') 1}
18 Dvar_input_coord budget = {'f1':['cart level®, ‘cart ni'l}

1; Dvar_input_coord = { f1':[ s L ZTOP' 1}

21 #

22 bvar, Dvar coord budget, Dvar_coord = 1, {1, {}

22 Dvar = read_netcdf(LnameFiles, Dvar_input, path=path, removeHALO-False)

24 Dvar_coord_budget = read netcdf(LnameFiles, Dvar_input_coord budget, pathepath, removeHALO=False)
o Dvar_coord = read netcdf(LnameFiles, Dvar_input coord, pathepath, removeHALOsTrue)

27Marl‘f1‘][‘alntude'], Dvarl'f1'1['ni 20'] = comp_altitudeldVar(Dvarl'f1'][('CIFNFREEBL', AVEF')], Dvar_coord['f1']['Z5'],Dvar_coordl'f1'1['ZTOP'],
8

Panell = PanelPlot(2,3, [25,14], 014 LIMA', titlepad=25, minmaxpad=1.64, timepad=-0.07, colorbarpad=0.63, labelcolorbarpad = 13, colorbaraspectsd)

32
34 Lplot = [Ovar(*f1°1[('RI', "AVEF*)],Dvarl'F1'10(*CICE",'AVEF")1, Dvar('f1'1[('RS’, 'AVEF")1, . _
35 Dvar ("1 11('RG' ) AVEF" )1 Dvarl ' £1' 10(*CIFNFREEDL , ' AVEF )1, bvarl'f1'1[( crmuéior, aver) ) L variable = 1 plot

36 LaxeX = [Dvar[*f1°]["ni 2D"]]*len(Lplot)
37 LaxeZ = [Dvar['fl']['altitude‘]]'len([plnt)
38 Ltitle = ['Ice water content', 'Ice concentration', 'Snow water content’

‘Graupel water content', 'Concentration of free IFN', 'Concentration of nucleated IFN']

40 Lebarlabel = [* a/ka', '/ka', 'a/ka', a/kg'.r'x $10°6$/ka", /kg']

4llxlab = ['x (m)"]*len(Lplot) H H

42 Lylab = ['altitude (m)']*len(Lplot) L,lﬁlﬁQI Optlons
43 Lylim = [(0 16808) 1*len{Lplot) i
it 21650, 6 00 (can be different for each plot)
45 Lmaxval = [3.75E-2, 5400, 3E-1, 3E-1, 7, 1806]

46 Lstep = [0.25€-2,400,0.01,0.01,0.25, 100]

47 Lstepticks = Lstep

48 Lfacconv = [1000, 1, 1000, 1@93 1€-6, 1]

49 orog = Dvar_coord[ F1zs ]

50 Leolormap = ['gist _rainbow r*]*len(Lplot)

51 Laddwhite = [True, True, True, True, False, True] mmﬁgures
5, figl = Panell.psectionV(Lxx=LaxeX, Lzz=LaxeZ, Lvar-Lplot, Lxlab=Lxlab, Lylab=Lylab, Ltitle=Ltitle, Lminval=Lminval, Lmaxval=Lmaxv

al
Lstep=Lstep, Lstept.\cks-ts(evucks. Lcolormap=Lcolormap, Lcbarlabel=Lebarlabel, Lfacconvalfacconv, Ly‘.:m-Lvl.\n
orog=orog, Laddwhite cm=Lad te)

se Panell.save_graph(1, figl)

Ssave . save 1 Panel = 1 png
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MNHPy

Read MNH file : see the examples on the website

Graphics available :

>

VVvyVvYyVvy

psectionV/()
psectionH()
pXY _lines()
pvector()
pXY _bar()

pstreamline()
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MNHPy

» Contribute : github.com/QuentinRodier/MNHPy
» Jupyter Notebook tutorial : MNHPy/examples/mnhpy.ipynb
» Install : pip install MNHPy
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Tool :

vVvyYvyyvyy

v

python library EPyGrAM

Read/Write multiple formats : FA, LFIl, NetCDF, GRIB[1-2]
Easy to compare multiple files with different formats

Quick visualization tool

Advanced graphics (3D...)

Setup & Overview :
https ://github.com/UMR-CNRM/EPyGrAM

not open yet (only MF)
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EPyGrAM

16JAN.1.12B18.001.nc.ZS.stats.out (~/MNH-V5-.../MY._RUN/KTEST/007- 16janvier/008 _run2) - GVIM1

Fichier Edition Outils Syntaxe Tampons Fenétre Aide

BLEE e B &- Bl %O &8
# 16JAN.1.12B18.001.nc min max mean std quadmean nonzero
75 0.0000E+00  2.7746E+02  6.6283E+01] 6.4385E+01  1.0766E+02  8.0200E+02
2,64 all
Figure 1

16)AN.1.12818.001.n0

107
ER——

» epy stats.py -f ZS file.nc
» epy hist.py -f '(THT,2)" file.Ifi
» epy spectrum -f UT file.nc
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EPyGrAM

¢ DT, & ki o ks vectorty
N o b
R = 4"/
- TEhEy :
220 . =
1902 L S
o
1665 = =
S
S
s P S
IR
— —
e — 2
1998-01-16 06:05:00 e
7
o
12295 heed B
o
e
o
-
e
.

» epy plot.py -f ZS file

war

52

1036
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EPyGrAM

: .- Figure 2 CC)
o T ) m
e i T ——
S - S e ey ]
B
bey
m e
-
by
. P
_
: &
i 3
t 0 -
z \
) - 10000, /
) Ed 5000 e
. - — —] )
n-h—:fn-l—h-:p_ﬂ-l 0 15 20 k-3 30
2
£10/0/+/#
200+ 1o £/0/0+ |0

» epy section.py -f UT -s'-2,47" -¢'0,49’ file.nc
» epy profile.py -f '(UT,*)" -c'-2,47" file.Ifi
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Tool : panoply

Edit View History Bookmarks Plot Window Help

Ceste Plot Combine Plot Open Dataset
[ Datasets \ Catalogs | Baskmars

5

Remove AllHide Info

Name Long Name.
Sniv xdimension of the grid at vlocation
< inFRT R
<o ydmension ofthe grd
<nlu dlmension of the grid at u ocation
“niv ydmension of the grd atvlocation
< paasT pazsT
Mesoli famiy: used progam

< RecveLNG R

HOREFZ RAOREFZ
< anx
< ramy. Ay
< sLeve
< ssoLT sso
< ssTRLT ssTeL
< SSUFLT SsuRL
< ssveLT
< STORAGE_TVPE STORAGE TYPE
s
< THINSHELL THNSHELL
< s
<
< hRerz :
< time tme s
< nar T
< us pRES Us PRES
cur u
< vs pReS. vspRes
vt v
< ws_pres wseRes
cwr wr
< xeAT T
< xR
AT AT
< Yor
< zaar 2T
ezs =
< zsmr asur
< zrop zrop

Show[Allvariables

File "GN_01.1,0C_01.002.n¢"

il type: Hierarchical Data format, version &

i

netedf file: /home, rodi ara/BureauMESON/ M- VS-5- 1/MY FLN/OCEAN,LES/004_run2/Gi_o.. 1
dimensions:

it msvev;
+long_name = MesonH version (without bugfix];
int sgFi;
tlong_nana = *Masons bugfix nunber

char ExaUSER(char15-16)
Lng_name - Mesons user binary library;
char PROGRAN(char16-16);
Tlong_name = “Mesons family: used progrant;

char STORAGE_TYPE(char16=15)
a_nane = *STORIGE T

lor = Tres;
tcoment = “Storage Sype for the information written in the P files';

char _NAvE(char 32232

nans = *filenare (1o extension)®
i
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Tool : panoply

/ Pror \( Array1

sden in SM_sden_ERAS_ease_01Aug1980-31Jul2018

snow density (kg/m3)

snow density (kg/m3) 0

1336 216.9 300.2 383.5

Data Min = 133.6, Max = 550.0

466.7 550.0

Array(s) \( scale | Map \ Overlays \ shading \ Contours \ vectors | Labels

Projection: | Azimuthal Equal-Area B
Cemeromton. 500 Ela  900°N
EdgeAngle: 300 *(<180.0% , (] Fill corners

Grid: Spacing: | 150 EJEwWx 150 [J NS £

") Offset parallels

Style: | Solid B color:  mmmm [ .weight 50 O
Labels:  None B -se=(65 B

Border: weight:
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Tool : visit

Vislt 210.2
Fichier Controles Options Fenétres  Editer tracé
Global

Activer a fenétre (1 %] Tracer autom:
Sources

e & & €. L |
Ouvrir  Fermer  Réowrir  Remplacer  Surcod
Source active FRO6.1.ECHOB.001.nca
Time

< « . S
Tracés

% o %
Ajouter  Filtres Supprimer  Afficher/Cacher

N

Contour

Appliquer a ® fenétre active toutes |
| Appliquer les fitres & tous les tracés

~ Appliquer les sélections a tous les tracés

@]

. 7Window1
feR-~rsc=aedihk OHeaadadd 44> 3
AhhhENNEBQI

DB: FRO06.1.ECH08.001.nc4
Cycle: 0

Contour
Var. U_VAR
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Tool : visit
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