Heterogeneous chemistry - how to get from the
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Chemical composition of tropospheric aerosol

The particulate matter in the
atmosphere is very diverse.

Wide variety of primary sources - dust
and sea salt are the strongest by mass.

Chemical transformation of pollutants
occurs within the atmosphere, and can
lead to aerosol formation.

NOy; = HNO; — aerosol nitrate
SO, = H,SO, — aerosol sulfate

VOC - organics (carbon-rich)
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Size range spanned by atmospheric aerosol

Sizes range from few nm up to
hundreds of microns.

The lifetime of small and large
particles is short, but between 100nm
and 2 pm, the lifetime can be up to a
couple of weeks.

Dust can be transported across oceans,
volcanic aerosol can survive in the
stratosphere for years.

The integrated impact can be large.
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Current work - aerosol chemistry on a global scale

.-

SRR Y
- Organic
matter

42 v 1 I ..!'

[ ] [ ] [ ] <3 - - H
o o o =] . N o
o - 0~ a 9 < S
o« . <& c 3

b ] L)
o o
o o

burden [mrg m
1000.0

This aerosol model runs within the UK Met Office ‘Unified’ Climate Model.



Global near-surface distribution of aerosol

Satellite-Derived PM [ug/m>]

Total (mass) particulate matter is shown (NB no measurements over oceans)



Aerosols and the chemistry of the troposphere

Anthropogenic pollutants are degraded
by the action of sunlight in the
atmosphere to form aerosol.

Absorption and scattering by the
aerosol then change the amount of
incident sunlight - local climate
ditferent in the neighbourhood of the
emissions.

Also changes the rate of degradation - a

feedback loop is established.
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Global distribution of aerosol
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Coupling between aerosol and oxidation

Fig.1. Percentage difference in surface sulfate mixing razio between future coftrol simulation (2030C and sensitivity simulation with future $O; emissions
but present-cay Oz precursor emissions (202050y4) [i.e., 100 x [2030C — 2030504/ 203CC].

Regional variations in impact: higher future NOx emissions lead to large increase
in [OH], more OH+S02 reaction, more sulfate.
More aerosol means a decrease in solar radiation, moderating climate change.



Aerosols and their effect on ozone
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Fig. 9 from Dentener and Crutzen, 1993. The zonal mean monthly average ratio of O3
concentrations with aerosol reactions to those without for all months at 1000 hPa



Particulate matter in the atmosphere

« Serve as the germ or nucleus for cloud formation.
o Scatter incoming solar radiation (reduce heating at the surface).
o Absorb outgoing radiation (increase strength of greenhouse effect).

« Remove (and transform) trace gases and pollutants.

o Health effects

Chemical effects of particles in the atmosphere

« DPartitioning to the aqueous phase - solubility controlled
« Adsorption onto solid surfaces

« Reactive uptake of trace gases

« Release of trace gases following reactive uptake

« Aerosols may enhance concentration and so rate of reaction - open up new
pathways of reactivity.



Prognostic equation for reaction of aerosol with gas X

d| X
dt
khet

—kpet [ X] . \/gk_T
vS,c/4

 Parameterise reaction/uptake via uptake coefficient,y, (o <y=<1)

« Represents the probability that the gas phase species X is lost per collision with
the aerosol surface.

 Make sure units of surface area density (m? m3) and ¢ (mean molecular speed
of gas phase X, ms?) match.

« E.g.typical units of SA density - pm?m?



Representative aerosol number, SA and mass distributions
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Tropospheric profile of aerosol mass

Figures taken from Seinfeld and Pandis, p. 375



Kinetics of removal of trace gases

d| X
dt
khet

—kpet [ X] L \/gk_T
vS,c/4

The uptake coetficient, y, contains the physical chemistry that you need to think
about.

This is generally what the experimentalists report.

Tempting just to take the number from the paper and put it into the model, but
there’s usually scope to add a bit of value.

The resistor framework provides the best way currently to do this, although there
are other modelling frameworks available - e.g. Shiraiwa (PRA framework).



Trace gas uptake by liquids - a series of coupled steps
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Trace gas uptake as a series of coupled steps
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Y Vg 8 Vsol + Yran

o The value of gamma can be set by any one of these processes.

« smallesty = 1/y dominates sum - pays to identify the slowest step!

e Ifno reaction(Ymn = 0), then expect the aerosol to become saturated in
the trace gas of interest. Over time, the net uptake will reduce to zero.



Trace gas uptake as a series of coupled steps

1 1 1 1
Y Vg 8 Vsol + Yran

Y, represents the modification to the collision frequency (and uptake rate) if the
particle is large or diffusion is slow to the particle surface. Depends of particle
radius,r, and Dy, gas phase ditfusion coetficient

1 cr

Yq - 4D,

« is the probability that having collided with the particle surface, the molecule X
enters or sticks to the aerosol (NB one way). This can be the smallest probability
for solid particles for which this probability is low and so this may control
gamma.

Conversely, when reaction is very fast (Y is large) the accommodation step may
again be the slowest step and control y (so-called ‘accommodation-controlled

uptake’)



Trace gas uptake as a series of coupled steps

1 1 1 1
Y Vg 8 Vsol + Yran

Ysol represents the uptake due to the equilibration of the condensed and gas phases
- establishing a Henry's law equilibrium at which uptake and evaporation are equal
- net uptake at this point is zero.

Key points: that solubility is composition dependent - e.g. solubility of SO,
increases in acidic aerosol; aerosol has probably equilibrated in a UKCA timestep.

1 Je <t>1/2

veo AHRT \ Dy

Fraction of gas X in aqueous phase can be calculated as

[XGQ]

— 107HRTL
X]




Trace gas uptake as a series of coupled steps

1 1 1 1
Y Va 8 Vsol + Yran

e  Ymnrepresents the uptake due to reaction within the aerosol volume.

« Key points: is composition dependent - N,O; onto sulphate (fast) vs nitrate

(slow); HO, onto organic aerosol; O; uptake by SOA. Most general form (rarely
used)

1 c ( 1 )
= cothqg — —
Yran 4HRT\/DZ k'r:r;n q

e ki is the first-order (s?) rate constant for loss of X in solution; q is the ratio of
particle radius to reacto-ditfusive length, L.

r Dy
[

q = [ =

k’)"CE’I’L



Uptake onto solid surfaces

Here reaction is between a surface site or surface bound molecule

Two limiting cases - Langmuir-Hinshelwood (most common by far) or Eley-

Rideal

For Langmuir-Hins!
bound molecule Y (|

helwood, the reaction is between gas-phase X and a surface-
here Ys). Need info on concentration of Y and on

partitioning at equil

1
"

ibrium between X and surface-bound X, given by K and N.

_ 1 c(1+ K[X])

a ' Akppn Vs KN

For more information see the [UPAC website, http://iupac.pole-ether.fr/
htdocs/supp_info/NewHetIntroOct2009.pdf



http://iupac.pole-ether.fr/htdocs/supp_info/NewHetIntroOct2009.pdf
http://iupac.pole-ether.fr/htdocs/supp_info/NewHetIntroOct2009.pdf

Back of the envelope

Need a representative surface area density (or range)
And a gamma (or range of gammas)
Then calculate kye: for the trace gas of interest

Compare with other relevant rates e.g. reaction with Os, dry
deposition, wet removal, photolysis, ...

Can also put into a box model and do an aerosol on/off experiment
« E.g. KPP - http://people.cs.vt.edu/~asandu/Software/Kpp/

« MECCA - http://www.rolf-sander.net/messy/mecca/
mecca_box.html

« DSMACC - https://github.com/barronh/DSMACC



https://github.com/barronh/DSMACC

Putting heterogeneous chemistry into UKCA

® Follow the tutorial for putting in a new chemical reaction.

° http://www.ukca.ac.uk/wiki/index.php/UKCA_Chemistry_and_Aerosol_vn10.4_Tutorial 6#Heterogeneous_Reactions

Hererogeneous Reactions
Heterogeneous reactions are those that occur on aercsol surfaces. There is no functional form defned for these reactions, with sgecial cede needed te be added for each case.

Heterogeneous Reaction Definition

The heterogeneous reactions are defined in the ukca_chem_scheme.FS0 rcutines using the rath_t Fortran type specification, usually in one array. Tc format of this rath_t type is

rath_t(‘Rcactant 1°', 'Jeactant 27, 'Product 1 ', 'Product 2 *,'Product 2 "B
'Sroduct 4 °, Fraction of Product 1 produced, Fraction of Product 2 produced, Fraction of Froduct 3 producsd, “raction of Product 4 producad), &

I.e. there 18 no rate information provided. For reachions on PSCs special ende has been added to the rout nes n ukca_hetero_mod.F90, and for ather reactians there is caode in
asad_hetero.F90. Examples of th's type are

rath t{'ClONOZ ', 'H20 *, "HUCL ", 'HONO2 o D

: ‘. 0.020, 2.202, 0.020, 8.000), 3

rath_t('s02 ', 4202 ', 'NULLO v )0 ', & |HSO3+H202 {zq)
' ' 0.020, 2.202, 0.020, ©.000), 3

To add new heterogenzous reactions you will need o appenc equivalent lines for the new reactions to the end of tne ratt defs scheme array (increasing the array sizes
accordingly), befare acding cade to either ukca_hetero_mod.F90 or asad_hetero.F30.

Increase the size of JPHK

As with the himolecular and termelecular reactions, you will also need to increase the value of one parameter that UKCA needs. This is

« JPHK is the number of heterngenenus reactions

This value is set in ukca_setup_chex_toz.F92 - you will need to find the correct section of the routing that references the chermn stry scheme that you are using, e.o. StratTrop.


http://www.ukca.ac.uk/wiki/index.php/UKCA_Chemistry_and_Aerosol_vn10.4_Tutorial_6#Heterogeneous_Reactions

uked abdulrazzak ghan, FOo 46 I ukza_chem_steattrop t S0

ukea_activ_mod, F90
ukca_activate FA0
ukea_aero_ctl.F20

UKCY acro step,=uo
ukea_aered. =90
ukea_aneing Fa0
ukca_be_dradep. FI0

ukea be wetdep.F90
ukca_binapara_mod F20
ukea_cak_coarn_kernel F90
ukca_cake_drydiam.F90
uxca cak noy zmeans.Fy0
ukea_cake_slev_diags.Fo0
ukea_cakeminmaxge FS0
ukca_caleminmaxndedt F90
ukea_caknucrete. 90
ukea cdne mod F30
ukea_chd_stratioss F90
ukea_check_md_nd =90
ukea_cheml _det.r40

ukea chem aer.F20
ukea_chern_defs_mod.FO0
ukca_chem_raq.Fa0l
ukea_cherm_std_tros.f 90
ukea chem stratFz0
ukca_chem_tropdsoo FA0
ukea_chement 4o

uker chemed raq.F9a
ukea_charmistry_ctl.FS0
ukea_clousproc F90
ukea_coag_roff w90
ukea coacw thnucl k90

UKCA/ukca_chem_strattrop.F90

451
452
453
454
455
456
457
458

~/Crepboxfzource/UM/vYnE. 4 vanlllarzrefatmosphere/UKC/AIUKEa chem strattrop.FO0O — UKCA

ratb_t('Monoterg ', '03 ' 'Sec_ Crg ', AAL i

&
' ',1.01E-15, .00, 732.00, 0,260, 0,000, ©.000, 0,0388) , &
ratb_t('Monoterg ', 'NO3 'y'Sec_ Crg  ',! Ak 'y, &
' '11019E-1.21 @oee| -9250001 0025@1 eomq €'-'300| 0133'@) &

/)

TYPE(RATH_T), ALLCCATABLE :: rath_defs_strattrop_chem(:)

TYPE(RATH_T) :: rath_defs_strattrop_psc(l:nhet_strattrop)=(/ &
rath_t('CLONDZ ', 'H20 ', 'HOC1 ', 'HCNO2 Ak |k
. ', B.€€0, 0.000, ©0.000, ©.000), &
rath_t('CLOND2Z ', 'HC1 L - G ', "HOND2 ik
. ', ©.€€0, 0.000, ©.000, ©.600), &
rath_t('HOC1 ', 'HC1 e | L ', 'H20 ol
. ', 9.€€0, 0.000, ©.000, ©.600), &
frath_t('n205 ', 'H20 ', 'HONG2 ', 'HONO2 ' ', &
/ ', 9.€€0, 0.000, ©0.000, ©.660), &
rath_t('N205 ', "HC1 -0 - ','NC2 ', "HOND2 ol

/ ', 9.€€0, 0.000, 0.000, ©.600) &
2]

! Agrosol. chemistry: there are no gas phase products, the 'NULLx' products
! ddentify the reactions in asad_hetero

TYPE(RATH_T) :: rath_defs_strattrop_aer(l:nhet_st_aer)=(/ &
1HS03+H202(aqg)

rath_t('S02 ', 'H202 'CUNULLE ey Aok A
/ ', 8.€€0, 0.000, ©.008, £.600), &
1HS03+C3(aq)

rath_t('s02 ','03 'COY'NULLL ’e ' ol 8

1 '. 5.€Q0. P.AAG. O.008. A_000". &




UKCA/ukca hetero mod.F90

® @9 — ~Dicpboxfsource/UM/vns . A_vanillalsrefatmospere/ULC A ukca_hateru_mod FOO — UKCA
ukEa_extract_ol integer_datals. <

ukca_extract_dl_logkal cata2d,

P ukea_hotero mod. FR =

l

ukca,_fastj F90 e ANICUEM,y SMYLE oo (I_NUGCL_IILL=V =

S 111 7k
::_';::'f‘;" 112 LOGICAL, SAVE :: First = .TRUE. 23

- 3 -

. fwachach. mac. P40 ii-& REAL :: zp(theta_field_size) g:
ukca_fixeds F30 o - - - =
uken_fixedsb. 190 115 REAL :: zt([theta_field_size) o=
ukea_up).F90 116 REAL :: zhno3(theta_field_size) E:
ukca_fracdiss. F30 117 REAL :: zh2o(theta_field_size) ;- ==
ukca_ hetera,_mad.F90 118 REAL :: zhcl(theta_field_size) ===
ukea imzc scav.Fuo 119 REAL :: zclonoZ(theta_fielc_size) -
ukca_incdden.Fo0 120 REAL :: zn2o05(theta_field_size) ——
ukca_ingrdg FOO 121 REAL :: zhacl(theta_field_size) ; tm
uken_niasad 190 122 REAL :: pscl(theta_field_zize) =
uked init.FS0 123 REAL :: psc2(theta_field_zize) o
ukca_interp.F90 124 REAL :: psc3(theta_field_zize) -:—____
ukca_lmwedep FA0 125 REAL :: psc4(theta_field_zize) "5_.-‘-;3 :
ukea_lignt.F90 126 REAL :: pscS(theta_field_zize) u-:—
ukea light_cd 720 127 REAL :: hk(theta_field_size,S) £
ukca_mainl-ucca_mair0.F9C 128 o
Lzt =l sy 129 INTEGER(KIND=4pim), PARAMETER :: zhook in = & —
B el 130 INTEGER(KIND=1pim), PARAMETER :: zhook out = 1
nmode. e oS- 90 131 REAL(KIND=jprb) :+ zhook_handle S
ukca_mode_wms_am_moc, FS0 132 .
I e 133+ | ——
ukca nstypes.FY0 - :.: =
ukca_cption_mod.F90 . e
ukea_phot2d FO0 135 IF (lhook) CALL c¢r_hook('UKCA HETERQ MOD:UKCA HETERD',zhook -in,zhook handle) T
ukea_nhotol 790 136~ IF (first) THEN >
ukca prim car.F20 137+ DO s = 1, jpctr = —
Wkl primL 5. P90 138~ SELECT CASE (advt(js)) o
ukea_prim_su. 790 139 CASE ('H20 ', 'H20S ) S
ukca_radaer_band_averzge.tU0 140 ih2o = js %_
ukca radaer cormpute aod.F90 142 CASE ('"HONOZ ') e—

ukca_radaer_yet FOO 142 ihno3 = js q —

day Jas 04 100431 2014, liee 127




UKCA/ukca hetero mod.F90

-/Drogbox/source, UMNAT 8.4 _vanillz sre/atmasphere, U4CA ukca_hatero_mod.F90 — UKCA

ukca_extract_ol_integer_cata?c. — ] e e et [ -
ukca_extract_dl_logical_date2d.
ukea fastyF90 530 END IF ::‘.‘
ukca_fastx F90 631 =
ubea_fdiss FE0 632 END IF -
ukca_ferdhack_mnd FO0N 633 3 _':—:
ukca_fixeds.HJ0 koo =
ukea fixedsb.Fo0 535 4. AEROSOL REACTIONS
ukea_up).FI0 xR T ittt :
ukca_fracdise FI0 637 -.i .
ukca_hetero_mod. -00 638 If requirec, include the reactions on the sulphate zerosols. _—_ -; —
ukca Imoc scav.Feo 539 IF ( LPSA ) THEN =
ukca_inddep F30 &40 i
ukea_ingrdg FEN 541 CALL UKCA_EQCONP(T,TH20,KSTART ,KEND, KCHMLEV, LPHOCL, 3 =
ukea_iniasad.FI0 542 GAM3B8 ,HSHCL , HHOCL ) e
ukca initke0 543 —
AUl 544 AKPSCZ (kstart:kenc) = AKPSCZ(kstart:kerc) + 2 ==
b 545 CCMIT (kstart:kend) »100 . 05A5A(kstart: kenc ) AGAM3B(kstart:kend) :
=g s 546 AKPSC3(kstart:kenc) = AKPSC3(kstart:kenc) + 2 ErE
ukeca hignt_cd.~00 B — ) —=

647 CN205 (kstar<:kend)+100.0x5A5A(kstart::kenc ) AGAM3C o
ukca malnl-u<ca mair0.F90 £an N
ukca_mainl-ucca_mair LF90O C -
mken racia. cheel artefacts moe 649 If recuired, include HOCl + HC1 —> C12 + H20 i
ukea_mode_ems_mod.F90 650 IF (LPHOCL)THEN  —
ukca mode ems um_mod.Fo0 551 DO JL = KSTART , KEND
ukca_mode_setup F90 652
ukea_nstypes F90 653 Estimate specific volume from surface area
ukea_option_mod.F90 654 VOL = |SASA(JL)ARADSA/3.9
ukea_phot2d F90 655 E
ukca_photol 290 656 Add zerosol rale, converlec Lo pseuco Tirst orcer .
ukca_prim_car.Fon 657 ORDER2-1.E62CPK1xVOLxAVOGADxHSHCL (JL ) *HHOCL (L) » & !
ukea_prim_ss.130 658 (BOLTZ2T(IL) )**2.0 :
ukea_prim_su.790 659 AKPSCS (L) = AKPSCS(IL) + ORDER2xTHCL(JL) E
ukca_radaer_band_aversge.F80 <. END DO =



UKCA/ukca hetero mod.F90

URCI_Cxirach MICYCT_Uatdc U
—= Al 2 » | ukea hetero mod. F9v

ukca extracs dl oqical deta2d.d

ukca_“asy.F90 ‘_;_ I ::"_
b 632 END IF T
uken_“diss.ma0N - =
uken_ceedback_mad FEN . :

) B34 e e e e e e e E
ukca_axcds. Hi0 R ~ o
ukea. fxed<b.FI0 635 ! 4. NEROSOL REACTICKNS ;
ukea ‘lup FI0 es & S e
ukea_fracdiss. FOC = ;;_: _
ukca_hecero_mcd F90 638 ! If required, include the reactinns on the sulphate aerosals. o
uken_mpe_seav. 790 A39 IF ( LPSA ) THEN Ef' ’
uken_nddep.F30 6407 ! mam
ukeanpridg.F90 641 CALL UKCA_EQCOMP(T,TH20,KSTART ,HEND , KCHMLEV, LPHOCL, & -
ukea miasad F90 642 GAM3B, HSHCL ,HHOCL) =aume
ukca (nitF90 643~ . o
uked_ nieip.FO0 544 AKPSC2(kslar Lilend) = AKPSC2(ksLlarLikend) = & §I§§ :
ukea_ nwdzp. 90 645 CCNIT (kstart:kend) =166, O*SASM kstartikend)=GAN3B(kstart:kend) o
uken_lignt.F30 646 AKPSC3(kstart:kend) = AKPSC3(kstart:ikend) - & —
ukea_lignt_ct. 790 647 CN205 (kstart:kend) #1660, 0<SASA(kstart s kend) =GAN3C =
ukcamainl ukca_maing. H0 GAR S—
ukca malnl-ukca mainl.FoQ 49T | If requrired, include HOCT + HC1 -> €12 + H20 -
ukca_mode_check_artefacts_moc (50 TF (LPHOCL ) THEN ;"j‘ —
ukea_mode_ens_rmod F9I 651 DO JL = KSTART , KEND -
uken_mnde_ems_um_mnd.Fon 652
uken_mnde_setun.F90 . . . .

X 653 ! EsLimale specilic volurke from surlace area
::i:‘:;i:' i:mo 654 VOL = [SASA(IL)+RADSA/3.0 -
ukea ohot2d 790 = ) i
ukca_photal. 790 656 v . Add acrosol rate, converted to psecudo Tirst orcer E-.-
uktaowie_car. P90 657 CRDER2=1. E6*CPK1#VOL*AVOGAD*HSHCL (IL) *HHOCL (JL) » &
uken_arim_ss 90 bod (BOLTZAT(IL) ) **d.0 :
wi e iy o ) 59 AKPSCS{IL) = AKPSCS(IL) + DRDERZHTHCL (1) =

ukca_radaer_band_avorage.H0 K60 END DO



The MODE aerosol chemistry - slightly different



465
466
467
468
469
470
471
472
473
474

UKCA/ukca_chem_strattrop.F99

I Tropospheric heterogenous reactions

TYPE(rath_t) :: rath_defs_strattrcp_trophet(1:_)

! Heterogenous

rath_t(’'N205 .

' "HONO2
' 2.800, 0.000, ©.000, 0.000),

! Heterogenous

rath_t(’'HO2 L

/)

' 'H202
', 0.500, 0.000, 0.000, 0.000)

’

)

?

’

(/



UKCA/ukca_mainl-ukca_mainl.F90

CALL ukca_chemistry_ctl(i_month, i_day_number,
r_minute - timestep/60.0,
REAL (chem_timestep),

n_chem_tracers+n_aero_tracers,

CALL ukca_aero_ctl(i_month, i_day_number, i_hour,
INT(r_minute - timestep/60.9),
REAL (chem_timestep),
rows, row_length,

CALL ukca_activate(
row_length, rows,
bl_levels,

! Return fields to DI
CALL putdiflds( &
do_chemistry, ierr)

i_hour,

2 0 0 ™

o fo o fo



UKCA/ukca_chemistry_ctl.F90

f Put pressure, temperature and tracer mmr into 1-D arrays

! for use in ASAD chemical solver

zp(:) = RESHAPE(pres(:,:,k),(/theta_field_size/))
zt(:) = RESHAPE(temp(:,:,k),(/theta_field_size/))

v

! tropospheric chemistry selected here. Use FAST-JX rates or previously

! calculated 2-D rates.

IF (i_ukca_photol == i_ukca_fastjx) THEN

zprt = fastj_dj(:,:,k,:)
DO 1=1, jpp]

zprtld(:,1) = RESHAPE(zprt(:,:,1),(/theta_field_size/))

END DO

END IF




UKCA/ukca_chemistry_ctl.F90

763 ! retrieve tropospheric heterogeneous rates from previous time step
764 ! for this model level (index k)

765w IF (L_ukca_trophet) THEN

766 ! N205

767 1 = name2ntpindex(all_ntp, ’'het_n205 ')

768 -: 1) = RESHAPE(all_ntp(1)%data_3d(:,:,k), 8
769 (/theta_field_size/))

770 ! HO2+HOZ2

771 1 = name2ntpindex(all_ntp, 'het_ho?2 ")

772 -; ,2) = RESHAPE(all_ntp(1l)%data_3d(:,:,k), &
773 (/theta_field_size/))

79@\f§ CALL asad_cdrive(cdot, jfzi, zp, zt, zq, &
791 g RESHAPE (cloud_frac(:,:,k),(/n_pnts/)), &
792 | RESHAPE (qcl(:, :,k), (/n_pnts/)), &
793 5 k,zdryrt2, zwetrt3, &
794 ; zprtld, n_pnts, stratflag)

v



NB

UKCA/asad_cdrive.F90

200 ! 3. Read model tracer concentrations into working array,

201 ! and if necessary, convert vmr to number densities

202

203~ IF ( lvmr ) THEN

204 DO jtr = 1, jpctr

205 « DO j1 = 1, n_points

206 ftr(jl,jtr) = ftr(jl,jtr) * tnd(jl)

207 f(3l,itr) = ftr(jl,jtr)

208 END DO

209 END DO

218 ! 4, Calculate reaction rate coefficients

219 ! mmemmmmmee e e e

220

221  CALL asad_bimol (n_points)

222 CALL asad_trimol(n_points)

223

224 !' Calculate aqueous-phase S02 oxdn. and tropospheric heterogenous rates
225~ IF (L_ukca_nr_aqchem .OR. L_ukca_trophet) &
226 THEN

227 CALL asad_hetero(n_points, cld_f, cld_1, rc_het)

228 END IF

331 REAL :: zfrdiss(row_length, rows, model_levels, jpdw, jpeqg+l)

332 REAL :: (theta_field_size,Z) I heterog rates for trop chem
333 REAL :: kp_nh(row_length, rows, model_levels) ! pissociation const



UKCA/asad_hetero.F90

217 ! Search for tropospheric heterogeneous reactions

218 - IF (1_ukca_trophet) THEN

219 prods = (/'HONO2 ! /)

220 in205_h = asad_findreaction( 'N205 b, ",

221 prods, 2, sph, nhrkx, jphk+1, jpsph )
222 prods = (/'H202 t! 1)

223 1ho2_h = asad_findreaction( ’'HO2 S "

224 prads, 2, sph, nhrkx, jphk+1, jpsph )
2293

305+ IF (L_ukca_trophet) THEN

306 ! N205 => HNO3 (heterogenous)

307 rk(:,in205_h) = rc_het(:,1)

308

309 ! HOZ2 + HOZ2 => H202 (heterogenous)
310 rk(:,iho2_h) = rc_het(:,2)

311+ ELSE

312 IF (in205_h > @) rk(:,in205_h) = 2.0
313 IF (iho2_h > @) rk(:,iho2_h) = 0.0
314 END IF



UKCA/asad_cdrive.F90

218 ! 4, Calculate reaction rate coefficients
219 |} = =mmmmmees mmmeemes sees mmmeeeeeeee-
220

221  CALL asad_bimol (n_points)
222 CALL asad_trimol(n_points)

223

224 ! Calculate aqueous-phase S02 oxdn. and tropospheric heterogenous rates
225+ IF (L_ukca_nr_aqchem .OR. L_ukca_trophet) &

226 THEN

227 CALL asad_hetero(n_points, cld_f, cld_1, rc_het)

228 END IF

229

230 ! 5, Calculate deposition and emission rates

23] ! -----------------------------------

232

233  IF ( ndepw /= @ ) CALL ukca_wetdep(nlev, wetrt, n_points)
234 IF ( ndepd /= @ ) CALL ukca_drydep(nlev, dryrt, n_points)
235 IF ( nemit /= @ ) CALL asad_emissn()

236
237 ! 6. Integrate chemistry by chosen method. Otherwise,
238 ! simply calculate tendencies due to chemistry

239 ! e e e



UKCA/ukca_chemistry_ctl.F90

CALL asad_cdrive(cdot, d?tf, zp, zt, zq,
RESHAPE (cloud_frac(:,:,k), (/n_pnts/)),
RESHAPE(qcl(:,:,k), (/n_pnts/)),
k,zdryrt2, zwetrt3, rc_het,

zprtld, n_pnts, stratflag)
IF (n_h20 < jpctr) THEN
DO 1=n_h20+1, jpctr

tracer(:,:,k,1) = RESHAPE(zftr(:,1l),
(/row_length,rows/))*c_species(l)
END DO
END IF

x o P X
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UKCA/ukca_mainl-ukca_mainl.F90

CALL ukca_chemistry_ctl(i_month, i_day_number,
r_minute - timestep/60.0,
REAL (chem_timestep),

n_chem_tracers+n_aero_tracers,

CALL ukca_aero_ctl(i_month, i_day_number, i_hour,
INT(r_minute - timestep/60.9),
REAL (chem_timestep),
rows, row_length,

CALL ukca_activate(

row_length, rows,
bl_levels,

! Return fields to DI
CALL putdiflds( &
do_chemistry, ierr)

i_hour,

0 @ 0 X

o fo o fo



UKCA/ukca_aero_ctl.F90

1679 ! Calculate heterogeneous rate coeffs for tropospheric chemistry
1680 IF (L_UKCA_trophet) THEN

1681 CALL ukca_trop_hetchem(nbox, t, rh, aird, pvol, &

1682 g é é - wetdp, sarea,

1683 ! Now copy the het_ rates into the all_ntp array

1684 1 = name2ntpindex(all_ntp, 'het_n205 ')

1686 (/row_length,rows,model_levels/))

1687 i = name2ntpindex(all_ntp, "het_ho?2 "

1688 all_ntp(i)%data_3d(:, :,:)=RESHAPE(het_rates(:,ihet_ho2_ho2),
1689 (/row_length,rows,model_levels/))

1690 END IF



UKCA/ukca_ntp_mod.F90

48 ! subroutines/functions which are public

49  PUBLIC ntp_init, name2ntpindex, stash2ntpindex, print_all_ntp, ntp_dealloc
50

51 ! The size of the all_ntp array is defined here.

52 ! If adding or removing entries remember to change

53 ! the size of[dim_ntd

54 INTEGER, PARAMETER, PUBLIC :: Pim_ntq = 78

a0

56 ! Derived type used to hold all information for each NTP.

57 ! Section, item, data_3d, l_required, name

~ "~ -yirar- MmN v~

175

176 I Heterogenecus self reacticn rate of HOZ2

177 CALL add_ntp_item(all_ntp, section=ukca_sect, item=973, &
178 varname="het_ho2 ")

179

180 ! Heterogeneous 10ss rate of

181 CALL add_ntp_item(all_ntp, section=ukca_sect, item=974, &
182 varname="het_n205 ')

183



UKCA/ukca_trop_hetchem.F90

67 I Number of heterogeneous reaction rates

68 INTEGER, PARAMETER, PUBLIC :: nhet = 2

69

70 I Indices for the location of each rate in the returned array.
71 I' 1. Index for heterogeneous hydrolysis of N205

72 INTEGER, PARAMETER, PUBLIC :: ihet_n205 =1

73 I' 2. Index for self reaction of HOZ2 on surfaces

74 INTEGER, PARAMETER, PUBLIC :: ihet_ho2_ho2 = 2

-



UKCA/ukca_mainl-ukca_mainl.F90

CALL ukca_chemistry_ctl(i_month, i_day_number,
r_minute - timestep/60.0,
REAL (chem_timestep),

n_chem_tracers+n_aero_tracers,

CALL ukca_aero_ctl(i_month, i_day_number, i_hour,
INT(r_minute - timestep/60.9),
REAL (chem_timestep),
rows, row_length,

CALL ukca_activate(
row_length, rows,
bl_levels,

! Return fields to DI
CALL putdiflds( &
do_chemistry, ierr)

i_hour,

2 0 0 ™

o fo o fo



Concluding remarks

Adding new aerosol chemistry involves changes at a few places in the code.
New tropospheric heterogeneous chemistry is very powerful.

Can define uptake onto ditferent aerosol modes so well worth etfort.

Big improvement over sulfate-only scheme.

Box models can help in building up understanding of aerosol impact.

Aerosols may enhance effective concentration and open up new pathways of
reactivity, can recycle and transport reservoirs.



