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Figure 4: The plots here allow us to see how the signal behaves over a roughly 6-month period from 2015
- 2024,
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Figure 1: The water level data
(orange) was downloaded from the
NOAA National Water Level
Observation Network (NWLON)?.
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Figure 1: The water level data
(orange) was downloaded from the
NOAA National Water Level
Observation Network (NWLON)?.

W
©

w
o0]

140

Average Daily Reflector Height (m)

Average Daily Reflector Height (m)

We used the d lidate th L1 raanna e Csamzerr  mmrsorr | may 2otz guis O anzorr T warzorr s 2017
e Global Navigation Satellite System Interferometric e used the data to validate the Water Level I o ] B asnden il vl . ","ay g Nl SO u
Reflectometry (GNSS). -IR measureme blue). The ggl—= 1 1 = 1+t L 3 g e ALy fm B e 14013 L5 2o L~ VUL —
y ( ) GNSS measurements (blue). Th 006 2008 2010 2012 5014 2016 2018 2050 2055 2054 2014 2016 2018 2020 2022 2024 | . R . i T L R 0,5 ——

e Measures reflected signal of f water and ice.

e Detects changes in water level around coastal
Great Lakes due to ice.

e Research Question: What does GNSS-IR data
suggest about the impact of ice on water levels in

Mar 2018 May 2018 Jul 2018 Jan 2018 Mar 2018 Jul 2018

. - i L] )
- PRSP Y S 1405MQW* % ,.,_,:..p\i--'""' "'

140

data spans multiple years for each S —— Date (years)

chosen station.

019

14 16 18 20 22 24 26

139.5

v ! 149 .48 £
the Great Lakes? E : = =
-— Antenna Height = . L SR A TeL - — . - -
% ias | i Tt Lave _ % a6 | » (S X Jf 3. ;" t = ; ‘F}eflector Heug:nt & Amplltude, PWEL 141 fleflector Height & Amplitude, GOD2
2 2 T 2w £, By G © -~ T e T et
D » L s LR, --»-‘ ~~.' 5 fo=- TR O L 139 = . P A0S . Vhk LS ' ' -
I = 3= - N . | — 1.!‘ " TP S N— e e —— L P e SO
= : & s 4 oo B g5 ‘4‘2:* b £ POCRETRRIE ™ 2O S Jan 2020 Mar 2020 Jul 2020 SECH ESOEE PSR SRS e S SHEL SO0
=2 147 + . ; »4 = - -:: ..0}'}4 sﬁ ,,pr,:,. , &2 * z - -' : ._.;.::_.:_.__.- “ [&) - >
3 o - . 8 . FisiHa N "“f “w Yo S RIER L 2 N =
= . s 2 = 42 {;&\'?t%g Eq:‘ﬁalﬂ iy %,tiff} il : ca o Ve X € @ wgr o« : r = & : « { cw= '
P , e S8 fagdicly ” ot P o 1% A D Rc . May 2021 Jul 2021
@ 46t . A . T ripeaiiing : w - ipaenes LN 5 i > 1385 ! -
= ' . =40 7 - - T B . < : » _— I W ——
CDU § A (an) % ‘ c < = - O @ T = _ 1 -
L kR JE - - J 2022 M 2022 Jul 2022 Jan 2022 Mar 2022 May 2022 Jul 2022
2 S 58| | - Antenna Height JVV’\N’\’\#\/V S L Y[ AnennaHeign an 2022 | Mar : y L .
S s Water Level L 138 % . - Water Level | & - .. . . < L 4})4% w@"' € it WS AP VI IR —
e Download GNSS-IR =2 2 - : : , ) l ) 1 1 1 1 SN g ¢ =4 < @ we - : . o o ; ,
eflector helaht data X 144 1 , 1 ) 1 . . < 36 ' ) : . S SRRSO 20 IS0 SN B DS B Jan 2023 Mar 2023 Jul 2023 1o Jan 2023 Mar 2023 May 2023 Jul 2023
g 2012 2014 2016 2018 2020 2022 2024 2005 2010 2015 =020 Date (years) N 140.5 - -
for a" 7 a.ntehnna Date (years) Date (years) et ' : : : - : 140 %’} - . W" : - '
stations in the Great : , Y 024
Lakes. 11 14 16 18 20 22 24 26
e Process data using
GNSS open source . .
package1. Reflector Height & Amplitude, PWEL 143 1 Heflector Helght feAmpliCe, GHD2 Reflector Height & Amplitude, MCHN A r - Reﬂ.ef.t.or.l__l ei.ﬂl‘.t.?‘.f‘ I‘.I‘Iplitl,:de, KN.G =
@ = e es® © cin -3 - S e _ e >
e Compare to water _ , 1425 148:3 Brnsnrtane g S s AT AR T T 2T AL, Seape ez
3 height data as given Reflector Height & Amplitude (Annual) o Y SO B ——— May 2015 ol BT e Jan 2015 Mar 2015 May 2015 Jul 2015
. SR by NOAA National 45. T _ . o . .
i V\>/Iater Level Fi 2: Th | h d £ £ 1415 154 Ww“““ - %‘MW = a0 r oo €%, T o Sad Bcie w e e e W tme fcan e e S B N
5 £ E .
Observation Network igure e plots here are used o = . £ g Jan 2016 Mar 2016 May 2016 Jul 2016 Jan 2016 Mar 2016 May 2016 Jul 2016
» luate amplitude (colorbar) to g = g 2 . - -~
 ad A (NWLON)Z. eva ua p :?:) § T k= a2 %.f ,.‘-«\ - = —— ‘.”:‘, LS o, . @ P .. -

. ) . i N 5 = S 1405 = ; 40 - o cmp= cce%w o < e ,° o B -
(represented by red dots) and water height stations Si nC(I-TO-nOiSZ r'aTio iS h| her. we expbect T 238 3 140 = -
(represented by light blue squares) around coastal g9 9 P - B s s ] P e P ETC 145.5 %-_ - M« I N e 42 t . _-° . e S ot e sl e el e P
Great Lakes area. there to be more lake ice. If the ratio is Vel l < W 0T B 1395 | 145 : N 40 : ) ; ‘

| + th to be less i T ¥ | Wl lle ® & s Jan 2018 Mar 2018 May 2018 Jul 2018 Jan 2018 Mar 2018 May 2018 Jul 2018
ower we expec ere 1o be less ice. 139 & - o™
145.6 F ~c . , il s ® o _ee on"
, . . . , : . - 1 . : 145.4 > S yepn S e o R g N e = y . R o o " oaretwe &
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 138'2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 145.2 . o T - L = L ' L )
Date Date = 019
15 20 25 22
Reflector Height & Amplitude, MCHN ) Reflector Height & Amplitude, KNGS Reflector Height & Amplitude, PSTA ] ]
4 5. , ” u PO ) 28 Reflector Height & Amplitude, MCHN Reflector Henght & Amflntude, KNGS
« @ L [ our Y (=]
1 * ' 1455 L" - SR ot aTcTCer R - Sea™ s Tanllanst L, o ‘\
145 ! it v S B e i -y a e e ® @ >
Conclus ions 45 Jan 2020 Mar 2020 May 2020 Jul 2020 Jan 2020 Mar 2020 May 2020 Jul 2020
= = A Rl WGP ® o oc , -
% & = «“ % = 14154-.§ ’: 1 v\((@i .!( ‘r'w e '. — ¢ | o’ 2 (;U'&._-_: - L - (h“‘ C (g® ® ’:% ‘?v(s:.
2 = = = 2
S 14655 < ?,’ = § - 5 Jan 2021 Mar 2021 May 2021 Jul 2021 Jan 2021 Mar 2021 May 2021 Jul 2021
I ) T 43 ° 8T g
= 2 - E = 2 ° a5 %
° GNSS-IR can detect water level S 146 5 5 s B 3 ; g 146 t " L(. —— "N Top s e
S = b} a < ’ PS : C @« =) _' [ & T « f e ® @ 9,
very well % 2 42 < = , 145 RO I T e e SO———— 40
o We see change in seasonality that 145.5 . asfe 0 T Ll _—
[ ' W < ® °, e ® ‘e
'S probqbly related to lake ice 145 N O "‘"‘W 40 Jan 2023 Mar 2023 M 202;. ﬁ 2023
formation. Jan 2023 Mar 2023 May 2023 Jul 2023 an ar ay u
. . op e | ! . | | | 1 1 1 1 1 1 ® e
o We CGn Tr‘Cle The Tlme VGI"IClbIIITY 2012 2014 2016 2018 2020 2022 2024 2019 2020 2021 2022 2023 2024 45
of when the ice arrives. Date Dats 40
o May be possible to detect
changes in ice coverage over the

past 2 decades.

ReﬂeCTOf‘ Heigh'r & AmpliTUde (1 Reflector Height & Amplitude, PWEL

4 - -

Figure 3: Here we chose to analyze

Future Work one year to see how the signal behaves

in shorter periods of time to check
e Get data from more stations and satellites. for seasonality and range of

& “ " t 14904 L ® %@ .‘ ‘. 'o. ° - 3 -
e Doarobust analysig on ampli‘rqde Thr'eshgld (Figure 4). amplitude. We hypothesize that the o y O -2 | tESa8en o f g * acd Jis

Reflector Height & Amplitude,GOD2

Number of Days of lce Annually GOD2

Number of Days of Ice Annually PWEL
Number of Days of Ice vs. Year

Figure 5: We summarized our data
from Figure 4 in bar graph format,
where we analyzed the number of days
of ice annually. Here we selected an
with an amplitude threshold of 20 for

Reflector Height (m)
W
©
Y58
8
Amplitude (v/v)
Reflector Height (m)
0
Amplitude (v/v)

o r\{eeg;t‘)é:.ur' data against established lake ice data higher amplitude corresponds to lake

e Look into what is possibly causing lake ice variability. ice and lower amplitude indicates a Jan 2014

10

140 . 1 . . .
Jul 2018 Sep 2018 Nov 2018 Jan 2019 Mar 2019 May 2019

Jul 2014 Jul 2015

lack of lake ice. Bars the occurrence of lake ice.
i - Reflector Height & Amplitude, MCHN Reflector Height & Amplitude,PSTA 47 ¢ Reflector Height & Amplitude,KNGS This allowed us to see how much the
\ / v GNSS-IR signal can measure or detect
145.7

ice over The pGST decade. Number of Days of Ice Annually MCHN Number of Days of lce Annually KNGS

145.6

N . @] v ®
4 i ® | 26
24
. s ® 22

References )
E 1455 B E aa ,\
£ 63 = z g 120 2
1. Larson, K. (2024). Kristen M. Larson and GNSS Community. gnssrefl. 2 1454 = 2 = ) Y
25-41. https://gnssrefl.readthedocs.io/ /downloads/en/latest/pdf/ T - = T = L 43 {118 3
S 145.3 5 S = k) =
° 5 O £
2. NOAA. Tides & National Water Level Observation Network é = :1’_: S © £ % 42 <

(NWLON). https://tidesandcurrents.noaa.gov/nwlon.html c 1452 2 e b *" | o
r 41
145.1 I % s&
Acknowledgements T o
138.2

10

1 1

144.9 ° !
Jan 2017 Jul 2017 Jan 2018 Jul 2018

Date

1 1 1 1 1 1 1 39 : I :
Jul 2018 Jan 2019 Jul 2019 Jan 2020

Date

e Kristy Tiampo & Ryan Cassotto

e Alicia Christensen & Karla Lemus

e The RECCS Program is funded by the National Science Foundation (EAR
1757930).

.Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Date 2018



https://gnssrefl.readthedocs.io/_/downloads/en/latest/pdf/
https://tidesandcurrents.noaa.gov/nwlon.html

