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MaccC Outline

Forecast performance (desert dust and fire events)

Model improvements and future upgrades

Assimilation updates

Future directions
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Dust Storms over the
Mediterranean in April 2013
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st storm hangs over Cyprus [

Libyal du

1 April 2013

April 1, 2013 4 Comments

Dust plumes blew over the Mediterranean Sea in early April 2013.
Thick plumes hovered off the coasts of Libya and Egypt on

April 7 and spanned the sea’s eastern shoreline the following

day, reaching as far north as Turkey. The Moderate Resolution
Imaging Spectroradiometer (MODIS) on NASA’s Aqua satellite
captured these natural-color images on April 1 and April 8 .

A cloud of fine dust was left hanging over Cyprus today. The air was very still and
temperatures unseasonably high as a fine yellow dust, that could have been mistaken for

l mist, lurked over land and sea.
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MACC-II/JECMWF forecasts for

Thursday 4 April 2013 00UTC ECMWF Forecast t+120 VT: Tuesday 9 April 2013 00UTC Day 4 p rl
25°E

. A

Friday 5 April 2013 00UTC ECMWF Forecas tt+96 VT: T d ay 9 Apri I201300UTC
=
= I

Saturday 6 April 2013 00UTC ECMWF Forecast t+48 VT: M d ay 8 April 2013 00UTC Surfa cDay 2

ﬂ %I

» Good skill of the model
at the synoptic scale: storm
well-predicted with 3 days of

Sunday 7 April 2013 00UTC ECMWF Forecas t t+24 VT. Monday 8 April 2013 00UTC SurfD.ay 1
25°E
: 3
/—'———@ I1
Monday 8 April 2013 00UTC ECMWF Forecas t t+3 VT Monday 8 April 2013 03UTC SLDay O
25°E

lead time

I3
1
0.8

0.3
0.4

0.35
ID.3
0.25

0.2

0.15
28°N
In 1
0.05 :




(opermicws Siberian Smoke in Seattle
MaCC

July 2012

compesition & dimate
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9:09.,, Asian fires clouding Seattle's
= sunny skies
“ @  BYKPLU News Staff and Bellamy Pailthorp
0 Comments m .

Smoke plume
approaching
Seattle

share [

Verification with CALIPSO data -

CALIPSO Total Attenuated Backscatter (sr'km™) at 532 nm along 9194 km
of A-Train orbit between 10:36:45 & 10:59:09 07/07/12

60—
100(— =
200— ol &l
300— ‘ i s # Cif Enlarge image Q,
400/— { 2 A MODIS satellitz image that shows y clearly
22 —
600 — £ 3 M - Updated Jul 9, 2012 - 3:11 pm
pa a4 " a5 §; " % - " n " "
N e e T Wildfires in Asia to blame for hazy sunsets
Lon 10:55 10:50 10:45 10:40 z
1 1 1 1 1 ——) = A >
139 37 135 33 A3T  d29 27 25 22 118 113 106 ;>3 By Tim Haeck & Comments (2) | e Print | ) Email g 1] o W Tweet {1
Lat u TR R L | | | L L i y {1 L L 1 ! 5 97.3 KIRO FM Reporter
4 02468 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
Model (fnyp) Simulated Total Attenuated Backscatter (sr'km™) at 532 nm along 9194 km You might have noticed a haze in the skies of
of A-Train orbit between 10:36:45 & 10:59:09 07/07/12 UT Western Washington, particularly at sunset
g g g T >1 the last several days.
60— ] 3
- — 4.8x1073 ) ' N '
— — 451073 At first, Cliff Mass, University of Washington
100— — ggxlg:g Professor of Atmospheric Sciences, thought it
3:6:10'3 was smoke from massive wildfires in
3.3x1_g'3 Colorado circulating in the upper atmosphere
200— g’%go-s and into our area.
- -3
300 — = 3‘1‘)‘183 e at Mount Pilchuck. (Photo . —
1'8§10'3 yer-Facebook) "And then finally, when | did a little
400 — i 1:5x1o:g investigation, it became clear it was from
i ] 1 1.2x19 Asia. It was from major fires over Asia and
600 - 9x10 2y :
= e =) 6x1074 that smoke went all the way across the Pacific into us," said Mass.
e, D gy - - a0

10:55 10:50 10:45 10:40
. | . | | | | L | 1 |
-139 -137 -1356 -133 -131 -129 -127  -125 -122 -118  -113 -106
| | | |

TR T B R R L L

4 02466 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 MECMWF
—-—
~ BROGRANME i




(opernicus Canadian Smoke in Europe

macc July 2013

Feu Nemiscau 2013 Route du Nord

Comparison of Canadian forest fire plume seen by

AAAAAAAAAAAAARAAAAAA

6 — 9 July 2013

MACC-2D plot is QUALITATIVE and linear scale in contrast to ceiloplot!!!
Shall just show the reproduction of the plume structure

Soltou Soltou

t (10°m") at 1084nm on 8. July 20itincion Coefficient (10°m™") at 106dnm on 9. Ay 2013
CLOUDS RS '

Video 1. Maxime Duperré, traveling in a truck near Nemiscau, Quebec, took this video of one of the massive fires
burnina in Quebec this Julv.

Verification of MACC aerosol forecast with ceilometer
data shows good performance for most plume
occurrences (plots courtesy of Harald Flentje, DWD)

By Dr. Jeff Masters
13 July 2013
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MacCC

Improvements in dust modelling

Credits: Jean-Jacques Morcrette

Dust particles

IZZ; 0.03-0.55
w2 MICrONS

Dust particles -
0.55-0.9
microns

Dust particles
0.9-20
microns
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Original formulation: too many fine dust particles!
Current formulation: more realistic dust distribution




(opernicus Current NRT aerosol model

Mac.C:
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 (opericus AERONET verification
( |acc showing model improvements
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(opernicus o |
mapcc Emission of oceanic DMS
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Gpemlcus

macc Towards a more complex aerosol model

Menitering,atmespherik
compesition & dimate

Global Model of Aerosol Prncesses

51 Obal Vlodel of ~erosol “rocesses

Developed in TOMCAT CTM

Processes: nucleation, condensation,

coagulation, scavenging and
deposition, chemistry

» Mann et al., 2010, GMD

4 soluble modes, 3 nsoluble modes

»SU, SS, EC, OC, DU

Sectional (bin) scheme

Black carbon
Organic carbon

— { '} VA
o | T
3 }v. -
il
I|||I|II|I|I--_-_

Size

Modal scheme

Each mode may
have multiple
components

Number

Size

: 7 Credits: Matt Woodhouse (now at BoM) and Graham Mann (University of Leeds
ol ( ) ( Y ) ©SECMWF



(opernicus Current modal configuration

macC / modes, 5 components

Menitering,atmespherik

“meretitSulphate black carbon, organic carbon, dust

Modal scheme
Each mode may
have multiple
components

nsoluble
Aitken

Number

Size BC OC

soluble

soluble coarse

Soluble Aitken
nucl
S04 OC
S04 0C BC
19 mass

Tracks number concentration for each mode, and mass 7 number
concentration for each component in each mode Transported
tracers=26

SEVENTH FRAMEWORK —
PROGRAMME i ECMWI



\_opernicus

MaCcC Current aerosol model vs. GLOMAP-mode
IFS-MACC-II | GLOMAP-mode

Transported aerosol | Mass of aerosol types in | Size modes have number
tracers Size bins. concentrations and
component masses

Size distribution Fixed Variable

Size constant for each Size determined by
of the transported types. | aerosol microphysics

Mixture assumed Types externally mixed | Types internally mixed in
each mode.

Chemistry Only simple SO2-> SO4 | Gas- and agueous-phase
oxidation

Gaseous tracers 1 (S02) 5 (DMS, SO2, H2S04,
MONOTER, SEC_ORG)

Aerosol tracers 11 (11 mass, 0 number) |26 (19 mass, 7 number)

o 7 IFS-GLOMARP is currently ~2x expensive as IFS-MACC-II
M (the latter being 85% more expensive than no-aerosol IFS) &S ECMWF
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GQ.erniws
(M3CC  MASS VERIFICATION FOR IFS-GLOMAP

(ugs m™) Sulphate Sulphate Sulphate

10.000
5.000 I
2.000

1.000
0.500

0.200
0.100
0.050

35 40 45 50 55 &0 65 70

0.020
0.010
0.005

0.002
0.001

EMEP

Dataset b T |
EMEP 005  0.66 * Close to source, comparisons very good.

IMPROVE 0.00 0.08 » Lacking DMS, remote SO4 therefore low
University of Miam -0.34 097

Burden comparisons:

i IFS-GLOMAP IFS5-GEMS AeroCom GLOMAP-mode
Sulphate (TgS) 0.68 0.20 0.66 0.52

4% Credits: Matt Woodhouse SSECMWF
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MaceC Status of t.he assimilation
of lidar data

Last year, old model version

Bug fix for molecular backscatter

expiobk /DA 2012032100-2012040212(12) -+ fnahs i departume jo-a)
Lidar S.Hemis o dopatur bty Model changes
s A0BE I Non-spherical particles optical properties
STD DEV 0 BIAS - s Data averaging/filtering
=] - = More stringent quality control
= v F % checks
2 =] s C Redefinition of errors, including simple
§ = e = representativeness
e s - Variational Bias Correction level-by-level
o R This year, current model version
Lidar backscatter x 1e7 (sr m)-1  [FE2g 0 s ioveimaians e
all AODL
« Reduced max values of bias STD.DEV nobsexp BIAS
and standard deviation o Fo
] o L
« Gaussian distribution Sl o o
« Different bias structure, possibly £ oo e
due to model improvements o T N | e
Y /4

Data: all operational data plus MODIS AOD and CALIOP Level 1.5 backscatter SSECMWF



(opernicus
MaCC
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Impact of lidar on

AQD fit to MODIS observations

fosk /DA 2012032100-2012040212(12)

Agqua MODIS NASA (Aerosol Optical Depth) S.Hemis I
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and analysis.

MODIS only (current NRT):
Nice Gaussian departures
and low bias both in first guess

fogi /DA 2012032100-201204021 2(12)

Agua MODIS NASA (Aerocsol Optical Depth) S.Hemis
used ACD AQUA Aeroscl
Background departurs {o-b)

Analysis departurs (o-a)

nb= 89058 ms=  0.615E-01 nb= BE053 ms= 0.282E-01
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model version.

MODIS and CALIOP:
Non-Gaussian first-guess
departures in old model version!
Gaussian departures in new

S ECMWF



(opernicus
MACC Preliminary verification of lidar experiments
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» = ————
Comparison of xb3, fxli & fxlh and MODIS Acﬁ at 550nm and L1.5 Aeronet AOT at 500nm over

Comparison of fxb3, fxli & fxlh and MODIS AOT at 550nm and L1.5 Aeronet AOT at 500nm over
Izana (28.31°N, 16.50°W). Model: 00UT, 1-30 Apr 2013, T+3 to T+24.

Tamanrasset_INM (22.79°N, 5.53°E). Model: 00UT, 1-30 Apr 2013, T+3 to T+24.

Aeronet MODIS fxb3 fxli Aeronet MODIS ixb3 fxli
3 16
1.4
25
1.2

12 4 6 8 10 12 14 16 18 20 22 24 26 28 30

FC-OBS bias. Model AOT at 550nm against L1.5 Aeronet AOT at 500nm. Apr o )
Voronoi-weighted mean over 25 sites in Africa (r,,,,=492km). Voronoi-weighted mean over 245 sites globally (r,,,,=1276km).
1-30 Apr 2013. FC start hrs=00Z. 1-30 Apr 2013. FC start hrs=00Z.
—fxb3 ——fdi fxih 025 —fMb3 —li fxih
0.25 i .
2| Africa .| Global Lidar only
0.15 1 0151 MODIS only
- 01 — Lidar+ MODIS
0.05 0.05 1
0 - 0
—
-0.05 - w/_.—’—’—'—*’—’_’.—’——_—. -0.05
0.1 0.1 S o e e PO B
0.15 -0.15
-0.2 1 0.2 1
0.25 s - - -
' 5 ‘6 W5 A8 Bas B0: 56 4o 4y Bi= 60- B8 75 U8 B4 90 o Sohioaiiaiiss 0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120
1 ¢ i FC lead time (hours)

FC lead time (hours)

Needs verification of vertical structure! This is work in progress in collaboration with Luke Jones and
Jean-Jacques Morcrette + NASA (MPLNET team: Judd Welton and Simone Lolli) and Harald Flentje at
DWD + MACC-II VAL partners (European ceilometer data)
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(opernicus
MaCC Impact of CALIPSO data on vertical profile

Menitering,atmespherik
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Average of all 163 profiles of backscatter Profile of backscatter (km'sr”)
(km 'sr )} over GSFC over UMBC
in Apr 2013. T+3 to 27. at 13UT, 04/04/2013. T+3 to 27.
Aw=527nmM. A e =532nm. Ae=527nm. A ..,=532nm.
hPa 30 T T T T I T 17T ] T 1T ] LI ] T T T —"hPa 30 T T T T I T T T T ] T T T T [ T
| — Obs | | —— Obs |
I — b3 | i fxb3 |
so b —— fxh |

60 - xh + « |ndication that CALIPSO
1 data have definitely

100 an impact on the

shape of the profile

* Need to verify with

- comparable ground-based

lidar observations of

- Attenuated backscatter

to asses whether

the impact is positive

600

600 -
Lidar and MODIS

1000 &= |S PRI N T SN S N O I A 1000 | i + L ! | T — MOD'S Only
4] 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03
1/km/sr 1/km/sr
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(opernicus
M3CC  MmoDIS Deep Blue Monitoring/Assimilation

Menitering,atmespherik
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Promising results — monitoring of Deep Blue can start soon
Deep Blue AOD First- Quess Departures

150°W  120°W  90°W 60°W 0°W 0°E W0°E 90°E 120°
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Standard MODIS AOD Flrst -guess
(OBS-FG) Departures
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150°W  120°W  e0"W 60°W a0=W o°E 30°E 60°E Q0°E 120°E 150°E

Deep Blue and CALIOP
Departures are consistent,
especially over desert dust
source areas where model
overestimates observations
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Lidar backscatter First-guess x 1e7 (srm)-1
o Departures for the layer 800-850hPa o ECMWYFF




Gpemlcus
MACC  uypdated BIAS correction

Menitering,atmespherik
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STATISTICS FOR AEROSOL FROM FROM AQUA/389
MEAN BIAS CORRECTION (USED)
DATA PERIOD = 2012-09-01 09 - 2012-09-01 21
EXP = FU3V, LEVEL = 0.00 - 1013.25 HPA
Min: 0.012 Max: 0.021 Mean: 0.015
GRID: 1.00x 1.00
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Variational bias correction for MODIS AOD is now a function of surface
wind speed over ocean and total cloud cover
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MACC  Ultra-recent developments

* Inclusion of volcanic species (ash, volcanic SO2 and volcanic SO4)

e Assimilation of multi-channel MODIS AOD in collaboration with

Prof Shuhua Chen, University of California, Davis (visiting ECMWEF for

6 months)

 Revamping of the dual control variable assimilation (fine and coarse
mode) — still not working properly, possibly due to the background error
covariance matrix developed for older model version

* New B-matrix under testing

 Monitoring of MODIS Deep Blue data to be started soon

* ¥ w
* *
* *
EEEEEEEEEEEEEEEE -w ECMw
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@b@micus
MacCC Future Directions
 Continue preparation of CALIOP lidar data assimilation
e Start one-year reanalysis with ESA AEROSOL_CCl data
 Look at other aerosol data-sets as they become available (VIIRS)
e Start integrating new aerosol model (GLOMAP) in assimilation

* Investigate next steps to move towards radiance assimilation

HYUYNESTTNFET

Thank you for your attention!

S ECMWF



