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•  First remote sensing instrument where Finland had a 
significant role in building the instrument: 

•  OMI heritage and experience has  
been used in VTT’s new developments  
in hyperspectral imagers for UAVs and nano-
satellites.  

•  For Partria experience and reference from OMI 
opened doors for developing similar Detector 
Electronic Units for ESA missions.  

•  For Space Systems Finland OMI built 
experience on developing reliable ground 
processing systems applicable also in other fields. 

OMI – a success story in Finland 
Technology project 



OMI – a success story in Finland 
Satellite operations 

•  Beginning of satellite data  
reception activities in Finland 

•  Sodankylä Very Fast Delivery  
service 2006 

•  Operational satellite product :  
Surface UV radiation  

UV radiation in Antarctic, Nov 9-10  



Surface UV-radiation 

Motivation: 
•  Human health (UV-index, erythemally weighted UV-

radiation, Vitamin D synthesis) 
•  Ecosystems, vegetation (spectral UV-radiation, 

plant-response, DNA damage) 
•  Air quality and Climate: photochemistry, oxidisation, 

ozone, methane, (spectral UV-radiation, actinic flux, 
photolysis rate constants) 

•  Supporting protocol monitoring, Vienna convention, 
Montreal protocol 



Links with UV on arctic 
carbon budget 

•   At the basin scale, photochemical processing of DOC is 
about one-third of the total CO2 released from surface 
waters and is thus an important component of the arctic 
carbon budget. [Rose M. Cory et al. Sunlight controls 
water column processing of carbon in arctic fresh 
waters, Science 345, 925 (2014) ] 
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Aura Direct Broadcast  
data reception in Sodankylä 
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 7 Distribution in the web Direct Broadcast receiver        Observations 

•  High-latitude site optimal for data 
reception of Polar satellites 

•  Coverage: most of Europe 



sampo.fmi.fi 
(omivfd.fmi.fi)	


OMI real time 
products 

•  Daily measurements of  
•  Ozone 

•  UV-radiation 

•  SO2 

•  Aerosols  

•  Available within 15-20 min 
after satellite overpass. 

•  Coverage:  
Northern Europe  

•  Since summer 2014 also 
Suomi NPP OMPS data 



Grimsvötn volcanic eruption  
May 21st 2011 

•  Fast availability of data 
important for forecasts to 
support aviation 

•  OMI VFD used to follow the 
transport of the ash and to 
constrain the dispersion 
forecasts. 

 
•  The eruption was strongest on 

22 May and on 25th it arrived to 
Southern Finland  

•  Increased PM10 values clear 
on May 25th   

•  Concentration of smaller 
particles not increased 

OMI ash (AAI) during four days  

May 22. May 23. 

May 24. May 25. 

Particulate matter in Helsinki May 22-28, 2011 
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SO2 detected yesterday in Iceland 

OMI / Aura OMPS / Suomi NPP 

•  NASAs first mass estimates of the ~20 kt 



The smoke plume originating from the wildfires in 
Colorado reached Europe in 25th June 2013 

Sulfur dioxide from metal smelters in Siberia 
OMI SO2 on May 14th, 2012 
  Averaged SO2: Jun-Aug, 2005-07 

June 2013 – Smoke plume from Colorado 
 
 

Norilsk 



OMI VFD UV product  
used in Iceland 

•  Icelandic Radiation Safety Authority 
has been using OMI UV-radiation 
products from VFD since June  
2012. 

•  UV at Reykjavik and Egilsstaoir 

UV at Reykjavik  
and Egilsstaoir 

12 http://uv.gr.is 



Satellite data validation 

Kuopio 



•  Validation requirements are very high and often challenging 
also for ground based instruments. 

•  Validation in Finland improves the interpretation of satellite 
data in Finland and at high latitudes. 

•  Sodankylä is important validation super site 

From Kivi et al., 2011 

•  Ozone comparisons in 
summer 2007. Frequent 
ozonesonde and Brewer 
measurements were 
used for OMI 
comparisons. 

•  OMI total ozone and 
Brewer Agreement within 
few %. 

Satellite data validation –  
verification, characterizing uncertainties, improving 



OMI total ozone – monthly mean in Arctic 

April	  

March 

February 

Figure I. Ialongo, FMI 



Arctic ozone depletion in spring 2011 
•  Cold stratosphere, CFC gases  and exceptionally long lasting vortex caused 

ozone loss similar to what is yearly seen at Antarctica  
•  Manney, G.L., et al., Unprecedented Arctic Ozone Loss in 2011, Nature, 478, 469 

–475, 2011, based on  OMI data and Sodankylä soundings (+ other data) 
 

Figure by J. Hakkarainen, FMI  



Link between  
spring-time ozone and summer-time UV 

•  OMI and TOMS ozone and UV 
time series analysed 

•  Variability in springtime ozone 
explains up to 20–40% of the 
summer UV variability in Northern 
hemisphere high and mid-
latitudes.  

Reference: Karpechko, A. Yu., et al. (2013), The link between 
springtime total ozone and summer UV radiation in Northern 
Hemisphere extratropics, J. Geophys. Res. Atmos., 118, 8649–8661. 

could be expected to occur by chance at all but two stations. For
example, the 90th percentile of the noontime UVI distributions
at Kise was exceeded in ~40% days during June–August 2011.
By definition, the 90th percentile is expected to be exceeded by
chance during a season in about 10% of days only.
[19] The summer UVI at the two exceptional stations—

Alert and Finse—is modulated by variations in snow cover,
which strongly enhances UV radiation. Alert is the most
northern analyzed station (82°N) at which snow often lasts
through the end of June (not shown). Snow cover can increase
the ratio between measured UV and estimated clear-sky UV
above unity [e.g., Fioletov et al., 2001]. Observations of such
high ratio values at 324 nm, where ozone absorption is low,
usually indicate the presence of snow. In summer 2011, high
values (>1.2) of the ratio between measured and estimated

clear-sky UV were observed at Alert until mid-June only and
decreased afterward (not shown), suggesting an early snow-
melt in 2011. Consistent with this explanation, the daily UVI
anomalies at Alert were negative mainly during June 2011
but positive afterward (Figure 2l). Finse, the other station with
low UVI anomaly in summer 2011, is the mountain station
(1200m above sea level) located near a glacier. At this station,
low snow albedo was observed in August 2011 (not shown),
also suggesting the lack of snow-reflected UV radiation as
the explanation for low UVI anomaly in summer 2011.
[20] Overall, the case study of 2011 not only showed that

the number of summer days with anomalously high noontime
UVI was large at the majority of Arctic stations but also dem-
onstrated the importance of other factors such as snow cover.
[21] We next look at the interannual variability of the sum-

mer UV radiation using the ground-based measurements and
relate it to springtime ozone anomalies. Figure 3 shows the
time series of June–August mean noontime UVI and EF sta-
tistics averaged across all stations. Also shown in Figure 3
are the March total ozone anomalies from the merged data
set area averaged north of 35°N. The averaging north of
35°N is used following Fioletov and Shepherd [2005] who
showed that the total ozone amount accumulated by spring
over the extratropics (over 35°N–80°N in their study) is a
better predictor of summertime ozone both in midlatitudes
and polar latitudes than springtime ozone in either midlatitudes
or polar latitudes. After vortex breakup, ozone is well mixed
through the extratropics, and therefore, springtime ozone in both
midlatitudes and polar latitudes influences summertime ozone
everywhere in the extratropics. However, before the breakup,
the correlation between ozone in midlatitudes and polar
latitudes is weak, and therefore, neither of them separately
is the optimal predictor of summertime ozone. March total
ozone anomalies are used as a predictor of summertime
UVI because this is the month of the annual maximum in the
extratropical total ozone. Given the large correlation between
March and April total ozone anomalies [e.g., Fioletov and
Shepherd, 2003; Tegtmeier and Shepherd, 2007], the use of
the April anomalies would not qualitatively modify our
results. The time series start in 1995, prior which the UV data
are only available from two stations. High covariability between
the summer UV and springtime ozone is evident. In particular,
the EFs for the 75th and 90th percentiles in summer 2011 were
the highest during the analyzed period. The highest summer
mean noontime UVI anomaly was in 1997, another year with
very low springtime ozone [e.g., Newman et al., 1997;
Fioletov et al., 1997]. The correlation coefficients between the
March total ozone anomalies and summer UVI statistics vary
between !0.63 and !0.66 and are statistically significant
according to a two-sided t test with p = 0.01.
[22] To demonstrate the link between springtime ozone

anomalies and summer UV for larger areas and over longer
periods, we analyze the satellite measurements. Figure 4
shows the seasonal evolution of the total ozone and UVI
anomalies for the polar latitudes (>60°N) and midlatitudes
(35°N–60°N) for the period 1979–2011. Since one of this
study’s motivations is to quantify the impact of chemical
ozone losses on summer UV, we highlight years with large
chemical ozone loss, although in principle, the ozone anom-
aly persistence does not depend on how the springtime anom-
alies are created [Tegtmeier and Shepherd, 2007]. In year
2011, low ozone values persisted from spring to summer

Figure 5. (a) Correlation functions between the TOMS/OMI
March extratropical (north of 35°N) total ozone and monthly
mean total ozone and noontime UVI in polar latitudes (north
of 60°N) and midlatitudes (35–60°N) from March to
December. Note that for UVI, the absolute value of the corre-
lation coefficient is plotted (red lines). Scatterplots of the
June–August noontimeUVI for (b) polar latitudes and (c) mid-
latitudes versus March extratropical total ozone. Also shown
in Figures 5b and 5c are the correlation coefficients between
the spring ozone and the summer UV.

KARPECHKO ET AL.: SPRING TOTAL OZONE IMPACTS SUMMER UV

8655

Correlation functions between the TOMS/OMI March 
extratropical total ozone and monthly mean total 
ozone and noontime UVI. (Absolute values shown for 
red lines.) 



Global NO2 as seen by OMI 
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Figure from TEMIS service (www.temis.nl)  
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The effect of different wind directions in Helsinki 

Figure I. Ialongo, FMI 
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tropospheric	  
column	  

STEAM	  NOx	  emission	   OMI	  NO2	  

NOx	  emission	  

Jul-‐Aug	  averages	  within	  
the	  black	  boxes	  

Both	  OMI	  NO2	  and	  STEAM	  emissions	  show	  a	  decrease	  in	  2009	  (economical	  recession)	  

Comparison with ship emission data over Baltic Sea 



Pori port and city center 

	  	  	  Detec2on	  of	  emission	  hotspot	  in	  Northern	  Europe	  

OMI NO2 (summer 2005 - 2011) 

Figure I. Ialongo, FMI 
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OMI NO2 validation on-going  

Weekly cycle in Helsinki  
by OMI and Pandora 
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Figure I. Ialongo, FMI 



P2 =
SO2[ ]⋅UV
AOD2

•  OMI	  UV	  data	  used	  for	  
es2ma2ng	  seasonal	  
varia2on	  of	  spa2al	  
distribu2on	  of	  	  new	  
par2cle	  forma2on	  

Reference: Kulmala, M. et al., The first estimates of 
global nucleation mode aerosol concentrations 
based on satellite measurements, ACP, 11, 2011. 
 

NH Winter 

Summer Autumn 

Spring 

OMI does not see everything … 
but proxies can be developed 



•  The success of OMI is based on exceptionally good 
collaboration between the Netherlands, USA and Finland. 

•  Real time data products are routinely provided and distributed to 
users after the satellite overpass at sampo.fmi.fi 

•  UV products are processed and distributed daily to users. 

•  OMI data is used scientifically for many research topics. 

•  Novel applications are very welcome and we are happy to 
collaborate and help with the data. 
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Summary 
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PK Bhartia, NASA: "As originally planned, Aura 
didn't have an instrument operating in the UV. The 
OMI instrument built by Dutch-Finnish collaboration 
filled an important gap in the measurements making 
the Aura mission the most comprehensive 
atmospheric chemistry lab in space ever flown or 
likely to be flown again.” 




