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Where we are...
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Greenhouse Cooling
 Doubling of [CO,] and [CH,]
-._:_,:COQJS' '

,Z":‘I\/'iesg"s‘ ere by 10 K and
~ Thermosphere by 50 K.

i""‘.'!




Greenhouse hlgh up?

Model results assuming doubllng of CO, and CH,:

Stratopause cools by 8 K, stratosphere by I5 K
(Brasseur & Hitchman, 1988) | .

Mesosphere and thermosphere cool# 10 K and 50 K,

respectively. = =
(Roble & chklnson |989) ,

| asorptlon decreases
(Selﬁnov & Serafimova, I992)

Stratopause cools by I4 K, mesosphere by 8 K,
thermosphere by 50'K. ‘W
(Akmaev & Fomichey, 1998) v -

Th.Ulich, Kangerlussuaq, Greenland, 2011-07-21




Sodankyli lonosonde

» Sodankyla ionosonde measurements began :
|5 August 1957.

» Until Nov 2005: | soundlng per 30 m|n
» Until Mar 2007: | soundlng pemln

jonogram: May 2007, at lunchtime.

» Hig Iga::a quallty g % |
first 800.000+ |onograms were analysed by the
very same person! —

" Helsinki
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Sodankyld hmF2 & Solar Activity
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‘Sodankyld hmF2 Trend

S0166 SODANKYLA - hmF2 Anomaly
| | | |
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,C,onCIusiOn |

* The enhanced greenhouse effect is cIearIy
visible in the |onosphere
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Almaty hmF2

AA343 ALMATY - hmF2 Anomaly

f ‘ )
L._.}H n

i "'
| U

-~
8®
o-\.
8®
o
-
-
<r
)
o
-—
—
©
-~
©
3]
el
=N
Q
c
Q
T
3
(@]

| | ! | |
1965 1970 1975 1980 1985
T04-C:96.68%, T: 338 = 63 m/a(19%) CL =99%

Th.Ulich, Kangerlussuaq, Greenland, 2011-07-21



Conclusion

* Obviously, my data set is better than yours.

* The enhanced greenhouse effect is clearly
visible in the |onoere &
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hmF2 Trends

Trends in F2 Layer Peax Height [Bremer, 1958, Upadhyay and Mahajan,
T Y
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| | | (Ulich, 2000)
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Problems

e Data resolution ('h, 3-h, day, month(?), ...)
. Low-paiss_ﬁltering or poiynmial fitting... -
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~Running Mean Filter




Problems

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

o Low-pass filtering or polynomial fitting...

* Removal of underlylng (cy’m:) varlablllty
—Choce of i.‘lus’c->|d SSMSN F10.7 (adj/obs.), Ly-0t, Mg

| B
i ﬁ oljation of proxy compatlblllty with data

\ .':"_{ \
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Sod'ankyléii hmF2 & Solar Activity
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blue:slope;red: const
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Constant
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Ringing
Series Stcring at Slr Max

& Argentine Is.
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The ringing'idea ‘was firsglintroduced by Jarvis
et al., 2002.The plots shown ¥ 2 from 2

follow-up paper by Clilverd et al., 2003.
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Problems

+ Data resolution (h, 3-h, day, month(?), ...
o Low-pass filtering or polynomial fitting...

* Removal of underlylng (c"‘m) varlablllty:




" Example: Data Gaps
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Time, e.g. | day, resolution |/min
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Problems

* Data resolution (‘h 3- h.day, mohth(’) )
o Low-pass f'Iterlng or polynomial fitting...

* Removal of underlylng (c%) varlablllty:

* Mat ematics of trend detection

—stepwise or multi“parameter fit

v ﬂ‘b | e 9 .
—error propagation ’W 9




| Making models

- Base functions of the modél(s) are,e.g.:

m; = &
+x|'
.+X2t

T X3F o0 7(t) o

x6cos(2Trt) ‘

+ X,sin(4TTt) -
+ XgCOS(4TTt;)
2 e $
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-> measurement errors

> constant
> sampling times

. ->solaractivity
T >0 netic activity

e )

-> annual variation

> semi- annual variation




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
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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:

Th.Ulich, Kangerlussuaq, Greenland, 2011-07-21



Inverse problem ||

Measurements and theory are weighted by the measurement
errors: g

Th.Ulich, Kangerlussuaq, Greenland, 2011-07-21



SignéI'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.
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Sodankyli F2-layer peak height hmF2
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- Conclusion -

* This is pointless?
| don't think so...

Th.Ulich, Kangerlussuaq, Greenland, 2011-07-21




Trends in other Observations

Height Method Parameter Trend Reference
in km per Year
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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 Temperatu re

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, I promise!)

* Def‘mtely, there’s Iong term change in the |onosphere
and thermosphere' i

* The enhanced greenhouse effect is probably a part of it.

+ Other (unknown?) preaéesses a

* Do not dlw' .

(spac
[on in modellmg’

e don’t understand whats gomg on. F|nd it'out!
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Conclusmn

~ (I'was Iymg')

lonsondes, originally depl'oyed’fo‘r monitoring
ionospheric conditions for HF radio

communlcatlon ancﬁ‘or stud | hort-term
nil environmental

hey provide Iong -term measurements of our
environment!
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