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Comprehenswe Iongterm validation
Main reference: GB-FTIR
Project start: Sep. 2013, Izana, TC from IASI-A
Later: IASI-B, Karlsruhe, Kiruna, T-profiles
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Since 1916 (since 1984: BAPMoN, 1989: GAW)
Brewer, in situ GC, LIDAR, GPS, Sondes (since 1992)
GAW / NDACC / TCCON / AERONET / BSRN
FTIR since 1999, in cooperation with KIT-IMK
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Outline

4. Molecules, natural variability
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6. First Validation results
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Measurements, main building, Measurement-Tower, vicinity

Garcia et al., 2012




IZANA Observatory (and vicinity):
measurements relevant for VALIASI

GPS: H,0O total column

(ERGNSS network: IARC, and four additional sites (three Tenerife and one La Palma)

ECC sondes: O,-, Hr-, T-, p-profile, u,v

1/ week (Wednesday)
2010: simultaneous launches south and north of the Izafia Observatory - spatial inhomogeneity

Radio sondes: P-, T-, Hr-prOﬁle, windspeed and direction

2/day, 11:00 and 23:00

Brewer: O, total column, calibration center for Europe
GAW In Situ co, cH,, N,O Gas chromatography, CO, IR

(July 2011: 1ZO + Teide Observatory and the Roque de los Muchachos Observatory, La Palma,
Summer 2012: Flight campaigns > vertical profile)

+ FTIR : H,0, O,, CO,, CH,, N,O CO, T



GB FTIR at Izana Observatory
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vmr profiles of: O5, CO, CH,, N,O, H,0O, CO,,T
Approx. 120 days of observation per year,
measurements only for cloud-free conditions
Since 1999 : Bruker IFS 120 M

Since 2005 : 120/125 HR

Validated by Brewer, O; Sondes, GAW
Comprehensive error analysis

High precision




GB FTIR Retrievals

Projects Referen Microwindows |typ.# | Precision
DOF |exper. (theor.)

TCCON
NDACC

NDACC

oa Ml NDACC

2Ol NDACC
MUSICA

NNell NDACC

Dohe et al.,
2012

~ 5900, 6000 cm-*t

Velazco et al.
(2007)

~ 2050, 2150 cm'*t

Schneider et ~ 1000 cmt?

al., 2008,
Garcia et al.,
2012, 2013

Sepulveda et
al., 2012, 2013

~ 2600,2800 2900 cm-t

Schneider et ~ 2600 - 3000 cmt

al., 2010, 2012

~ 2500 cmt?

2.5

3-4

2.5

Correlation of 94%
to in-situ

(<5%)

0.4-0.7%; / (~1DU,
0.6%)

0.97% / (0.9 %)

Total column: 1%
profiles: ~15%
(<1%)

(~1%)



in%situ GAW

Data from: Angel Gomez Pelaez
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FTIR Ozone total column

Brewer Ozone total column

(Dobson units) (Dobson units)

Dobson Units
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Datasets for |ASI| validation

Windspeed,
-direc. profiles
FTIR : |IASI
vﬁ
Columns Columns
Profiles , T A h’. Profiles T, H,O, O,
T

[ | *
*

In Situ
2
031 2

CO, CH, H,0 TC
\




GRAS )

(CGoME-2) On other side
C-ETM_) of satellite

Caast )

IASI
Field of view

electronic

Calibration
blackbody cnes

« Infrared Atmospheric Sounding Interferometer

Metop A Launched on October 19, 2006
Altitude ~817km

Orbit Polar sun-synchronous
Inclination 98.7° to the equator

Local time ~09:30, descending orbit

Time for one orbit TOTmin

Repeat cycle 29 days (412 orbits)

IASI Fourier transform spectrometer
Size and weight 1.7m3, 236 kg

Spectral range 645 t0 2760 cm™!

Spectral resolution
Radiometric noise
(NeAT at 280 K)

Scan type
Field of view

Full swath width

Global Earth coverage

Data rate

Lifetime

0.3-0.5em™"! (0.5cm™! apodized)
<0.1-0.2 K (6501750 cm™1)
0.2-0.4K (1750-2500em™1)

Step and dwell

50km (3.33°) at nadir,
with 4 simultaneous pixels of 12 km

~2200km (+48.3°), 120 pixels

2 times per day

1.5 Mbps (after onboard processing),
120 radiance spectra every 8 s

~1 300000 observations per day

3 years

« Fourier transform spectrometer with high resolution between 645 and 2760 cm (3.6 um

to 15.5 pm)

« associated Integrated Imaging Subsystem (11S): broad band radiometer with a high
spatial resolution. only used for co-registration with the Advanced Very High Resolution

Radiometer (AVHRR)

* main goal of the IASI mission: provide atmospheric emission spectra to derive

temperature and
determination of trace gases such as

with high vertical resolution and accuracy. Additionally:

as well as land- and sea surface temperature and emissivity and cloud properties.




Clerbaux et al., 2009
Bg r il
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Wavenumber (Gm'1)
H,O O, CcO CH, N,O CO,
DOFs 5-6 3-4 1-2 1 <1 <]
Uncert. <10% | <5% | <10% | 5-10% | 5-10% 2%
status oper. | oper. | oper. | exp. exp. exp.




one IASI orbi

sat zenith angle




2011'03'15 flag landsea

4 0 The IASI IFOV is completely covered by water
. 1 The IASI IFOV is completely covered by land, the
. *e # 3 il ;
Py :: 28 .. 7 Y. variability of the surface topography is low
/— A i )
\ . ,‘: 220 : . /. /’ ) 2 The IASI IFOV is completely covered by land, the
‘.1‘\‘ ,Jf ‘e o g 7 variability of the surface topography is high
@3 yY ee I e
Y oo :’ o J2 //{ 1 3 The IASI IFOV covers land and water, the variability
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2
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. o * P 7 //
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(7 & oo o
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* e / * o
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Comparison: GB-FTIR to |IASI

GB FTIR

|IASI

FTS

FTS

700 to 9000 cm-1

645 to 2760 cm™ (3.6 to 15.5 um)

0.005 cm , S/N ~ 2000

0.5cmt

direct solar absorption

thermal emission

day

day + night

continuous (when clear sky)

10:00 + 22:00 (at Izana latitude)

2370 mto TOA

Surface to TOA (sensitivity)

28.3N/16.5W

+ 1 (0.5) deg (12 km)

land

sea (land)

8 min sampling (4 min CO,)

8 sec (30x4 pixel)




Column below 2370 m

« Use indepedent measurements (SCIA, TES, ...)
 In situ for 2370 km and below ?

« MUSICA/AMISOC flight campaign summer 2013
* O3, H,0O sondes (but ...)

 study IASI sensitivity for boundary layer (thermal
contrast, land sea, day night)

« use IASI profile (a priori) and AK information
> add to FTIR profile (for v6)



WACCM data on column below IZ0O

(partial column for O to 2370 m)
H,O O, CO CH, N,O CO,

(11DU) 4.1el7 9.2e18 1.65e18  2.0e21l

(sondes: Verystrong  + (0.2e18 + 0.05e18 =+ 0.05e21
8-10 DU) annual cycle

REMARKS:

Correlation not affected !
Absolute values/differences not considered now




Outline

4. Molecules, natural variability
5. Collocation

6. First Validation results
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I\/Iolecules

(from Goody
and Yung,
1989)

very low

120 Tl \r: L \ Tl \ 1—< T T ‘41‘_'\‘;,» T
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2 1 \ y , ]
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o N 5 L
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- - ]l 2N —la. 4
HO CO O, CO, CH,
Daily very mod.to lowto low low
variability strong strong mod.
Annual very very moderate moderate moderate small
Cycle strong strong
year to year (+) - + & &
(trend)
spatial <10km <50km >50km ~50km  ~50km

> 50 km
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|AS| maps

2013_1_d_03_DU
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Seasonal cycles - Meteorology
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Figure 3. Seasonal cycle of single and multiple thermal tropopause occurrence frequency and wind
speed over Tenerife derived from radiosondes data for the 1992-2011 period. Results are shown for single
(solid stars with solid line), double (solid circles with dashed line), and triple (solid squares with dash-
dotted line) tropopause events. Open circles with solid line denotes the sum of occurrence frequency for
double and triple thermal tropopauses.

Rodriguez and Cuevas, JGR, 2013



Temporal and spatial collocation

Temporal criterium: depends on natural variability of
D ' target gas and FTIR uncertainty

A) Intra-day variability < FTIR uncertainty: DAILY MEANS
B) Intra-day variability > FTIR uncertainty: +1h IASI overpass

!

GAW, Brewer, GPS

Spatial criterium:

1) Determine region for air masses probed by FTIR
2) consider variability observed by IASI

different seasonal cycles

land, sea, day night

Windspeed, -direction



intraday variability (%)

Temporal collocation | exempieforo,
OS

IZO Brewer O3 intraday variability

10 T T \ T T T T T T

9 -1 Brewer observations

8- 1 ~20to 100 per day

U 71 one observation =

6 1 mean value for

5 | approx. 3.5 min.

R | consists of exactly

; 20 single meas.

2L _

1% _

0 | | | | \ | | | | | | | | ‘\\

s of f f §ofod PR EEOREE OROE R OE FTIRuncertanty
0.7%

Intraday variability larger than FTIR uncertainty -
FTIR measurements throughout the day can differ
significantly to those at IASI overpass time (10-12h)
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For optimal collocation : only consider FTIR
observations within 1 hour of IASI measurements



CO, CH, N,O :
almost no diurnal variation
> FTIR uncertainty larger than

Intraday variability observed by
GAW in situ measurements

—> Daily means of FTIR

No loss of information
No effect on validation results

intraday variability (%)

intraday variability (%)

intraday variability (%)

01-2006 2

COZ FTIR uncertainty
<1%

1IZO in situ CH4 intraday variability
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Spatial collocation

alr masses probed by FTIR measurements determined by:
Vertical Column, Observation geometry (SZA, SAA)
effective vertical column length - distance

VC2

VC1

-



Altitude (m)

Effective Column :

0000
FTIR profiles of number density
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Distance for top of
effective column

along

LOS from FTIR,
at surface

distance (km)

H,O: 5-10 km
N,O, CH,, CO, CO,: 20 km
O;: 40 km

500

450 H

400 H
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Summary: collocation

H,O 0, CO CH, NO CO,

Region FTIR

spatial 0.25deg 1deg 0.5deg 05deg 0.5deg 0.5deg

temporal + 1h + 1h + 1h Daily Daily Daily
mean mean mean

Validation performed for
- different sets of collocation criteria
- results compared to optimal criteria



FTIR dataset

For comparison:

Jun 2008 to Dec 2013 (= v4-v5 of IASI Iv2), cloud free days!
7561 profiles for CH,, N,O, H,0, (CO,)

1349 profiles for CO, 1594 for O,

50% of profiles in 2012+2013

|AS| dataset

v4 : Jun 2008 to Sep 2010

v5 : Sep 2010 to now

Daily means for 1deg (0.5 deg) boxes around 1ZO
Cloud free, sea-land pixel, day-night separate

v5: approx. 1200 days - 1Z0O: 400 cloud free
- IASI: 300 colloc. days (180 for 0.5 deg)




Outline

4. Molecules, natural variability
5. Collocation

/. Annual cycle
8. Summary

- ALMEC  Z EUMETSAT ﬂ(".




IASI - FTIR

- Total columns: O3, CO, CH,, N,0O, CO,
- Profiles H,0, partial columns: O,

K
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Summary on v4 / v5

O, | CO | CH, | N,O | CO,

v4 0.62| 0.67] -0.35| -0.27| 0.13
VS 092 0.7/8] 0.39| 0.31| 0.05

1 deg box around 1ZO (center)
temp colloc. : daily mean

Following studies for v5 data:
different spatial colloc. (1 deg south, 0.5 deg)
temp colloc. : £ 1h |ASI overpass
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Summary on collocation

O; | CO |CH, [N,O | CO,
1deg 0.92 | 0.78 | 0.39 | 0.31 | 0.05
1deg, t 093|082 | 044 | 0.34 | 0.15
1degS 0.87 | 0.74 | 039 | 0.32 | 0.07
1degS,t | 09 | 0.8 | 044 | 039 | 0.21
0.5deg 093 | 08 | 037 | 025 | 0.12
0.5deg,t | 094 | 0.82 | 0.49 | 0.34 | 0.23
0.5degS | 0.92 | 0.78 | 0.41 | 0.38 | 0.08
0.5degS,t| 093 | 08 | 052 | 0.46 | 0.16
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IASI day night
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|ASI day night
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Land - sea

O;

CcO

CH,

N,O

CO,

Sea

0.92

0.78

0.39

0.30

0.05

land

0.84

0.71

0.06

0.07

0.46

flag landsea

0 The IASI IFOV is completely covered by
water

1 The IASI IFOV is completely covered by
land, the variability of the surface
topography is low

2 The IASI IFOV is completely covered by
land, the variability of the surface
topography is high

3 The IASI IFOV covers land and water, the
variability of the surface topography is low

4 The IASI IFOV covers land and water, the
variability of the surface topography is high




H,O profiles

Schneider and Hase,
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Annual cycles

O3 mean annual cycle, 1deg x 10" CO mean annual cycle, 1deg
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Intra-Annual Variability [%]
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Summary

Natural variability
collocation criteria
Temporal: FTIR unc.

Spatial: FTIR probed
airmasses and var. |1ASI
observations

Different collocation criteria
(temp/spat)

Best corr. for optimal coll.
for O5 and CO

For CH, and N,O best corr.
for £1h IASI overpass

Partial column below 1ZO:
WACCM

correlation coef. FTIR-IASI
Improvement from v4 to v5
Large: O, CO, mod.: CH,

Low for N,O and CO,

day night : slight diff.
land pixel : surf. alt. too var.

Annual cycle: good
agreement for O; and CO

Agreement but also discr.
for CH,, N,O and CO,
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