ng, Haral __.lentje, Nicolas Huneeus, Antje
Inness, Luke Jones Eleni Katragkowf- . ‘:. shall, Jean-Jacques Morcrette, Carlos
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Ordoénez, and Michael Schulz
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|
A GMES
T Enviconment and e -! ‘\
., '1}. -

Global Monitoring for Environment and Securlty |

+~a European initiative for the provision of
Information services on environment and securlty

led by the EC and ESA

«~fostering the development of five core services:
Atmosphere, Land, Ocean, Emergency Response
and Security

GEMS

Global and regional Earth-system Monl'torlng -
using Satellite and in-situ data

+~a 32-partner EC project developing systems
for the core GMES atmospheric service

MACC
Monitoring Atmospheric Composition and Climate

_W; + A 48-partner merger of GEMS and ESA-funded PROMOTE



GEMS subprojects

GHG: greenhouse gases modelling, validation and flux inversion

GRG: reactive gases modelling, coupling between Chemical Transport
Models and the ECMWEF Integrated Forecasting System, validation

AER: incorporation of an aerosol scheme in the ECMWF model, validation

RAQ: production of regional forecasts of chemical species and air quality
indices based on an ensemble of air-quality models on the European
scale.

PRO: 4D-Var analysis of greenhouse gases, reactive gases and aerosol
using developments from GHG, GRG, and AER. Provision of daily
analyses and forecasts, and retrospective analyses for the years 2003-
2007.

VAL: cross-theme validation of the integrated GEMS system.

V] = WORKSHOP ON DIAGNOSTICS OF DATA ASSIMILATION SYSTEM PERFORMANCE /£ A
o READING, 15-17 June 2009 v



GEMS tasks at ECMWEF

+~ Coordinate project (Adrian Simmons)

+ Extend IFS model to includes aerosols, carbon dioxide and methane
(Johannes Kaiser, Jean-Jacques Morcrette, Soumia Serrar)

+ Add faster reactive species to IFS and couple with external models
for chemical tendencies (Johannes Flemming)

+ Develop data assimilation for new species (Angela Benedetti, Antje
Inness, Richard Engelen)

+Acquire global data, develop validation and support regional air-
guality forecasting (Luke Jones, Miha Razinger, Martin Suttie)

+« Provide prototype production systems (Everyone)

4
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GEMS products at ECMWE

¥J GEMS Project at ECMWF - GMES GCP IGOS - Mozilla Firefox
Fle Edit Mew Hgory Bookmarks Tools  Help

F c X Q |t.". |hﬁp:f’f"gems.ecmM.intf?lmck#otlinks br R |'|Goog\e
|

+ Near-real-time global analyses and
forecasts for reactive gases,
aerosols and UV radiation

<« Mu |ti-year rean alyses of 7 Project Objectives
atm Osphenc Com pOSlthﬂ (2003- | The EU-funded GEMS project is developing comprehensive data analysis and modelling

systems for monitoring the global distributions of atmospheric constituents important for climate,

2007) including greenhouse gases . air quality and UV radiation, with a focus on Europe.
(CO2, methane), reactive gases It Erociucty

(ozone, formaldehyde, CO, NOX) £

and aerosols (Sea salt, Desert dust,

Black Carbon, Organic Matter,

Sulphate)

Reactive-gas Forecast POLARCAT Support Greenhouse Gases

+ Web-hosting, archiving and = Project Information
verification of coordinated regional — e
air-quality forecasts from ten e e
systems o ey cEemE T

* \alidation ® Data Access (new)

* Reporting Tools
* ContactUs

h tt p _ //g e m S . eC m Wf L I n t First versions of the systems are now being run daily to provide current analyses and forecasts,

and retrospective analyses for the years 2003-2007. Prototype products are available for
inspection, trial use and user feedback. Products are at present openly available only in
graphical form. Provision of digital data is under development.
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MACC — Monitori_-nq _Atm.osp_h_er_ic Composition and Climate

3=

.." r_:_ ]
e P
L s S

- Nl - - N A

| GLOBAL
In-situ and PROCESSING

satellite
data
acquisition,
retrievals

and pre- REGIONAL
processing
PROCESSING

Fire
analysis
and other
emissions Interface to downstream
services and other users,
including health test cases:
support for policy services

NZ0——-><AIMOLW®O
mAammc

OTHER INPUT DATA
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(Some) Validation metrics

Quantitative:

- Modified normalized mean bias

- Correlation coefficient

region Y
NMedB = Median ) (fi-a)

- Normalized Median Bias ~ Median(o,)

For visualization:

- Taylor diagrams (standard deviation and correlation)
- Scatterplots (bias and correlation)
- Line plots (time series or vertical profiles of bias and RMS)

Qualitative:

- Profile/cross section comparisons
- Maps
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4D-var assimilation system for Greenhouse Gases
Prognostic variables include CO2 and methane (also control variables)
Background matrix calculated with NMC method
4D-Var analysis at T159 (~120 km) and 60 levels (same for GRG and AER)
Assimilated observations: AIRS radiances for CO2 and SCHIAMACHY retrievals for CH4

Verlflcatlon observations: IASI CH4 retrievals, ground -based flux measurements, aircraft

continuous

o
tall tower :
fli

¥
v

| =~ WORKSHOP ON DIAGNOSTICS OF DATA ASSIMILATION SYSTEM PERFORMANCE "‘ 2 1 .
| READING, 15-17 June 2009 [



20°5 |--

j-/ GEMS Reanalysis Monthly Mean, August 2006
Mean column CO2 mixing ratio mean: 383.0 max: 388.7

GEMS Reanalysis Monthly Mean, August 2003 390 I
Mean column CO2 mixing ratic mean: 373.8 max: 381.8
180°W  14°W  120°W  100°W  BOCW  80°W  A0°W 20°W a= 2°E A°E 80°E BO°E 100°E  1X°E 140°E 1€0°E o,
T 1 H 5 ] F | pRm 2
s
- a7 | - |
P E 385 r
agon = L : H aaon I3BE [as ' A b1
H - E i | . m3E5 : }
- . L E:N =
2N = ‘ AN T g3 5, | ©
,;/;?‘ 2 =32 o E
2g°n 4 aen 381 b e R L
K_ g ' : 330 E.
. : < \_\v‘_ ) ot 'm‘ a & - 379 "-:
| 5 W = = 3
o _‘_ . \- " fl l, ?—4 i LI e
j GEMS Reanalysis Monthly Mean, August 2004 375 L
s Mean column CO2 mixing ratic mean: 377.5 max: 384.3
- : L 180°W  140°W  120°W  100°W  BI°W  8d°W  A0°W 20°W a= 2A°E A°E 80°E BO°E 100°E  120°E 14°E  180°E
H H | i ) pRm
i H e
. Ba°M = = : EE BI°N 389
] = —_— _’; - o <£ :(}:'iri-h_""‘fﬂr"*-—-__.,_._ 388
NN o ::z§ i = R s
|t - et = - -3 e [ 387 370 L
80°8 L Ot R ! e " < ;!u . 288
& a-% 5 ~ oo . . I 2003 2004 2005 2006 2007 2008
1B0CW  1A0°W  120°W  100°W  BOSW . e Pt e S G e LY 385 . YEAR
- am f i = =ty S oo,
L. :;—"“'\\ :.?/bﬁ T o il 283
200 |t i WP, i men | 382
t = o r" <
i kki r K’ * g Lh‘v x% ; 37
- i il -ﬁ\m ) 0 ! M f ~ - - 360
: i YA : Rk SN i
. ! \‘ : ! 1 /} i ! . 378
2075 [~ s L L = L ! =l A xog ey
j GEMS Reanalysis Monthly Mean, August 2005
a0°s S B Mean column CO2 mixing ratio mean: 381.0 max: 389.3
: i Q 100°W  140°W  120°W  100°W  BISW  B0°W  40°W  20°W  0°  M°E  AI°E  B0°E  BO°E 100 120°E  1AIE  180°E
4 T [ ! [ 1 [ pEm
80°S = Ba°M z e BO°N g 303
g _‘g"’i— e h'"‘-’—’?“:—_ 02
P e = } e ey [l
0 5! ~ . a0
180°W  140°W  120°W  100°W  BI°W & 4t .t 280
40N T i 5 AN 288
! ) ! -
20°N : Forgncs - : A £ ¥ : 20°n | 386
.’ ﬁa! 4\" S = I/.Ll\-j ~ 385
3 ) I} 1 . o
. H T i . i L 384
" ! S - Ao o M
3 i v. ? i i " H i el £ A b
. Sy ' e ! ; L L DU

40°8 ¥
- 160°W  10°W  120°W  100°W 8w 60°W 40°W 20°W [ 2°E A°E 80°E EQ°E 100°E 120°E 14°E 160°E
L : opm
- § BN = BN 393
= e e s
] g VEES L =2
e L Epm =

80°s ==e= : ==

+ Rt e = aa=M
[ i s S~ 390
180°W  10°W  120°W  100°W  BICW B0°W o I . 389
& AN

ag°N

20°N

g -,

2008 [~ :‘ A mes 39

R. Engelen 2006 M 3 g

8a°s

RIS
(e
g

= WORKSHOP ON DIAGNOSTICS OF DATA ASSIi =
|_ READING’ 1 5-1 7 Ju %mﬂ'w 100°W =W 60w a0*wW 20°W [ 20°E A°E 60°E EQ"E m an




Comparison of IES CngieIds with global in-situ data

4D IFS CO2 fields were sub-sampled to match available surface, tower,
ship-based, and flight data

The resultant timeseries were compared to observations

Statistical results were summarized on Taylor diagrams (below), and with
mapping (next slide)

Normalized Standard Deviation

Mormalized Standard Deviation
J. Marshall
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Modified Normalized Mean Bias

+ Up to 10% positive bias over Europe

» Southern hemisphere well-constrained,
slightly positive tendency in northern
hemisphere

Latitude

+ Remote stations show good
agreement

+ Poor correlation over highly
variable regions (Europe)

J. Marshall
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Conclusions from global comparisons

Analyzed CO2 fields compare well with remote observations

Positive bias and higher error seen over highly populated regions
with heterogeneous fluxes

Slight northern-hemisphere high bias, seems related to too weak
seasonal cycle

Trend shows some divergence over time

Performance when considering non-surface data is comparable to
that of an inversion system using only surface-based data
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Comparison of IES CHé fields with independent satellite
retrievals (from IASI)

4D IFS fields were sub-sampled in time and space to
match individual retrievals from an independent satellite

1RSI wesghting functiong

The appropriate weighting function was applied (shown)

Peressure (k)
5 838 E8¢£88 .

—mee(if)=t | |
—— neafs}=z | |
(=l | |

sec(ij= | |
= ge(=5 | |

asc(i=t | |
R

Monthly mean maps were compared for spatial
and temporal correlation

0 e o1 013 02
Vinighiting functicn (pprmdippmv)

J. Marshall
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4D-var assimilation system for aerosols

Aerosol prognostic variables include 3 bins for desert dust, 3 bins for sea-salt,
hydrophobic and hydrophilic organic matter, hydrophobic and hydrophilic black
carbon, and sulphate.

The control variable is formulated in terms of the total aerosol mixing ratio
Background error statistics have been computed using the NMC method
Assimilated observations: MODIS Aerosol Optical Depths (AODs) at 550 nm
over land and ocean. Observation errors over ocean are prescribed as

functions of the satellite scattering angle. Errors over land are assigned as 50%
of the optical depth value.

Validation datasets: optical depths from the AErosol Robotic NETwork
(AERONET), AEROCE (U. of Miami), compilation datasets.

Verified variables: AOD, Angstrém exponent ( « defined from (AO%ODJ{%)_Q)
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Departure statistics for the aerosol anal

Not an independent verification but a very helpful tool for a quick check of the
system performance!

Assimilation does not correct flrst FG=first guess
/ i ' S0000 .
Mihen large values of re obseived wn AN= analysis
_ - 7500
2000
1000
750
Total number = 1028668 00 Total number = 1028680
Maximum number per bin = 730950 g | S0 Maximum number per bin = 775742
OBS min= 0.00max=  3.99 © 100 OBS min= 0.00max=  3.99
FG min= 0.00 max= 3.99 :2 ANA min= 000 max= 384
ymean= 019 ystdev= 0.26 20 ymean= 019 ystdev= 0.26
xmean= 019 xsidev= 019 10 xmean= 0.18 xsidev= 020
BIAS (y-x) = 0.001 BIAS (y-x) = 0.015
RMS = 0.168 5 AMS = 0.122
cor., coef, = 0.757 2 cor., coef. = 0.888
1

2
ANA

This behaviour is improved when observation errors for optical depths larger
than 1 are capped to 0.4

Total number = 1028404
Maximum number per bin = 775220

Total number = 1028336
Maximum number per bin = 729058

OBS min= 0.00max=  4.00 OBS min= 0.00max=  4.00

FG min= 0.01 max= 3.99 ANA min= 000 max= 3.97
ymean= 019 ystdev= 024
xmean= 0.18 xstdev= 022
BIAS (y-x) = 0.009

RMS = 0.092

corr. coef. = 0.927

2
ANA s

ymean= 019 ystdev= 024
xmean= 020 xstdev= 0.21
BIAS (y-x) = -0.006

RMS = 0.149

cor. coef. = 0.795




Latitude

Optical Depth 550 nm
& Angstrom Exponent
(AERONET)

Surface Concentration DD
(AEROCE, U. de Miami)

Total Deposition
(Ginoux et al, 2001)

| 1 | |
-150 -100 A0 0 50 100 150
Longitude

Desert Dust Stations ¢
_ _ _ AERONET Stations where a species
Biomass Bumning Stations ¢ dominates the total optical depth for at
&
v

_ least 4 month.
Sea Salt Stations
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Global statistics using AERONET

FOST  FOST ASSIM  AeroCo  MODIS  MODIS  MODIS  MODIS
2003 2004 2004 m terra lerma aqua aqua
Median 2003 2004 20403 2004
2000
Aeronei A0D (220 022 _ 022 018 022 022 22 (22
# N months 1225 1422 1422 731 1173 748 1143 1392
Madel ACD 0.24 0.26 0.27 0.16 022 0.22 0.20 (.20
Correlation COEEY  0.68 : 0.2 0.77 0.80 0.80 0,79 078
RMS QAED AL 0.12 0.09 0.11 0.12 0.11 0.12
Std Mod/Obs 0.76 0.73 k; 0.79 0.80 091 0.86 0,89 (.93
Seasonal r 0.75 .76 ; 0BG 073 0.80 0,72 081 0.79
Spatial r 071 0.73 i 0.8 (.63 0.77 .74 0.80 0.8

D =mean value D =correlation D= Root Mean Square

+ Global statistics show that the analysis (ASSIM) has a positive bias with respect
to the AERONET data which is larger than that of the forecast without assimilation
(FCST) while having much higher correlation and lower RMS with respect to the
same dataset.

+~ Good performance of the analysis in terms of seasonal and spatial correlation.
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comparisons with AERONET on a subset of stations (May 2003

FC-OBS Bias. Model AOT at 550nm against L2.0 Aeronet AOT at 500nm. — —
Meaned over 41 sites globally. Period=1-31 May 2003. FC start hrs=00,12Z. k< SR - ? p .E_-:“.._d_“__ ~ .

ik "—‘-‘-|amburg"{-le|="“-”""“",‘3‘;"‘5“"‘M
s Tburg B .

i

'-?/* *Maldovn e fi_
y  CEESe U
Azores C _.?\ N Dalanzosgady 8
¥ FORTHIRETER, wim. ® :
e seot_botky, S0 vilegs ™, 7%
. \5;..., Chen—kung Univ

© o h

Analysis (red) shows lower bias and
lower RMS wrt AERONET optical

Meaned over 41 sites globally. Period=1-31 May 2003. FC start hrs=00,12Z.

Average bias (over 41 stations):
0.012 (ASSIM) vs -0.036 (FCST)

RMS:

0.117 (ASSIM) vs 0.164 (FCST)

Analysis

Free-running forecast

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
MAY 2003
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Forecast
Analysis

@ Optical Depth 550 nm

Q
/o/_ X Optical Depth 865 nm
s [] Angstrém Exponent

Optical Depth 550 nm
Fine Aerosols

Optical Depth 550 nm
Coarse Aerosols

-
©)
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O
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O
©O
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O
4
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0.4 0.8
Standard Deviation N. Huneeus
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Model

Models

Biomass Burning Sites

Optical Depth at 865 nm
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Models

Models

Desert Dust Sites

Optical Depth at 865 nm
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Conclusions from global comparisons

Significant improvement in column integrated aerosol variables in terms of
correlation and RMS. A positive bias is present in the analysis.

Assimilation of AOD at 550 nm improves also AOD at 865 nm.

Improvement of AOD at 550 and 865 nm does not translates into improvement of
Angstrom exponent suggesting that assimilation acts on correcting total aerosol
burden rather than size distribution.

Overestimation of the Angstrom exponent for coarse aerosols indicates smaller
particles in the model.

Too much fine mode sea salt represented in the model

Not enough Desert Dust is emitted and too much fine Desert Dust is transported
far off source regions.

> =
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Site comparisons (May 2003)

*Dust-dominated sites (Dakla and Solar Village) show good agreement between
the analysis and AERONET despite the lack of MODIS data over these sites

Comparison of model (ezub) and MODIS AOT at 550nm and L2.0 Aeronet AOT at 500nm over Comparison of model (ezub) and MODIS AOT at 550nm and L2.0 Aeronet AOT at 500nm over
Dahkla (lat=23.72, lon=-15.95). Period=1-31 May 2003. FC start hrs=0Z. Solar_Village (lat=24.91, lon=48.4). Period=1-31 May 2003. FC start hrs=0Z.
; Aeronet AT MCDIS ACT Total FC AT Sulphate .1l Dust Organic Matier Black Carbon . Aeronet AOT IODIS ACT Total FC AT Sufphate Se= Safi Dust Organic Matier Black Carbon
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O (et 7 0 77 Peraair 37 oy s Fesmrenecar o *AERONET data for Fresno (CA) also confirm a good
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Saharan dust outbreak: 6 March 2006
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Comparison with CALIPSO aerosol mask

CALIPSS feature classification along 12518 km of
A—Train orbit betwsen 27 /06/2007 000126 and 27 /06 /2007 03:3:55

T T 7T 7T 77— | T T
|:| Cloud
. Strat. cloud

» General good agreement on the vertical

.. but no improvement with respect to forecast
1 oleceff without assimilation
HLL'—L | |} | i e SR | -?/ |

03 ?_B 0% 21 HERES 03;’0?
Len o 1

T % - - -w -ii ¢ *Too much aerosol is presentin the upper

—5?5 —4-_.-"5 —.3_.-"5 —25 —15 —5 0 5 1'0 15 20 25 30 35 11-0 11-5 50

Model {FOZE} derczal amount and cleud fraction alon% 12582 km aof troposphere In the mOdel and anaIySIS

A—T Rit bet 206 2{){}7 {)3 OO OO d 2708 S 007 033039 1 1 1
Al erbltbetesen 20/ 00 St e benl0, ot _ (likely to depend on interaction between

convection/vertical diffusion and aerosol
transport)

» Observations in the analysis do not constrain
the vertical profile (only a total aerosol mass
adjustment)

* Plans to compare extinction profiles
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4D-var assimilation system for Reactive Gases

GEMS —reanalysis (2003-2007): O3, CO, NOx, Formaldehyde

Chemical model MOZART coupled to IFS (exchange of chemical
tendencies and meteorological fields every hour)

Observations used (O3 and CO):

03 <

CO

2003 | 2004 | 2005 | 2006 | 2007
 Verifying observations: TOMS, SCHIAMACHY,GAW surface O3 and CO,
MOZAIC flight data (vertical profiles)
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A

Timeseries of zonal mean total column ozone

Assimilation run Control run

TOMS TOMS
TOTAL COLUMN ZONAL MEAN OZONE [DU] TOTAL COLUMN ZONAL MEAN OZONE [DU]
DATA PERIOD = 2003050100 - 2003123118 DATA PERIOD = 2003050100 - 2003123118
Min: 122.6 Max: 424.6 Min: 122.6 Max: 424.6
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DATA PERIOD = 2003050100 - 2003123118 . DATA PERIOD = 2003050100 - 2003123118
Min: 75.339 Max: 446.9 Min: 177.14 Max: 446.
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Assimilation run Control run |

Q05 Si¥ 0S¥ S5SF Q0¥ SZ

SCIAMACHY

(Different colour scale)
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Cross section along 35E over South Pole, 4 Oct 2003

Reanalysis

Ozone profiles from sonde, eyih and eyg6
Belgrano (Lat =-77.9, Lon = -34.6)
Date = 2003100411

—— eyh —— eyqg6
1

Pressure (hPa)

— Assimilation
— Control u

75 10 125 15 175 20 225 21_3
Ozone (mPa)
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FRANKFURT CO
02—14 Aug 2003 (n=12)

12000 r= 0.97 1
’ 0.93 094
o@@_ 200 9% MOZART+FS+assim (eyih) S
10000 | e( B N o
L / i %
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* GEMS-GRG coupled system (MOZART+IFS): %

» exchange of meteo fields and chem tendencies at 1h intervals
 Assimilation of column retrievals of CO from MOPITT
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arison of GRG runs with O3 and CO surface measurements

Normalized median bias

IFS CTM-GAW O3 Bigs in 2003 IS ETHE G JEE Biow I 20

oaieen. Control run, no assim
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Choosing the right model level for comparison with CO (O3) observations
from GAW mountain stations

GAW stations are supposed to be horizontally representative for a grid box size of 120 km
but what is their vertical representativeness, i.e. which model level to compare with if
observation came from a mountain site (often the case)

Modelled CO (O3, Aerosol) concentrations have often large vertical gradients because of
surface emissions

Choosing the wrong level may leads to biases

Methods for choosing the model levels

1. Ignore mountain stations

2. Difference between stations height and model orography

3. Fit of simulated and observed meteorological parameters such as T or RH

Example: Hohenpeissenberg — 980 m

+ HPB is singular mountain close to the Alps
+ Vertical modelled CO gradient in PBL (70%) and for ozone (-64 %)
+ Difference between stations height and model orography
125 km orography (GEMS) at HPB 1098 m -> |level 60 (no mountain)
16 km orography (vicinity of observation site) at HPB 575 m -> level 54 (“some” mountain)
+» Choosing a small-scale orography seems to better indicate to what extent the observed air
was influenced by surface processes

PSSP |~ WORKSHOP ON DIAGNOSTICS OF DATA ASSIMILATION SYSTEM PERFORMANCE &y
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Modelled and observed CO for Level 50, 54 and 60 (September 2008)

HPB CO at levels

Al S L 50 OBS

HPB T at levels
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» Large differences between levels 60 and 54
* Modelled surface diurnal cycle very strong
* Level 54 and 50 very similar

» Small differences for level 54 and 60
(in contrast to CO)
} » Level 50 different from level 54
.+ 1st half of September: level 60 better fit
. 2nd half of September: level 54 better fit

HPB RH at levels

Level 60 = 8m
Level 54 =340 m
Level 50 =950 m

... difficult to tell which level is best ...

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Sub-scale influence important!
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Choosing the right model level for comparison with CO (O3)
observations from GAW mountain stations (cont.)

}ﬁ: .

Disregarding mountain observations is no good because there
are so few observations and they sample tropospheric air

Considering model orography vs. station height might be
misleading for large-scale model (HPB would be below T159

surface)

Considering high-resolution orography helps to better judge
the close vicinity of the station

Looking at T may confirm model level choice but T and CO
profiles have a very different shape.
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Summary and requirements

Validation has been proven fundamental for the future improvements of the
GEMS analysis system.

The strategy for the verification so far has involved the use of available
independent satellite, ground and aircraft-based observations of chemical
species.

Several metrics to measure the quality of the analyses have been used

Need rellable readily avallable verifying data sets

Consistency (same data set should be used for successive validations)

Important to compare analysis and observations in the most objective way
(see mountain site example)

Realistic expectations from the assimilation (statistical process limited by
assignment of background and observation errors and information content
of the observations)

Need to implement other diagnostics

READING, 15-17 June 2009



	Outline
	GMESGlobal Monitoring for Environment and Security
	GEMS subprojects
	GEMS tasks at ECMWF
	GEMS products at ECMWF
	MACC – Monitoring Atmospheric Composition and Climate
	(Some) Validation metrics
	4D-var assimilation system for Greenhouse Gases
	Comparison of IFS CO2 fields with global in-situ data
	Conclusions from global comparisons
	Comparison of IFS CH4 fields with independent satellite retrievals (from IASI)
	4D-var assimilation system for aerosols
	Departure statistics for the aerosol analysis
	Independent aerosol observations
	Global statistics using AERONET
	Taylor diagram for all AERONET Sites (2003)
	Biomass Burning Sites
	Desert Dust Sites
	Conclusions from global comparisons
	Saharan dust outbreak: 6 March 2006
	4D-var assimilation system for Reactive Gases
	Comparison of GRG runs with O3 and CO surface measurements
	Choosing the right model level for comparison with CO (O3) observations from GAW mountain stations
	Modelled and observed CO for Level 50, 54 and 60 (September 2008)
	Choosing the right model level for comparison with CO (O3) observations from GAW mountain stations (cont.)
	Summary and requirements

