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Cape Verde Observatory

Figure 5 Typical 10-dav back majectory types used to classify alr masses amiving at Cape Verde 1)
Atlante and Afncan coastal - AAC, 2) Atlantic manne - AWM, 3) North American and Atlantic only - NAA
4} Merth American and coastal African - WCA, 5) Ewopean (with minimal African influence) - EUR, &)
African (with minimal European influence) - AFR, 7) Ewopean and Afiican — EUR/ATE.
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Overview of Talk Atmospheric photochemistry

Discussion of O; measurements

Comparison to GEOSCHEM

Influence of radiation and NO, on O; depletion

CO record

Comparison to GEOSCHEM
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Tropospheric ozone record
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Ozone diurnals and halogen influence

In 2008 we published a paper where we modelled the depletion and found that we had to invoke halogen

chemistry to reproduce the measurements.
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Tropospheric O; budget

—e— Entrainment and deposition —4—HO, + O;
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e Lee et al. looked at this relationship and found that in this O -5+
region there is a level of NO, at which there is a switch from net F & F @ W@

destruction to production of O3, the “O; compensation point”
(Lee et al., J. Geophys. Res., 2009).

‘0 In the MBL bromine and iodine atoms have been shown
to be important in the role of O5 destruction in this region
(Read et al., Nature, 2008).

NO / pptv

X+0;-> X0 +0,

X0 + X0 - 2X + 02
X0 +10 - X+ 0IO
XO + HO, - HOX + O,
HOX + hu - OH + X
XO + NO - NO, + X

NO / pptv * XO causes a decrease in the NO/NO, ratio but O, is not

increased because the X formed will likely destroy O5
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Delta O;, the role of photolysis and air mass history

2 1000
900 [ meseured ¢ The modelled and
0 T T T . —— : monthl
- 800 average measured follow the
2 M Ve J\ o ey same trend most of the
E s average . . . .
2 oo Sir_w_ave time in-line with the
o -4 + 500 .
= \/\/ r dominance of the O,
2 ~ 400 3
% - photolysis term.
+ 200
-8 1
- 100
-10 0
Oct/06 Apr/07 Nov/07 May/08 Dec/08 Jul/09 Jan/10

‘EI African (dust) B Polluted @ Coastal African O Atlantic Continental B Atlantic Marine
100

90

* Better agreement when =20
sampling Atlantic conditions than
coastal African conditions.

o N
o O

% contribution of each secto
w A O
o O O

B N
o O

May/08
Jun/08 B
Jul/08
Aug/08 |
Sep/08
Oct/08
Nov/08

National Centre for E 4
Atmospheric Science : www.ncas.ac.uk

HATURAL ENVIRONMENT RESEARCH COUNCIL




GEOS CHEM comparisons O,
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Delta O; and NO/NO, ratio

Delta 03 / ppbv
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eNot enough XO to explain the
difference in modelled to measured NO /
NO, ratio

eOther processes going on

National Centre for
Atmospheric Science

HATURAL ENVIRONMENT RESEARCH COUNCIL

Jan/10

0.75

N
r 0.25

-0.25

-0.75

-1.25

-1.75

-2.25

e The modelled NO/NO, ratio is
generally too high although

—&— measured

monthly average

—&— GEOSCHEM

agrees better in 2009.

e However NO, (and often NO-

monthyaversge| €€ plot below) are also much

—®— measured

NO/NO2 ratio

higher in the measurements
compared to the model

(sometimes by 5x).
—8— GEOSCHEM ] .
NO/NO? ratio * NO correlates with delta O; in
the measurements and model
8
6,
44 y =0.3531x - 2.8144
x R?=0.3537
o 27
_°E° N < 20 25 30 35 4
3 y = 0.2139x - 4.658
oy R? = 0.368
104 7 KXX
-12 4
-14
NO / pptv

www.ncas.ac.uk




%0 contribution

Jan‘/08 Jun/08 No
tal African Atlantic
s, HONO, alkyl nitrate

| !
‘“ m WW 1




CO and ethane comparison to GEOS CHEM
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Is the amplitude of the CO correct for the wrong reasons?
Can the emissions be underestimated all year?

If we increase the Spring emissions to similar to those needed for ethane then the amplitude is too large, need
additional sources in summer.
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Other sites CO with GFDL GCTM model
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Holloway et al., 2000
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Using ethane to interpret CO

® CO and ethane share some common

sources e.g. fossil fuel emissions, and

biomass burning. The ratio of CO : ethane — OH dependent fit to CO .

emissions from these sources is not —=Sinusoidal fit to ethane
200 ——OH dependent fit to ethane 1+ 3000

thought to vary seasonally.

150 7

e “n[OH]” can be calculated from ethane
and applied to calculate a theoretical CO
assuming no other sources exist and all loss
routes are also shared.

CO (ppbV)
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* If the modelled CO amplitude is correct R
then is there a year-round underestimate Oct/o6 Dec/o6 Janfoy Marfoy May/o7 Juljo7 Sep/o7 Nov/o7 Jan/o8 Mar/o8
of emissions?

Read et al., J. Geophys. Res., 2009
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Summary

e The O; depletion measurements have inspired much interest in the
Observatory.

e Poorer model/measured delta O, agreement when NO and ratio of NO/NO, is
low. Is the difference in measured O; depletion between 2007 and 2008 (with
changing NO) simply due to measurement variability of budget terms? What is
the impact of halogens?

e Better agreement with the global model when the NO is higher, and the ratio
of NO/NO, is higher but the concentrations of NO and NO, are
underestimated.

e The distribution of NO, is well simulated in Atlantic marine conditions but not
when considering data from the continents. More NO, source information is
needed to be addressed through NO, measurements.

e CO shows fairly poor agreement to the global model.

e Additional emissions in spring would lead to overestimation of concentrations
in summer.

e 0VOC (acetone and methanol) peak in summer and through secondary
production could explain CO concentrations at this time.
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NO, speciation

Aerosol >2um
removed by filter

Sample in

e NO,-main sources urban,
industrial areas

e Oxidation to HNO;, PAN,
alkylnitrates <1 day.

e Diurnal cycles in NO, may
indicate production from
PAN, HNO,, HONO
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