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Welcome
Dear Colleagues,

We are pleased to announce the SPARC regional workshop on the "Role of the stratosphere in climate
variability and prediction” which will be held on 12-13 January 2015 in the Palacio de |la Madraza,
Granada, Spain, back-to-back with the SPARC S5G meeting {13-16 January 2015).

SPARC (Stratosphere-troposphere Processes And their Role in Climate) is a core project of the World
Climate Research Program (WCRP) that coordinates international efforts to bring knowledge of the
stratosphere to bear on relevant issues in climate variability and prediction. SPARC provides expertise
in several key areas related to climate variability and climate change, such as dynamical variability,
ozone, stratosphere-troposphere dynamical coupling, gravity wawves, temperature trends, data
assimilation, etc.
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1. 1zana Atmospheric Research Center (IARC) -
|Izana Atmospheric Observatory (IAO)

- Where we are, Who we are, and What we do

2. Monitoring of Atmospheric Composition using Fourier
Transform Infrared Spectrometry (FTS)

- FTS Technique
- Potential of FTS observations through some examples:
Is the Ozone Layer recovering? What happens at Tropics-

Subtropics?
Can FTIR spectra be used to detect tropospheric/stratospheric

regional scale GHGs variations?
Validation of space-based observations?

3. Summary+Conclusions

SPARC Regional Workshop, 12-13 January, 2015



Izaita Atmospheric
Research Center (IARC)-

Izaita Atmospheric
Observatory (IAO)




I — T - R T T T P

ALME

Agencia Estatal de Meteoralogia

Strategic Geographic Location
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The IARC’s Mission

The IARC-AEMET conducts monitoring

Pico Teide

and research related to atmospheric Z s/
constituents that are capable of forcing o

change in the climate of the Earth

(greenhouse gases and aerosols), and ? '

may cause depletion of the global ozone S ) :

layer, and those play key roles in air 2l At"(':’,:‘g;' ;2';00 :fe"'atmy
quality from local to global scale. A NARNAUG AR
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Why the Izana Atmospheric Observatory (IAQ)?

Teide peak
3.7 km a.s.l. NwW

Subsidence

Above a strong subtropical temperature inversion layer Free

Troposphere
km a.s.]. Inversion

Quasi-permanent subsidence regime Layer
NE trade
. MBI winds
Representative of the background free-troposphere . .

(Adapted from Gonzalez et al., 2013)

Excellent conditions for in-situ and remote sensing
observations

Subsidence free-troposphere Saharan Air Eﬁ&er_ § e

(Rodriguez et al., 2014)
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Why the lIzana Atmospheric Observatory (IAO)?

Comprehensive programme for the atmospheric composition monitoring.

In March 1985 the Spanish-German BAPMoN station was
inaugurated and in 1990 the lzana Observatory was part of  Chemical and
the Global Atmosheric Watch Programme (WMO). Physcical

1970-1990 S

Meteorogical
and Atmospheric
Observations

1916

Only
Meteorological
Observations

In January 1916 the Izana Meteorological
“% Observatory was inaugurated.

In November 1909 the first observations of winds in the upper atmosphere
of Canarias were performed in La Canada de la Grieta-Teide.

SPARC Regional Workshop, 12-13 January, 2015 8
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Comprehensive Programme for Atmospheric Composition Monitoring
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Reference Station at a global scale

Participation in many international networks and research initiatives

(nors - @S2
m@

NORTHERN AFRICA-MIDDLE EAST-EUROPE (NA-ME-E) REGIONAL CENTER
WMO Sand and Dust Storm Warning Advisory and AsSessment System (SDS-WAS)

AEROSOL ROBOTIC NETWORK
=
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b Scientific Aspects of Mari
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Monitoring of
Atmospheric Composition

using Fourier Transform
Infrared Spectrometry
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Global Ground—Based FTIR Spectrometers

' XTCCON :
. %Both .IRWG. & .TCCON:. ...

NDACC/IRWG: Network for the Detection of Atmospheric Composition Change/Infrared Working, Group
TCCON: Total Carbon Column Observation Network  SPARC Regional Workshop, 12-13 January, 2015 12
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Fourier Transform Sprectrometry (FTS) Technique

FTS measurements at Izafa since 1999 as a result of
the close collaboration between:

Amer SXKIT

Karlsruhe Institute of Technology
Agencia Estatal de Meteorologia

BOD (KIT-Germany)

Ground-based remote-sensing using
Fourier-transform interferometers (BOD)

=
N FS_r chelson
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Adquisition and Processing
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Altitude

Observational Capabilities of the Network for the Detection of Atmospheric Composition Change

Halocarbons
Reactive gases
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Temperature
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In all trace gases observed by FTS technique
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Our current goal “Observing Earth Climate System and its
Changes”

1) Long-term monitoring of Ozone Related Species, Greenhouse Gases, Water
Vapour (including isotopologues)

e Optimisation and Development of New Observation Strategies
e Continuous Documentation of Quality
e Global Representativeness

2) Validation of Satellite data and Climate Models

Connect the long-term monitoring to “Researching the
Changes and its Causes”

SPARC Regional Workshop, 12-13 January, 2015
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Potential of FTS

Observations through
Examples




FTS: Ozone
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Is the ozone layer recovering? What happens at Tropics-
Subtropics?

Lack of Observations at Subtropics!!

Strategic Location of lIzana: Transition between Tropics and Mid-latitudes

Altitude [km]

-0,4
Ln (O,) col avks [%]

-0,2 0,0 0,2 0,4 0,6

troposphere, tropopause,
stratosphere, middle/upper stratosphere

28-42 km
100 — =

80 — . ]

60 I I I I I I I ' LI L]
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Ozone Partial Column [DU]

2.37-13 km

Date

SPARC Regional Workshop, 12-13 January, 2015

LLEL I L I LI I LINLEL I LI | ) I LI B | I LI B | I LI I LI I L | T I LILEL I L I
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

2014 4



FTS: Ozone

Izana FTS

Mid-Up Strat
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Pressure (hFa)

Ozone Trend 35°N to 60N
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Modeled (22 o), ODS, GHG
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Izana FTS ozone profile observations are within the SPARC/I03C/IGACO-0O3/NDACC (SI2N) Initiative

(2014) stratospheric ozone increases.

The decline in ODS abundances and the cooling by increased CO2 are
WMO  estimated to have contributed roughly equally to the observed upper

Stratification of Ozone Recovery, but...

SPARC Regional Workshop, 12-13 January, 2015
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... Non significant Recovery of Ozone Total Columns

(in agreement with WMO 2010)

Ozone Total Column

Lauder 45°S

Wollongong 34°S

|zafia 28°N

Jungfraujoch 47°N

Harestua 60°N

Kiruna 68°

...but, the ODSs are really controlled

Ny-Alesund 79°N

1 | 1 | 1 | 1 1 | | 1 | 1
-8 -6 -4 2 0 2 4 6 8

Annual Trend [0y FTS Observations 1999-2013 (vigouroux et al., 2014)

WMO As controlled ozone-depleting substances decline, the evolution of the
(2014) ozone layer in the second half of the 21st century will largely depend on
the atmospheric abundances of CO,, N,O, and CH,.

SPARC Regional Workshop, 12-13 January, 2015 20
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FTS: Ozone

Are Ozone Concentrations at risk in Northern Hemisphere?
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Are Ozone Concentrations at risk in Northern Hemisphere?

a 10487-2007 b 2007-2011
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Role played by O; isotope ratios: additional information
regarding their sources, sinks, and transport
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Can FTS spectra be used to detect regional-scale
tropospheric/stratospheric GHGs variations?

- The tropospheric regional-scale CH, variations are

rather small.

- Near-surface CH, variations and variations due to
the tropopause altitude shifts are large and strongly

affect the total column signal.

Problem: Total column-averaged CH,

is no a good proxy for the troposphere

4

4

CH, and tXCH

o GAW (CH,)
©  NDACC (XCH,)

CH, and XCH,
(seasonal variability) [%0]
o
|

-2 i

T ‘lr — T T T T T —T ——

J FM A M J JA S ON D
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One Example:
Atmospheric CH,
Variations

25 =

typical CH, profile

10 shift of tropopause altitude:
+/- 100 hPa

altitude [km)

tropospheric regional scale signal:
4 +/- 2% (vertical comelation length: 10 km)

Solution: Optimisation of Inversion

Strategies

2 =

g

g 1

5

8

g o

©

c

o

@ -1-

@ O GAW (CH,)

2

~ © NDACC (tXCH,)
Cam i

A M J J A S O N D

(Sepulveda et al., 2012,2%014)
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Global

FTS: GHGs

representativeness

O

90
el =
3.D —
EU Eureka
MN& My-Alesund N
— KI Kiruna 1
@ ER Bremen 1
=] o ,
= 4] KA Karlsruhe o
i IZ Izafa \ 1
Wo Wollongong b
LA Lauder
AH Arrival Heights
e Alert
PS Pallas-Sammaltuntur
MH Mace Head
5C Schauinsland
_enb Ju Jungfraujoch
CF Cape Ferguson - *
Cape Grim
=90
-180 -150 -120 -90 —-60 -30 1] 30

Longitude (%)

SPARC Regional Workshop, 12-13 January, 2015
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Lower Tropospheric CH, mixing ratio [ppmv]

Global representativeness
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FTS: GHGs
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Similar results have been obtained for other GHGs, like N,O (Garcia et al., 2014).

SPARC Regional Workshop, 12-13 January, 2015

26



ALt

Agencia Estatal de Meteorologia

Validation of Space-Based Observations

TROPOMI

TROPOspheric Monitaring Instrument

Izana FTIR

SPARC Regional Workshop, 12-13 January, 2015 27



FTS: Satellite /\ ’ CY‘
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Validation of Space-Based Observations

TROPOMI

TROPOspheric Menitaring Instrument

.....
PR Ee-

Comfehensive long-term validation of operational
|ASI-A and IASI-B trace gas products

N VIA W BT oo e

New retrievals: tropospheric {H,0,8D} distributions

SEVENTH FRAMEWORK
PROGRAMME
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FTS: Satellite

Does IASI and the ground-based FTS system observe the same
anomalies? Are the different |IASI versions consistent?

Detrended+Deseasonalised

AEMet
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For all IASI trace gas products...

1.0

0.8
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FTS: Satellite
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Detection of anomalies and instrumental issues!!
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MUIlti-platform remote Sensmg of iéotopologués
for investigating the Cycle of Atmospheric water
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To what extent is 8D complementary to H,0? &cHp*o/H,0

-{fur rermote sensing)
Rayleigh
UT mixing
LT mixing

=000
H,O [ppmv]

~ Rain
gvaporation

Surface-based
m-situ:
Picarmo L2120+

1[JD[ID

Subsidence free-troposphere

-200 +

400 &

In red Saharan dust events

400
ground-based space-based
I remote sensing: remoie EEnsng:
i MDACC / FTIR METOP / 1ASI
1 T ¥ T 1 r - v
EDIE]E 10000 a 5000 1 DDI:]ﬂ
H,O [ppmv] H,O [ppmv]

(Schneider et al., 2014)

Saharan A1r Eﬁ&er

- t -

Validation of the remote sensing isotopes products
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Metop-IASI {HZO 5D} distributions at a global scale

Areas with similar humidity, but
51gn1f1cantly dlfferent fractionations:

Added value of tropospheric

{H,0,8D} remote sensing
distributions

DD U3SE EE1 BSEN 3 4 B ENE 10D
1 1 s I

-180 -80 0 = 180

Different processes control the humidity:
1.1. Rain Evaporation

1.2. Evaporation of strongly depleted rain
2.1. Mixing with lower troposphere

2.2. Mixing with upper troposphere or plant
transpiration -a00/
IIII NS IEEII:-I:II o SII:[:-I:I L IFE:IIII
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Summary+Conclusions

Complex interplay among atmospheric constituents - multi-
variable techniques, like the FTS experiments, are very useful.

One single measurement technique is able to monitor many
atmospheric gases > Great potential for analysing independently
tropospheric and stratospheric signals.

- Many Applications: Observing and Researching the atmospheric
composition and its changes, validating of space-based data and
models, operational assimilation in global models (near future),...
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Open door for collaborations
and comments!!
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To know more ... http://izana.aemet.es

&€ - C f [izana.aemetes =

Centro de Investigacion Atmosférica
AGRUCLLTURA, AUMENTACIGN -
it - de Izafa

....................................................................................... WEBCAMS s NUEVO © VIDEO !!Nubes de evolucién.

Participacion en la Conferencia de Satélites Metecrolégicos EUMETSAT 2014

. . . - . . . P #
El Centrc de Investigacion Atmosferica de |zafa, junto al Institutc de Tecnolegia de Karlsruhe (KIT, Alemania), ha presentade dos TRAEA..IDSC’ en la
*EUMET SATMeteorologic alSateliteConference 20147, que tuvo lugar en Ginebra (Suiza) del 22 al 26 de Septiembre de 2014. El congreso EUMETSAT es la reunidn anual por
excelencia de todos aquellos grupos internacionales involucrados en el desarrollo y uso de observaciones sateltales bajo los programas de observacion de EUMETSAT

{EuropeanOrganis ationfortheEx ploitation of Mas ..
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Many Thanks for
your Attention!!
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