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Greenhouse Cooling

 Doubling of [CO,] and [CH,]
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Greenhouse hlgh up?

Model results assuming doubling of CO, and CHy,:

Stratopause cools by 8 K, stratosphere by I5 K.
(Brasseur & Hitchmian, 1988) ‘ '

Mesosphere and thermosphere cool 10 Kand 50 K,

respectively. « =
(Roble & chklnson 1989 ;

Stratopause cooIs by | 4°K5 mesosphere )% 8 K,

thermosphere'by 50°'K. %W .
(Akmaev. & Fomichey, 1998) K

Ionosonde
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., Nature, 116 p
357 1925.
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First Slough lonogram
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Radio Research Station Slough, Buckinghamshire
27th December 1933, 10:30-11:00 UTC and 11:30-12:00 UTC.

Thomas Ulich, Sodankyld Geophysical Observatory, 2009-03-21

» Sodankyla ionosonde measurements began
It August 1957,

» Until Nov 2005: | soundlng per30 mln i

very same person'




Sodankyla hmF2 & Solar Activity
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~ Almaty hmF2

AA343 ALMATY - hmF2 Anomaly

Dudeney (56) at 10-14 LT(0%,0%)
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hmFZ Trends

Trends in F2 Layer Peak Height [Bremer, 1988, Upadhyay and Mahajan, 1958
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'Globa_l hmF2 Trends

o (Ulich, 2000)
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: Problems

* Data resolution (’h, 3-h,'day, month(?), ...)
. Low-pass_ﬁltering or poiYnomiaI fitting... -




" 'Running Mean Filter

'_ Problems

- Data resolution (h, 3-h, day, month(?), ...)
. Low-pass_ﬁltering or p'oiYnomiaI fitting... -
* Removal of nde,;u)%?fn'g' (cyaé) variability:

{ gl

PIroXY. (sinusoid, SSN, SN, F10.7 (adj./obs.), Ly-ct, Mg




Sodankyla hmF2 & Solar Activity
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Damped oscillator “ringing”
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The ringing'idea 'Was firsglintroduced by Jarvis
et al., 2002.The plots shown hére are from a
follow-up paper by Clilverd et al., 2003.




: Problems

* Data resolution ('h 3-h 'day, month(?), ...) -
* Low-pass fi filtering or polynomlal fitting...
* Removal of ’underlylng (cy&) varlablllty:

‘_ Problems

* Data resolution ('h 3-h, day, month(?), ...) -
* Low-pass fi filtering or polynomlal fitting...

* Removal of “underlylng (cy&) varlablllty:

t ematics'of trend detection
—stepwise or multl parameter fit

—error propagation " "w




e Making models

* Base functions of the model(s) are, e.g.:
m =g @ ; -> measurement errors
-> constant
-> sampling times

-> annual variation

+ x;sin(41Tt)

+ XgCOS(4TTt;) -—‘Wifannual variation
+ eee : w‘v ':‘

- Modelling the data
The ionospheric property 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
plus some measurement error &




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:

Inverse problem ||

Measurements and theory are weighted by the measurement
errors:

_m
and b; '

results in the most probable solution for x.

WW




Sign'aI'S'pectlfum by Stochastic Inversion
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T. Nygrén and Th.Ulich, Calculation of signal spectrum by means
of stochastic inversion, Ann. Geophys., 28, 1409-1418, 2010.
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Signall Spectrum by Stochastic Inversion
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T. Nygrén and Th.Ulich, Calculation of signal spectrum by means
of stochastic inversion, Ann. Geophys., 28, 1409-1418, 2010.




* This is pointless?

| don'’t thi.nk SO...

..yet!

Conclusion -

Trends in other Observations

Height Method Parameter Trend Reference
in km per Year

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

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

-0.6 K Kokin and Lysenko, 1994

-0.7 K Golitsyn et al., 1996

-0.4 K Hauchecorne et al., 1991

-0.4 K Golitsyn et al., 1996
-0.33 K Keckhut et al., 1999
-0.25 K Aikin et al., 1991
-0.25 K Golitsyn et al., 1996

-0.1 K Golitsyn et al., 1996
-0.17 K Dunkerton et al., 1998
-0.17 K Keckhut et al., 1999

-0.1 K Golitsyn et al., 1996

-0.1 K Golitsyn et al., 1996
-0.11 K Keckhut et al., 1999




Direct F-Region Temperature

Miltstone Hill Radar, UT=1630-1730, Aititude=350-400 km

(local noon)

trend = —4.7K/year
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Long-term temperature trends in the ionosphere above Millstone Hill

J. M. Holt' and S. R. Zhang’
GEOPHYSICAL RESEARCH LETTERS, VOL. 35, L05813, do1:10.1029/2007GLO31148, 2008

Conclusion

‘(the last one, | promise!)

Definitely, there’s Iong -term change in the |onosphere
and thermosphere' ¥

The enhanced greenhouse effect is probably a part of it.

on in modellmg’
e don’t understand whats gomg on. F|nd it-out!




Conclu5|on

(I was Iylng')

Ionsondes orlglnally ,'deployed or monitoring

hort-term
anvironmental

hey prowde Iotlg-term measurements of our
environment!

KIIITOS!
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