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Global Navigation Satellite Systems (GNSS)
A satellite system primarily for navigation. Now days GNSS is
used for surveying, geodesy, geophysics and meteorology.
GNSS include

• Global Positioning System (GPS) - USA

• GLObal NAvigation Satellite System (GLONASS)

• Galileo - Europe

• Compass or (Beidou-2) - China

• etc



GNSS signal propagation

• The atmosphere delays Radio signals

• The excess path ∝ refractive index (N)

• Total delay =

∫ S

R

NA(ρ)dl︸ ︷︷ ︸
Tropospheric

+

∫ S

R

NI (ne)dl︸ ︷︷ ︸
Ionospheric

• Tropospheric = ZHD︸︷︷︸
dry delay

+ ZWD︸ ︷︷ ︸
wet delay

• The ionospheric delay is given by

I = ±40.3

f 2

∫ T

R

Neds (1)



1OHow is the TEC derived?

• GNSS signals are transmitted at two coherent frequencies

• The delays on each frequency are

P1 = ρ+ I1g + γr
1 + γs

1 (a)

P2 = ρ+ I2g + γr
2 + γs

2 (b)

L1 = ρ+ I1ϕ + Ω1 + εr1 + εs1 (c)

L2 = ρ+ I2ϕ + Ω2 + εr2 + εs2 (d)


• The delays are computed by the receiver



A typical obseravation file



1OHow is the TEC derived?

• TEC is obtained from the geometry-free linear combination

(P2− P1) = 40.3sTECg

(
1

f 22
− 1

f 12

)
+ BRSg (a)

(L1− L2) = 40.3sTECϕ

(
1

f 22
− 1

f 12

)
+ (Ω1 − Ω2) + BRSϕ, (b)


• TEC obtained from the above equations is slant TEC



Vertical TEC

• sTEC is often converted to
vTEC using thin shell model

• sinz ′ = Re

Re+hm
sinzo ,

• The sTEC and the vTEC
related by

sTEC =
1

cosz ′
vTEC



1OWhat information can be obtained from TEC?

TIDs EPBs

TIDs EPBs
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