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To discuss

» State of global climate data management
= |n2012
= What is the status today ?

» Vision and strategy
=  Thinking Globally
= Acting nationally

A CDMS, Climate Data Management System, is an integrated computer-based
system that facilitates the effective archival, management, analysis, delivery

and utilisation of a wide range of integrated climate data
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CCl survey with 72% of response rate :
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2017 : Distribution of named CDMS

as at June 2017
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How effective are we at climate data management globally?
% correct global CLIMAT messages received

10 year average 2007 201 6

Estimate of the trend of historical CLIMAT messaging
using spatial autocorrelation.
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Summary of key CDMS issues

» For 190 countries there are approximately 96 different CDMS;

» Current CDMS have been developed in the absence of formal specifications.
Therefore they have different and inconsistent capabilities;

» |n 2012, 48% of the survey respondents had operational issues with their CDMS.
Difficulties are also reflected by the 10 year statistics on CLIMAT messages ;

» 42 Developing Countries rely on an open source CDMS that is at risk of failure
because (1) severely limited funds for maintenance and development and (2) Key
person dependencies with typically only one developer per system.

Significant CDMS improvements are required globally, It will be very

expensive and wasteful of resources to develop the same functionality
for each current CDMS

27 WMO OMM .
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We can fix this!
But we need to work together, collaboratively.

CDMS Strategy Vision

Achieve a step-change in the management of climate data by:

Thinking globally of what climate data management capability is required to
answer many questions of societal need; and

Acting nationally to implement and evolve consistent and sustainable CDMS
that will address national requirements for climate data, and in addition
help to address regional and global needs.
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10+ year Vision
Federated Climate Data Services

A climate researcher wishes to
undertake an annual climate forecast
analysis.

Providing geoscience data globally

The climate researcher initiates an
automated process that downloads
observations data and associated
observations metadata for all available
countries in the world.

All data conforms to the WMO climate
observations logical data model and
application schema, with a known
structure and semantics.

The data is automatically loaded into the

An example of the Federated Data Service researcher’s CDMS.

Concept
The researcher undertakes the required

Derived from the OneGeology geoscience community analysis without having to waste

Consistent with WIS-2 future direction considerable time worrying about the
= semantics and formatting of the source
%,/ WMO OMM data. 8
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To give to NMHS foundations for Climate Services

Guide to Climatological Practices Framework that defines the requirements of a
WMO-No. 100 modern CDMS, that will ensure high quality

climate data : consistent, authoritative, valued,
CDMS Specifications ’ I trusted and easily accessible for global, regional

WMO-No. 1131 and national use.

future Manual on High Quality

Global Data Managemen Disaster
Framework Infrastructure Resilience
and
Transportation

Management
Water Energy and

Resources Mineral

Management : Resource
Sustainable Management

Urban
Development

REEECERRAEy Biodiversity
and Sustainable and Ecosystem

Agriculture Public Sustainability
Health

Surveillance
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ET-CDMS POIicy Statement (November 2015 Prague)

> ET-CDMS notes that:

Currently, significant investment is needed to maintain a multitude of CDMS
worldwide to generate data for regional and global analyses.

These CDMS are not compliant with the new WMO-No.1131, Climate Data
Management Systems Specifications.

Significant investment will be required to conform to the requirements of WMO-
No. 1131.

It will be very expensive and wasteful of resources to develop the same
functionality in many CDMS.

There are several open source CDMS used by WMO Members.

There is considerable potential to address this situation by rationalising these open
source CDMS.

» Therefore ET-CDMS proposes that:

nr"p.‘ :
\é_k

Open source CDMS should converge on one Reference Open Source CDMS, namely
Open-CDMS.

Investment is required to make this happen.

WMO OMM 10
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Act, urgently, on an operational, consistent and sustainable system :
towards a Reference Open Source CDMS

% correct global CLIMAT messages received
10 year average 2007 201 6
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| SS T, Thank you, Merci, Cnacmbo, Gracias

% correct global CLIMAT messages received
10 year average 2007 201 6
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Useful

Wiki of the CCl Expert-Team on Climate Data Management Systems, https://wiswiki.wmo.int/tiki-
index.php?page=CDMS

Climate Data Management Systems Specifications (WMO-No 1131),
https://library.wmo.int/opac/index.php?lvi=notice display&id=16300

Climate Data Management Systems: Status of implementation in developing countries,
https://www.researchgate.net/publication/278063397 Climate Data Management Systems St
atus of implementation in developing countries

Status of worldwide implementation of CDMS in NMHS (2013),
http://www.wmo.int/pages/prog/wcp/wcdmp/documents/SummaryReport.doc

Concept of Operation of High Quality Global Data Management Framework for Climate, HQ-
GDFMC, (Draft) , http://www.wmo.int/pages/prog/wcp/ccl/opace/opacel/documents/HQ-
GDMFC-CONOPS-VER2.5-31Mars2016-1.pdf
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Who uses our climate data?

* Not just NMHS and WMO!

* Climate data is used widely across many areas of society to support a wide variety
of decision making processes

e Examples using GEO’s Societal Benefit classifications

— Water Resources Management

e A water manager can analyse climate forecasts for the coming seasons, together with historical
9 rainfall over a catchment to determine if water restrictions should be implemented and
enforced

— Food Security and Sustainable Agriculture

e A farmer can analyse climate forecasts for a predicted El Nino event that indicates that his
property could be affected by drought. He reviews historical conditions over his farm to
understand the risks of planting seed and selling stock for the coming season

— Public Health Surveillance
* An epidemiologist can analyse the relationship between disease outbreaks and prevailing
climactic conditions over a region in order to provide early warning of an increased risk of

disease, e.g. malaria

WMO OMM 15
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Who uses our climate data? #2

— Disaster Resilience

* An Emergency Services analyst can investigate the relationship between vegetation curing,
forecast and historical climatic conditions, in order to plan bushfire risk mitigation actions for

the coming season

— Energy and Mineral Resource Management

O
O

* Arenewable energy analyst can review historical solar radiation data for a region in order to
determine what type of solar system is best suited for their client

Infrastructure and Transportation Management

* A Civil Engineer can analyse the historical potential for rain and floods over the areas
shortlisted for a new road and bridge project to determine the optimal locations

Biodiversity and Ecosystem Sustainability

* Aland manager can analyse climate change projections, together with historical climatic
conditions for specific species so that they can better mitigate against potential climate change
impacts

— Sustainable Urban Development
* A City Planner can analyse the historical potential for rain and floods over the areas shortlisted
for a proposed new housing development to determine whether approval should be granted

for the development

16
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Other related work by ET-CDMS

Consolidating work on CDMS Specifications

— To support CDMS developers
* User Stories
e Conceptual Architecture

— Register of identified changes

Undertake further CDMS surveys to provide metrics showing the
impact of CDMS work

Establish and maintain a CDMS Register
— Showing CDMS compliance with WMO #1131
— Will use a technical survey, with results publicly available

Developed a policy statement on the need for open source CDMS
development

<1} WMO OMM 7
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What is missing

e Establish the WMO Climate Data Framework

— Recommendation 11.1, WMO #1131
— This could be within the next evolution of WIS
— Based on Spatial Data Infrastructure principals (e.g. INSPIRE)

— Resurrect work on foundation WMO logical data models and data definitions that was
previously undertaken by IPET-MDRD

e METCE
¢ C(Climate Observations
¢ WMO Codes Registery

— Establish formal semantic data definitions for GCOS ECV
e Based on METCE and WMO Codes Registry

— Community Agreed WMO data policies e.g.
e Definition of Data Quality Flags
* Basic concepts
— Rules on calculating Climatological Standard Normals
— What is a climatological day
— Rules to use when data is missing
— etc
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https://codes.wmo.int/common/observation-type/METCE
https://codes.wmo.int/

What is missing #2

e Better Collaboration with other WMO teams

— There has been very productive collaboration with the following teams:
e CBSIPET-MDRD

— Metadata and Data Representation Development

e WIGOS TT-WMD
— WIGOS (Observations) Metadata

e CCIET-DARE

— There is an opportunity for other teams to work with us
* A second version of WMO #1131 will be prepared next Intersessional Period
* Are your team’s requirements captured in WMO #1131
e If not, what is missing?

e WMO #1131 compliant CDMS

— We need to ensure adequate funding to develop and maintain compliant CDMS

WMO OMM

April 2018 - CCI-17 — TECO - Agenda Session 1 Observations and Climate Data Management

19



ET-CDMS Policy Statement

e ET-CDMS notes that:

Currently, significant investment is needed to maintain a multitude of CDMS worldwide
to generate data for regional and global analyses.

These CDMS are not compliant with the new WMO-No0.1131, Climate Data
Management Systems Specifications.

Significant investment will be required to conform to the requirements of WMO-No.
1131.

It will be very expensive and wasteful of resources to develop the same functionality in
many CDMS.

There are several open source CDMS used by WMO Members.

There is considerable potential to address this situation by rationalising these open
source CDMS.

 Therefore ET-CDMS propose that:

Open source CDMS should converge on one Reference Open Source CDMS, namely
Open-CDMS.

Investment is required to make this happen.

WMO OMM 20
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GCOS Essential Climate Variables
Formal Data Definitions are required!

ECV provide a good starting point for
a formal set of data definitions

“An ECV is a physical, chemical or
biological variable or a group of
linked  variables  that critically
contributes to the characterization of
Earth’s climate”

Note: GCOS Monitoring Principles,
compare these with WMO #100
requirements

Observations data:

*  We have a good start in data
definition, e.g. Temperature

. However we need more

*  Look at work by hydrology
community within the OGC

—  WaterML 2

We need formal semantic data
definitions to remove any dataset
ambiguity and facilitate future
federated global data services

21


http://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/ckeditor/files/GCOS_Climate_Monitoring_Principles.pdf?l1e4ALNYxVIStmm19we2Sz0evxEFpHmT
https://www.ncdc.noaa.gov/gosic/gcos-essential-climate-variable-ecv-data-access-matrix/gcos-atmosphere-surface-ecv-air-temperature
http://www.opengeospatial.org/standards/waterml
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CDMS Conceptual Architecture
An Observation

WIGOS
Observations
metadata

Has observation

process

An

Observation

Has
observation
context

Data
Provenance

Intellectual
Property
Has
context
Discovery
metadata
Has
result |
Estimate of ‘
value
Has
quality
! Quality flag ‘
1

Observation
Network

CDMS: An Observation

Revision 0.4 30 Nov 2016

Bruce Bannerman and Denis Stuber

From current ET-CDMS
work

Conceptual diagram

e The context of an
observation that we are
interested in

e Based on concepts in ISO
19156 Geographic
Information - Observations
and Measurements

* Noting potentially long
Quality Assurance life cycle

* Theresults of an
observation may change
over its lifecycle

e  For future automated and
federated data services, we
need to ensure that these
semantic and contextual
nuances are formally defined

22



This
architecture
pattern is
conformant
with SDI
requirements

Relationships
between
CDMS
components

Supporting CDMS Developers:
Example of CDMS Conceptual Architecture work

CDMS Data Services

The same data
services support
many end uses

Well defined data

service interfaces

conform to open
standards

Isolating end users
from managed data

Reducing risk of
vendor lock-in

Each climate data
ECV is abstracted as
one or more data
services

allowing ease of
future IT change

4} WMO OMM

'CDMS Data Services

Automated

application GUEIH:

"'Eommunitv agreed services interface - open standards (information models, file formats)
(Open API
|} oscan

(Community Agreed Standard Voeabularies )

OGC WaterhL 2 ather |

h\DCFmv\'D_ J

Skl i
150 19115 Discovery
= Metadata
| osccowrags |
OGC Timeseries |
|

150 19156 Observations and Measurements
Wector Spatial
data

150 19157 Geographic Information - Data Cueality
WMO Register (based on WO F306)

y e ]

sckhnchiptore., oo R 30 Nov 2016

WMO #1131, Climate M_ Management System Spec lut_m . Bruce Bannerman and Dends Stuber
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CDMS Conceptual Architecture
Ingest and Extract

‘cOMs Ingest and Extract

Showing relationships G=lE&] =)

&
between CDMS Spec St - tommes s in sk
components ) ¢ ¢

WMO OMM | | e —




CDMS Conceptual Architecture

Observations QC & QA

'bbservatlons Quality Control & Quality Assessement

Showing relationships
between CDMS Spec
components

WMO OMM

Image source: Bruce Bannerman and Denis Stuber
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Global status of the CDMS
that we are using? #2

48%| 1 10%)
Have op'_e-rational Aré _h“ot
issues operational
bs2) (o)
Do not use a Use a spfeédsheet
database to manage data
50%)
Have d-e.veloped Would like to

their own CDMS  change their CDMS

A CDMS is an integrated computer-based system that
facilitates the effective archival, management, analysis,
delivery and utilisation of a wide range of integrated
climate data

Current climate data management systems that are
labeled ‘CDMS’ have been developed in the absence of
consistent specifications

— Therefore they have different and inconsistent
capabilities

— We are not comparing apples with apples!

CDMS in 42 Developing Countries
— Rely on an open source CDMS that is at risk of failure

e Severely limited funds for maintenance and
development

* Key person dependencies with typically only one
developer

For 190 countries there are 96 different CDMS

Significant CDMS improvements are required globally

— It will be very expensive and wasteful of resources to
develop the same functionality for each current CDMS

26
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CDMS Governance

/

CDMS Specifications

fommitments

-\ Sustainability

\\

WMO resolutions Data
- - Funding i
WMO Technical Regulations custodian Disaster
WMO technical commissions Access to . recovery
- Archival
International || National data

41_tellectual property

\ Data delivery

Data Access Interoperability Cost
licensing constraints standards recovery
Copyright Usage
\Attribution constraints Quality of delivered data

Third-party dath

Other agency

Commercial

/Climatology policy

~

éDMS governance
rﬁta policy \ @vemance

/l'.‘)—ata governance\

m governance

\
‘\

\

\

Data lineage Climate
traceability networks
Data Quality
generation assurance
Climate
Future metadata
climate data Sensor or
framework station
chanﬁe

Controlled
access to data
and systems
Approval process
for new data
types
Approval process
to change data
IT change

approvals - no

Required

Recommended

Optional

data corruption

|

IT service
management

Managed
change

Project
management

IT architecture

Documentation

—

=

Revision 4.3

Bruce Bannerman
Denis Stuber

20 May 2014




Time-series Climate Data

CDMS Specifications
ﬁime-series climate data \
(Climate metadata ™
(ORservationametadats /Data provenance "\ /Da i: ¥ | I
Station Station Location What was What was done Who did D D Dataset
identifier overview changed? to change it? Aoy identifier overview data
When was it Who /what behalf of ? L X Access quality
Station status Station type Network changed? Changed it? Distribution constraints
What was it
Data Local Data derived H(_!w / why was Who was Dataset Spatial Refetr:nce
N3 processing envir it transs from? it changed? responsible? maintenance || representation Systems
é—hser\mﬂons data '/l.—oglca! data models
élmate observations

Atmospheric Oceanic

| Terrestrial |

Cli datab F dati dards WMO logical data models
Data dictionary Observations and METCE Climate observations
measurements application schema /

@MO standard products Derived climate data _h\
/6—:..“‘ ion data prod \\ Climate change Indlce-‘s\ Derived observation data Gridded spatial / ical _\
Routi Cli tological World Weath Homogenized ciztiution modsls
outine matologica or eather | z ” ‘
Core indices Computed | |
messages standard normals Records data Analysed data ]
Aeronautical o Normals and models
CLIMAT il Other Other indices RS | | Other Other —/
(i—m:illar\r data —\
é;lﬂll _\ ﬁmm documentation N @Tmm software N
Administrative Agricultural Other Documentation Source code Testing
Topography . Various Published Packa, Environment
data Emergency ge
k Health Environmental management media reports management config /_/
Revision 4.3 20 May 2014
‘ Required ‘ Recommended H Optional Bruce Bannerman
Denis Stuber |/
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Climate Data Management

éllrnate data management

CDMS Specifications

ﬁ:gest and extract

\

@ta ingest

\

gata rescue

\

ébservations quality

\\

/6uality assessment

\
\

\ /Climate metadata \
B — control S —
maglng \ 63:3 entry \ Uncertainty &anage climate \
= /Q/_uality management \ metadata
WMo Business o Forms Derived data || Measurements |
ocument
messages imaging Consistency Statistical
| Vector | | Status log | Key entry checks checks ﬁ)hsewations quality assessment Create
Siting ‘ Multilayer
Al m o N 2
Raster :::31 s:tlfe—d Optical Heuristic Spatial classification quality flags Maintain
Elrireky recovery character Computation checks checks SErEieEs] Climate
e bservation

Other recognition ~— performance 2 i .

formats Transform ‘/ /‘ \ Data Data classification cla:sﬁf?:::ion Quality control
. Monitoring comparison || recovery
art erived dat T Quality .
Data extraction digitization Batalnesous Data Network quality T Metrics
\\ _/ \\ (OIS / Q‘nonitorin rncmitorin/ 1Issessmen _metrics / \\\ ///
Revision 4.3 20 May 2014

Required ‘ Recommended l Optional ‘

Bruce Bannerman
Denis Stuber
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Climate Data Analysis

P

CDMS Specifications

\

Climate data analysis

KA—nalysis \
/Climate modelling T\ /Generate derived data from climate observations
Data
Numerical Reanaiysis Model Spatial Image Time-series Teleconnection homogenization Other
models ensembles analysis analysis analysis indices
Revision 4.3 20 May 2014
Required Recommended Optional Bruce Bannerman
Denis Stuber

—
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Climate Data Delivery

/

CDMS Specifications

/CI_ imate data delivery services

\
_\\
\

ré;'len spatial standards 7\ /Data discovery I /Other formats
/OGC services "\ /GML application schema ) || /Catalogues
Web Web Web Sensor Web Web Combined climate ‘ Discovery metadata ‘
Map Feature Coverage Enablement Processing observations and -
Services Services Services Services Services metadata ‘ Observations metadata ‘
OFeNDAP PR
formats
Styled Provenance metadata
CF- L Symbology 4 Taxonomies and registers
Geosynchronization = Layer o
netCDF Encoding 4 of authoritative terms C >
Descriptors Linked data
Revision 4.3 20 May 2014
Required Recommended Optional Bruce Bannerman
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Climate Data Presentation

/

Climate data presentation

CDMS Specifications

/Tables and charts

/Graphlcal user interface — time-series data exploration

/Afisualization

/Integrated search of climate data

~

\

)

Denis Stuber

Manage PP SR—— Integrated search of Search Search data Data
Tables Graphs content Cartography {2 hamic anagl ] observations (metadata discovery provenance download
v v and data) metadata metadata
Revision 4.3 20 May 2014
Required ‘ Recommended H Optional ‘ Bruce Bannerman
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Underlying IT Infrastructure

/_

CDMS Specifications

(Core IT infrastructure

@pl[ca’cion infrastructure

Service operations

NS

ﬁentlw management \ Collaboration \ Web platform \ Database \ Service operations management
[HETHETETd Web oo Scheduli‘ng ‘ I Service desk
Directory access E-mail FTP Wiki server serv?r Tabular Spatial Applications management
\ management System management /
6mputlng infrastructure \
ﬁetworks émputing platform _ Data storage —\
WMO Int 1 o] ti et Security St Dat. Disaster
Internet i Hardware perating performance Sl ata Backups Recovery
WIS/GTS networks system computin media archival _//

Required

Recommended

Optional

Revision 4.3 20 May 2014
Bruce Bannerman
Denis Stuber
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WMO, the International Reference for Data Quality :
Climatological, Hvdrologica_l ano_l Marine Data

Global Framework for Climate Services ‘
Food and Agricultural Organisation
World Health Organization
Climate Data
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Engineering and Study Agencnes Data Management Systems | Ll Ll bl
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How can society benefit
from high quality climate data?

A water manager can decide to enforce water
restrictions based on the climate forecast for
the coming season and information on
historical rainfall over a catchment.

A farmer can weigh the risks of planting
certain seeds and crops for the coming season
using the El Nifio climate forecast and
historical information about his property.

An epidemiologist can provide early warning
on the increased risk of malaria by analyzing
the relationship between disease outhreaks
and prevailing climactic conditions
over a region.

An emergency services analyst can plan
bushfire risk mitigation actions for the coming
season by investigating the relationship
between vegetation curing, and forecast and
historical climatic conditions.

A renewable energy analyst can select the
best type of solar system for a client by
reviewing historical solar radiation data

for a region.

A civil engineer can determine the optimal
location for a road and bridge project by
analyzing the historical potential for rain and
floods in particular areas.

A land manager can create a plan to mitigate
climate change impacts on biodiversity and
ecosystems by analyzing climate change
projections and historical climatic conditions
for certain species.

A city planner can consider whether a housing
development proposal should be approved
using information on the historical potential

for rain and floods in the area.

CROLCLOLOLGICLC

WORLD
METEOROLOGICAL
ORGANIZATION

WEATHER CLIMATE WATER
I

What do we need to generate and
manage high quality climate data?

A Climate Data Management System (CDMS) is
essential. A CDMS is an computer-based system,
which facilitates the effective archiving, management,
analysis, delivery and use of a wide range of
integrated climate data.

What is the current state of Global CDMS?
The WMO ExpertTeam on Climate Data Management

Systems sent a survey to all 191 WMO Members, of
which 72% responded. Survey results showed that:

P
65% 19% 45%

Do not use a Use a spreadsheet Have developed
database to manage their own CDMS
climate data
48% 10% 50%
Have operational CDMS is not Would like to
issues operational change their
CDMS

The difficulties in global climate data management
conveyed in these statistics are also reflected in the map
below, which shows the supply of climatological data
reported by land-based observation sites to data centres
from 2007-2016.
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What can we do to improve
global climate data management?

Most current systems that are referred to as CDMSs were
developed in the absence of a formal definition of the
functionality expected from a CDMS. Consequently, each
system has different and inconsistent capabilities.

The WMO Climate Data Management System
Specifications (WMO #1131) were developed to provide a
clear definition of the functionality expected within a
CDMS.WMO #1131 is approved as aWMO Standard.

WMO #1131 gave me an authoritative and
convincmg source for proposing improvements to
our CDMS ... and ensuring that we are managing
data in the best possible way for our customers
and stakeholders. 73

- Charlotte McBride, South African Weather Service

Using a CDMS that complies with WMO #1131 and
following the WMO Guide to Climatological Practices
(WMO #100) will ensure high quality climate data that are
consistent, authoritative, valued, trusted and easily
accessible for global, regional and national use.

These actions will lead to consistent, federated global
climate data sets. Climate scientists will then be able to
minimize the time spent on integrating data from
different CDMSs and maximize time spent on
data analysis.

Ensure that your CDMS complies with WMO Standards.

Are you ready?

For more information, email cdms.info@wmo.int
Download WMO #1131 and WMO #100 at library.wmo.int
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