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Estimate Medium Scale TIDs (MS-TID) using GNSS data

®* Multiple types of MS-TIDs
= Acoustic Gravity Wave (AGW) — physical model by Hooke, 1967
= We determine amplitude and phase phenomenologically
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= ‘Non-classical’ electrodynamics-driven TIDs

e Define MS-TID: ., Longitude Slice of TID EDP .

= Period: 5< T <45 minutes 400 -
= Velocity: 100<v<400m/s

®* TID parametersto estimate
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1. GNSS data
* L1-L2 geometry-free phase or STEC ~ |deal station geometry
= Minimum of 3 receiversin a non-collinear e
arrangement, optimally orthogonal legs DAl S 2

* Separations 30-75 km ém

* Separation ratio max of 2 =

* Opening angle 75°-105° §
- Minimum pass length 90 min' (NquISt) - Reference stn Auxiliary stn 2
= Satellite elevationangle >45°

Lonaitudes

2. lonospheric model
= Full 3D EDP

. Used to normalize Amplitude
= Need yF, and h,,F,
yF, used as k, (scale height in Hooke model)
h,F, used as reference altitude (semi-arbitrary)
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Method based on: “Medium-scale traveling ionospheric disturbances affecting GPS
measurements: Spatial and temporal Analysis”, M. Hernandez-Pajares, J.M. Juan, J.

Sanz, JGR 111 A07/S11, 2006.
Defines how to calculate k-vector and frequency

= Uses STEC measurements from 3 GNSS receivers
= Correlates bandpass-detrended STEC data to obtain time delays

=  We assume k,, = 0 and use iono scale height yF2 for k;

Variablesrequired to solve for k-vector, w

. —— TEC,,,
+ I
e TEC,,
. Ref:
| M | ®)\[ax OMin
¢ * o (l) T ¢ Stn:
. ®\[ax OMin
: I : Atmiu I I .
1 2 3 4 5 Xstn Xref
At,,..: Time of maximum correlation Arp,: lonosphere Pierce Point (IPP) separation
Atin: Time of maximum anti-correlation Vpp: IPP velocity
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®* K-vector linear equations:
Atpax1 = (Arppl,E + Atpgxt - Vppl,E) ' SE + (Arppl,N + Aty - Vppl,N) "SN
Atyaxy = (Arpp2,E + Atyaxn - VppZ,E) "SE t+ (Arpp2,N + Atyaxz - Vpp2,N) "SN

= Subscript 1 (2) indicates reference to 15t (2"9) auxiliary station

®* Angular frequency equation:
7T

|Atmln - Atmax| * (1 — S Vpp)

= We compute omega for velocity of each auxiliary station’s IPP

w =

* Final w is the average of the two individual values

® Connect slowness vector and k-vector

k=s -w
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ARL:UT method to obtain Phase

= Determined observationally from GFP or STEC data

= Locate null (effective zero crossing) in data

Latitude Slice of Hooke-TID EDP

—— Reference height
— Tx-Rx ray
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ARL:UT method to obtain Amplitude

n Dependent on other variables (k-vector, w, ¢y)
= Uses steady-state ionosphere EDP (best available) to normalize TID amplitude
= STECvalue definition:  S(x,t) = S%(x,t) + B = fN(x, t)ds + B

S
n Hooke electron density perturbation:

N(x,t) = NY(x,t) + Ni(x,t) = NO(x,t) + A(zg) N/ (x, )
n For two time points, we can solve the matrix
S(xl, t1 — f NO x1,t1)ds - f N”(X], tl)ds 1
[ S(xz, tz) f NO(xz,tz)ds ] Lﬁ N”(xz, tr)ds 1] % [
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®* Typical GNSS data rate: 5s

= We interpolateto 1s

®* Compute continuouswavelet
transformation (CWT)

Pajares methods

ARL:UT methods
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®* The GNSS data simulator
= Hooke TID
= |deal station geometry
= Stationary or moving satellites
= Strider (ARL:UT Jones-Stephenson type) 3D full-physics ray tracer

Simulator station geometry
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Simulator results Ref station: ref,
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Algorithmic error due to look angle (El/Az)

* Eliminatesatellite motion effects by using non-moving GNSS satellites
= Thisyields a IPP velocity of zero; simplifies the Pajares k-vector equation
= Done to disassociate geometric effects from satellite motion effects

* EmployourHooke TID model to simulate GNSS data
* Sphericallysymmetricionosphere formed with single IRl vertical profile

®* Usesame dataratediscretization to mimicbinninglimitations

= Generate data at 5s cadence (typical GNSS data rate)
® |nterpolate to 1s
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Hooke-TID EDP ray geometry: Elevation 90°
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phase error as a fn Az/El
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k_n error as a fn Az/El
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omega error as a fn Az/El
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®* We establish a new method to determine Hooke
parameter error as a function of GNSS ray geometry

* We found significant geometry-induced errors in
GNSS data-derived TID parameters
" |mpacts precision HF ray propagation applications
* Next efforts:
= Determine effects of satellite motion

= Explore ways to compensate for TID parameter errors,
knowing the GNSS ray geometry, as part of processing
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k e error as a fn Az/El
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