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Outline

▶ Motivation: Climate Simulation at Scale
▶ Standards and Conventions (CF and CMIP)
▶ Pushing Data Infrastructure

▶ Aggregation
▶ In-flight Diagnostics
▶ Active Storage

▶ FAIR
▶ Summary
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Movies

Simulation Movies, courtesy of Prof Pier Luigi Vidale
NCAS

University of Reading
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Motivation

AR6: Warming levels and projected change
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What lies beneath?

▶ Each panel describes
a thing called “Model
Agreement” and is
addressing “changes”
for “scenarios”.

▶ So what is this thing
called a model?

▶ Scenarios?
▶ And what is

agreement?
▶ There are several

panels (many
“variables” aka
“fields”).

▶ And what systems
exist to get at these
data and make these
calculations?
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We want to simulate our world

Image: from J. Lafeuille, 2006
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Everything is solved on a grid

Given knowledge of state at every
grid point at time t, calculate at ev-
ery grid point state at t+∆t.
Many points, integrated for years
with timestep of o(minutes)!
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beyond the fluid atmosphere - Adding more processes
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CMIP6 Scenarios

https://www.dkrz.de/en/communication/climate-simulations/cmip6-en/the-ssp-scenarios
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Model Intercomparison is about much more than scenarios

CMIP6
22 Model Intercomparison Projects

314 Experiments
Each involving multiple models …
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European Effort for CMIP6

CMIP6: The sixth phase of the coupled model intercomparison
project

AerChemMIP
C4MIP
CFMIP
CMIP
DAMIP
DCPP
FAFMIP
GMMIP
GeoMIP
HighResMIP
ISMIP6
LS3MIP
LUMIP
OMIP
PAMIP
PMIP
RFMIP
ScenarioMIP
VolMIP
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What is agreement? Uncertainty

Hawkins, E., & Sutton, R. (2009). The Potential to Narrow Uncertainty in Regional Climate Predictions. Bulletin of the American
Meteorological Society, 90(8), 1095–1107. https://doi.org/10.1175/2009BAMS2607.1

Hawkins, E., & Sutton, R. (2011). The potential to narrow uncertainty in projections of regional precipitation change. Climate Dynamics,
37(1), 407–418. https://doi.org/10.1007/s00382-010-0810-6
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European CMIP6 Codes

AWI-CM

ECHAM

AWI-ESM

MPI-ESM
CMCC-CMCAM

CMCC-ESM

NorCPM

NorESM

CNRM-CM

Arpege

CNRM-ESM

EC-Earth
IFS

ECMWF-IFS

HadGEM

HadGAM UKESM

ICON-ESM

ICON-A

IPSL-CM

LMDZ AP

LMDZ NP

DYNAMICO
LMDZ NP

JSBACH
CLM

Surfex

HTESSEL

JULES

ORCHIDEE

FESOM

NEMO

ICON-O

MPIOM
MICOM

CICE

Gelato

LIMHibler

MAM

TACTIC

TM

UKCA-GLOMAP

INCA

HAM

OsloAero BFM

PISCESHAMOCC

MEDUSA

OZL_

REPROBUS

sulfur chemistry OsloChemSimp

UKCA-StratTrop

PISM

CISM

BISICLES

HadGEM3-GC31-HH  
HadGEM3-GC31-HM 
HadGEM3-GC31-LL 
HadGEM3-GC31-LM  
HadGEM3-GC31-MH  
HadGEM3-GC31-MM 

UKESM1-0-LL
UKESM1-1-LL
UKESM1-ice-LL 

(One set of Configured Models)

European code families as of 2022 
(“codebases”) 

Extracted from the configured models registered for CMIP6

ATMOSPHERE
(Dynamics, Clouds, Radiation)

OCEAN
(Dynamics, Salinity, Radiation)

Land
Ice

Sea Ice

Aerosol

Atmospheric 
Chemistry

Ocean
BioGeo

Chemistry

Land

ESM GCM ESM

As of March 2023, 50 configured models have
been drawn from these modelling families and

submitted data to CMIP6.
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Variables: too many to count?

CF Standard Names
Version 80
February 2023

Cloud

155 Names

Example
thermodynamic_phase_of_cloud_water_particles_at_cloud_top

Hydrology

231 Names

Example
water_volume_transport_in_river_channel

Ocean Dynamics

47 Names

Example
ocean_barotropic_mass_streamfunction

Radiation

221 Names

Example
diffuse_downwelling_shortwave_flux_in_air_assuming_clear_sky

Surface

778 Names

Example
surface_upward_mole_flux_of_carbon_dioxide

Atmospheric Dynamics

209 Names

Example:
downward_northward_momentum_flux_in_air_due_to_diffusion

Carbon Cycle

320 Names

Example:
net_primary_productivity_of_biomass_
expressed_as_carbon_accumulated_in_leaves

Sea Ice

91 Names

Example
sea_ice_melt_pond_thickness

Atmospheric Chemistry

1261 Names

Example:
atmosphere_mass_content_of_
particulate_organic_matter_dry_aerosol_particles

▶ (Some names are found in multiple categories, but there are still over
2800 standard names.)

▶ Most earth system simulations will write out hundreds of variables,
▶ at many different frequencies depending on the variable, from monthly

means, to six-hourly point values, etc.

Lessons for Data Management Tooling — UK Turbulence Consortium meeting — March 2023



. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
Motivation

. .. .
CMIP

. .. .. .. .. .. .
CF

. .. .
Volume

. .
Aggregation

. .. .. .. .. .. .
ActiveStorage

. .. .. .. .
In-flight Diagnostics

. .. .. .. .
Fair

. .. .
Summary

What lies beneath?

▶ Each panel describes
a thing called “Model
Agreement” and is
addressing “changes”
for “scenarios”.

▶ So what is this thing
called a model?

▶ Scenarios?
▶ And what is

agreement?
▶ There are several

panels (many
“variables” aka
“fields”).

▶ And what systems
exist to get at these
data and make these
calculations?

Lessons for Data Management Tooling — UK Turbulence Consortium meeting — March 2023



. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
Motivation

. .. .
CMIP

. .. .. .. .. .. .
CF

. .. .
Volume

. .
Aggregation

. .. .. .. .. .. .
ActiveStorage

. .. .. .. .
In-flight Diagnostics

. .. .. .. .
Fair

. .. .
Summary

ESGF - Why?

▶ CMIP3 - 2006 -
35 TB (16
institutes, 24
configured
models) was
collected and
distributed from
the U.S.

▶ (PCMDI at LLNL
for those who
recognise the
acronyms). From Meehl et al 2007

CMIP5, first projections for CMIP5 (6+ years later): petabytes!
Central facility not feasible!

Solution: the Earth System Grid Federation (ESGF)
We are now planning CMIP7
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ESGF - statistics

http:
//esgf-ui.cmcc.it/esgf-dashboard-ui/federated-view.html
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ESGF - the front end
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ESGF - globally distributed

Nodes distributed across the planet,
but noticeable gaps in the global

south.

All modelling centres host a data node, some places host index
nodes, and replica nodes.
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The consequences of data at scale — download doesn’t work!

Earth
System
Grid
Experience

Slide content courtesy of
Stephan Kindermann, DKRZ

and IS-ENES2

Started with Individual
End Users

▶ Limited resources
(bandwidth, storage)

Moved to Organised
User Groups

▶ Organize a local cache
of files

▶ Most of the group don’t
access ESGF, but
access cache.

Then Data Centre
Services

▶ Provide access to a
replica cache

▶ May also provide
compute by data

▶ CEDA, DKRZ, etc

Trend from download at home, to exploit a cache, to exploit a
managed cache with compute!
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Simulations and Standards
Designing

     Projects    

Designing
   Numerical
Experiments

 design

Designing
   Numerical

Requirements

  define
 many

Activity
  Ensemble  

is run
for

Activity
  Simulation  

Platform
    Platform  

is
run

 on a

Science
   Configured

Model

uses     
a

Data
     Output     

Data

 produces       

consists
 of one to
many of

Software
      Model     

Code

 configured
from

conforms
to

may need    
to be          

configured       
for               

Data
     Input     

Data

 usesanalysed
on

Data
     Atomic    
   Datasets  

contains
many

defined
by

 requested
in

Lessons for Data Management Tooling — UK Turbulence Consortium meeting — March 2023



. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
Motivation

. .. .
CMIP

. .. .. .. .. .. .
CF

. .. .
Volume

. .
Aggregation

. .. .. .. .. .. .
ActiveStorage

. .. .. .. .
In-flight Diagnostics

. .. .. .. .
Fair

. .. .
Summary

CMIP6 Data

HDF

NetCDF4
(compressed)

CF
Conventions

CMIP
Profile of CF

Long-Term Stable

Supported by 
Institutions with mandate

Governed by the WGCM/WIP

Governed by the CF
Conventions Committee

CMIP6 FILE

Published to, and available 
from, the Earth System 
Grid Federation.

Includes many 
controlled 
vocabularies 
for attributes 
beyond those 
required by CF
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The Climate Forecast Conventions
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The Climate Forecast Conventions
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Climate Forecast Conventions and Data Model

Formats and Semantics
▶ A file format describes how bits

and bytes are organised in
some sequence on disk.

▶ Storage Middleware (e.g.
NetCDF) has an implicit or
explicit data model for what
things are stored in that file.

▶ The Climate-Forecast
conventions describe how
coordinates and variable
properties are stored in
NetCDF.

▶ We have developed an explicit
data model so that these can
be used for any storage format.

Variable

+ name: string
+ type: DataTypes

«enumeration»
DataTypes

 char
 byte
 short
 int
 float
 double

Dimension

+ isUnlimited: boolean
+ length: int
+ name: string

File

Attribute

+ name: string
+ type: DataTypes

Data Values

Scalar or 1-
D Array

Ordered list
of
dimensions
defines
shape of
binary array

File Attribute

0..* 0..*

0..*

0..*

0..*
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Climate Forecast Conventions and Data Model

Formats and Semantics
▶ A file format describes how bits

and bytes are organised in
some sequence on disk.

▶ Storage Middleware (e.g.
NetCDF) has an implicit or
explicit data model for what
things are stored in that file.

▶ The Climate-Forecast
conventions describe how
coordinates and variable
properties are stored in
NetCDF.

▶ We have developed an explicit
data model so that these can
be used for any storage format.

«construct»
FieldAncillary

«construct»
DomainAncillary

«construct»
AuxiliaryCoordinate

«construct»
CellMethod

«construct»
CoordinateReference

«construct»
DimensionCoordinate

«construct»
DomainAxis

«construct»
Field

«construct»
CellMeasure

«concept»
Domain

«abstract»
Generic 

Coordinate 
Construct

Variable

CN::Data 
Variable

0..*

uses
parent

0..*

0..*

0..*

0..*

1..*

0..*

0..*

0..*

0..*

Hassell, D., Gregory, J., Blower, J., Lawrence, B. N., and Taylor, K.
E.: A data model of the Climate and Forecast metadata
conventions (CF-1.6) with a software implementation (cf-python
v2.1), Geosci. Model Dev., 10, 4619-4646,
https://doi.org/10.5194/gmd-10-4619-2017, 2017.
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cfplot gallery
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cfplot gallery
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cfplot example
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cfplot example
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CF Example 1 - Global Mean Anomalies

Consider the following example fairly basic timeseries plot:

What was involved in doing this? Reading data, geolocation,
calculating weights for spatial and temporal averages, averaging,
differencing and plotting.

Code and example courtesy of the CF-python team: David Hassell, Sadie Bartholemew, Andy Heaps and Ankit Bhandekar
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Application Stack

toolkits python_libraries

conventions

formats

applications

CDO NCO iris cf-python xarray

CF CFACMIP

NetCDF Zarr Grib

ESMValTool
 

AutoAssess
(UK)

CliMAF
(F)

Shared European components in beige, exemplar national
applications in green, external dependencies in blue/white.
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The Evolution of Resolution: A better global microscope!

Zooming in on
Global Model Resolution
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Volume — the reality of global 1km grids

What about 1km? That’s the current European Network for Earth
System Modelling (ENES) goal!
Consider N13256 (1.01km, 26512x19884)):
▶ 1 field, 1 year, 6 hourly, 180

levels
▶ 1 x 1440 x 180 x 26512 x

19884 = 1.09 PB

▶ 760 seconds to read one 760
GB (xy) grid at 1 GB/s

▶ but it’s worse that that: 10
variables hourly, > 220 TB/day!

Can no longer consider serial diagnostics, and even parallelised
is a challenge for the I/O system!
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Standards based aggregation

Motivation
▶ We have lots of files, often lots of files for the same variable.
▶ Those files can be anywhere on tiered storage, but we tend to talk about

“one variable, one-frequency, for one-simulation” as an atomic dataset.
▶ Can think of an atomic dataset being spread across storage. Individual

files can be grouped into quarks each of which is on one tier of storage.

We can have an aggregate view of those files, stored in an aggregation file.

atomic dataset

var1-s1-e1-cfa.nc

file1.nc file2.nc file3.nc file4.nc

NetCDF file conforming
to relevant conventions
(e.g. CFA). Always online.

Holds all metadata from
quark files, including
all coordinate variables.

Individual "quark" files
can be anywhere in
"local" tiered storage.

URI URI URI URI
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Standards based aggregation

Motivation
▶ We have lots of files, often lots of files for the same variable.
▶ Those files can be anywhere on tiered storage, but we tend to talk about

“one variable, one-frequency, for one-simulation” as an atomic dataset.
▶ Can think of an atomic dataset being spread across storage. Individual

files can be grouped into quarks each of which is on one tier of storage.

We can have an aggregate view of those files, stored in an aggregation file.
Set of Files

file4file3file2file1

Collection

Aggregation File

Domain; Variable Definition;
Coordinates C4

(A-Metadata)

Common B
B-Metadata

Specific BF4
B-Metadata

Data4
01010101
01010101

Domain; Variable Definition;
Coordinates C3

(A-Metadata)

Common B
B-Metadata

Specific BF3
B-Metadata

Data3
01010101
01010101

Domain; Variable Definition;
Coordinates C2

(A-Metadata)

Common B
B-Metadata

Specific BF2
B-Metadata

Data2
01010101
01010101

Domain; Variable Definition;
Coordinates C1

(A-Metadata)

Common B
B-Metadata

Specific BF1
B-Metadata

Data1
01010101
01010101

Spanning Domain;
Variable Definition

Coordinates
span C1-C4

Common B
B-Metadata

Array (B) of Specific
BF1-BF4 Metadata

Array (F) of
Fragment URIs

pointing to files
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Data movement is expensive

▶ Moving data over the network, from compute nodes to storage
is costly.

▶ The cost can be thought of as
▶ Time or CPU cycles taken to move the data — particularly for read

operations, which are always blocking, we can buffer or offload
writes;

▶ Network bandwidth used (and cost of ensuring the necessary
fabric exists);

▶ Energy consumed (to move the data).
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JASMIN Quobyte Storage Systems (2021)
SOF (ScaleOut Filesystem)

Quobyte Software Defined Storage

Cluster 3 (2018); 15 PB

41 Storage Servers

Cluster 2 (2018); 15 PB

48 Storage Servers

Cluster 4 (2021); 10 PB

42 Storage Servers

Cluster 5 (2021)

10 Metadata Servers

Raw Capacity
60PB HD
1344TB Flash
10Tb/s Injection b/w

Usable capacity
40 PB

Maintenance Status
Maintained til end of 2022/23.
Price agreed to end 25/26.
Extension due 22/23.

Supermicro CSE946LTS-R1K66P
Intel Xeon E5-2630-v4
2 x 10 Cores, 64 GB Memory

44 x
12TB HD 2 x 50 Gb

Dell R730XD + MD1400
Intel Xeon E5-2630-v4
2 x 10 Cores, 64 GB Memory

44 x
12TB HD 2 x 40 Gb

Dell R740xd2
Intel Xeon Gold 5217 3GHz
2 x 20C Cores, 96 GB

20x
15TB HD

4x
8TB SSD 2 x 25 Gb

Dell R6525
AMD EPYC 7302 3GHz
2 x 16 Cores, 512 GB

2 x
3TB NVMe 2 x 25 Gb

▶ Modern software
defined storage,
erasure encoded large
files, duplicated small
files.

▶ Latest generation
includes SSD for small
files and metadata
server.

▶ 40 PB of usable
storage includes 131
“compute nodes” in
the storage subsystem
— that is 3460
compute cores, which
is a lot of compute…
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Computational aka Active Storage

▶ Nearly all storage systems now have lots of compute, it’s
necessary for error correction, and managing which bytes go
where, but it’s basically underused.

▶ For a long time now, people have been talking about utilising
some of that underused compute, by doing ”some compute
tasks in storage”, something termed Active Storage or
Computational Storage.

▶ Ideas have included shipping functions, shipping VMs or
containers, and all sorts of things which have interesting security
issues and significant application complexity.
▶ If I ship a VM/container, how do I know it is not going to do bad

things to the data and/or system?
▶ How do I include complex systems in a workflow? How does this

VM/container/function fit into my greater workflow?
▶ We decided there might be a simpler way to do some useful

things by leveraging the dask graph and the idea of reductions.
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A simple reduction workflow: mean

Taking a mean using four
computational chunks:
▶ four lots of data re

read from storage
▶ four means are taken
▶ means are aggregated

result is calculated
from the partial means

▶ requires reading all the
data from the storage
system, moving it into
the compute node(s).

(see also Blelloch algorithm.)
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One gory detail: the interface

Each computational chunk is operating on many storage chunks, but we
need to know quite a lot about each storage chunk to do the calculations -
knowledge held by the application, but not the storage, unless we tell it.

«abstract»
missing descriptor

fillvalue
missing
min_valid_value
max_valid_value

«enum»
dtypes

float32
float64
integer64
integer32

«interface»
reduce_chunk

file: string
offset: int
size: int
compression: int
filters: int
missing: missing
dtype: dtypes
shape: tuple
order: character
chunk_selection: tuple
method: string

«tuple»
missing

«sequence of bytes»
storage
chunk

«concept»
missing
values

 
 

instance
of

has
implicit
dtype
from

may contain

has implicit
dtype
from

described by

Lessons for Data Management Tooling — UK Turbulence Consortium meeting — March 2023



. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
Motivation

. .. .
CMIP

. .. .. .. .. .. .
CF

. .. .
Volume

. .
Aggregation

. .. .. .. .. .. .
ActiveStorage

. .. .. .. .
In-flight Diagnostics

. .. .. .. .
Fair

. .. .
Summary

PyActiveStorage

Status Quo:
▶ We have built a python library that

implements standard reductions using a
“storage simulator”.

▶ We have two commercial companies
building active storage which conforms to
our interface (one for S3, and one for
POSIX).

▶ We know how to “inject” active storage
reads into a dask graph where-ever it would
otherwise read an array and then
immediately reduce it.

▶ Next step will be to integrate the real
storage systems into our library, and
benchmark it.

▶ Has real prospects to reduce the cost of
some calculations

Reductions
Supported
▶ Min
▶ Max
▶ Count
▶ Sum
▶ Mean
▶ More

envisaged.
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In-Flight Diagnostics

Atm Ice

Land Ocean

Coupler

2.
Outputs

Earth System Model

Subset

HPC Platform

3rd Party
Analysis/

Simulation

Data Platform
Download,

Extract,
Analyse

Run

Ephemeral
Requested
Subset

3rd Party
Analysis/

Simulation

Temporary 
Storage

Std
Outputs

3.
Restarts

IO
Server

1.
Inputs

We’re all well aware that we need to do things “in-flight” to avoid
saving “everything”.
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Visualisation

Röber, N., Böttinger, M., & Stevens, B. (2021). Visualization of Climate Science Simulation Data. IEEE Computer Graphics and
Applications, 41(1), 42–48. https://doi.org/10.1109/MCG.2020.3043987

▶ Many analysis tasks require high frequency high resolution data
which it will be impossible to store beyond some ephemeral
state during the model run.

▶ Visualisation, Feature Tracking, Forced Models (Hydrology, ML
etc)

Can we standardise the interface for third parties doing downstream
models or visualisation?

Interesting ideas coming from the EU Destine project!
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Ensemble Diagnostics

Atm Ice

Land Ocean

Coupler

IO
Server

Use the IO server to control multiple ensemble members and carry out
“in-flight” ensemble diagnostics.

Can do any kind of reductions “trivially”, more complicated options coming
with future versions of XIOS (our I/O server)

(It is not trivial to make all the various MPI communicators play nicely.)
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Ensemble Diagnostics

Atm Ice

Land Ocean

Coupler

IO
Server

Use the IO server to control multiple ensemble members and carry out
“in-flight” ensemble diagnostics.

Can do any kind of reductions “trivially”, more complicated options coming
with future versions of XIOS (our I/O server)

(It is not trivial to make all the various MPI communicators play nicely.)
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Scaling Results on ARCHER2

3 6 9 12 15 18
Ensemble Size

1.0

1.5

2.0

2.5

No
rm

al
ise

d 
Ex

ec
ut

io
n 

Ti
m

e

Ensemble Scaling
n96(10.0%)
n216(3.4%)
n512(0.8%)

▶ Ensemble in-flight analysis becomes very cheap at high resolution and
very valuable for large ensembles!

▶ Can consider in-flight ensemble output pruning (ie. avoid writing all
ensemble members)
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Scaling Results on ARCHER2
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▶ Ensemble in-flight analysis becomes very cheap at high resolution and
very valuable for large ensembles!

▶ Can consider in-flight ensemble output pruning (ie. avoid writing all
ensemble members)
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FAIR principles

FINDABLE

INTEROPERABLE

ACCESSIBLE

RE-USABLE

F1. (meta)data are assigned a globally unique and persistent identifier(meta)data are assigned a globally unique and persistent identifier

F2. data are described with rich metadatarich metadata (defined by R1 below)

F3. metadatametadata clearly and explicitly include the identifier of the dataidentifier of the data it describes

F4. (meta)data are registered or indexed in a searchable resourceregistered or indexed in a searchable resource 

A1. (meta)data are retrievable by their identifierretrievable by their identifier using a standardizedstandardized 

     communications protocolprotocol, which is open, free, and universally implementableopen, free, and universally implementable, and 

          allows for an authentication and authorization procedureallows for an authentication and authorization procedure, where necessary 

A2. metadata are accessible, even when the data are no longer available 

I1. (meta)data use a formal, accessible, sharedformal, accessible, shared, and broadly applicable 

     language for knowledge representation. 

I2. (meta)data use vocabulariesuse vocabularies that follow FAIR principles

I3. (meta)data include qualified references to other (meta)data 

R1. meta(data) are richly described with a plurality of accurate and relevant attributesplurality of accurate and relevant attributes 

R1.1. (meta)data are released with a clear and accessible data usage license

R1.2. (meta)data are associated with detailed provenancedetailed provenance

R1.3. (meta)data meet domain-relevant community standardsdomain-relevant community standards 

R ̸=
Reproducible!
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Yes,but?

1. What is a dataset? (What is the granularity of a dataset?)
2. What should “searchable” mean?
3. What protocol was that? (The open, free, universally

implementable one, with AAA.)
4. When and why should “data be no longer available”?
5. Which formal accessible (and useful) metadata schema was

that?
5.1 Which relevant metadata attributes?”
5.2 What does provenance mean (for a simulation)?”
5.3 Which domain-relevant community standards)?
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What needs to be FAIR?

Modelling 

Prediction Projection
Process
Studies

DataSoftware Documentation
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What needs to be FAIR?

Modelling 

Prediction

hindcast assimilation forecast

Projection

Scenario
Evolution

StorylinesProcess
Studies

Sensitivity
Studies

Understanding
Mechanisms

With/Without
Observations

Data

Inputs
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▶ So what is a “Simulation

Dataset”?
▶ What are the relev

ant

“data”?
▶ “Keep all the data” Rea

lly?

▶ (Oh, and except in trivial

cases, never goi
ng to be

“reproducible”.)

Lessons for Data Management Tooling — UK Turbulence Consortium meeting — March 2023



. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
Motivation

. .. .
CMIP

. .. .. .. .. .. .
CF

. .. .
Volume

. .
Aggregation

. .. .. .. .. .. .
ActiveStorage

. .. .. .. .
In-flight Diagnostics

. .. .. .. .
Fair

. .. .
Summary

Simulation Context

Shared

     Parties    

Designing

      Projects    
 defne

Software

       Base      

Models 

    confgure 

Designing

    Numerical 
Experiments 

 design

 execute

Activity

   Simulations  

conform    

to

Designing

    Numerical 
Requirements 

 defne

Science

    Confgured 

Model 

leading   

to  

Platform

     Platform  

 are
 run on a

Data

      Output     
Data 

produce       

 requested
in

Data

      Input     
Data 

Activity

 Conformances

 defned
 by

 used for

 uses

Activity

  Modifcations 

 may
 use

described by

Needed
to meet

relate
to

▶ Traditional Metadata covers only a tiny part of essential
documentation!

Why? What? How?

▶ Experiments may be devised

by one group, an
d run by

another, and analysed by a

third.
▶ Participants are

separated in

space and time. Metadata

crucial to information flow.

Reusable or Reproducible
?

▶ Simulations are gene
rally not

reproducible.

▶ Experiments, if described

properly are! So
,

Reproducibility
requires

Experiment metadata!

▶ Reusable requires all the

metadata!
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Summary

▶ Climate simulation is big computing that generates lots of data.
▶ Doing collaborative things with data means thinking about

metadata and standards.
▶ Doing things with metadata and standards stops our people

wasting time reinventing analytical wheels.
▶ Sharing data by download isn’t enough any more: move

computation to the data!
▶ We are thinking about aggregation across tiered storage, about

active storage, and about in-flight diagnostics.
▶ Oh, and you need to care about being FAIR.

Lessons for Data Management Tooling — UK Turbulence Consortium meeting — March 2023



. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
Motivation

. .. .
CMIP

. .. .. .. .. .. .
CF

. .. .
Volume

. .
Aggregation

. .. .. .. .. .. .
ActiveStorage

. .. .. .. .
In-flight Diagnostics

. .. .. .. .
Fair

. .. .
Summary

This work arose from NERC national capability funding to the
National Centre for Atmospheric Research over many years, as well
as the following significant projects:
▶ The projects ESiWACE and ESiWACE2 have received funding from the

European Union’s Horizon 2020 research and innovation programme
under grant agreements numbers 675191 and 823988.

▶ The project IS-ENES3 recieved funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement number 824084.

▶ The projects ExCALIWork and ExCALIStore have received funding from
the UKRI and Met Office Strategic Programme Fund Excalibur:
Exascale Computing: ALgorithms and Infrastructures Benefiting UK
Research.

Lessons for Data Management Tooling — UK Turbulence Consortium meeting — March 2023


	Motivation
	Scientific Context
	What is this thing called a model?
	Scenarios
	What is agreement
	Multiple Variables
	Systems

	CMIP
	CF
	Volume
	Aggregation
	ActiveStorage
	PyActiveStorage

	In-flight Diagnostics
	Fair
	fairstart
	types

	Summary
	conclusions


