List of supplementary documents:
· Supplementary_info.docx (this document): regions map; data formatting; TM5 observations table
· Code.zip:
· Example_obs.hdf: example observation table
· Runinv.py : example run script
· Example.rc : example rc-file (config)
· Lumia folder: lumia source code
· plotFootprint2D.py ; plotFootprint3D.py : example scripts to plot the observation footprints in the format used by LUMIA
· [bookmark: _GoBack]nor.100m.2017-01.h5 : example footprint file
Region map
Map of the regions used in the interpretation of inversion result[image: ]
TM5-FLEXPART input files
CO2 Fluxes
The fluxes are to be provided in micromol/m2/sec. There is no specific file format to store them (as they may typically be generated from various source file formats, specific to each data provider). They need to be provided to LUMIA as a python dictionary, following the structure :
em = {'cat_list':['cat1','cat2','cat3'],   
       'cat1':{
               'emis':data                  
               'time_interval':{
                   'time_start':time_
                   'time_end'  :time_
        },
        'cat2': ...
}

Em[catname][‘emis’] is a numpy array of dimension (ntime, nlat, nlon), corresponding to the specification of domain and simulation length in the rc-file.
Em[catname][‘time_interval’][‘time_start’] is a python array containing python datetime.datetime objects marking the start of the emissions period (i.e. time boundary).
Em[catname][‘time_interval’][‘time_end’] is a python array containing python datetime.datetime objects marking the start of the emissions period (i.e. time boundary).
Observation database
The observations and related variables are stored internally within an instance of the lumia.obsdb class (lumia/obsdb.py file). The observations themselves are stored in the “observations” attributes of that class instance, and information on the observation sites is stored in the “sites” attributes. Both attributes are pandas DataFrames. The creation of the observation database consists in filling these dataframes with informations on the observations.
The figures below shows an extract of the “observation” DataFrame (10 observations, and a selection of column). Strictly speaking, only the “obs”, “background”, “footprint” and “err” are required for the inversions:
· the attribution of a footprint file (footprint column) to each observation is done in a pre-processing phase).
· The obs and err columns are necessary for computing the model data mismatches
· The background (TM5) is needed as only the foreground is computed in LUMIA
The other columns are nonetheless used in pre-processing phase (to attribute the footprints files to each obs; interpolate the backgrounds; possibly as well filter the observations by time, dates and lat/lon.
Other columns may be added by the user depending on the needs (for instance we store also the TM5 total (i.e. foreground + background) for comparison.
The inversion adds a few extra columns: mismatch (model-data mismatches, updated at each iteration); model (the different components of the foreground concentrations (i.e. influence of the different flux categories); foreground (the total foreground concentration) and a user-configurable field to write the final (posterior) concentrations. Since it is simulation specific, one given observation database can be re-used in multiple simulations and the results compared.
Note also the unique indices in front of each column, which allow an easy tracking and comparison of the results in case the database is split (i.e. partly overlapping inversions for instance).
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The “sites” column in the “observations” DataFrame corresponds to the indices of the “sites” dataFrame (table below). Here also the number of columns it totally user-specifiable. The purpose of the sites table is mainly to limit the memory usage of the table (here the “name” column is stored just once for each site, instead of once for each observations if it was in the main “observations” table).
[image: ]
The pandas.DataFrame class comes with methods to write and read dataframes from various file types (HDF, CSV, excel, pickle, etc.). We do not favour one in particular. The obsdb class comes with several save/write functions:
· from_pickle/write  : Read/write to a pickle file
· from_hdf/write_hdf: Read/write to a hdf5 file (more efficient than the previous, and to be preferred).
Observation footprints
The footprints are stored in HDF5 format. One HDF file can store multiple footprints. There is no particularly favoured configuration but in our setup each file contains footprints for all the observations of one month and one site (the aim is to limit the number of small files).
The file format use the hierarchic capacities of the HDF5 format and are organized following the structure. Bold characters mark to HDF5 groups, italic characters mark variables
[image: ]
The file “xxx.20m.2009.h5” represented above contains the footprints of three observations for a fictional site “xxx” with a sampling height of 20m. Each footprint is stored in a separate HDF group within the file (red labels), named after the observation time (YYYYMMDDhhmmss).
Each footprint stores the information necessary to reconstruct a 3D matrix (space-time) containing the sensitivity of the observation to surface fluxes. The spatial coordinates of the grid (center of the grid cells) are given, for reference, in the “latitudes” and “longitudes” variables at the root of the file.
The temporal coordinates are given by the name of the subgroups in each observation (i.e. green labels). For instance, the group “/20090101140000/20090101150000_20090101120000” (first group of the first observation in the figure) contains the sensitivities of the observation sampled at the site “xxx”, 20m above ground (from the file name), on 1st January 2009, 14:00 (from the observation group name) to the surface fluxes on 1st January 2009 from 12:00 to 15:00.
The sensitivities themselves are stored in the variable “resp” (i.e. “/20090101140000/20090101150000_20090101120000/resp” in the previous example), as a vector, with coordinates given as grid indices in the corresponding variables ilats and ilons.
The horizontal grid definition must match exactly that of the fluxes used in the transport simulations, and the temporal grid definition must follow the same intervals (i.e. 3-hourly, with the first time interval starting at 00:00 in the example above).
The “plotFootprint.py” and “plotFootprint2D.py” can be used as examples for reading and plotting the content of the footprint files (the former plots the individual time intervals of the footprint of one observation; the latter plots the time-aggregated footprints of all the observations in one footprint file).
TM5 observation sites
       ABP : -12.77N;  -38.16W
       ALT :  82.45N;  -62.51W
       AMS : -37.95N;   77.53W
       AMY :  36.54N;  126.33W
       AOC : mobile
       ASC :  -7.97N;  -14.40W
       ASK :  23.26N;    5.63W
       AVI :  17.75N;  -64.75W
       AZR :  38.76N;  -27.33W
       BAL : mobile
       BHD : -41.41N;  174.87W
       BIK :  53.23N;   23.03W
       BIR :  58.39N;    8.25W
       BKT :  -0.20N;  100.32W
       BME :  32.37N;  -64.65W
       BMW :  32.26N;  -64.88W
       BRM :  47.19N;    8.18W
       BRW :  71.32N; -156.60W
       BSC :  44.18N;   28.66W
       CBA :  55.20N; -162.72W
       CES :  51.97N;    4.93W
       CGO : -40.67N;  144.68W
       CHR :   1.70N; -157.15W
       CIB :  41.81N;   -4.93W
       CMN :  44.18N;   10.70W
       CMO :  45.48N; -123.97W
       CPT : -34.35N;   18.49W
       CRP :  52.18N;   -6.37W
       CRZ : -46.43N;   51.85W
       DEC :  40.74N;    0.79W
       DRP : mobile
       DSI :  20.70N;  116.73W
       EEC :  36.06N;   -5.66W
       EIC : -27.15N; -109.44W
       ELL :  42.57N;    0.95W
       GIC :  40.35N;   -5.18W
       GIF :  48.71N;    2.15W
       GMI :  13.39N;  144.66W
       GOZ :  36.05N;   14.89W
       HBA : mobile
       HEI :  49.42N;    8.67W
       HPB :  47.80N;   11.02W
       HSU :  41.06N; -124.55W
       HTM :  56.10N;   13.42W
       HUN :  46.95N;   16.63W
       ICE :  63.40N;  -20.29W
       IZO :  28.30N;  -16.48W
       JFJ :  46.55N;    7.99W
       KAS :  49.23N;   19.98W
       KCO :   4.97N;   73.47W
       KEY :  25.67N;  -80.18W
       KUM :  19.52N; -154.81W
       KZD : mobile
       KZM :  43.25N;   77.86W
       LEF :  45.92N;  -90.27W
       LLB :  54.95N; -112.45W
       LLN :  23.47N;  120.87W
       LMP :  35.52N;   12.61W
       LMU :  41.59N;   -1.10W
       LUT :  53.40N;    6.35W
       MBC :  76.25N; -119.35W
       MEX :  18.98N;  -97.31W
       MHD :  53.32N;   -9.84W
       MID :  28.21N; -177.37W
       MKN :  -0.06N;   37.30W
       MLO :  19.54N; -155.57W
       NAT :  -5.65N;  -35.22W
       NMB : -23.57N;   15.02W
       NOR :  60.09N;   17.48W
       NWR :  40.04N;  -105.58W
       OBN :  55.10N;   36.60W
       OPE :  48.56N;    5.50W
       OPW :  48.30N; -124.63W
       OXK :  50.03N;   11.81W
       PAL :  67.97N;   24.12W
       PAO : mobile
       POC : mobile
       PRS :  45.93N;    7.70W
       PSA : -64.91N;  -64.00W
       PTA :  38.95N; -123.73W
       PUI :  62.91N;   27.65W
       PUY :  45.77N;    2.97W
       RGL :  52.00N;   -2.54W
       RPB :  13.16N;  -59.43W
       SCS : mobile
       SDZ :  40.65N;  117.12W
       SEY :  -4.68N;   55.53W
       SGI : -54.00N; -38.00W
       SGP :  36.70N; -97.49W
       SHM :  52.71N; 174.10W
       SMO : -14.24N; -170.56W
       SMR :  61.85N;  24.29W
       SPO : -89.97N; -24.80W
       SSC :  38.30N;  -2.59W
       SSL :  47.92N;   7.92W
       STC :  54.00N; -35.00W
       STM :  66.00N;   2.00W
       SUM :  72.60N; -38.42W
       SYO : -69.01N;  39.58W
       TAC :  52.52N;   1.14W
       TAP :  36.72N; 126.12W
       THD :  41.05N; -124.15W
       TIK :  71.60N; 128.89W
       TRN :  47.96N;   2.11W
       TTA :  56.56N;  -2.99W
       USH : -54.86N; -68.39W
       UTA :  39.90N; -113.72W
       UUM :  44.45N; 111.10W
       VAC :  42.88N;  -3.21W
       WAO :  52.95N;   1.12W
       WIS : mobile
       WLG :  36.28N; 100.91W
       WPC : mobile
       XIC :  41.99N;  -8.02W
       ZEP :  78.91N;  11.89W
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time| 1at| lon|alt|height| site| obs background Tootprint] err
[483226[2006-01-12 02:00:00[55.35[17.22[3.0[250 |[BAL|[NaN|383.814002 |bal 25m.2006-01 h5|[NaN
[483227[2006-01-15 13:50:00[55.35[17.22[3.0[250 |[BAL|[NaN|[383.441789 |bal 25m.2006-01 h5|NaN|
[4832282006-01-19 01:50:00 55.35[17.223.0[250 |[BAL|[NaN|386.269538 bal 25m.2006-01 b5 |[NaN|
[483229[2006-01-22 13:40:00 55351722 3.0[250|BAL|[NaN|[388.632032 bal 25m.2006-01 b5 [NaN|
[483230[2006-01-28 13:55:00[55.35[17.22[3.0[250 |[BAL|[NaN|[384.325886 |bal 25m.2006-01 h5|[NaN|
[483847[2006-01-23 15:30:00[66.00[2.00 [0.0[50 |[STM|[NaN|383.873434 [stm.5m.2006-01 b5 |NaN|
/504413 [2006-01-11 00:30:00 [66.00 2.00 [0.0[5.0 |[STM[NaN|[382.758968 stm.5m.2006-01h5 [NaN|
/504414 [2006-01-18 02:30:00 6.0 2.00 [0.0[5.0 |[STM[NaN|384.320449 fstm.5m.2006-01 15 |NaN|
/504415 [2006-01-21 00:00:00 6.0 2.00 [0.0[5.0 STV [NaN|384 408859 fstm.5m.2006-01h5 |NaN|
[504416[2006-01-28 00:00:00[66.00[2.00 [0.0[5.0 |[STM|NaN|384.975891 stm.5m.2006-01 b5 |NaN|
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alt|  lat| lonfheight[ code name
siteCode:
BAL [30 [553500[172200250 [BAL |Baltic Sca
BIK300 830 532320 23.0270 3000 |BIK300 |[Bialystok
BSC [00 |44.1776[28.6647(50 |BSC |Black Sea, Constanta
CES200 [-1.0 [51.9710[4.9270 [200.0 [CES200 |[Cesar, Cabauw
CMN_|[2165.0[44.1800[10.7000[120 |[CMN M. Cimone Station
GIF (1600 (48710021475 [70 [GIF  [Gif-sur-Yvetic
HEI (1160 [494170[86740 [300 |HEI  |Heidelberg
HUNI15 2480 [46.9500[16.6500 1150 [HUNIIS [Hegyhatsal
JF] [3570.0[46.5500[7.9870 [100 [JFJ [Jungfraujoch
KAS [1989.0[49.2325[19.9818[50 [KAS _|[Kasprowy Wierch, High Tatra
LMP00 [450 [35.5200[12.6200(8.0 |[LMP008 [Lampedusa
[MHD024[50 [53.3260-9.8990 240 |MHD024 Mace Head, County Galway
PAL [5650 [67.9733[24.1157(50 |PAL |Pallas-Sammaltunturi, GAW Station
PUY015 [14650[45.7719 29658 [150 |[PUY015 [Puy de Dome,
SSL_[1205.0[47.9200[79200 [120 |SSL__[Schauinsland, Baden-Wuerticmberg.
STM [00 66000020000 [50 |STM [Ocean Station M
WES [120 [54930083200 [00 |WES |WES





image4.png
XxX.20m.2009.h5

longitudes latitudes

20090101140000

20090101150000

20090201153700

20090101150000_20090101120000

ilons ilats resp

20090101150000_20090101120000

ilons ilats resp

20090201180000_20090201150000

ilons ilats resp

20090101120000_20090101090000

ilons ilats resp

20090101120000_20090101090000

ilons ilats resp

20090201150000_20090201120000

ilons ilats resp

20090101090000_20090101060000

ilons ilats resp

20090101090000_20090101060000

ilons ilats resp

20090201120000_20090201090000

ilons ilats resp

20081225090000_20081225060000

ilons ilats resp

20081225090000_20081225060000

ilons ilats resp

20090225120000_20090225090000

ilons ilats resp





