
Towards standardising output datasets using the numerical
obstacle-resolving model MITRAS as an example
Vivien Voss1, K. Heinke Schlünzen1, David Grawe1, and Karolin S. Samsel1,2

1Meteorological Institute, CEN, Universität Hamburg, Hamburg, Germany
2Climate Service Center Germany (GERICS), Helmholtz-Zentrum Hereon, Chilehaus, Fischertwiete 1, 20095 Hamburg,
Germany

Correspondence: Vivien Voss (vivien.voss@uni-hamburg.de)

Abstract. The publication of well-described FAIR datasets is an important part of atmospheric modelling and research. Data

standards ensure that datasets are delivered in a consistent way that is easy to understand for a data user. Standards define how

the data is described, i.e. which variable names, descriptions and data formats are used. However, existing model data standards

such as the CF conventions are mainly adapted for global or regional scale models. For atmospheric micro-scale obstacle-

resolving (urban) models (ORMs), there is no discipline-specific model data standard and the existing ones are not fully suitable5

to adequately describe ORM datasets. To overcome the lack of standardisation processes, the ATMODAT STANDARD has been

developed to promote the publication of FAIR datasets when no discipline-specific standard is available. This paper describes

the process of producing standardised model results. The processing for ORM MITRAS serves as an example to show possible

ways for the publication of FAIR datasets. The adaptation of the model’s post-processing routine M2CDF and the development

of a new post-processing routine called NC2ATMODAT are shown. The last may be applicable by other ORM modellers, its10

limitations, challenges and further use cases are discussed. Application of the two post-processors allows the preparation of

datasets according to the requirements of the CF convention and the ATMODAT STANDARD. The first standardised MITRAS

datasets are successfully processed and published.

1 Introduction

Numerical modelling is a commonly used tool to investigate complex physical processes in the atmosphere. Models can simu-15

late processes on different scales, ranging from the global scale (weather forecasts or climate simulations) via regional scales

(investigating regional effects) to the urban and neighbourhood scale, where processes in urban areas are analysed. An impor-

tant aspect of atmospheric modelling is the publication and exchange of model results. Especially in the climate modelling

community, model datasets have been exchanged for decades, e.g. with the Coupled Model Intercomparison Project (CMIP)

(Eyring et al., 2016; Touzé-Peiffer et al., 2020) as a prominent example. The need for standardised model output data was20

established. The awareness and amount of publication of research data are increasing, and storing such data is becoming more

and more important (Bermudez, 2017; De Vos et al., 2020; Eggleton and Winfield, 2020). Ideally, published model datasets

should fulfil the FAIR principles (Wilkinson et al., 2016), meaning that the datasets should be “findable, accessible, interop-

erable and reusable”. FAIR data ensures that the handling of model datasets is convenient and easy for data users. One way
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to achieve and ensure FAIR datasets is to apply data standards to datasets, as they provide structure and guidelines for the25

production of well-described and FAIR-compliant datasets.

In atmospheric and climate science, the network common data form (netCDF) (Rew and Davis, 1990) is a commonly used

data format and well established within the community. It is a self-describing data format for scientific data that allows a multi-

dimensional structure of the data (Rew and Davis, 1990). It works well for storing time and space dependent data. NetCDF

is often used alongside the Climate and Forecast (CF) conventions, which provide guidelines for the provision of (meta)data30

information in the netCDF data structure (Eaton et al., 2024). These conventions ensure that NetCDF files are well-described,

and easily understood and usable by data users. An important feature of the CF conventions is the provision and usage of a

standardised vocabulary for variable names1. The netCDF data format, together with the CF conventions, is widely used and

frequently adapted by global and regional scale models (e.g. models within CMIP), as well as in other applications that produce

large and or multi-dimensional datasets.35

However, the publication of FAIR datasets is not trivial in research disciplines, where no data standardisation processes

are established. Such a discipline is the high-resolution urban climate modelling, carried out with obstacle-resolving models

(ORMs). The existing standards, such as the CF conventions, are not sufficient to meet the needs of these model types, since

they currently do not cover discipline-specific variables and features, whereas no overarching discipline-specific standardisation

is established. This hinders the publication of well-described model datasets in this discipline and impairs the reusability of40

such model datasets.

ORMs are obstacle-resolving atmospheric micro-scale models, focusing on processes in small domains, like urban neigh-

bourhoods and city quarters. They use grid sizes of metres and provide results in a high spatial and temporal resolution (Oke

et al., 2017; Baklanov et al., 2018). The model domains are typically not much larger than a few km2, and obstacles, like

buildings or trees, are resolved. ORMs can be either numerical models or physical models, e.g. wind tunnels or water tanks45

(Oke et al., 2017).

Each ORM prepares and provides data in a model-specific way. Many of them use their own model-specific data formats

(such as binary or text files), whereas some ORMs also provide their model data as netCDF files (Jänicke et al., 2021; Voss

et al., 2024). Models such as MISKAM (Eichhorn and Kniffka, 2010; Eichhorn, 2011), OPENFOAM (OpenFOAM, 2025),

ANSYS FLUENT (Poole et al., 1995), ENVI-MET (Bruse and Fleer, 1998) or MITRAS (Schlünzen et al., 2003; Salim et al.,50

2018) provide their data mainly in their model-specific way, but also allow a conversion to netCDF with tools provided by

the model developer. The ORM PALM-4U uses netCDF and applies a model-specific data standard to the netCDF files that

follows the CF conventions (Scherer et al., 2019, 2022). For MITRAS, not all variables were initially adapted to the CF conven-

tions. Therefore, the use of published data is difficult, as identifying variables without the use of standardised variable names

is only possible when using the technical documentation (e.g. Schlünzen et al. (2018b) or Scherer et al. (2022)). In general,55

if a model provides data in their model-specific formats, the use or access of the data might be hindered and complicated,

especially if special tools or programs to access or convert the data are required. Due to the lack of general standards for ORM

results, the extent to which ORM datasets are FAIR varies. As ORMs continue to evolve and become more widely used, the

1https://cfconventions.org/Data/cf-standard-names/current/build/cf-standard-name-table.html
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need for standardised datasets and a common vocabulary for ORM variables will increase. In obstacle-resolving modelling,

the reusability and inter-comparison of model data will become an upcoming and important aspect in this discipline (WMO,60

2023). With urban areas now specifically addressed in IPCC 2, it seems even more important that ORM datasets are published

FAIR and become reusable.

To overcome the lack of standardisation, e.g. in the ORM community, and to guide the creation of well-described and FAIR

model datasets, the Atmospheric Model Data Standard (ATMODAT STANDARD) (Ganske et al., 2021) was developed. This65

standard is intended to be applied to model datasets from different atmospheric modelling disciplines, especially for those

that do not have a discipline-specific standard. First datasets prepared according to the ATMODAT STANDARD were already

published. The ATMODAT STANDARD was applied to datasets containing reanalysis data of observations to classify weather

types over the Baltic and North Sea (Loewe, 2022; Loewe and Schade, 2024), to datasets for sensitivity studies of aerosol

and cloud microphysics processes simulated with the ECHAM6-HAM2 model (Mülmenstädt, 2022), to datasets from urban70

atmospheric MITRAS simulations focusing on dispersions of particles (Voss, 2023) and precipitation (Ferner et al., 2024;

Samsel et al., 2025) and datasets of the urban climate in Hamburg for winter and summer generated with the mesoscale model

METRAS (Boettcher et al., 2024a, b).

In this paper, the challenges in creating a FAIR ORM data publication that fulfils the ATMODAT STANDARD, are discussed.

For the description of a successful path to such a publication, the ORM MITRAS will serve as an example. As a first step,75

the application of the CF convention on MITRAS datasets are investigated. Therefore, CF standard names and attributes need

to be retrieved and assigned to the model specific variables, hereby revealing issues with ORM specific variables (Section

2). Modifications of the post-processing of the ORM MITRAS are described, and details of the necessary steps for applying

the ATMODAT STANDARD to ORM data are provided (Section 3). The application of the new standardisation processing is

applied to datasets from the ORM MITRAS that serves throughout this paper as an example (Section 4).80

2 Determination of ORM variables

The CF conventions provide a collection of standardised variable names (CF Standard Name Table3), the so-called standard

names, which make the meaning of a netCDF variable self-explanatory. Without a standardised vocabulary, each modelling

group would apply their model-specific and individual naming conventions to the variables. Data user unfamiliar with the

model might be unsure if those self-named variables describe the same properties they assume and that they want to use.85

Standardised variable names are already defined in the CF conventions for many common atmospheric variables such as wind

speed, temperature, humidity, etc. Hereby, a standard_name should only be assigned to a variable if the model variable fits

the definition of the corresponding entry in the CF Standard Name Table. If no matching standard name is available, a variable

2(https://www.ipcc.ch/report/special-report-on-climate-change-and-cities/; last acccess 17.07.2025)
3https://cfconventions.org/Data/cf-standard-names/current/build/cf-standard-name-table.html
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should be assigned with a long_name that contains a descriptive variable name to indicate the purpose of the variable (Eaton

et al., 2024). This is useful if (discipline-specific) variables are not represented by existing standard names.90

Many ORM-specific properties are currently neither standardised within the community nor available in the CF conventions.

Such non-standardised ORM variables are e.g. related to the obstacle and its surfaces, such as wall temperatures, radiation

fluxes from surfaces, the amount of rainwater on roofs or walls, thermal indices or obstacles themselves, if they are provided

as an own variable.

To illustrate what is required to apply the CF conventions and the ATMODAT Standard, the output of ORM MITRAS is95

used. As a first step, all variables available in the model code, in the post-processor code and in the model documentation

(Schlünzen et al., 2018b) were collected and summarised. Based on this collection, it became visible that variable names

provided for reuse needed to be more self-explanatory and required adjustments.

To align the variable names with those used in other ORMs and to gain an understanding of the ORM-specific variables

typically used, the variable names from PALM-4U (Maronga et al., 2019, 2020) were considered. Hereby, PALM-4U was100

selected for comparison because it is a state-of-the-art ORM that uses netCDF as output data format, uses standard names for

its variable descriptions and follows the CF conventions to describe the datasets (Scherer et al., 2019, 2022).

The comparison of variables in the ORMs MITRAS and PALM-4U was based on matching the provided long names,

units and descriptions in the respective model documentations. In addition, the MITRAS variables were checked against the

CF Standard Name Table4, and fitting standard names were added to the MITRAS model variables. Furthermore, typical105

ORM variables which are not covered by the existing standard names were identified.

Based on the comparison of variable long names between MITRAS and PALM-4U, it became clear that the mapping of

variables to each other is not trivial. It is not always clear whether similar model variable names represent the same properties,

which would only be conclusive if the respective model routines were checked. The meaning was predominantly unclear for

variables with slightly differently constructed variable names.110

The assignment of CF standard names to MITRAS variables was also not always trivial, as some aspects of the MITRAS

variables do not always fully match the definitions of existing standard names. Here, it was necessary to consider whether the

MITRAS variable in question needs to be adjusted in favour of the existing CF definition or whether to define a new standard

name that takes the missing aspects into account. For example, MITRAS provides the variable ’water_temperature’ for the

different water bodies (e.g. sea water, freshwater), which describes the temperature for all water bodies in the model domain.115

In urban modelling, it can be assumed that freshwater is more common, except if coastal cities are investigated. In the current

CF conventions, only standard names for saline or seawater are available. Therefore, the handling of such property needs to be

optimised.

Without clearly defined standard names and definitions for such variables, using ORM datasets becomes difficult, as the

meaning of variables might differ from model to model. Therefore, ORM variables need to be identified across different120

models. Standard names with corresponding definitions and units should be determined and then proposed as new standard

name candidates to the CF conventions.
4https://cfconventions.org/Data/cf-standard-names/current/build/cf-standard-name-table.html
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Figure 1. Data post-processing workflow for the FAIR publication of MITRAS model results.

3 Adjustments to the post-processing for MITRAS

Data provided in proprietary data formats, such as model-specific output formats, may not be accessible to external users. It is

therefore advisable to convert the data into more commonly used data formats. MITRAS stores simulation results in model-125

specific binary data files, which ensures a fast writing of the output during the run time while integrating the model (Example

in Fig. 1, MITRAS (green), direct output is binary).

The direct binary model output is transferred into netCDF with the model post-processor program M2CDF (Figure 1, step

1; details in Section 3.1). However, not all necessary information and metadata may be included at this point, so further

information is needed to describe the data adequately. A second step is introduced, where a newly developed post-processor130

called NC2ATMODAT is used (Figure 1, step 2). This program adjusts the netCDF model data from step 1 to make it FAIR and

to fulfil the requirements of the ATMODAT STANDARD.

NC2ATMODAT adds or corrects information missing in the netCDF datasets from step 1, adds georeferencing to the MITRAS

data, allows to select the data to be published domain-wise and variable-wise and adds global metadata that are required by the

ATMODAT STANDARD (details in Section 3.2). In step 3 these processed datasets are then checked for the fulfilment of the135

ATMODAT STANDARD, using the ATMODAT STANDARD CHECKER (Figure 1, details in Section 3.3). They are then ready

for being published as a FAIR dataset.

3.1 Step 1: Adaptation of the model post-processor

To create accessible model results, the binary model output data of MITRAS is transferred to netCDF, using the model-specific

post-processor M2CDF. The program adds descriptions and attributes to the variables as well as generic global metadata to the140

netCDF dataset. Based on a review of MITRAS variables (Section 2), it became visible that variable names and corresponding

attributes needed to be added in the MITRAS post-processor M2CDF to become CF compliant. The post-processor M2CDF

received an update to create CF-compliant netCDF datasets, for which the major part of the update involved the addition of

variable attributes with corresponding entries following the CF conventions.

As an example, Fig. 2 shows a comparison of the header from two MITRAS netCDF files for the variable wind speed145

(ff). In the original version before the update of the post-processor (left) no long_name and standard_name attributes

were assigned. Instead, the variable was described by an attribute name. In the update, the attribute name was renamed to

long_name, and for each MITRAS variable a self-describing long name was then either taken from the previous entry in
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Figure 2. Example for the netCDF header of MITRAS model results. Left: Layout of the header before the adaptations in the post-processor

M2CDF. Right: Header with the updated version of M2CDF consistent with CF conventions.

the attribute name or a new self-describing long name was defined. The attribute standard_name was introduced as a new

attribute to M2CDF and, if applicable, for each variable the corresponding standard name from the CF convention was added.150

According to the CF convention, the characteristics of a grid cell can be provided with the attribute cell_methods (Eaton

et al., 2024). The attribute cell_methods replaces the former used attributes type_t, type_x, type_y, and type_z

(Figure 2) that were previously used to provide this information.

Besides the adaptation to the CF conventions, M2CDF received an update regarding the provision of information on obstacles

(e.g. buildings) and obstacle-related variables. Obstacles are a key element and important feature of ORMs as they affect155

the flow within the model domain. As an ORM, MITRAS deals with explicitly resolved obstacles in the model domain.

Previously, in MITRAS simulation results, the raw output did not highlight the building locations but showed the variable

values continuously (Figure 3a), whereas the location of buildings was written as a separate variable. Note, the values in the

buildings are not used in the calculation. M2CDF sets a Fillvalue (-999.f) to the cells matching with the building positions to

ensure that exact building locations are visible directly in the variable (Figure 3b). As the building mask is now included in160

all variables and, if needed, can be indirectly derived, it is no longer necessary to explicitly provide it. This makes it possible

to reduce the size of the output. In the case that each output variable should be provided in an individual file, the building

information is now guaranteed to always be provided.

Further changes in M2CDF concern the representation of building surface-related variables. Building surface-related vari-

ables such as the building wall surface temperature or amount of rain on roofs are given in an index-variable structure as165

common within the code to safe storage space for the model. However, these arrays are not intuitively understandable for users

unfamiliar with MITRAS. MITRAS model equations are solved on an Arakawa-C grid (Arakawa and Lamb, 1977; Schlünzen

et al., 2018b). On this grid, scalar quantities like the temperature are defined at grid cell centres, while vector variables, like
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Figure 3. Horizontal wind speed in 2.5 m height above ground in an urban area (here: Depicting the city centre of Hamburg, Germany)

without (a) and with marking the buildings with missing values (b).

the wind components, are located at grid cell boundaries. To represent a vector variable at the grid cell centre or a scalar vari-

able at the grid cell boundary, it must be interpolated. Fig. 4 provides an example of the building mask vertical cross-section.170

Values of atmospheric variables are set to zero inside buildings (grey cells) during the calculations. As MITRAS explicitly

resolves obstacles in the model domain, walls are treated as unpermeable obstacles for flow, with wall functions used at the

rigid boundaries. Variables assigned to the building surfaces, e.g. wall temperatures, can be assigned or calculated solving the

surface energy budget equation. The model used wall temperatures are provided in the output for further use.

The spatial dimension of a building surface-related variable is represented in an array structure, as a Nsurfcells× 3- ma-175

trix with Nsurfcells denoting the number of obstacle-adjacent grid cells. These arrays contain, based on an auxiliary grid,

the grid cell index, at which a cell with an adjacent building wall is located. Further array variables provide the orientation

of the building surface (Schlünzen et al., 2018a, b), representing the direction of the obstacle face (1: east/west, 2: north/-

south, 3:top/bottom). The structure results from how the building surface-related variable are calculated within the model code

(Appendix A) as it improves the computational efficiency. Without further knowledge of these model properties, the grid in-180

formation is not trivial to derive and therefore not automatically accessible to a data user. To better access those variables, it is

advisable to represent building surface-related variables in a Cartesian grid similar to atmospheric variables like temperature

or wind speed.

Building surfaces are located at the grid cell boundaries (black dots in Fig. 4). It is preferred to provide variables on the grid

cell centres, like done for the wind speed components in M2CDF. However, this approach would give a wrong impression of the185

positioning of the building boundaries. Furthermore, it is not feasible to interpolate the building surface-related variables from

the grid cell centre to the boundary or vice versa. It is preferable to provide the data at the positions of the building boundaries
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Table 1. List of variables derived from the obstacle surface temperature.

Variable name Description

tbuisurf_e(z,y,xv) Obstacle surface temperature east wall

tbuisurf_w(z,y,xv) Obstacle surface temperature west wall

tbuisurf_n(z,yv,x) Obstacle surface temperature north wall

tbuisurf_s(z,yv,x) Obstacle surface temperature south wall

tbuisurf_t(zv,y,x) Obstacle surface temperature top wall (ceiling)

tbuisurf_b(zv,y,x) Obstacle surface temperature bottom wall (floor/roof)

tbuisurf_p(y,x) Obstacle surface temperature on all roofs (plane view)

Figure 4. Vertical cross section of building mask at y = −20m (dashed line in Fig. 8) with buildings in grey and atmospheric grid cells in

blue. Black dots denote the location of surfaces (roofs).

(walls or roof), as these are located at the actual boundaries of the grid cells. Therefore, the 3D grid positioned at the cell

boundaries of the model grid was introduced. This grid uses the already established vector coordinate indices iv, jv and kv. A

similar approach for surface-related variables by introducing a secondary coordinate system, that describes the location of the190

wall properties in the model domain, is utilised by the model PALM-4U (Scherer et al., 2022).

To keep the orientation of each surface-related variable, the variables are allocated to the coordinates of the corresponding

direction (east, west, north, south, top and bottom), leading to six building surface-related variables for each direction as listed

for the building surface temperature (tbuisurf) in Table 1.

An example of the application of this feature is described in Section 4.3.195
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Completing this post-processing step makes the netCDF datasets of MITRAS better described, understandable, user-friendly

and amenable to open-access programs (e.g. ncview (https://cirrus.ucsd.edu/ncview/), panoply (https://www.giss.nasa.gov/

tools/panoply/)). The drawback is a more than 6 times larger output for all surface-related variables.

3.2 Step 2: Development of nc2atmodat to create FAIR netCDF files for ORMs200

The post-processor M2CDF transfers the model output to a netCDF file and adds variable names and descriptions consistent

with the CF conventions to the netCDF file. Also, it provides very generic global metadata to the datasets. However, the data

is not fully adapted to the ATMODAT STANDARD and still miss some additional features relevant to the understanding of the

variables.

To fulfil the ATMODAT STANDARD, to modify, correct or add information to the netCDF file, and add the georeferences,205

the program NC2ATMODAT was developed. NC2ATMODAT provides a quick and convenient way for MITRAS data producers

to add additional information, modifications or corrections to the dataset without altering the hardcoded entries in the model

core or the post-processor. A re-translation of the model results into netCDF, which can be rather time-consuming, is therefore

not needed. Especially, generating properly georeferenced MITRAS model datasets was added and enabled by this program.

Adding global attributes required for fulfilling the ATMODAT STANDARD is easier compared to the provision with the existing210

structures in M2CDF. Last but not least, program NC2ATMODAT allows to select the data to be published, since in general not

all data are meant to be published, but only some variables or only a part of the model domain.

Furthermore, since the program modifies netCDF files, it might be usable by other ORM modellers with a few adaptations

towards their model properties. The code of NC2ATMODAT is written in Python (https://www.python.org/) and uses the mod-

ules Xarray (Hoyer and Hamman, 2017), Pandas (pandas development team, 2020), Numpy Harris et al. (2020) and Pyproj215

(Whitaker et al., 2019). The program is open-source and available via GitHub (Voss, 2025). Figure 5 shows the workflow of

NC2ATMODAT, whereas the main functions of NC2ATMODAT are described in the following section.

3.2.1 User Input

NC2ATMODAT includes a User Input section, where the user provides the path and name to the netCDF file and the AtMoDat220

metadata table. This metadata table is provided with the program and contains the global attributes entries for the final resulting

datasets. The information within the metadata table has to be filled in by the program user. The User Input section provides

three control options that can be activated: spatially and temporal cropping the dataset, defining a custom “georeference point”

and selecting output variables.

9
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Figure 5. Overview of the workflow of the program nc2atmodat.
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3.2.2 Cropping data225

NC2ATMODAT crops the datasets in the temporal and spatial dimensions if requested by the user (section 3.2.3). Otherwise, in

the spatial dimension, the outermost grid cells are removed, which is required to assign the correct grid cell bounds to each

grid cell in the MITRAS case.

3.2.3 Spatial and temporal dimensions

Spatial coordinates with corresponding attributes and information are assigned. The current version of NC2ATMODAT requires230

that all variables are located on a scalar grid, described by indices i and j in horizontal and k in vertical direction. An exception

are building surface-related variables defined at grid cell boundaries (Section 3.1), which use indices iv,jv,kv, that are initially

used to describe vector coordinates.

MITRAS uses a Cartesian coordinate system in the horizontal direction (Schlünzen et al., 2018b). The use of geographic

coordinates is not common for ORMs, since with grid sizes of 1 to 10 m, the grid sizes in geographical coordinates will differ235

by only 0.03′′ to 0.3′′. While the addition of a georeferenced grid is not straightforward, it is essential for using the data in

e.g. graphical systems used in meteorology (e.g. GIS applications). For further processing reasons, NC2ATMODAT introduces

the dimensions x,y,z (xv,yv,zv; for surface properties), given in metres. If applicable, the indices are replaced by the newly

introduced coordinates x,y,z,xv,yv and zv in the final AtMoDat conformal netCDF model results, otherwise, they remain as

indices. The temporal dimension coordinate (MITRAS variable name: “time”) is set and assigned with variable attributes.240

For spatial and temporal coordinate variables, the attribute bounds was introduced. Bounds are used to indicate the extent of

a grid cell and provide the location of the cell boundary (Eaton et al., 2024). After cropping, the spatial and temporal variables

are then assigned attributes and new variable names.

3.2.4 Georeferencing

This is a feature that is mainly implemented for the modification of MITRAS model datasets but adjustable for other ORMs245

that use similar projections. MITRAS provides the coordinates as distances of each grid point to the origin of the model

domain. The origin is provided as latitude / longitude information. To be consistent with the CF conventions and to publish

georeferenced datasets, geographical coordinates have to be provided with the dataset. NC2ATMODAT calculates and adds

geographic coordinates to the dataset using the projection used for the creating the grid in Cartesian coordinates. For MITRAS

simulations, the model-specific pre-processor generates the model domain using Geographic coordinates and metre coordinates250

(specifially: Gauss-Kruger coordinates). Geographical coordinates, provided in latitude and longitude are required to calculate

the solar radiation, whereas metre coordinates are used to select and construct the model domain from a set of raster-grid files

that contain information on building heights, land surface cover classes and terrain heights. Currently, only the geographic

coordinates at the origin, further named as “reference point coordinates”, are provided with the model domain input and output

files and used in the model simulations. In both files, metre coordinates are available for each grid point.255

With the Python module Pyproj (Whitaker et al., 2019) and the reference point coordinates, geographic coordinates can be
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calculated for each grid point and are assigned to the dataset. Thus, netCDF files processed with NC2ATMODAT provide two

sets of coordinates, Universal Transverse Mercator (UTM) coordinates (x_utm, y_utm) and geographical coordinates (named

as lat and lon). The reference point coordinates can be either taken from the model results or provided via the User Input. With

these adaptations, the dataset is then properly georeferenced.260

3.2.5 Output variables

Most likely not all variables in the model output are analysed in depth and relevant for the publication. The function ’output

variables’ of the program NC2ATMODAT allows to reduce the dataset to those variables that were picked for publication. These

output variables can be either pre-defined via an additional file (”dict_OUTPUT_variables”), provided with the program or

submitted via the User Input.265

ORM post-processors M2CDF sufficiently describe the majority of variables by providing hardcoded variable attributes. The

second post-processor NC2ATMODAT provides the possibility to modify or add attributes, if necessary. To give an example,

MITRAS might be used to calculate the transport and concentration of air pollutants as passive tracers. However, the tracer

variable in the model is not specified as a certain air pollutant in the output data, thus M2CDF adds a generic long name and no

standard name to this variable. The CF convention provides a large list of standard names for different air pollutants, that could270

be applied to the variable. To retain the flexible usage of the variable in the models but to be able to add standard names to this

variable, fitting long and standard names can then be added via NC2ATMODAT. Furthermore, any additional attribute can be

added using NC2ATMODAT. For example, if no standard name was available, but additional information or further explanations

were helpful to clarify the meaning or purpose of a variable, a comment attribute can be added, making the variable sufficiently

self-explanatory. Such additional attributes and corrections can be stored in the input file (”dict_custom_variable_attributes”).275

3.2.6 Global metadata

The ATMODAT STANDARD requires that the dataset has to be sufficiently described and contain as much information as

needed to be FAIR. Therefore, the dataset shall contain the global metadata attributes summarised and explained in the AT-

MODAT STANDARD (Ganske et al., 2021). The global metadata attributes are categorised as mandatory, recommended and

optional. To fulfil the requirements for the ATMODAT STANDARD, the data producer shall fill attributes and describe their280

datasets with as much detail as possible. As sometimes it might not be possible to add all attributes for each dataset, at least

the mandatory attributes must be provided. To guide and help the data producer to provide global metadata to their dataset

to fulfil the ATMODAT STANDARD, an Excel file (“Metadata_for_atmodat_standard.xlsx”) is provided with the program

NC2ATMODAT. With the NC2ATMODAT the global metadata can then be added to the dataset. Explanations, examples of how

to fill out the form and further information for each attribute are given within the document.285

3.2.7 Write output file

Lastly, the data are saved as a new netCDF file. This is then ready for checking if it fulfils the ATMODAT STANDARD.
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3.3 Step 3: Application of ATMODAT Standard Checker

With the publication of the ATMODAT STANDARD (Ganske et al., 2021), the ATMODAT STANDARD CHECKER (Kret-

zschmar et al., 2022; Ganske et al., 2022) was released. It is a tool for checking if a dataset fulfils the requirements and its290

compliance with the ATMODAT STANDARD. If required, the ATMODAT STANDARD CHECKER also provides the possi-

bility to add or correct metadata information to the dataset header. The output of the ATMODAT STANDARD CHECKER is

machine-readable, which makes it possible to evaluate multiple files at a time automatically. Instructions for installing and

using the checker are available on GitHub (Kretzschmar et al., 2022). The checker helps any person interested in publishing

model results to determine missing information (Section 4.2 and Fig. 7).295

4 Application of suggested standardisation to ORM datasets

In this Section, the post-processing described in Section 3 is applied to two datasets from the ORM MITRAS: one dataset

includes dispersion (Voss, 2023), hereafter named V23, and the second dataset considers precipitation (Ferner et al., 2024)

further denoted as F24. Both model outputs were converted to netCDF by using M2CDF (Section 3.1), further post-processed

using NC2ATMODAT(Section 3.2) and are already successfully published in the World Data Center for Climate (WDCC). Both300

datasets are based on the same domain (Section 4.1). Hereby, in Section 4.2, the preparation of a georeferenced MITRAS

dataset is shown with V23. In Section 4.3 the standardisation of model data with ORM-specific obstacle variables is shown

using F24.

4.1 Model domain305

Both datasets are generated by the ORM MITRAS (Schlünzen et al., 2003; Salim et al., 2018), which is part of the M-

SYS model system (Trukenmüller et al., 2004; Schatzmann et al., 2006). The building data for both datasets are taken from

Salim et al. (2015). They are based on the Digital Terrain Model, the data of the German geoinformation system ATKIS

(official topographic-cartographic information system) (Müller and Seyfert, 2000), and on the 3D-urban model data (LoD 2)

for building details. Salim et al. (2015) used a model domain representing the City Centre of Hamburg, Germany. The status310

of the City is from 2014, with the Hamburg City Hall (Rathaus) in the centre of the domain.

4.2 Dataset with dispersion

The dataset V23 depicts the domain around Hamburg City Hall as described in Section 4.1 without orography. It contains

one simulation with constant temperature and humidity and with stable atmospheric conditions. The domain extents in the

horizontal direction to 1,9×2,0 km2 and reaches the top of the model domain at a height of 5.4 km. It has a horizontal resolution315

of 2.5 m over the whole model domain. The vertical resolution begins with 5 m within the lowest model levels (positioned at

2.5 m above ground) and increases above the domain height of 152.5 m to 200 m. The dataset was mainly created to test and
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apply the ATMODAT STANDARD to an ORM dataset; therefore, no further complexity was considered in the simulation.

This model simulation includes the emission and transport of passive tracers from areas with a specific surface cover class

(small green spaces within the city). These tracers were assumed to be air pollutants, with no chemical reactions, deposition320

or sedimentation processes occurring. V23 provides a variable named “conc”, for which no defined long or standard name is

assigned in M2CDF, as the variable can be denoted to different air pollutants of the same qualities. In this particular dataset,

the variable “conc” should be described as particulate matter with particle sizes of 10 µm (PM10). For this variable the CF

standard name “mass_concentration_of_pm10_ambient_aerosol_particles_in_air” is selected and the corresponding long name

is defined as “concentration of pm10”. These attributes and the corresponding unit are then added to the variable with the325

program NC2ATMODAT.

Proper geographical coordinates had to be added to the dataset. Geographical coordinates can be calculated from the existing

grid coordinates, as they are provided as distances from the model origin in metres (Section 3.2). In this dataset, the model

origin of the coordinate system is located in the centre of the model domain at the Hamburg Rathaus (Figure 6). Therefore,

the geographical coordinates for the model origin (x = 0,y = 0), the so-called reference point, are required. The reference330

point coordinates are mainly used during the model domain initialisation and were initially not provided with the model

output. M2CDF includes the reference point coordinates in the model output. NC2ATMODAT then calculates the geographical

coordinates from the reference point and adds them to the dataset. With these features added to both post-processing routines,

the dataset can now be assigned geographical coordinates and is correctly georeferenced. This is visible in Fig. 6, where

the building positions in the model are given in latitude/longitude coordinates and align with the building positions on the335

underlying map.

After applying M2CDF and NC2ATMODAT on the model dataset, the ATMODAT STANDARD CHECKER (Section 3.3)

was used. Figure 7 shows an excerpt of the ATMODAT STANDARD CHECKER output of the same dataset before and after

the post-processing with NC2ATMODAT. The left-hand side shows the checker results of the dataset after the use of M2CDF

but without the use of NC2ATMODAT. The ATMODAT STANDARD CHECKER raised several warnings, as for example, the340

variable “conc01” was previously missing the standard name or a long name attribute. The right-hand side of Fig. 7

shows the checker output for the dataset, after processing with the updated version of M2CDF and with NC2ATMODAT. After

V23 passed the ATMODAT STANDARD CHECKER, the dataset is thereby considered as fulfilling the ATMODAT STANDARD

and thereby standardised.

4.3 Dataset with precipitation345

F24 (Ferner et al., 2024) was created for studies on the heterogeneity of rain in an urban neighbourhood (Ferner et al., 2023).

It contains precipitation quantities defined on building surfaces providing a suitable test case for the representation of variables

specific to ORMs. The example given here can be applied to other building surface-related variables or results created by other

ORMs.

350
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Figure 6. Model domain V23 of the city centre of Hamburg, Germany, with buildings in black, use of horizontally uniform grid. Coloured

areas denote concentration of PM10. The underlying map was taken from © OpenStreetMap (openstreetmap.org). Plot was generated with

Cartopy (Hrisko, 2020; Met Office, 2010 - 2015).

A stretched grid is used with a highly resolved area with grid sizes of 3.5 m near Hamburg City Hall (white box in Fig. 8).

The grid sizes increase by a factor of 1.175 resulting in resolutions of 15 m horizontally and 150 m vertically at the domain

boundaries. The domain extends to 1.6× 1.8km2 around Hamburg City Hall reaching up to 5km. A decrease in grid resolution

was necessary to perform computationally expensive simulations including cloud processes within a reasonable time. Due to

the irregular grid, the obstacles become coarser towards the edges of the domain. This can be seen by comparing the model355

domain of F24 in Fig. 8 with the domain of V23 (Figure 6). The building block west of the lake Alster (9.99°E and 53.5565°N

in Fig. 6 and x=-400 m and y=700 m in Fig. 8) is much finer resolved in the domain of V23. The stretched grid is also visible

in the vertical cross-section of the building mask (Figure 4). In contrast to V23, in this model domain orography is considered

(Figure 8).

As mentioned in section 3.1, the structure of building surface-related variables as provided initially in the MITRAS output360

was changed. Each surface-related variable is now written as six 4D variables for each wall with corresponding coordinates
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Figure 7. Example output of the ATMODAT STANDARD CHECKER for MITRAS model data V23 before (left) and after (right) the

application of NC2ATMODAT.
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Figure 8. The model domain of Hamburg city centre using a horizontally non-uniform grid with buildings in black and the orography height

h in m. The white box denotes the area with equally sized grid cells (equidistant area), and the red dashed line denotes the location of the

cross-section in Fig. 4.

and one 3D variable holding a plane-view of all building surface roof cells. For tbuisurf on east walls (tbuisurf_e), for instance,

scalar vertical coordinates (z) and y-coordinates (y) are used, but for the x-direction, the location of the grid cell boundaries (xv)

is used. Figure 9 shows results for precipitation at roofs (left) and the different roof heights (right). While the precipitation field

has a general increase towards south-east in the domain, it is also visible that high buildings might receive higher precipitation365

values than their surroundings, as visible at the highest building (x≈−800m, y ≈ 750m).

For the temperature on bottom surfaces, i.e. roofs (tbuisurf_t), the vertical coordinate equals the height of the grid cell

boundaries, while the horizontal coordinates still represent the grid cell centres. With the variable tbuisurf_p a plane view of

all values on roofs is provided, which is shown as an example for the rain amount on roofs in Fig. 9a. The corresponding roof

heights can be seen in Fig. 9b.370

Figure 10 shows a visualisation of the building surface-related variables and the location at the building surface. The building

surface-related variables are located at the vector grid that overlaps with the scalar grid, indicated by the transparent colours
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Figure 9. Amount of rainwater Pr on all roofs (a) and all roof heights bh (b).

overlapping with the building mask. Figure 11 shows the netCDF header for these building surface-related variables.

5 Conclusions375

To foster the publication of FAIR model data created by micro-scale obstacle-resolving atmospheric models (ORM), ORM

datasets should be well-described, self-explanatory and easy to understand by model data users. This can be achieved by the

application of data standards to model datasets. Existing data standards, such as the CF conventions, are widely used for

numerical model data, but are mainly designed for climate model data and are therefore not fully applicable to ORMs, as

they miss features that are common in ORMs. Therefore, the standardisation of ORM data is not trivial as general discipline-380

specific standards are not established. To overcome the lack of standardised datasets in this discipline, a standardisation routine

for model data was developed using results of the ORM MITRAS as an example. The aim was to standardise ORM MITRAS

results so that they comply with the ATMODAT STANDARD, since the the ATMODAT STANDARD (Ganske et al., 2021) is

a generic data standard for atmospheric model datasets.

The ATMODAT STANDARD requires the use of the netCDF data format together with the CF convention and requires a set385

of global metadata that needs to be provided with the dataset. To fulfil the requirements of the ATMODAT STANDARD and

the CF conventions, the post-processing of MITRAS received several adaptations and extensions. The description of variables

and ORM features provided by the post-processor M2CDF was improved to be better understandable for model data users not
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Figure 10. Example for the 3D representation of building surface-related variables representing the eastern building wall surface temperature

as (a) horizontal cross-section view of the whole domain at a height of 10 m above ground and (b) vertical cross-section view located at the

position denoted in Fig. 8. Grey areas denote the building positions.

familiar with the model. This includes the extension and addition of descriptive attributes and information to each MITRAS

variable with their corresponding entries and, if applicable, standard names. Furthermore, the post-processing was extended to390

include a more accessible representation of building surface-related variables. Previously, building surface-related variables,

e.g. wall temperatures, radiation fluxes or rain water amounts on building walls, were stored in a vector array structure. To

view these variables, a data user would require further knowledge about the in-model representation of the variables. The new

storage in 3D (time dependent 4D) array structures is more intuitive for data users and improves the provision of building

surface-related variables. It comes, however, with the drawback of needing much more storage. This will become even more395

relevant in future work, when further building surface-related properties will be implemented to study e.g. effects of adaptation

or heat mitigation measures. This includes, for example, different facade structures, representation of bridges or balconies or

green facades.
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1: f l o a t t b u i s u r f _ e ( t ime , k , y , xv ) ;

2: t b u i s u r f _ e : : _ F i l l V a l u e = −999. f ;

3: t b u i s u r f _ e : long_name = " e a s t b u i l d i n g s u r f a c e t e m p e r a t u r e " ;

4: t b u i s u r f _ e : s t r u c t u r e = "5901 " ;

5: t b u i s u r f _ e : u n i t s = "K" ;

6: t b u i s u r f _ e : c e l l _ m e t h o d s = " t ime : p o i n t k : y : xv : mean " ;

7: t b u i s u r f _ e : comments = " S u r f a c e t e m p e r a t u r e a t e a s t e r n b u i l d i n g w a l l " ;

8: t b u i s u r f _ e : c o o r d i n a t e s = " lonu l a t u " ;

9: f l o a t t b u i s u r f _ n ( t ime , k , yv , x ) ;

10: t b u i s u r f _ n : : _ F i l l V a l u e = −999. f ;

11: t b u i s u r f _ n : long_name = " n o r t h b u i l d i n g s u r f a c e t e m p e r a t u r e " ;

12: t b u i s u r f _ n : s t r u c t u r e = "5901 " ;

13: t b u i s u r f _ n : u n i t s = "K" ;

14: t b u i s u r f _ n : c e l l _ m e t h o d s = " t ime : p o i n t k : yv : x : mean " ;

15: t b u i s u r f _ n : comments = " S u r f a c e t e m p e r a t u r e a t n o r t h e r n b u i l d i n g w a l l " ;

16: t b u i s u r f _ n : c o o r d i n a t e s = " lonv l a t v " ;

17: f l o a t t b u i s u r f _ t ( t ime , kv , y , x ) ;

18: t b u i s u r f _ t : : _ F i l l V a l u e = −999. f ;

19: t b u i s u r f _ t : long_name = " t o p b u i l d i n g s u r f a c e t e m p e r a t u r e " ;

20: t b u i s u r f _ t : s t r u c t u r e = "5901 " ;

21: t b u i s u r f _ t : u n i t s = "K" ;

22: t b u i s u r f _ t : c e l l _ m e t h o d s = " t ime : p o i n t kv : y : x : mean " ;

23: t b u i s u r f _ t : comments = " S u r f a c e t e m p e r a t u r e a t b u i l d i n g r o o f " ;

24: t b u i s u r f _ t : c o o r d i n a t e s = " l o n l a t " ;

Figure 11. Header of F24 dataset with focus on the description for the newly added building surface-related variables.

Additionally, a new post-processing program called NC2ATMODAT was introduced. This routine summarises the required

steps for the preparation of MITRAS netCDF datasets. It provides the option of small changes, corrections or additions to400

variables and metadata, without the need to adapt the models specific post-processing routines. If required, it allows the crop-

ping of the dataset in space and time and a variable-based selection of the data. This new post-processing has been successfully

applied to two ORM MITRAS datasets, which were subsequently released as FAIR datasets in the World Data Center for

Climate (WDCC). The program NC2ATMODAT is written in Python and available as open source (Voss, 2025).

First tests on the application of NC2ATMODAT to model data beside ORMs were carried out on model data from the405

mesoscale model METRAS (Schluenzen, 1990) and the chemistry model CITYCHEM (Karl, 2024).

The restructuring, organisation and assignment of MITRAS variables revealed that many variables, which are typically

occurring in ORMs are not covered by existing standard names. For a better identification and understanding across different
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ORMs and to avoids confusion or misinterpretation in data handling, they need to become standardised This would need a

community approach to collect variables between different models, the definition and discussion of new standard names for410

typical ORM variables and the proposal of new ORM variables to the CF conventions. This would foster and increase the

amount of well-described ORM datasets and improve their usability.

Code and data availability. The datasets V23 (Voss, 2023) (https://doi.org/10.26050/WDCC/MITRAS_ATMODAT) and F24 (Ferner et al.,

2024) (https://doi.org/10.26050/WDCC/MitrasWinterHamburg) are published via the World Data Center for Climate (WDCC). The M2CDF

source code is distributed upon request under the terms of a user agreement with the Mesoscale and Microscale Modeling (MeMi) working415

group at the Meteorological Institute, University of Hamburg (metras@uni-hamburg.de, https//www.mi.uni-hamburg.de/memi). The program

NC2ATMODAT is published and available via GitHub (https://doi.org/10.5281/zenodo.17035812). The ATMODAT STANDARD CHECKER

is available via GitHub (https://doi.org/10.5281/zenodo.6701508) as well.

Appendix A: Representation of a building surface variable in the model code

In MITRAS, obstacles are explicitly resolved using the mask method (Briscolini and Santangelo, 1989; Salim et al., 2018).420

There, a grid cell is either an atmospheric grid cell surrounded by atmospheric grid cells, an obstacle grid cell, or an atmospheric

grid cell adjacent to an obstacle grid cell. The number of obstacle adjacent grid cells is given with nsurfcells (Nsurfcells).

An example code for the calculation of an obstacle surface variable (var_building) is provided in Fig. A1. The first do

loop runs through every obstacle adjacent grid cell. The location in the Cartesian grid is provided by nxobst, nyobst, and

nzobst. In order to address an obstacle surface variable, it is not necessary to go through every grid cell and check whether it425

is obstacle adjacent. Instead, the variable is defined for every obstacle adjacent grid cell, which reduces the number of iterations

in loops and increases the efficiency of the algorithm.

The number of obstacle faces at an obstacle adjacent cell is given with nsurfcount. Up to three obstacles faces can be rep-

resented at each obstacle adjacent grid cell. Again, the efficiency of the algorithm is increased by only including nsurfcount

iterations instead of three regardless of surface count (second do loop in Fig. A1).430

The information whether a wall is facing east, west, north, etc. is contained in nsurftype and nsurfdir as shown in

Table A1. Assuming for example an obstacle adjacent grid cell with a wall north and a wall below, nsurfcount would be 2,

nsurftype and nsurfdir 2 and 1 for the first wall and 3 and -1 for the second wall. Note, that even though nsurftype,

nsurfdir, and var_building have the same spatial dimensions (nsurfcells×3), the last dimension has a different

meaning in the obstacle surface variable.435

In order to calculate var_building, all necessary information on the type of wall and the location of the grid cell are provided.

Unfortunately, there is still an if statement in the do loops, which slows down the algorithm. This statement is necessary, as

different calculations are performed depending on the type of wall (foo1, foo2, foo3 in Fig. A1). However, an additional if

statement to differentiate between wall directions is avoided by utilising the fact, that nsurfdir is either one or minus one.

21

https://doi.org/10.5194/egusphere-2025-5521
Preprint. Discussion started: 22 December 2025
c© Author(s) 2025. CC BY 4.0 License.



1: DO j b =1 , n s u r f c e l l s

2: j i = n x o b s t ( j b )

3: j j = n y o b s t ( j b )

4: j k = n z o b s t ( j b )

5: DO jm =1 , n s u r f c o u n t ( j b )

6: j r = n s u r f t y p e ( jb , jm )

7: j d = n s u r f d i r ( jb , jm )

8: IF ( j r .EQ . 1 _ n i ) THEN ! e a s t ( j d =1) / wes t ( j d =−1)

9: v a r _ b u i l d i n g ( jb , j r ) = (1 + j d ) / 2 * foo1 ( j k , j j , j i −1) &

10: & + (1 − j d ) / 2 * foo1 ( j k , j j , j i )

11: ELSEIF ( j r .EQ . 2 _ n i ) THEN ! n o r t h ( j d =1) / s o u t h ( j d =−1)

12: v a r _ b u i l d i n g ( jb , j r ) = (1 + j d ) / 2 * foo2 ( j k , j j −1 , j i ) &

13: & + (1 − j d ) / 2 * foo2 ( j k , j j , j i )

14: ELSEIF ( j r .EQ . 3 _ n i ) THEN ! t o p ( j d =1) / bo t tom ( j d =−1)

15: v a r _ b u i l d i n g ( jb , j r ) = (1 + j d ) / 2 * foo3 ( jk −1 , j j , j i ) &

16: & + (1 − j d ) / 2 * foo3 ( j k , j j , j i )

Figure A1. Example Fortran95 code for the calculation a building surface variable var_building.
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Table A1. Representation of obstacle face directions in MITRAS.

wall nsurftype nsurfdir

east 1 1

west 1 -1

north 2 1

south 2 -1

top 3 1

bottom 3 -1
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