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Sodankyla Geophysical C_bservatory

= First observations during the
" International PoIarYear I882/83

= Established |9I3 |

Northern Finland.
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instabilities

Greenhouse Cooling
Doubling of [CO,] and [CH,]

COLIS
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G're‘eh_househigh up?

Model results, assuming doubling of'COz and CHa:

Stratopause cools by 8 K, stratosphere by 15 K.
(Brasseur: & Hitchman, I988)

Mesosphere and thermosphere cool by I% and 50 K respectively.
(Roble &' chklnson I989) |

afimov & Serafimova, I992)

Stratopause cools by |4 K, mesosphere by 8 K, thermosphere by 50 K.
(Akmaev & Fomichev, 1998)




lonosonde

~ Gregory Breit Merle Tuve

(27 June 1901 - 20 May 1982)




Radio Research Statlon Slough Bucki
27th December 1933, 10:30-11:00 UTC and | I: 30 12:00 UTC.




Sodankyla lonosonde

Sodankyla ionosonde measurements began
Ist August 1957.

Until Nov 2005 | soundlng per 30 min.

High data quality: i
first 800.000+ ionograms‘were analysed by
the very same person! "™ |
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hmF2 & Solar Activity
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Sodankyld hmF2 Trend

S0166 SODANKYLA - hmF2 Anomaly
| | | |
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Conclusion

® The enhanced greenhouse effect is clearly
visible in the |onosphere




4 ‘A'I'maty hmF2

AA343 ALMATY - hmF2 Anomaly
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"~ Conclusion

Obviously, my data set is better than yours.




Conclusion

o Obviously, my data set is better than yours.

* The enhanced greenhouse effect is clearly
e ,
visible m}_the |Aonospher




~"hmF2 Trends

Trends in F2 Layer Peax Height [Bremer, 1958, Upadhyay and Mahajan,
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Global hmF2 Trends

| | | (Ulich, 2000)
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~ Problems

° Data. resolution (h, 3-h, day, month(?), ...)




Problems

° Data resolutlon (h 3-h, da)', month(’) .-)

o Low: pass f‘Iterl_ng or polynomlal fitting...




Running Mean Filter
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hmF2 & Solar Activity
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-  Ringing

blue:slope;red: const
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The ringing 'idea was firstiintroduced by Jarvis et
al., 2002. The plots shown here aFe from a follow-
up paper by Clilverd et al., 2003.




'Problems

® Data resolutlon (h 3-h, day, month(’) ) 3,
® | ow- pass f'Iterlng or. polynomlal fitting...

o Remova.l ofunde, mg (c li )varlablllty:




Problems

Data resolutlon (h 3 h, day, month(’) W) ¥,

Low-pass f‘ltermg or. polynomlal fitting...

Remova.l of unde’ mg (cm) variability: ...




Example: Data Gaps

Time, e.g. | day, resolution |/min




Measurements

N removing cychici
[l L1 [ T R L1
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24




Same as previous; cyclicity not removed before averaging.
| | | | | | | | | | | | | | | |
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Same as previous; cyclicity removed before averaging.
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Problems

Data.resolutioh (h, 3-h, day, month(?), ...)
LoW-pass fi Iteri'n,g or'pb'lynomial fitting...
Removal of ulnderlylng (cﬂ?c) variability: ...
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Problems

Data.resolutioh (h, 3-h, day, month(?), ...)
LoW-pass fi Iteri'n,g or'pb'lynomial fitting...
Removal of ulnderlylng (cﬂ?c) variability: ...




Problems

Data resolution (h, 3 h, day, month(?), ...) .
Low- -pass fi f‘ltermg or polynomial fitting...
Removal of u.nderlylng (cﬁc) variability: ...

ent erroi‘s

1a ematlcs of trend detectlon

3
° stePW|se or muIt| parameter fit




Problems

Data resolution (h, 3 h, day, month(?), ...) .
Low- -pass fi f'ltermg or polynomial fitting...
Removal of u.nderlylng (cﬁc) variability: ...

=Nt erroi"s‘r
at ematlcs g?f trend detectlon
° stePW|se or multl parameter fit

® error propagation




' Making models

« Base functions of the model(s) are, e.g.:
m; = & ~ -> measurement errors

+x',- . . _.=>constant
.+X2t p ;.

s AT

‘ x6cos(2Trt) -> annual variation
+ x,sin(4TTt) |
+ XgCos(4TTt,) .aﬁaﬁemi-annual variation




Modelling the data
The ionospheric properﬁy of interest is function of time and a
number of other parameters.The model of the data is therefore

neasurements m; observed at time t; are equal to the

model plus some measurement error g




Inverse problem |

This can be expressed as a matrix equation. Usually there are many more
data points than unknowns x; and the problem is over-determined:

r - In other words:
'  arm=A  -x+-¢




Inverse problem |
Measurements aﬁd thédry are weighted by the
measurement errors:

WD = . and b; :=

The solutlon"’“*’the! ctorh)‘(gf:h minimises the

n.

e are left with a general least squares problem.
Solving this results in the most probable solution for x.




Signal Spectrum by StochaS’_cic Inversion
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T. Nygrén and Th.Ulich, Calculation of signal spectfum by means of
stochastic inversion, Ann. Geophys., 28, 1409-1418,2010.




Signal Spectrum by StochaS’_cic Inversion
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T. Nygrén and Th.Ulich, Calculation of signal spectfum by means of
stochastic inversion, Ann. Geophys., 28, 1409-1418,2010.
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Sodankyla F2-layer peak .heig'g_ht hmF2
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"~ Conclusion

This is pointless?

| don’t think so.... =

frey =




Trends in other Observations

Method

Sounding rocket
Sounding rocket
Lidar
Sounding rocket
Sounding rocket
Lidar
Sounding rocket
Sounding rocket
Sounding rocket
Sounding rocket
Sounding rocket
Sounding rocket
Sounding rocket

Parameter

Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature

Trend Reference
per Year

Kokin and Lysenko, 1994
Golitsyn et al., 1996
Hauchecorne et al., 1991
Golitsyn et al., 1996
Keckhut et al., 1999
Aikin et al,, 1991
Golitsyn et al., 1996
Golitsyn et al., 1996
Dunkerton et al., 1998
Keckhut et al., 1999
Golitsyn et al., 1996
Golitsyn et al., 1996
Keckhut et al., 1999




Direct F;Region Terh_perature

Mittstone Hiill Radar, UT=1630-1730, Altitude=350-400 km

(local noon)

 trend = —4.7K/year

0 _ _ _
1975 1980 1985 1990 1995 2000 2005 2010
Year

Long-term temperature trends in the ionosphere above Millstone Hill

J. M. Holt" and S. R. Zhang'
GEOPHYSICAL RESEARCH LETTERS, VOL. 35, LO5813, doi:10.10292007GLO31148, 2008
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Conclusmn

(the last one, | promise!)
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tudent exerC|se F|nd out'




Conclusmn

N ( Iled to you')

Ionsoncles original‘ly deployed for monitoring
|onospher|c conditions for HF radio

- communication and&r studylng short-term

events, are_becomlng usefulin®an environmental
context. | ’

wvide Iong-term measurements of our
|ronment’ é

.'74

Do not dlscontlnue atmospheric observations

at a time of climate cﬁm
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