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… to boldly go where no one has gone 
before

Uwe Raffalski

Institutet för rymdfysik, Kiruna, Sweden

Presentation på Kartdagarna i Gävle, 26-28 April 2016
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Från KGO via KGI till IRF

 Grundad år 1957 för registrering av Jordens magnetfält och hur den 

påverkas av solarvinden

 Under 80-talet började IRF med satellitexperiment 

 Polar atmosfärsk forskning började i mitten av 90-talet 

 Rymdväder
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Vår lekpark
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Kartläggning på marken
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‘Kartläggning’ på marken

 LKAB projekt 2015 med MoLa *

 Emission av stoft och gasformiga ämnen från produktioen

 Stoft från deponin

 Modelering av stoftmoln smat dess sedimentation

 Prognosverktyg för förändringar i produktion och

planering av gråbergsdeponier

* The Mobile Aerosol Research Laboratory (MoLa)
Max Planck Institute för Kemi – Partikelkemi
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Technical Details Applications 

The Mobile Aerosol Research Laboratory (MoLa) 
Max Planck Institute for Chemistry  Particle Chemistry 

Institut für Physik der Atmosphäre 

Front Inlet 
2.2 m height, for mobile measurements, optimized 

for 30 and 70 km/h with different inlet cones 

Roof Inlet 
Up to 10 m height, for stationary 

measurements 

Meteo Station 
On mast up to 10 m height; temperature, 

relative humidity, pressure, wind, 

precipitation, solar radiation 

Air Suspension 
To minimize shocks on 

instruments 

Air Conditioning 
and thermal insulation of 

vehicle 

On-board Power 
 10 kW power generator attached to engine 

 external power input with intelligent power  

   management 

 UPS buffered instrument circuits 

 Vehicle 
 

 Ford Transit FT350 delivery vehicle 

 max. gross weight: 3.85 t; height: 3.15 m 

 operator seat in rear 

 

 
 extended safety equipment (CO2 fire  

  extinguishers, first aid kit, AED) 

 Aerosol Inlet 
Development 

of Particle Loss 

Calculator to 

estimate 

particle losses 

Optimization of inlet tubing and instrument 

location for minimal particle losses 

Calculation of size 

dependent particle 

losses for all 

instruments 

 typically <5% 

 Instrumentation 

Common data 

acquisition computer 

and software 

 on-line display of  

    all measured  

    variables 

 common data  

    base for efficient  

    data processing 

Aerosol Physics 

  number concentration 

  mass concentration 

    (PM1.0, PM2.5, PM10) 

  size distribution (5 nm  32 µm) 

Aerosol Chemistry 

  non-refractory PM1 (NO3
-
, SO4

2-
,  

    NH4
+
, Chl, Org, certain metals) 

  PAH & black carbon in PM1 

Trace Gases 

  SO2 

  NO, NO2, NOx 

  ozone 

  CO, CO2 

Meteorology 

  wind, RH, temp., pressure 

  precipitation, radiation 

Others 

  GPS (position & speed) 

  webcam (front view) 

 All measurements with high time resolution (1-60 s) 

 Limited space for guest instruments and filter sampler 
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Megacity Emissions 
Characterization of the Paris emission plume with stationary and mobile measurements: MEGAPOLI 2009 & 2010 

 Cross section and radial measurements in the plume; intercomparison studies; background measurements; 

development of data processing strategies 

Steel Plant Emissions 
Mobile mapping measurements in the vicinity of steel plants: ASEMIS 

 Spatial distribution of pollutants; identification of emissions from 

steel plants and other sources (e.g. forest fire) 

Ship Emissions 
Stationary measurements downwind of passing ships at lower Elbe river 

 Determination of emission factors for multiple pollutants; characterization of 

immission 

Wood Combustion Emissions 
Mobile measurements in villages with strong wood combustion; laboratory measurements of wood stove 

emissions: BIOCOMBUST 

 Determination of emission characteristics and dependency on fuel type and combustion conditions; 

characterization of wood combustion contribution to local air quality 

Air Chemistry 
Stationary measurements within larger field 

campaigns (e.g. DOMINO, PARADE, ...) 

 Use of MoLa as measurement container with well-

characterized setup; highly time-resolved 

measurement of multiple variables 

Steelworks Fugitive Emissions 
Stationary measurements downwind different steelworks processes: ASEMIS 

 Characterization of fugitive emissions 

Lights 
 working lights on roof in all directions  

  for nighttime work 

 Warning lights (orange) 

O2 

Measurement Instruments 

Trace 

Gases 

Aerosol 

°  

beech, oak, pine, pellets  

 

Various wood fuels 

Humidity 

Soot 

‘Kartläggning’ på marken
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Technical Details Applications 

The Mobile Aerosol Research Laboratory (MoLa) 
Max Planck Institute for Chemistry  Particle Chemistry 

Institut für Physik der Atmosphäre 

Front Inlet 
2.2 m height, for mobile measurements, optimized 

for 30 and 70 km/h with different inlet cones 

Roof Inlet 
Up to 10 m height, for stationary 

measurements 

Meteo Station 
On mast up to 10 m height; temperature, 

relative humidity, pressure, wind, 

precipitation, solar radiation 

Air Suspension 
To minimize shocks on 

instruments 

Air Conditioning 
and thermal insulation of 

vehicle 

On-board Power 
 10 kW power generator attached to engine 

 external power input with intelligent power  

   management 

 UPS buffered instrument circuits 

 Vehicle 
 

 Ford Transit FT350 delivery vehicle 

 max. gross weight: 3.85 t; height: 3.15 m 

 operator seat in rear 

 

 
 extended safety equipment (CO2 fire  

  extinguishers, first aid kit, AED) 

 Aerosol Inlet 
Development 

of Particle Loss 

Calculator to 

estimate 

particle losses 

Optimization of inlet tubing and instrument 

location for minimal particle losses 

Calculation of size 

dependent particle 

losses for all 

instruments 

 typically <5% 

 Instrumentation 

Common data 

acquisition computer 

and software 

 on-line display of  

    all measured  

    variables 

 common data  

    base for efficient  

    data processing 

Aerosol Physics 

  number concentration 

  mass concentration 

    (PM1.0, PM2.5, PM10) 

  size distribution (5 nm  32 µm) 

Aerosol Chemistry 

  non-refractory PM1 (NO3
-
, SO4

2-
,  

    NH4
+
, Chl, Org, certain metals) 

  PAH & black carbon in PM1 

Trace Gases 

  SO2 

  NO, NO2, NOx 

  ozone 

  CO, CO2 

Meteorology 

  wind, RH, temp., pressure 

  precipitation, radiation 

Others 

  GPS (position & speed) 

  webcam (front view) 

 All measurements with high time resolution (1-60 s) 

 Limited space for guest instruments and filter sampler 

43.60

43.58

43.56

43.54

43.52

43.50

43.48

-5.85 -5.80 -5.75 -5.70

50403020
PM10

43.60

43.58

43.56

43.54

43.52

43.50

43.48

-5.85 -5.80 -5.75 -5.70

161284

PM1 Organics

Wind Direction 

Steel plant 

Forest fire 

Power plant 

10:50
24.06.2010

11:00 11:10 11:20

Local date and time

12x10
-3

8

4

0B
r 
/ 
µ
g
 m

-3

2.5
2.0
1.5
1.0
0.5
0.0

H
C
l / µ

g
 m

-3

1.0
0.8
0.6
0.4
0.2
0.0

N
a
 / µ
g
 m

-3

12x10
-3

8

4

0

N
a
C
l 
/ 
µ
g
 m

-3

6x10
-3

4

2

0

µ
g
 m

-3

12

8

4

0

P
A
H
 /
 µ
g
 m

-3

30

20

10

0

O
rg
 / µ
g
 m

-3

Wind Sector:
 Blast Furnaces
 Coke Ovens

 Br
 Organics

 HCl
 PAH

 Fe
 FeCl2

 Na
 NaCl

Coke Ovens

Blast Furnaces

0.001
 

0.1
 

10
 

T
o
ta
l 
G
a
s

T
o
ta
l 
P
a
rt
ic
le

 
N
O
x

C
O

C
O
2

S
O
2  

O
rg

H
O
A

O
O
A

A
-P
A
H

P
A
H

N
O
3

S
O
4

N
H
4

C
h
l

B
C

Io
d
in
e

B
ro
m
in
e

S
u
lf
u
r

N
a
C
l

K
C
l

F
e
C
l 2

Z
n
C
l 2
R
b

C
u

P
b

0.001
 

0.1
 

10
 

0.001
 

0.1
 

10
 

0.001
 

0.1
 

10
 

R
e
la
tv
ie
 C
o
n
tr
ib
u
ti
o
n
 /
 %

0.001
 

0.1
 

10
 

0.001
 

0.1
 

10
 

BOS Plant

Coke oven

Blast furnace

Coal handling

Ore stockyard

Traffic

Cross section measurement: 

emission plume 

maximum of emission plume 

background background 

28.01.2010 

N | 0° 

S | 180° 

O | 90° 

black carbon 

organics (traffic) 

angle 

394

392

390

388

386

384

c
a

rb
o

n
 d

io
x
id

e
 

/ p
p

m
V

16:45
27.04.2011 Date & Time

2.0

1.8

1.6

1.4

1.2

1.0

40

30

20

10

0

P
A

H
 

/ n
g

 m
-3

16

12

8

4m
a

s
s
 c

o
n

c
.

/ 
µ

g
 m

-3

80

60

40

20

0n
it
ro

g
e

n
 o

x
id

e

/ 
p

p
b

V
3

60

50

40

30

20

10o
z
o

n
e

 /
 p

p
b

V

80x10
3

60

40

20

0n
u

m
b

e
r 

c
o

n
c
. 

/ 
c
m

-3

25

20

15

10

5

s
u

lfu
r d

io
x
id

e

 / p
p

b
V

3

10

100

d
ia

m
e

te
r 

/ 
n

m

organics
sulfate
ammonium
chloride

20x10
3

15

10

5

0

n
u

m
b

e
r c

o
n

c
. / c

m
-3

B
C

 /
 µ

g
 m

-3

Megacity Emissions 
Characterization of the Paris emission plume with stationary and mobile measurements: MEGAPOLI 2009 & 2010 

 Cross section and radial measurements in the plume; intercomparison studies; background measurements; 

development of data processing strategies 

Steel Plant Emissions 
Mobile mapping measurements in the vicinity of steel plants: ASEMIS 

 Spatial distribution of pollutants; identification of emissions from 

steel plants and other sources (e.g. forest fire) 

Ship Emissions 
Stationary measurements downwind of passing ships at lower Elbe river 

 Determination of emission factors for multiple pollutants; characterization of 

immission 

Wood Combustion Emissions 
Mobile measurements in villages with strong wood combustion; laboratory measurements of wood stove 

emissions: BIOCOMBUST 

 Determination of emission characteristics and dependency on fuel type and combustion conditions; 

characterization of wood combustion contribution to local air quality 

Air Chemistry 
Stationary measurements within larger field 

campaigns (e.g. DOMINO, PARADE, ...) 

 Use of MoLa as measurement container with well-

characterized setup; highly time-resolved 

measurement of multiple variables 

Steelworks Fugitive Emissions 
Stationary measurements downwind different steelworks processes: ASEMIS 

 Characterization of fugitive emissions 

Lights 
 working lights on roof in all directions  

  for nighttime work 

 Warning lights (orange) 
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Measurement Instruments 
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Various wood fuels 
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‘Kartläggning’ på marken
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Mätningar i mellanatmosfären

Solar photosphere

Corona

Solar wind

Earth’s
biosphere

Magnetosphere

Ionosphere

Mesosphere

Stratosphere

Troposphere

1000 km

10 km

0.1 km

100 000 km

10 000 000 km

100 km



Uwe Raffalski, IRF,Kartdagarna, 2016-04-27

F
o

rs
k
n

in
g

 v
id

 I
R

F
Polar Stratospheric Clouds (PSC)

IRF LIDAR systemet för kartläggning av PSC
Photos Uwe Raffalski
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Ozonmonitorering med KIMRA & MIRA 2 

Markbaserad
KIMRA

Markbaserad
MIRA 2

Satellitbaserad
MLS
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Ozonmonitorering med KIMRA & MIRA 2 
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Mäta i mellanatmosfären
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Nattlysande moln (NLC)
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Foto :Hans Nilsson

Noctilucent Clouds (NLC) as proxy for waves in the middle atmosphere 

NLC nätverk

13 Automatiska digitala Kameror

mellan 53° och 56° N

Nattlysande moln (NLC)
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En slöjer i himlen
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Norrskensoval observerad från
satelliterna Viking och Polar

Natt över Europa Dag över Europa
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Norrskensobservationer

 Båge

 Korona

Fotos: Torbjörn Lövgren
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Norrskensobservationer

18:55
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19:40
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19:50



Uwe Raffalski, IRF,Kartdagarna, 2016-04-27

F
o

rs
k
n

in
g

 v
id

 I
R

F

20

April 6, 2000

Solbelyst Violett 

Grönt

Rött

Foto: Yusuke Ebihara

Det färgrika Norrskenet
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Röd norrsken

Foto: Masatoshi Yamauchi
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Norrsken i 3-D

 Triangulering
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Sydsken från Space Shuttle Endeavour

Foto: NASA
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Orsaken för norrskenet - Solvinden

Solen

Koronamassutkastning:   
≈10 miljarder ton het joniserad gas

Bild: Koronagrafen LASCO på SOHO
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Mätningar i Exosfären
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… to boldly go where no man has gone 
before

 Viking (30 års jubileum i Feb)

 Satellitexperiment på missioner av alla stora rymdagentuerer

(NASA, ESA, Russland, Kina, Indien, ...)

 Mätningarna är milstolper för modellering av rymdens 

egenskaper samt hur solvinden interagerar med olika 

planeter och atmosfärer i vårt solsystem

 Såsom LKAB utplacerar retroreflektorer och geodesisk

mätutrustning so placerar IRF ut mätexperiment som just nu 

cirklar runt 6 av dem nio planeterna i vårt solsystem.
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Satelliten Rosetta slungas iväg …
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67P/Churyumov-Gerasimenko

4 km
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På tal om solvinden …

 Solvinden har förstört tung infrastruktur på Jorden

 Satellitkommunikation är oumbärlig 

 Om det blir mörkt i tunnelbanan, tågen stannar, 

sjukhusen vattenförsörjningen mobiltelefoner, GPS, TV(!) 

slutar att fungerar, …

 Flygplan som tappar kontakt med flygledningen …

Rymdväder
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Rymdväder

Extreme Solar Storms in 1921, 1982,  2003 and 2012 

May 15, 14:25 
(Kvistaberg, Uppsala)

Dst = -900 nT 
dB/dt of 
~5000nT/min!

Southern polar 
lights observed  
on Apia Samoa

Reference: Baker,D., et al., 2013; Kappenman, J. G., 2006; 

Lundstedt, H., 2012; NOAA Mem., 2004.

Simulated MW 
magnetogram

May 1921

aa

X28 solar flare and  
CME       

 4 November 2003

Medium solar

cycle -Three 

years after max.

Weak solar cycle - Four years after max

Weak

solar cycle

at max

On 23 July 2012 a CME  was 
ejected from solar farside with 
a velocity of   ~3000 km/s ! 
according to STEREO.  
Estimated Dst "-1182nT. Larger 
than 1859 Carrington event!

Farside

Medium solar

cycle -Three 

years after max.

Dst = - 328 nT (14/7) 
dB/dt of (13-14/7) 
2600 nT/min!

 13 July 1982
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Rymdväder

 Forskning

 Prognos

 Påverkan

Samarbete med 

Myndigheten för samhällsskydd och beredskap, MSB

Regional Warning Center Sweden, RWC

International Space Environment Service, ISES

Globalt nätverk för ’Space Situational Awareness’, SSA
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35

Slut på presentationen … 
Men inte slut på denna resan

Solar photosphere

Corona

Solar wind

Earth’s
biosphere

Magnetosphere

Ionosphere

Mesosphere

Stratosphere

Troposphere

1000 km

10 km

0.1 km

100 000 km

10 000 000 km

100 km
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Contact: Uwe.Raffalski@irf.se

Tack för att ni ville lyssna

Foto: NASA/Martin Stojanovski


