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What is the ionosphere?

The ionosphere is a region of the upper atmosphere.

The ionosphere is a shell of electrons and electrically charged atoms and

molecules around the Earth.
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Why do we study the |onospher

The ionosphere has a role in the propag
waves and in the propagatio
electrical-shock.
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How do we study TEC?
It's introduced a delay for frequencies over 30 MHz.
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We can study the total electron content (TEC), using GPS Data
(pseudorange and carrier phase)
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" Quito-Ecuador
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Receivers in Ecuador

Receiver Location

Riobamba Permanent
Riobamba. Chimborazo. Ecuador



Formulation of the TEC measurement

The ionospheric time delay is determined from simple ray optics using
the first-order ionospheric index of refraction (Budden, 1961)

u=\/1—fp2/f2where fp= 2

the ionospheric time delay is given by:

p pa— is the plasma frequency. Then

=[1-pw— (1)

For GPS frequencies, we have to pr < 1.
Then
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Formulation of the TEC measurement
Where the slant sTEC is measured in TECU (1 TECU = 101¢ ¢/ m?)

If we multiply the expression (2) for “c” we obtained the ionospheric
range delay.

40.3
dion = 7STEC €))
GPS pseudorange P;'q- and carrier phase L;'q- for two frequencies (k=1
or 2) can be represented as follows:

| A | i i i i

1j = Po T dipn1j + c(t' - Tj) + bgq + bg1j + brey; (4.1)
"4 K |

satellite-receiver distance instrument biases

ionospheric delay other biases of noise and multipath
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Formulation of the TEC measurement
Plzj = pO + dlon2] + C(Ti — 'l']) + b;z + quj + bfﬂesj (42)
The carrier phases Lilj = Alql)l]‘: and ng = /12q52]‘: are expressed in
e gth  othes . ipath

= poj — dion1j + €(T" — T;) —A1Nij + Bg1j + B (4.3)

S é( es

range.
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Formulation of the TEC measurement

Combining equations (4.1) and (4.2), equations (4.3) and (4.4)
respectively with equation (3), we obtain that:

TEC = — fif: (Py; — Py —b' —bj + &) 5
S " 40.3 f2 —f% 2j 1j j T €p (5)
1 ([ fif3 - -
] 1 2
Where b = bl, — bly; b = bga; + by;. =
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Formulation of the TEC measurement

The “leveling carrier to code” algorithm is widely used to reduce the
ambiguities from the carrier-phase observable.
We define:
L,=L{—-1L, (7)
P;=P,—P,q )

By combining Eqgs. (5) and (6) above, then by using the mean operator over
an arc, we get:

<L1,arc i PI)arc — )ll i1j — AZN;]- + B]- — bj + B! — b — <£p>arc (9)

We ain the mean value of the difference
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Formulation of the TEC measurement

The effect of additional noise and multi-path on carrier-phase
observations was neglected because it is very small compared to the
effect of those for the code-delay observations.

Subtracting Eq. (9) from LI in the same arc, we can remove the integer
ambiguity terms.

zl,arc — LI,arc — (Ll,arc — Pparc (10)

Finally, by the so called, “carrier to code leveling process”, we obtain

precise measurements for sTEC:
1 2 £2
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Vertica Total Electron Content vTEC

(Re + hm,)2 — R,*cos? «

R, + hy,

Satellite W

VTEC = sTECx

R, = earth's radius

Receiver

ionospheric pierce point (300 Km) - , Earth's surface

h,, = is the chosen height of the

X = is the elevation angle of the ray Sub-ionospheric

point
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lonospheric delay
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Changing nature of the TEC in the equatorial
ionosphere

l0/06/2012 10/06/2012 11:58 am 10/06/2012 12:46 pm

10/06/2012 1:57 pm 10/06/2012 2:45 pm 10/06/2012 3:56 pm
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Changing nature of the TEC in the equatorial
ionosphere

10/06/2012 5:55 pm 10/06/2012 11:03 pm 10/07/2012 1:50 am

Sl e Gttt 10/07/2012  9:22 am 10/07/2012 10:00 am
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Conclusions

Due to solar activity in this epoch the TEC reaches very high
values.

The Total Electron Content (TEC) in the equatorial region reaches high
values, with a maximum of 85.532 TECU.

For two days analyzed we observe that the TEC changes very quickly,
with a difference of 1.555 TECU ; 40 minutes 30 seconds and 1.528
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