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Motivations

1. Impacts of solar (e.g., photochemical processes)
and dynamical (e.g., tidal waves) forcings on
observed ionospheric E/D region electron density
(Ne) and sporadic-E (Es):

dConsistent variations of background Ne between GPSRO
and ionosonde (foE) observations
dinconsistent variations on Es observations

2. Impacts of ionospheric Ne and Es on neutral
atmospheric retrievals and GPSRO climate
records (not main focus in this presentation)
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Challenges in Retrieving E-Region Ne with GPSRO ui

Can be asymmetric
hTEC, hTECy

Hajj and Romans (1998) G
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Radio Wave Propagation in Plasma 1

Dispersion Relation ~ w? = c?k? + w?

Critical Plasma Frequency w, = 56.4 - N:/z rad/s

Phase and Group Velocity v, = w/k, v, = dw/dk,

Phase and Group Refr Indices n, = c/vp ng = c/vg

Advance 1, =+/1— (f./f)?
Delay n, = 1/1 - (f./f)?
Higher-order terms neglected

Phase Delay from Bending Tpeng ;1 (Ai, he) & 1/f7

7, (iono-free) = 25457 7, (L1) - 15457 7, (L2)

Q

1—403-N,/f? &=
1+403-N,/f?

Delay due to F-region ionospheric bending is 1-2 m (Hoque and Jakowski, 2011)
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e Layers: Az =2-10 km

e L1and L2 data for
lower D-region Ne

L1 Excess Phase/m

Ne Retrieval from Phase Advance in 7,
Data: atmPhs_C004.2008.001.12.06.G30
P LT SNR/1000 S = 26,7, Lng= 870
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. Thend_F | Ne Ne
Key Assumptions: W/ Layer E .-
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Wu (JASTP, 2018)



Ne Retrievals from Simulatec Data (1/2) uted 14

« New method was applied to

920 UCAR-simulated profiles = | vl

(courtesy of X. Yue). : |
» Bottom-up extrapolation H |

works reliably for all o

simulated data.
e Much smaller F-region e

contributions are in the new poel Furcien

weighting functions. |
* Retrieved Ne profiles agree }f N

well with the truth. S I\ \\
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Ne Retrievals from Simulated Data (2/2) 1
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GPSRO 50/100-Hz Data Statistics: Max h, i
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¥ GPSRO Data Statistics: Local Time Sampling

CHAMP (2001-2008) COSMIC—1 (2006—)  FengYun—3C (2013—

TerraSAR—X (2008-)

). )
4

METOP—A {2036—)
METOP—B (201

FengYun—3D (2017—)
Spire (2017-)

2-)
KOMPSAT—5 (2013—) METOP—C (2018— } SACC (2006—2011)

Equator-Crossing Local Time (h)

i_l* : 'i--_.: (B %, S Y

: %* PR Rt 51.1Aan§nmph- g
i E i § 1 i YR bt 7 -

T {1%
L
18- ”i t ]tk
i {1 :
15 i
Hiliin
e -%%i i
Rt T
o T
L 1 ‘ |
L |
3 ; 1§ 1\
o %E* Ikllli
2000

2005 2010 2015 2020

Acknowledgments: CDAAC Archive and Ehwa Womans U



5000: 1 1 1 1 1 1 1 | 1 1 1 1 ] ] 1 1
1 Total
m 40005 CHAMP (2001-2008)
—:' 1 SACC (2006-2011)
®
c
o 1 COSMIC-1 (2006-)
% 30007 Metop-C (2018-) 2
S 1 MetOp-B (2012-)
3 | MetOp-A (2006-)
I ] TerraSAR-X (2008-
S 20004 ‘e ( ) .
5 ] FengYun-3D (2017-)
O ] FengYun-3C (2014-)
= | KOMPSAT-5 (2013-)
= 1000— . R
= ] Spire (2017-)
U: T | T T :'|‘ - |
2000 2005 2010 2015 2020

Acknowledgments: CDAAC Archive and Ehwa Womans U



Latitude

Latitude

Latitude

: 100 km, Ne_Region (x10'® e~ /m?)

(Daytime at 100 km)

P

2010 2015

2010 2015
, 1{}{1 ki, Ne_Pert (x10°% e™/m?

YYRIARINAY
HHH

dadd}

2010 2015

rddad
SPACE FLIGHT CENTER / { |

¥ Solar Cycle Variations in E-region Ne and Es 13
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(MetOp-only, L1 and L2)
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Solar-Cycle Variations of GPSRO Ne and Es

e Multi-satellite observations (2006-present) are ‘sufficient’
for diurnal sampling of Ne and Es, but become less
uniform in recent years.

e E-region Ne and high-latitude Es (both daytime and
nighttime) are in phase with the solar cycle, which is
confirmed by MetOp-only observations.

e Daytime mid-latitude Es variations appear to be out of
phase with the solar cycle, especially for Es (Az <2 km).

* Insignificant nighttime mid-latitude Es variations with the
solar cycle.
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Solar-Cycle Variations of lonosonde Es i
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Impact of Diurnal Variation on /©Es Calculation

Es are effectively a metal

lon layer FE;
10

oo

foEs relates to sum of the

layer metal and the E-region g

background plasma density.
=> Overestimated foEs

Unbiased estimate of Es
layer intensity iIs proposed.

Critical frequency, MHz
2

The correction method 2
should apply to both foEs L - L 1 : 1
and fbEs,

Hours of day, UT

Haldoupis (2019)
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Rome Ionosonde 10 day plots — 15/06/-24/06 1988
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Modulation of £sby Tidal Waves qmﬁv»@

Windshear mechanisms of Sporadic E layer formation

westward wind northward wind W'nd'Shear (WhitEhead, 1989)
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Diurnal Variations of GPSRO Ne and Es 1
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Summary 4

e E-region Ne and high-latitude Es (both daytime and
nighttime) are in phase with the solar cycle.

e Daytime mid-latitude Es variations (from GPSRO) appear to

be out of phase with the solar cycle, especially for Es (Az <2
km).

o Correction is likely needed for ionosonde foEs and fbEs, in
order to produce the consistent solar cycle variations with
GPSRO observations.

e Global Es formation, variabilities, and coupling with other
processes still need a better understanding.
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(MetOp-only, L1 and L2)
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