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ly Slough lonogram

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



Sodankyl Ionosonde

® Sodankyla ionosonde measurements began

Ist August 1957. o\, Sodankyla
* Until Nov 2005: Isoundln wmy ¥ - |
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Em‘pi'ricé;l hmF2 Formulae

| Shimazaki [1955]

hpF2=@—l76
M

Bilitza, Sheikh, Eyfrig [1979]

hmF?2 = 1450 —-176
M - AM

AM = Fix4 + F'3
x-F2
F1=0.00232xR +0.222
F2=12-0.016exp(0.0239xR)

F3=0.00064 xR -25)
R -

F4=1-——exp <
150 1600/

M = M (3000)F2

Bradley, Dudeney [1973], eq. (3)
hmF2 =axM"

a=1890 - 355
x-1.4

b=(2.5x-3)""-1.6

.
B

~ | Dudeney [1974], eq. (56)

1490(M xF)

hmF'?2 = —-176

AM = 0.253 -0.012

C x=1215

0.0196M7% +1
1.2967M?* -1

(MxF)=M\/

® = 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

S0166 SODANKYLA - hmF2 Anoma Iy
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Conclusion
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- ® The enhanced wuus: ff”” t] |s clearly
V|S|ble in the ionosphere .
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~Almaty hmF2

AA343 ALMATY - hmF2 Anomaly
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° Obwously, myﬁ . ;_.,u{[gm- than yours.

o The enhanced greenhot -;is clearly
visible
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~"hmF2 Trends

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

-

. , ‘ (Ulich, 2000)
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Running Mean Filter




~ Problems.

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

® Low-pass filtering or polynomial fitting...

Lo

e Removal of underlying | variability:
- B

"FOXY (s up SSN, F10.7 (adj./obs.), Ly-cx,

| “M‘-‘! N Of proxy: con ‘fcibility with data
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hmF2 & Solar Activity
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~ Ringing

Series starting at Solar Max
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The ringing idea was firstiintroduced by Jarvis et
al., 2002.The plots shown here are ffom a follow-
up paper by Clilverd et al., 2003.



Problems'..-

® Data resolutlon'i ) b& onth(’), ...)

o Low-pass ,ﬂi!.:l"l’u r polynomial f et mg
o Re ioval of underlying blllty:
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Example: Data Gaps

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



 Data Gaps

Day average depending on lengt 4nd poﬂ;iﬁvgﬁof data gap;
gsaps are 3-21| hrs; points are drawn at the centre of the
data gap, which is then moved across the whole\Qay.

\, Measurements
\ /
l\".
\I
%

Average after
removing cyclicity
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'Pmuem's.

e Data resolutlon (h }1‘;‘,} day ‘i’ﬂ@hth(’) ®) &
o Low-pass f'It ring or polynon ial f'ttlng

o Remo | of underlying C) arlablllty:
® D a2 g2 ' .
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e or multi-parameter fit
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® error



Maklng models

» Base functions of the mod S re e g |

m; = £ »*—5 M € errors'.
+ X| i .' ¥ > constant k-
+ X2t e IMPHNg
| -]t é”’



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

= F(t,xq,...

. surements 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 |

e Measurements and theory are welghted by the
measurement errors:

and b; :=

Theol | IS the wy X, Wi minimises the
X = ]B~x—b\2

- B .

e are le t W a general least squares problem.

Solvmg this re ults ﬁ’“the most probable solution for x.

. ‘-' "».




Signal Spectrum by Stochastic Inversion
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| , , - Left: 100 pts for Fourier, 90 for inversion.
FREQUENCY _ Above: 59 pts.

T. Nygrén and Th.Ulich, Calculation of signal spectrum by means of
stochastic inversion,Ann. Geophys., 28, 1409-1418,2010.
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T. Nygrén and Th.Ulich, Calculation of signal spectrum by means of
stochastic inversion,Ann. Geophys., 28, 1409-1418,2010.




Sodankyli 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, tre nu“é*& semi-annual wave, as well as
F10.7cm radio fluxes. Here, hmF2 is based on the same Dudeney (1974) computat
(Roininen, Ulich, and Laine, Cambridge (UK) Trend Workshop 2014)
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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

ITT AN

Trend
er 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

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 Terh,peratu re

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

(local noon)

~ trend = —4.7K/year

400 ' ' '
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, do:10.10292007GLO31148, 2008




Conclusmn

((the last one, | promise!)
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o Deﬁnltely, there’s Iong- erm C me |n the |onosphere
and thermosphere’ o

® The enhan ‘ed gsreenhouse effectis p oably a part of it.

Othe ‘unknow cesse VG ved
AIult;j"

m»sau.llﬂrﬂ >tdnd whnats goli
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Conclusmn

- ( I|ed to you!)

Ionsondes orlglnally dé%fé’ ed for monitoring
|onospher|c condition for HF radio
| communlcatlo and for studying short- term

o
events, are bec ming useful in'c enwronmental
context
Do not discc 'tinue atmosp %rlc observatlons
at a time of climate c ange m

. rments of our
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