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What do we know about UFP ARN

N

number concentrations
urban, rural, maritime ......... 300 - 300000

Aitken (1890), Landsberg (1938), Went
(1960), Twoomey (1974) ........

lifecycle
GPC (Moehnen, 1969)



http://www.airborneresearch.org.au/

What’s new? %
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QUEST,Q/uan.t.iﬁca'rﬁ of Aerosol Nucleation in the European Boundary Layer
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Airborne measurements of
nucleation mode particles IlI:

Boreal forest nucleation events
C.D. O’Dowd, Y. J. Yoon, W. Junkermann, P. Aalto, M.
Kulmala, H. Lihavainen, and Y. Viisanen, ACP, 2009
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UFP event due to veering plume, well mixed PBL, INNER MONGOLIA, 3.7.2009 ﬂ(IT
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Anthropogenic
Wildfire

Biofuel Dom
Biofuel Dom
Fossil Fuel surface
Roads /off roads
Ships

Industry (300m)
Power-Pl (300m)

Natural

Dust

sea salt

DMS

Volcanic
Volcanic contin.
SOA

Anthropogenic
Natural

TG/a

42.0
11.0
9.6
6.4
3.5
7.8
39.2
48.2

1678.0
7925.0
18.2
2.0
12.6
19.1

Mode-R EffR

[um] [um]

0.040 0.095
0.040 0.095
0.015 0.036
0.015 0.036
0.015 0.036
0.500 1.660
0.500 1.660
0.500 1.660
0.650 2.100
0.740  2.500
0.040 0.095
0.040 0.059
0.040 0.059
0.040 0.095

Radius EffR

Number of Particles

8.9E+29 6.5E+28
7.3E+28 1.3E+28

PRIM. AEROSOL
EMISSIONS /a
FORY 2000

FOR GLOBAL
AEROSOL
MODELS

ANTR. <> NAT.

NUMBERS
CALCULATED
FROM SIZE AND
MASS

DENTENER ET AL,
ACP, 2006
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Anthropogenic
Wildfire

Biofuel Dom
Biofuel Dom
Fossil Fuel surface
Roads /off roads
Ships

Industry (300m)
Power-Pl (300m)

Natural

Dust

sea salt

DMS

Volcanic
Volcanic contin.
SOA

Anthropogenic
Natural

TG/a

42.0
11.0
9.6
6.4
3.5
7.8
39.2
48.2

1678.0
7925.0
18.2
2.0
12.6
19.1

Mode-R Eff R

[um]

0.040
0.040
0.015
0.015
0.015
0.500
0.500
0.500

0.650
0.740
0.040
0.040
0.040
0.040

[um]

0.095
0.095
0.036
0.036
0.036
1.660
1.660
1.660

2.100
2.500
0.095
0.059
0.059
0.095

Radius

9.0E+28
2.3E+28
3.9E+29
2.5E+29
1.4E+29
7.4E+24
4.3E+25
5.3E+25

8.3E+26
2.7E+27
3.9E+28
4.3E+27
2.7E+28
4.1E+28

8.9E+29
7.3E+28

Eff R

Number of Particles

6.7E+27
1.8E+27
2.8E+28
1.8E+28
9.9E+27
2.0E+23
1.2E+24
1.4E+24

2.5E+25
6.9E+25
2.9E+27
1.3E+27
8.4E+27
3.0E+27

6.5E+28
1.3E+28

PRIM. AEROSOL
EMISSIONS /a
FORY 2000

FOR GLOBAL
AEROSOL
MODELS

ANTR. <> NAT.

NUMBERS
CALCULATED
FROM SIZE AND
MASS

DENTENER ET AL,
ACP, 2006
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Tg/a

Anthropogenic

Wildfire 42.0
Biofuel Dom 11.0
Biofuel Dom 9.6

Fossil Fuel surface 6.4
Roads /off roads 3.5
Ships 7.8
Industry (300 m) 39.2
Power-St (300 m) 48.2

Anthropogenic emission

Mode-R EffR Radius EffR
[um]  [um] ) | QQQQ
umber 'Q\’L .cles
AQ>
0.040  0.095 \@?’ +28 6.7E+27
0040 0 \a 2.3E+28 1.8E+27
0.015 o‘<\‘§‘° 3.9E+29 2.8E+28
§l 0.036 2.5E+29 1.8E+28
0.036  1.4E+29 9.9E+27
0.500 1.660  7.4E+24 2.0E+23
0.500 1.660 4.3E+25 1.2E+24
0.500 1.660 5.3E+25 1.4E+24
8.9E+29 6.5E+28
1.3 E+28

GAINS global anthr. cont. Paasonen, 2016

<1027 PMNure

10

Emissions, year'

2010 2020 2030

27 PNgp

10

L BN

Emissions, year!
3

—

2010 2020

=

2030

ARN

_—

NUMBERS
CALCULATED
FROM SIZE AND
MASS

DENTENER ET AL.
ACP, 2006 (Y 2000)

I FPower production
I Residential combustion
I Industrial combustion
[ lIndustrial processes
[ ]Road transport

[ ] Non-road mobile
B VWaste treatment

B Acriculture
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Tg/a

Anthropogenic

Wildfire 42.0
Biofuel Dom 11.0
Biofuel Dom 9.6

Fossil Fuel surface 6.4
Roads /off roads 3.5
Ships 7.8
Industry (300 m) 39.2
Power-St (300 m) 48.2

Anthropogenic emission
GAINS

Power-St (300 m) 48.2

8000 units coal

Mode-R Eff R Radius EffR
[um] [um] Q”
Number of P \cLQQ p
o2®
0.040 0.095 - cfoﬁ 6.7E+27
0.040 o.ogre 65\..>E+28 1.8E+27
0.015 oW 3.9E+29 2.8E+28
0.0 ;\40 .36  2.5E+29 1.8E+28
0. ™ 0.036 1.4E+29 9.9E+27
0.500 1.660 7.4E+24 2.0E+23
0.500 1.660 4.3E+25 1.2E+24
0.500 1.66048 5.3E+25 1.4E+24

8.9E+29 6.5E+28

1.3 E+28
0.008 / 0.01 1.3E+31 / 1.9E+30
0.008 4.5E+29

+ > oil power stations, refineries, smelters, Mt.Isa....

_—
NUMBERS
CALCULATED
FROM SIZE AND
MASS

DENTENER ET AL.
ACP, 2006 (Y 2000)

Mode-Radius based
on measurements:
2010-2016
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THE WORLDS CLEANEST HYBRID FERRY OCT. 2017
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Tg/a

Anthropogenic

Wildfire 42.0
Biofuel Dom 11.0
Biofuel Dom 9.6

Fossil Fuel surface 6.4
Roads /off roads 3.5
Ships 7.8
Industry (300 m) 39.2
Power-St (300 m) 48.2

Anthropogenic emission
Power-St (300 m) 48.2

8000 units coal

+ oil power stations, refineries, smelters, Mt.lIsa....

Ships (2015)

7.8(15.6)

Mode-R EffR Radius EffR
[um] [um] N
Number rLQQ .«cles
\QQQ\
0.040  0.095 60((' '+28 6.7E+27
0040 P 66\ 2.3E+28 1.8E+27
0.01% V\‘&C’,js 3.9E+29 2.8E+28
0.0.C'" 0.036 2.5E+29 1.8E+28
0.015 0.036 1.4E+29 9.9E+27
0.500 1.66 7.4E+24 2.0E+23
0.500 1. 4.3E+25 1.2E+24
0.500 1,60 5.3E+25 1.4E+24
8.9E+29 6.5E+28
0.008 / 0.015 1.3E+31 / 1.9E+30
0.008 4.5E+29
0.015 5.5E+29

NUMBERS
CALCULATED
FROM SIZE AND
MASS

DENTENER ET AL.
ACP, 2006 (Y 2000)

*2 from 2000-2015
Further doubling for
2030 expected



W S
O g

Fanourgakis et al, ACPD 2019
Evaluation of global simulations of aerosol particle number and
cloud condensation nuclei, and implications for cloud droplet formation

Models tend to underestimate the observed aerosol particle and CCN number
concentrations, with average normalized mean bias (NMB) of all models and for all
stations, where data are available, of -24% and -35% for particles with dry
diameters >50nm and >120 nm and -36% and -34% for CCN
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Fuzzi et al, 2016, ACP -
Particulate matter, air quality and climate: lessons learned and future needs

The sources of SO, and NO, are relatively well known, i.e. combustion of sulfur-
containing fuel and fossil fuel combustion. The ability of the HNO; produced by
NO, to form secondary aerosol depends on the availability of NH; in the gas phase
to form ammonium nitrate. Ammonia is mainly emitted by agricultural activities.

SCR or SNCR Chemistry

Bai et al 1992, Ind.Eng.Chem.Res.










