Unravelllng I@ 3: erm behawour

&

in hIStQ ic geophysical ata sets

V - ¢
X = ".
il

- ';‘:‘
N L
¢ Y

]
~ r
.

" + 4
- %,
A[‘ 1

o
~Sall g

) S
‘.’n‘\'uk
s § e

[1dS UJ C P
Sejake mk/J sical Observatory -odankyla Finland

“«% ~ thomas.ulich@sgo. ~mr‘rr)// u_lu.f‘/~thu/
" 3:‘ 4 ; ' 0/ )/) A -_q,_a _.;I.~' .


http://cc.oulu.fi/~thu/

Greenhouse hlgh up’

3 )
Sea kSt
o I

& .
. : X
. K. ,;.| n‘“

Model results, assumlng doublln JL C

i“‘é‘ﬁa CH4

Stratopause cools by 8 K stratosphere by 15 ‘

‘.s.,;;f’ it

(Brasseur-& HItCh an, 1988) v

! ’?-

i Ak

Mesosphere ,y,u thermosp
(Roble & Dickin

~F2- yer

, respectively.

Stratopaus e cools by 14 K, mesosphere by 8 K, thermosphere by 50 K
Akm?&*& michey, 998! |

‘6




ALTITUDE [km]

no
o
o

Greenhouse Cooling

Doubling of [CO,] and [CH,]

K - ! i "h.

bhere by 10 K and
sphere by 50 K.

F-REGION

E-REGION

.
.

D-REGION MESOSPHERE

STRATOSPHERE

TROPOSPHERE

109 10" 200 400 1000 2000

W
by 15-20 km.

@rs

Electron Temperature
Density



Sodankyl Ionosonde

® Sodankyla ionosonde measurements began 3
Ist August 1957. e
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Em‘piriéal hmF2 Formulae

| Shimazaki [1955] 88 Bradley, Dudeney [1973], eq. (3)

hplF?2 = 130—176 hmF?2 = axM"

355
x-1.4
b=(2.5x- 3)_2'35 -1.6

-
5
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" | Dudeney [1974], eq. (56)

Bilitza, Sheikh, Eyfrig [1979] } a =1890 -

1490(M xF)

hmF?2 = —-176

F1=0.00232xR +0.222

F2=12-0.016exp(0.0239 xR) AN — 0.253 0012

F3 =0.00064 xR - 25) ~ x-1.215
R - : 2
Fd=1-—ex 1 - [o0196n7 41
150 {1600 T \. (W) M\/1.2967M2—1

M = M ((3000)F2 . ® = Geomagnetic Latitude
AM = Correction Term
x= foF2/ foE R = Sunspot Number




hmF2 "&Solar Activity
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Note: hmF2 computed using the empirical formula of Dudeney (eq. 56; 1974), which has been tested against true height at
Sodankyla estimated during different periods of the time series using Titheridge’s (1969) single-polynomial method.




Sodankyla hmF2 Trend
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"A'Imaty hmF?2

AA343 ALMATY - hmF2 Anomaly
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" Conclusion
o Obwously, my ﬁ .;g‘rf'!ﬁf yours.
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~hmF2 Trends

Trends in F2 Layer Peak Height [Bremer, 1958, Upadhyay and Mahajan, 1958)

-

Degrees Northern Latitude

-90 : :
-18G-165-153-135126-105-90-75-60-45-30-15 0O 15 30 45 60 75 90 105120135150 165180
Degrees Eastern Longitude



Global hmF2 Trends
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Running Mean Filter




Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyla, Finland.



Average: N=1 (first frame of 25 fps film)

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=2

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=4

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=8

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=16

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=32

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=64

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=128

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=256

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=512

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=1024 = 41s

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



EERE

Photo: 30s exposure, /11, ISO250.

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Same film with background (average N=1024) subtracted.

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Average: N=1 (first frame of 25 fps film)

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Photo: fast sweep, 41s.

Images: Thomas Ulich featuring participants of International Incoherent Scatter Radar School 2016, Sodankyl&, Finland.



Problems

.'~ YUORIT
LA

I | e
r‘ » \

® Data resolutlon h )maﬂ ' onth(7) )

® | ow- pa'ss" |' ur' r polynomia |tt|ng

o Rem val of erlying  va '|ab|||ty;

."\ ‘—t?’

NOXY (s up SN F10.7 (adj./obs.), Ly-«,

.’ ( a‘
,, e

J DIOXY: ¢ patlblllty W|th data



hmF2 "&Solar Activity
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~* Ringing

blue:slope;red: const

Constant




~ Ringing

Series starting at Solar Max
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The ringing'idea WE?i'WOd»uce‘d by Jarvis et
al., 2002.The plots shown here are from a follow-
up paper by Clilverd et al., 2003.
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Example: Data Gaps
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. DataGap's

Day average depending on lengt nd pcs-;iﬁ%)f data gap;
gaps are 3-21| hrs; points are drawn at the centre of the
data gap, which is then movg,d across the whole'day.
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Maklng models

. Base functions of the modgzs re e g |
m; = € o measuremen errors’.
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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

The act lal"measurements m; observed at time t. are equal to the
model 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:

- In other words:
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Inverse problem 1

' Measurements and theory are welghted by the
measurement errors:

;
and b, .= —F

The_s'oI' ion is !ib uﬂ,ﬂv X, Which minimises the

. RPN s rw,wi‘
e are Ie with a-general least squares problem.

Solvmg this results Iﬁg’th ‘most probable solution for x.
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Signal Spectrum by Stochastic 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 Stochastic Inversion

Fourier spectrum
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T. Nygrén and Th.Ulich, Calculation of signal spectrum by means of
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Sodankyl F2-layer peak height hmF2
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Dynamic Linear Model

.............................................

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
time

New approach using a dynamic linear model based on constant, , %& semi-annual wave, as well as
F10.7cm radio fluxes. Here, hmF2 is based on the same Dudeney (1974) computation as earlier plots.
(Roininen, Ulich, and Laine, Cambridge (UK) Trend Workshop 2014)
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Trends in other Observations

I

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
per Year

-0.6 K
-0.7 K
-0.4 K
-0.4 K
-0.33 K
-0.25 K
-0.25 K
-0.1 K
-0.17 K
-0.17 K
-0.1 K
-0.1 K
-0.11 K

—
BRI

Reference

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 Terhperatu re

Miitstone Hill Radar, UT=1630-1730, Altitude=350-400 km

(local noon)

~ trend = —4.7K/year

O
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Year

Long-term temperature trends in the ionosphere above Millstone Hill

J. M. Holt' and S. R. Zhang'
GEOPHYSICAL RESEARCH LETTERS, VOL. 35, LO5813, do1:10.10292007GLO31148, 2008
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hmF?2 Shimdzaki [1955]] 54,
at :
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“lonospheric Trends
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Figure 10.12 Calculated ionospheric temperature profiles.
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Example: foF2 at Sodankyla

foF2 -- F2-Layer Critical Frequency
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Sodankyla F2-layer Criticél fréquency foF2
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Known components
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Problems VII (hmF2)
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Errors of unknowns

The inverse problem can be solved by means of Singular Value
Decomposition (SVD). Any matrix can be expressed as a
product of two orthogonal matrlce and a d|agonal matrlx
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