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Atmosphere
Monitoring

Part |

A BriefHistory and Information for EU Coperniquegramme
A ClimateChangeService (C3S)

A Atmosphere Monitoring Service (CAMS)

Part Il

A How do we produce our forecasts
A Modelling with focus on aerosol
A Satellite observations

A Data assimilation

A Reanalysis

A User interaction

ECECMWF (opernicus | @

Commission



ATMOSPHERE MONITORING

") MARINE ENVIRONMENT MONITORING

. LAND MONITORING

CLIMATE CHANGE

EMERGENCY MANAGEMENT

SECURITY

Gp%’ nCUS




E Copernicus
,1(
Atmosphere

Monitoring

Copernicus\ & G KS 9dzNRBLISFHY | yA2YyQad NB@2f dziA2y |l NB ¢
and Monitoring programme, looking at our planet and its environment

for the ultimate benefit of all European citizens

Userdriven with free and unrestricted data access
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Atmosphere
Monitoring

A 1998BavenaManifesto: birth of the GlobaWonitoring for m
Environment andecurityprogramme G es

A 2008GMES Forum in Lille launches first GMES services

A 2012Name changed to the Copernicpggramme

OPEIMICUS

Europe’s eyes on Earth

A 2014c¢ 20200perational Copernicus services as part of th
Multi-annual Financial Framework
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@ The Copernicus Climate Change Service (C3S)

Climate
Change

Supporting scientistspolicy makers and businesses by providing
authoritative, quality-assured information about the past, current

and future states of the climate in Europe and worldwide.

SECMWF (opernicus [l e,



The Copernicus Climate Change Service (C3S) mission

Climate
Change

To support European adaptation and
mitigation policies by:

A Providing consistent and authoritative
information aboutclimate

A Buildingon existing capabilities and

infrastructures / *‘N

A Stimulatingthe market for climate
services in Europe

S ECMWF (opemicus | g
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Climate
Change

ho are the users a what do they want?

S & Y

User model

DECISION MAKERS POLICY MAKERS PUBLIC
ARTICLE
INTERMEDIARIES
‘—-" ‘ ‘ ‘4-—‘
ACADEMICS;  TAPER SCIENTISTS, SMEs, CONSULTANTS, ADVISORS LALEL JOURNALISTS

RESEARCHERS

4 4 User needs

COPERNICUS INSIGHT
Find relevant data
ARTICLES, PRESS RELEASES, REPORTS & TOOLS Content is reliable and trustworthy
] Download data in appropriate form
g Download data they can use/need
Know they can use data legally
COPERNICUS DATA Keep up to date about tenders
Get help with data

Know about the programme (inc. longevity)
See Case studies of previous uses

See high level overviews of information
Keep up to date with relevant content

Find content appropriate to area of work
Have a well structured explicit press area
Easy to access contact details

High quality assets

ecMWF (oo

- Sflen!nsts;nd SMEs. and Polif:y:dvisors
researchers oot
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Climate

Change \We are building a store.

@ A one-stop ClimateData Store

We are putting products on the shelves.

Soon we will open the door to customers.




Climate
Change

Access to observations and climateanalyses
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Climate
Change

Monthly reports on the state of the climate

Surface air temperature for August 2017

home » resources » data analysis » average surface air temperature
analysis » monthly maps » Surface Air Temperature For August 2017

] (opeme

Surface air temperature anamaly for August 2017 relatlve to the qu
average for the perlod 1981-2010. Source: ERA-Interim. WF
Icus Climate Change Service)
Download the original image

August 2017 was warmer than the 1981-2010 evera% over much of Eumpe.

It oS particularly warm over the south and e: e contines

wild ires contlnued to troulble several countrles and sus(aminq wa‘er supplles
in places.

averuge over the north- west .

Unusually warm summer conditions prevailed over the western USA and
western and northern Canada, al thoug]lg central and eastern North America
was not as warm as usual for August eratures were much above
average over parts of the Middle East and eastem Siberia. Most other
continental areas were also warmer than average. Temperatures were well
below average over much of Antarctica, alt ou? pronounced wai
anomalies occurred where the surroundlng winter sea-ice cover was lower

than usual.
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CECMWF

Surface air 1 for 2016 to August 2017
relative to the average for 198 2010. Source: ERA-) Interlm. (Credit:
ECMWF Copernicus Climate Change Service)
Download the original image

Averagle temperatures for the twelve-month period from September 2016 to
August 2017 wi

® most above the 1981-2010 average in the Arctic;
* much above average offshore of West Antarctica, over much of North

America, and over south-western Europe, the Middle East, ). nonh-
western and central Africa, and eastern and southern Asia,

Sea-ice cover for August 2017

ECMWF

Sea-ice cover for August 2017. The pink line denotes the climatological ice edge for
August for the period 1981-2010. Source: ERA-Interim. (Credit: ECMWF Copernicus
Climate Change Service)
|2 Download the original image

Sea-ice was much less widespread in August 2017 than in the average for August
from 1981 to 2010.

Arctic sea-ice was either absent or at a lower concentration than normal almost
everywhere. Ice cover was especially below average in a region extending outwards
into the Arctic Ocean from the Beaufort Sea and the East Siberian Sea.

Antarctic sea-ice cover was also lower than average overall. It extended less to the
north than is normal for August in all but one sector, although concentrations close
to the northern limit of sea-ice were also higher than average in two other sectors.
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Sea-ice cover anomaly for August 2017 relative to the August average for the
period 1981-2010. Source: ERA-Interim. (Credit: ECMWF Copernicus Climate
Change Service)
|2 Download the original image

Precip relative h
August 2017

The surface hydrological variables are more difficult to observe and analyse than
surface . The surface variables page explains more about
the reliability of the da!a and here,

with alternative datasets. The data on soil molsture is currently of qualitative rather
than quantitative value. This summary is intended to provide European and near-
global views of conditions for the month. Specific information for many countries
can be found on the websites of their weather or climate services.

idity and soil moisture for
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Anomalies in precipitation, the relative humidity of surface air, the volumetric
moisture content of the top 7 cm of soil and surface air temperature for August
2017 with respect to August averages for the period 1981-2010. The darker grey
shading denotes where soil moisture is not shown due to ice cover or
climatologically low precipitation. Source: ERA-Interim. (Credit: ECMWF Copernicus
Climate Change Service)

[2) Download the original image

August 2017 was in general drier than the 1981-2010 average over south-western
and central Europe, in terms of surface atmospheric relative humidity and the
moisture content of the soil. Temperatures were also well above average over this
part of the i The di of ion was more mixed. Rainfall
totals were particularly high over the Alps, where relative humidity and soil
moisture were above average. The month was also generally wetter than normal
over northern Europe, in terms of precipitation, relative humidity and soil moisture.

climate.copernicus.eu

higher than average over most other areas of land and aoean;
lower than average over only a few oceanic and land areas.

CCECMWF Gpernicus
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Climate
Change

Access to seasonal forecast data and products

f@‘ Climate Change
Service

opernicus

Europe’s eyes on Earth

Seasonal forecasts

home » products

The Copernicus Climate Change Service (C3S) is developing seasonal forecast products, with a target
publication date of 15t of each month. These products are based on data from several state-of-the-art
seasonal prediction systems.

The current proof-of-concept phase includes graphical forecast products for a number of variables (air and
sea-surface temperature, atmospheric circulation and precipitation); the forecasts are updated every
month and cover a time range of 6 months. The interface to the list of products offers links to maps or
timeseries for the forecast variables, and the facility to navigate the full set of graphics. Multi-system
combinations, as well as predictions from the individual systems, are labls

The centres currently providing forecasts to C3S are ECMWF, The Met Office and Météo-France; at a later
stage Deutscher Wetterdienst and Centro Euro-Mediterraneo sui Cambiamenti Climatici will be added to
the list.

oov EZm
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AVERAGE SURFACE Al
MONTHLY MAPS

MONTHLY SEA-ICE MA
HYDROLOGICAL CLIM/
CLIMATE REANALYSIS
SEASONAL FORECAST

NEWS

16 Jul 2017
C3S releases powerful ne|
"encyclopaedia” for publi

03 Mar 2017
#OpenDataHack @ECMW

uses of open data

03 Mar 2017

Map type (forecasts and skill measures) - -

Product results ~

ECMWF/Met Office/Météo-France
NDJ 2017/18

C3S multi-system seasonal forecast
Mean forecast SST anomaly
Nominal forecast start 01/08/17
Variance-standardized mean
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C3S holds its inaugural G|
26 Jan 2017
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on Energy & Meteorology|

06 Dec 2016

Report Reassesses Variati
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More News

EVENTS

13 Nov 2017
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Climate
Change

Access to climate model simulations

Projected temperature
increases by 2090
+12

+5

+1
Centigrades, for the IPCC
SRES A2 emissions sce-
nario, ensemble average
from NCAR-CCSM3

Projected changes in annual mean temperature (left) and annual precipitation (right)
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Climate
Change

ccess to tools, rkflows and applications

CDS Toolbox App.
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Climate
Change

Sectoral indicators and tools to support adaptation

(op

PROOF OF CONCEPT

ernicus

Europe’s eyes on Earth

Relative change in annual Q90 for RCP 8.5

G

Climate Change
rvice
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@ Challenges in communication

® 4 J

A Communicating climate science
A New kid on the block

A Unfamiliar territory for ECMWF

e EcMWF (opernicus



Climate
Change

Successes in communication

@)

WMO

11 Leonardo DiCaprio Retweeted

WMO | OMM & @WMO - Jan 5
2016 hottest year on record, per @CopernicusEU #ClimateChange. 0.2°C
above 2015, 1.3°C above 1880. Warm #Arctic. bit.ly/2iHGwzc

INUAL GLOBAL SURFACE AIR TEMPERATURERAGE SURFACE AIR TEMPERATURE FOR
FROM 1880TO 2016

Copernicus EU and

Q 67 n

> » 4 o012/148

£ ECMWF opernicus [
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Atmosphere
Monitoring

ETETTRT T p ,
Providingpolicy makers, businesses, scientists and citizens alike with reliable
information about atmospheric composition.

e —

Buildingup knowledge and boosting informed decisiemaking on topics
such as air quality, health, solar energy, weather and climate.

a ECMWF Gp?m!gg% m European
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() Existing services:airTEXT

Atmosphere
Monitoring

FREE air quality

text alerts
text AIRTEXT to 78070*

Health Advice News  About

Air Quality Alerts

inesier R

Local Bulletins

Sign Up

+ \ =
hesh l%ﬁipping .
. Great Chesham Ongar
B issenden

Amersham

Eld
racknell

(Camberley

(I Mmajor roads Woking

1] Notable places

[ Local Authorities

Sevenoaks Kings Hill
A21

East Horsley

VP e Map data £2016 Google  5km L1 Terms of Use

Zoom to London || Zoom to colchester || Zaom to entire region |

CERC

a rTEQT

Free air pollution, UV, pollen and
temperature forecasts for Greater
London and the South East.

Currently provides free air quality
alerts to more than 15,000
subscribers.

Local forecast models need
information on how much
pollution flows into and out of
the domain to provide an
accurate service.

European
Commission

GPQQ,IEEHE [ ]



Atmosphere
Monitoring

TheSunSmarphone app offers users daily
alerts on ultraviolet (UV) radiation peaks and
current readings wherever they are in Australia.

It can also provide alerts to users on how much
and when they need to reapply sunscreen
depending on their coverage and skin type.

Interpolated observations provide information
for today.

Using forecasts of UBunSmartan
provide warnings in advance.

CCECMWF (opemicus 'l =

Commission



(" Existing services: CitySol
Atmosph i ‘&‘ Solar surface irradiation

Monitoring i’y\\J\‘:’ a
[
S ",«'14-'

RENEWABLE RENEWABLE 30 buiding data
ELECTRICITY v,.—:i ELECTRICITY

S A,
(il =Y L
el o)
a = )_.”f
80 <

W O 4D

CitySol(Noveltig provides a welbbased decision support system
for the development of rooftop photovoltaic solar panels.
Locationspecific solar input would need surface observations
over along period of time.

Using satellite/modebased solar radiation time series
would make the application much easier to deploy. SCECMWF Gpgmiygg§ [
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@’A‘How can CAMS help?

Atmosphere
Monitoring Service

atmosphere.copernicus.eu
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k CAMS: Adding value to observations

Ramge 2213 x T X S

Atmosphere = i T e o

Sl e OMI NRT tropospheric NO, 12 Nov 2016 KNMI/NASA
Monitoring o

In-situ , »
observations * N0, wopospheric ot [10° molon ]

0 1 2 3 4 6 8 1 15 20

. . o L _ Satellite observations
& /''a{ |RRa gl tdzS u2 0U02RlIleQa 20aSNUlIuAZ2yasz LN
information anywhere in Europe (and the rest of the world).

CAMS forecasts allow you to anticipate the situation of tomorrow.

£ ECMWF GpEewrmpLejs | o

Commission



Atmosphere In-situ observations

Monitoring  Space Agencies

?. CAMS Service Chain
\ .

2 Natignal ag_t_encies

rq mtig srnstig
& n.::__.._._..t:.,..f_.-,. '
e et
i sty

Citizens .

Scientist
S



pY.

.“»;! L
- (mluser

'mosphere
Monitoring

guestion: longra

nge transport

Newspaper: Will the smoke from wildfires in Indonesia affect air quality in our country later

this week?

CAMS global forecasts
A twice-daily 5day forecasts
A Aerosols, 13 chemical pollutants, £8
A 40 km spatial resolution

CAMS satellitebased Fire emissions (GFAS)
A daily estimates
A Aerosols, chemical species and greenhouse ga

20150801, 03z

[10™ malec/em*]

Stcmwr (opemicss m@’ sz
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(mBUser question: solar energy

Atmosphere ) ) ) )
Monitoring  Energy firm: What is a cesffective place to build our solar power plant?

ams

' ]

I Ko Ny o CAMS solar radiation

e - 1 A 2004c current

R —— e e, = : A 1-minute resolution

= o D ' A Clearsky and total sky global, direct and
g Goer CECMWF diffuse radiation at surface

a ECMWF Gpeergl!gg% m European

Commission



. User question: understanding episodes

MMonitring. National Environment Agency: Where did;Pééme from during the latest pollution event?

Pollution event

= Amsterdam
Receptor area: Amsterdam - Dec 07 2016 Tuesday 06 December 2016 oouTc CAMS Verification t+012 VT: Tuesday 06 December 2016 12UTC
Observations + LOTOS-EUROS Forecast Surface PM10 Aerosol [ ug/m3 ]
= PM10
: EMEP

CAMS policy tools

A Sourcereceptor calculations and emission
scenarios

A Daily and ordemand

A Main regulatory pollutants

A 10 km spatial resolution

Wed Dec 7 Thu Dec 8 FriDec @ Sat Dec 10

&EGMWF ( opiewrplgg% - European

Commission
Wed Dec 07 Thu Dec 08 Fri Dec 09 SatDec 10



User qguestion: climate change

{OASYGAAGY 6KIGO KFra 0SSy G4KS AYLI OO 27
over the last few decades?

MACC Aerosol Foreing derived from MACC reanalysis Global Monthly Mean January 2003
Anthropegenic SW direct forcing at TOA allsky [ Wm-2 ] min=-6.602 max=0.813 mean=-0.537

. L T E
y L e
Ay 1 . il :..?7-?‘_‘7 & |
| - 2.
T e Ak
CAMS greenhouse gas flux estimates CAMS radiative forcing
A CQ, CHand NO A Direct and indirect radiative forcing of
A Decadal time series aerosol and greenhouse gases

A Decadal time series

SSECMWF Cpermcus =- European

urope’s eyes on Earth Commission



Air Quality in Europe - Modelling

+ Air quality predictions in Europe and the main European cities have been made using
ENSEMBLE MODEL

ING EPSGRAMS FOR MAJOR EUROPEAN CITIES

@ particule PM10 - Dally maximum I

for  Fore

Analysis for  Farecast castfor  Forecast for  Forecast for
13052017 14082017  1505-2017  1605-2017  17-05-2017

Scale for concent (Unit: pg/m?)

O s <o 7 o o

CAMS regional forecasts

[ bocumentanion

SERVICE THEMES

CAMS provides
background air
quality forecast maps,
but more importantly
boundary conditions
for national forecast
models.

A Daily 4day forecast using forecast model ensemble

A 10 chemical pollutants + pollen

A 10 km spatial resolution

hui et demain

f A
PREV 'A' @ L'air en France aujourd
L

S ECMWF Gpemicus
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Atmosphere
Monitoring

CAMS delivers the portfolio of products outlined in

Portfolio Product groups

European AQ NRT analyses
A. Regional European AQ NRT forecasts
products European AQ interim reanalyses

European AQ reanalyses

B. Global products
(troposphere and
stratosphere)

Global atmospheric composition
NRT analyses

Global atmospheric composition
NRT forecasts

Global atmospheric composition
reanalyses

C. Supplementary
products

Policy support products

Solar radiation

Greenhouse gas fluxes

Climate forcings

D. Emissions
products

Anthropogenic emissions

Fire emissions

the Delegation Agreement with the EC

S ECMWF ( opemicus




Atmosphere
Monitoring

>

PRODUCT FAMILY ¥

Global forecasts

7| Global reanalyses

[ Global analyses

"I Regional analyses

"1 Regional forecasts

|| Climate forcings

| Anthropogenic emissions
|| Solar radiation

"] Greenhouse gas fluxes
|| Fire emissions

"1 Policy support

PARAMETER FAMILY>

7| Aerosel

"] Greenhouse gas
Reactive gas

| Radiation

"] Fire

PARAMETER ¥

|| Sulfates concentration

|| Organic carbon
concentration

|| Black carben concentration
|| Sea-salt concentration

"] Dust concentration

"] PM10

i ng

CURRENT FILTERS:

% Product family: Global forecasts = x Pa

Total results: 5

Global forecasts of chemical species - carbon

mono

Global for
chemical !
monoxide

This service prov
chemical species
observations

Parameter: Car

Global for
chemical :

the Products

xide

Back to index

This service provides daily forecasts up to 5 days
of chemical species

Theme: Air quality and atmospheric composition
Product family: Global forecasts

Parameter: Carbon monoxide

Geographical area: ( -180, 180, -90, 90 )
Time coverage:

Metadata: XML

dioxide

This service prov
chemical species
observations

Data download

©

Verification results

(((

Validation reports Plots

(£ M

Documentation Contact us

v | f
Parameter: Nitr

8

Global forecasts of assimilated

emical species -

ch

More details

()

European
Commission

ECMWF (opernicus

Euwope’s eyes on Earth




Using CAMS data

@

60

Atmosphere
Monitoring
E 40
§ 20
. A — G v
Tue May 30 Wed May 31 Thu Jun 1 Fri Jun 2

‘ CAMS forecast charts and policy tools
4

SECMWF (opernicus gl &,

Europe’s eyes on Earth




Looking forward: Data Platforms

 Atmosphere

Monitoring

? ; DATA SUPPLIERS e

C3S and CAMS are putting in place a distributed data platform with consistent workflow and

tools for all products.

Together with EUMETSAT and the Marine Service this will be expanded to

also include access to other Copernicus data and provide C'Q&% S C _
computing facilities. had s

Commission



( Use Case:AirText

Atmosphere
Monitoring

AirText(CERC) uses daily air quality forecasts from the CAMS regional model
ensemble to provide the boundary conditions for their local air quality forecast
model.

This ensures better local forecasts and also allows them to market their service
in other cities in Europe.

'ednesday 24 May 2017 O0UTC CAMS Fo +000 VT: Wednesday 24 May 2017 O0UTC
odel I ENSEMBLE Height level: Surfa Plrnmlt er: Nitrogen Dioxide [ pg/m3 ]

CAMS regional forecast

AirTextLondon warnings

a ECMWF Gp?!:{l!gg% m European



Atmosphere

vonitoring 1N Collaboration with the Australian Bureau of MeteoroldgynSmartises
CAMS Ulndex forecasts every day to feed their smartphone App with the
required information, providing an improved service to their customers.

CAMS UV forecast Bureau of Meteorology Cancer Council Victoria

CCECMWF ( opernicus | [l o



