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ECHAMS Mz Version

Modular Earth Submodel System (MESSy)
>> resolution independent, e.g. 0D, 1D, 3D, BL, Tropos, Middle Atmosphere <<
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http://www.messy-interface.org/

Gas-phase Chemistry
(MECCA)

based on
ECHAM4-CHEM (Benedikt Steil) and

MATCH-NMHCS (Rolf von Kuhlmann)
gas phase and heterogenous chemistry,

using the numerical integration package KPP
(Rolf Sander)

Lightning NOx
Price and Rind scaling
production [Tg/y]
(Patrick Jockel)

MBL Chemistry

switchable extension to MECCA
with focus on halogens
(Roland von Glasow, Astrid Kerkweg)

Deposition
dry deposition of gases and aerosols based
on vegetation and land surface cover
(Laurens Ganzeveld)

Stratospheric Chemistry

polar stratospheric clouds (PSC),
micro-physics and sedimentation
(Joachim Buchholz, Stefanie Meilinger)

Cloud Scheme

Lohmann and Roeckner, 1996: Clim. Dyn. 557-572
Levkov et al., 1992: Beitr. Phys. Atm. 35-58. (ice phase)
Beheng, 1994: Atmos. Res. 193-206. (warm phase)
Lenderink et al., 1998; KNMI-REPORT 98-13 (condensation)
Tompkins 2000, J. Atmos. Sci. Submitted (cloud cover)
update is planned ...

Gas /Aerosol Chemistry

fast thermodynamical aerosol
composition module (EQSAM) coupled
with the size-resolving dynamical module (M7)
(as part of EU-Project PHOENICS).
Hygroscopic growth is considered for major inorganic
(NH4, SO4, NO3, SS, Dust)
and organic (BC, OC, SOA, POM) compounds,
and based
on gas/liquid/solid partitioning.
CCN Activation is based on the aerosol water content,

ICN will be based on aerosol water and ionic composition.

(Swen Metzger)

Photolysis
based on the
fast on-line scheme [Landgraf and Crutzen, 1998]
to calculate photolysis rates and solar heating rates
(further developed by Christoph Briihl)

14CO / Radon

natural atmospheric tracer, evaluation
of tropospheric OH and stratosphere
troposphere exchange (STE)
(Patrick Jockel)

Different Transport
Schemes

semi-lagrangian, spitfire,
lagrangian scheme (Attila,
implemented by Michael Traub)

Scavenging
Below and in-cloud scavenging of gases and
aerosols
(Holger Tost, Laurens Ganzeveld)

Natural and Anthropogenic Emissions
biogenic surface emissions are calculated on-line (Laurens Ganzeveld)
anthropogenic emissions (EDGAR3.2) are calculated off-line and prescribed
(John van Aardenne)




Thermodynamical Aerosol Model, EQSAM:
Gas/Liquid/Solid Partitioning

Solids
NH,NO,
NH,HSO,,

R.s  (NH,),SO,,
E NH, & organic

qulds
NO3 NH,*, SO,%,
LMW organic aC|ds

(e.g., HCOOH), Na*,
K*, Ca?* Mg?*, H,0,

Liquid Phase, lons:

NO;,, NH,*, SO,%, CI,
Na*, K+, Ca2* Mg?*,
Res lumped Low Molecular
Weight (LMW) organic
acids (e.g., HCOOH),
! H,O, pH

; Solid Phase, Salts:

e.g.
‘R, NH NO3, NH,HSO,,

4 2 4>
organic acids salts
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Aerosol Dynamics and Equilibrium Thermodynamics

Nucleation

Aitken

Accumulation

Coarse

e.g. sulfate rich

sulfate neutral

BC-OC
(primary)

DU3 (primary)

MAX -PLANCK-CESELLSCHAFT
MPI for Chemistry

aerosol
composition,
mass,
number,
radii,
density,
pH,
optical properties,
deposition
parameters,
supersaturation
CN/CCN
activation
etc.
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M7: Aerosol Water [1e-9 kg/kg]
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' ugust 1 998 ECHAM - ECMWF Residual Evaporation for orbit 199508 to 200008

ECHAM - ECMWF [mm]

ECHAM - GPCP idual Precipitation for orbit 199508 to 200008




Conclusion/Outlook

MPI "fbr Che-misltry

For detailed questions/remarks on EQSAM:



Summary ECHAMS.2.02 vs observations

global means, 1995-2000
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The GOME-IGAM/SSP WV data record
GOME-IGAM/SSP retrievals vs ECHAMS

Radiosondes — Monthhy data
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\\ GOME-SSP WV comparisons ECHAMS5 and
" others with GOME-SSP (global daily means i Gy
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. Conclusion/Outlook satellite observations
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MPI-CHEM Radiosonde climatology i
(preliminary results!) MP for Chemstry
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Fia. 4. Temperature trend (K decade ') as a function of pressure level (hPa) (left) for 1959-97 and (right) for
1979-97. Because of the different ranges, trend profiles have been plotted separately for (top) stratospheric and
{bottom) tropospheric levels, with different increments on the abscissa. Trend is median over all stations in a particular
latitude zone: NH (30°-90°N, blue), TRPC (30°N-30"8, green), and SH (30°-90°8, red). Each zone has curves based
on unadjusted (UNADI, dashed) and adjusted (LIBCON, solid) data.
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MPI-CHEM Radiosonde climatology

(preliminary results!) P! for Ghemistry
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Coupled chemistry-GCM: Aerosol modeling

New M7/EQSAM Structure
I.N 1
2. H2S0, '
N

.BC-OAla

.BC-OA2a N

.NO, 5.NH, 6. SO, 5
3.

N
BC-OA1 (primary)

. SOAI 8. SOA2 BC-OA2 (primary)

.BC =>BC-OAla, BC-OA2a
.0C =>SO0AI 8. SOA2 L
.SS  =>SS-Na 12.58S-Cl 5
.DU =>DU1,DU2

/8.9.  NO,NH, H,0

N
DU3 (solid Si-core)

I.N
2. BC-OAla
3.

BC-OA2a N
D

l.
4.NO,; 5.NH4 6. SO, 2.
7. SOALI 8. SOA2
9. DU1 10.DU2 11. SS-Na 12.SS-Cl

U3 (solid Si-core)



Coupled chemistry-GCM: Aerosol modeling
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EQSAM-M7: Aerosol Water [1e-9 kg/kg] (ug/kg)
(PBL monthly mean, august)
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Coupled chemistry-GCM: Aerosol modeling
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Equilibrium relation

Equilibrium Constants

Constant expression

Eguilibrium constant®

K (Z98.15)

a
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Units

NH3 (g) = NH3 (aQ)

HNO3 (g) = H" (ag) + NO3™ (ag)

HC1 (g) = H" (ag) + C1” (aqg)

H-O (aq) = HY (ag) + OH ™ (aq)

NH; (aq) + H-O (aq) = NH,4' (aq) +

OH™ (aqg)
HSO,” (ag) = HY (aq) + SO,42" (aq)

NH4C1 (s) = NHsz (g) + HC1 (g)

NH  INO;3 (s) = NH3 () + HNO3 ()

(INH)>SO,4 (s) =2 N‘I—I4"' (aqg) +
S04 (aw)

NHHSO,(s) = NH, " (aq)+HSO4 (aq)

(INHD3H(SO(s) = 3 NH, (ag) +

HSO, (aq) + SO,2(aqg)

NacCl (s) = Na* (ag) + C1” (ag)

. !
(HTIINOS T v, Y

PaNoO,

+ .
[H J[OH ] v _- g F—

4 -
INH_ 1[OH 1 YNH: ¥ e
[NH3(aq)] YNp, 2w

[HAIISO5] 7,

HsO0O31 Ynso’
SO,

~Ysos

PNH; PHCOL
PNH.PRANO,

2 5 2
[INHIT[SOZ 1 "YNH: FYSOZ’

INHIILHS O3] Yoyrs Yoo
INHFT ITHSOZIT SO27

3
VoNE ‘YHSO‘,‘YSOE

. .
[Na IS v - v,

57.639

2.511 x 10°®

1971 x 10°

1.010 x 10714

1.805 x 1073

1.015 x 10°2

1.086 x 10°'°¢
5.746 x 10717

1.817

1.383 x 10%

2972

37.661

13.79

29.17

mol / kg atm

mol? / kg? atm

mol? / kg2 atrr

mol? / kg2

mol / kg

mol / kg

atm?

atm?

mol? / kg
mol? / kg2

mol”® / kg

mol? / kg2

NaNO. s) = Na* (aq) + NO5~ (ag - 11.971 g nol? / kg2

3 (s) (aq) 3 (aq) [Na+][NO3 1 S 'YNO; T Z

Na>SO, (s) = Na* (aq) + SO,42 (aq) [Na+12[s o321 ¥ . Yoo 4.799 x 101 mol3 / kg3
Na o

NaHSO,4(s) = Nat(ag) + HSO_ (ag 2.413 x 10% nol? / kg?

4(S) (aq) 4 (aq) [Na+][HSO;‘] Y Voo B T Z

”

KC1 (s) = K7 (a + C1° (a = 8.680 mMmol? / ke?2
(s> (aq) aq) [ 1rer Ve Yoo T =

KNO; (s) = K (a + NO3™ (a - 0.872 sHalZ filea®

3 (s) Caqd 2" (aq) LK IINO .| Ve Y o
s

K,S0, (s) = 2K™* (ag) + SO,4>" (aq) [K+12[SO21 v e v o 1.569 x 1072 S8 5 .8 mol? / kg?
® so3

KHSO,4(s) = K*(a + HSO,4 (a 24016 - > mol? / kg2

4(S) Caq)y 4" (aq)d [K*ITHSO1 v, - ¥, . - =

7

CacCls (s) = Ca?* (aq) + 2C1" (aq) [Ca?+1[CI 1% v e Vzcr 7.974 x 1011 mol> / kg>

Ca(NO s) = Ca®*ag) + 2NO3 (a - 6067 x 105 mol? / kg?

C 3)2(s) Caq) 3 (aq) [Ca2+][ NG, I Y Yéo’ =

3

CasSOy, - 2HLO0 (s) = Ca*(aqg) +
S0O4% (ag) + 2 H,O

MgCls (s) = Meg2+(aq) + 2C1° (aq)

Meg(NO3)2(s) = MgZ*(ag)+2N Oz (aqd

MgSO, (s) = MgZHag) + SO,42” (aq)

LCa2+J1SOZ ]

Yeaz- Vsoz- ai
[Mg2+1LC1 1% Ypqpar Yoy-
IMg2+ L NOs P vy ae v32

NOj
M2 ISOZ 1 Vagpar Yoz

4.319 x 1077

9.577 x 1021

2.507 x 10'°

1.079 x 105

mol? / kg?

mol? / kg3

mol? / kg3

mol? / kg2

. = To Y To Toy
#* Constants ¢ and & are in K= K(Ty)r- exp [a(T — 1]71)(1 —+ ln(-,r—) — T) .where T, = 298K .




LMW organic acids




Radiosondes
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ECHAM 5.2




