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The KLIMA-IASI project is a study...

supported by ESA-ESRIN

lead by Institute for Applied Physics
IFAC-CNR

in collaboration with Institute of Environmental Physics

(IUP), University of Bremen

Final objective

The project aims at the investigation and
exploitation of IASI-METOP observations
for the retrieval of CO , total abundance
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Activity plan and specific objectives of the KLIMA —IASI project

The KLIMA project is organized in two phases:

Phase 1 (March 2008 — July 2009)
The main objective of phase 1.

Sensitivity tests for the assessment of the ultimate retrieval capability of
CO, column from IASI observations

Conclusions about the level of temporal (monthly to seasonal) and
spatial averaging that meet the requirements (*) for comparison
with GOSAT CO, retrieval products

(*) Accuracy of 0.3% on regional scales (1000x1000 km) at monthly intervals

Phase 2 (December 2009 — August 2011)
Phase 2 will focus on :
the integration of the optimized KLIMA/IASI CO, retrieval code

into the ESA G-POD (Grid Processing On-Demand)
operational environment

the comparison between KLIMA-IASI and GOSAT CO, products
for cross-validation purposes
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Basic features of KLIMA forward and inverse models

The basic features of KLIMA Forward Model can be summarized as follows:

The FM simulates wideband measurements by using:

line-by-line radiative transfer calculations
(taking into account the instrumental effects).

Curtis-Godson approximation
(used together with a fine stratification of the atmosphere)).

an atmospheric lineshape modelled using the Voight functions
(corrected for the Van Vleck-Weisskopf effect).

HITRAN 2008 spectroscopic database.
MT_CKD version 2.4 for atmospheric continuum model.

a dedicated spectroscopic database in order to take into account
the
CO, line-mixing effect
(Niro et al., JQSRT 2005 a. b).
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Basic features of KLIMA forward and inverse models

The basic features of KLIMA Inverse Model can be summarized as follows:

The retrieval procedure is a Multi-Target (more than one species
each with several parameters) Retrieval based on the Optimal
Estimation Approach and the Marquardt parameter.

The main elements of innovation:

Simultaneous retrieval of interfering quantities in order to limit their
effects and account for them in the retrieval error

retrieval approach exploiting all spectral channels of IASI
(within the requirement of minimum systematic errors);

known forward model errors are included in the Variance-
Covariance Matrix of the residuals
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KLIMA-IASI Sensitivity Study

Obijective:

to determine the best tradeoff between accuracy
and minimum running time.

The sensitivity study was carried out in two steps:
Sensitivity Tests on KLIMA-IASI Forward Model

Sensitivity Tests on KLIMA-IASI Retrieval Model

CONTINUE m—>
2"d |AS| International Conference, 28 ™ January 2010 - p_7/18




Consiglio Nazionale delle Ricerche

Istituto di Fisica Applicata
ug,_h,,l_ r;n c "Nello Carrara” - Tirenze

Forward Model sensitivity tests

The sensitivity tests on forward model have been performed by using the
following strategy:

A synthetic spectrum has been generated by using the
Reference Forward Model

THEN

The Reference Model has been progressively degraded
by introducing some approximations
(Accelerated Forward Model)

The resulting differences have been evaluated
with respect to the nominal NESR of the IASI instrument

For each accounted approximation an optimum trade-off
has been identified
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RETRIEVAL MODEL Sensitivity Tests

A series of 5 retrieval tests has been carried out
by combining different features in the retrieval setup.

For each test the Retrieval targets are:
- Temperature and Water Vapor vertical profiles
- CO, and O, total and partial columns
- Earth skin temperature

A quantitative assessment of the quality of the retrieval products
IS provided by:

the retrieval error on the target parameters

the difference between the retrieved and the true value of the
target parameters.

2nd |AS| International Conference, 28 ™ January 2010 — p_10/18




Consiglio Nazionale delle Ricerche

;n c Isﬁtu]tlo di Fisica Applicata
r { "Wello Carrara” - Tirenze
RETRIEVAL MODEL Sensitivity Tests
T
EM EM VCM Spectral
simulated retrieval A priori band
measurements error selection
TEST 1 Reference Reference NO 645 - 2760
TEST 2 Reference Accelerated NO 645 - 2740

TEST 3 Reference Accelerated YES 645 - 2760

650-800
TEST 4 Reference Accelerated NO 2000-2500

65C-80C
TEST 5 Reference Accelerated YES 2000-2500
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Retrieval error (dashed lines) and
difference between true and retrieved value of the CO, column (continuum lines)

have been studied as a function of number of retrieval runs

Difference [%]

Number of runs
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"Nello Carrara - Trsns Results of RM sensitivity tests

Performance results of the KLIMA-IASI code for the
retrieval of CO , total and partial columns

Bias not negligible
Total Column
Retr. Error | (Retr.-True) : : :
N [%] (%] Computation time too high
TEST 2 | 25 0.19 -0.40
TEST3 | 25 0.19 -0.22 25 runs are sufficient to
TEST 4 | 25 0.27 0.19 verify the requirement on
> total uncertainty (0.3%)
TESTS | 25 0.27 -0.25

The difference (True-Retr)
IS consistent with the

Note retrieval error

For a single run, the ultimate retrieval error on
the total CO2 column is

0.95% when using the full IASI spectral range
1.35% in case of band selection.

The behaviour of the
difference for a greater
number of runs is to be
verified
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FM validation by using a real IASI measurements

An activity of validation of the models
IS at the moment in progress

A first example of validation of the KLIMA Forward Model has been
obtained by comparing the synthetic spectrum with:

a real measurement
|ASI land observation of the 19-apr-2007
(obtained during the JAIVEX campaign)

a reference model
the spectrum generated by LBLRTM (*)

(*) Courtesy of dr. Clough
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FM validation by using a real IASI measurements

IASI land observation of the 19-apr-2007

|ASI Observed spectrum [K]
The difference between observed and simulated spectrum (Residuals) is
compared with the noise of the instrument for KLIMA FM and LBLRTM
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Conclusion of the sensitivity study

Ultimate Retrieval Capabilities
CO, total column from a single IASI spectrum can be retrieved with a total
uncertainty of ~1.0%.

Practical Retrieval Capabilities
The requirement of 0.3% accuracy can be obtained with a feasible computing
time using 25 IASI observations.

Validation of the Accelerated Forward Model
The accelerated FM, used for the retrieval provides simulation that, apart a
few localized differences that are being investigated, are consistent with IASI
measurements and LBLRTM Forward Model
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THANK-YOU
FOR THE ATTENTION

FOR MORE DETAILS AND CLARIFICATIONS
ABOUT THE
KLIMA-IASI RESEARCH ACTIVITIES

http://ga.ifac.cnr.it/klima
Contact point:
Ugo Cortesi

u.cortesi@ifac.cnr.it
Marco Gai m.gai@ifac.cnr.it
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