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M OTIVATION !



An example of new particle 

formation event observed 

at SMEAR-II

Boreal forest

Southern Finland

N<25nm

increased 

suddenly

Growth Pattern

Why do we observe 

such a growth pattern 

after a new particle 

formation event?!



WHAT IS THE òTIME SPANó?



Time Span

Is the time period from the 

first moment when the 

newly formed mode of 

aerosol particles is 

observable below 25 nm 

until the newly formed 

mode is not any more 

distinguishable from other 

background modes of 

aerosol particles after 

growing to bigger sizes.

Time span ~ 30 hours



H OW DO WE ESTIMATE THE òSPATIAL SCALE ó?



Spatial Scale

Approach I
} A new particle formation event can be 

followed by a growth pattern indicates that it 

must have been over a large area:

} Follow the air mass back-trajectories during the 

event time span provides information on the 

spatial scale of the event along the back-

trajectories path.

} Doing so for the forward direction reveals similar 

information.

Combining the òTime Spanó with the air 

mass back-trajectories  yields the 

minimum òSpatial Scaleó of an event.



An example é

Hussein et al. 2009,  Atmos ChemPhys 9, 4699-4716

} Location:

SMEAR II / Hyytiälä, Southern Finland

} Time Span: ~65 hours

} Spatial Scale: ~800 km along the back-

trajectories



Spatial Scale

Approach II
}Monitor new particle formation event at 

several locations:

} òSmall spatial scaleó events are observed at one 
location where the growth pattern is still 
observable.

} òLarge spatial scaleó events are observed at more 
than one location where the growth pattern is 
more pronounced.

} òLocal eventsó are observed at one location 
without clear growth pattern ă typical in the 
urban atmosphere encountered with traffic 
activities

Observation at stationary measurement 
stations.



Materials

Network of measurement 

stations over ~2000 km in 

Finland and Southern 

Sweden.

Long-term data base of 

particle number size 

distribution.

NPF classification.

Back-trajectories.

1998 - 2006

1996 - 2007

1996 - 2006

2000 - 2004

2001 - 2004



RESULTS



Spatial Scale

Approach I

Hyytiälä (1996 ð2006)

850 events

V60% beyond 220 km.

V10% beyond 550 km.

VEvents are often confined 

east of the Norwegian 

coast.



Spatial Scale

Approach I

Värriö (1998 ð2006)

535 events

V40% beyond 110 km.

V28% beyond 220 km.

VEvents are often confined 

east of the Norwegian 

coast.



Spatial Scale

Approach II

The larger the Spatial Scale 

is the longer the Time Span.

Time period Regional scale
Simultaneo

us events

Identical 

events

1997 ï2006 Southern Finland 142 61

1998 ï2006 Southern Finland 137 59

Finland 50 9

2001 ï2004 Southern Finland 31 20

Finland 22 3

Finland and Southern 

Sweden
9 2



Spatial Scale

Approach II

The larger the Spatial Scale 

is the longer the Time Span.

The larger the Spatial Scale 

is the more homogeneous 

the regional event is.

Time period Regional scale
Simultaneo

us events

Identical 

events

1997 ï2006 Southern Finland 142 61

1998 ï2006 Southern Finland 137 59

Finland 50 9

2001 ï2004 Southern Finland 31 20

Finland 22 3

Finland and Southern 

Sweden
9 2



CASE STUDIES



Case Study I:

Regional new particle 

formation over Finland 

and Southern Sweden:

Observed at the same time

Similar air masses ±12 

hours of the event start 

time

Time Span 20ð24 hours

GR 2ð3.5 nm/h

Formation rate varied

Slight differences!

Data quality and processing

Measured size-range

Local ambient conditions

1.2 particles/cm3s

1.3 particles/cm3s

0.5 particles/cm3s

0.5 particles/cm3s

0.5 particles/cm3s



Case Study II:

Long Time Span

Phase I: clean air from the 

Atlantic Ocean

Phases II and III: mixed from 

the Baltic See and South 

Sweden

Phase IV: Russia and East 

Finland

Phases V and VI: 

South/Middle/East Finland

Similar modal structure in Helsinki

�« the suppression of particle formation on

the following days �«
üAs the first nucleatedparticle mode grows, it

forms a condensationsink,which grows together

with the increasingparticlediameter, despitethe

slowdecreaseof the particlenumber.

üThis sink possibly acts as a sink for both

nucleatingvaporsand fresh particlesor clusters,

and therefore particle formation on subsequent

days is progressivelyweaker and finally ceases

altogether.

üDespite the lack of particle number production,

the aerosol mass continues to grow,

demonstrating the availability of condensable

vapors.


