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Result Analysis
Thousands of Global Positioning System (GPS) receivers worldwide record . Selecting a GPS station for snow-height analysis. Snow Height data for station in Galena for 2020 From the result, we can see that the reflector height extracted from the §PS and the snow height
signals sent by satellites to infer how each receiver (and the ground they are * GPS site area has flat land around with no obstruction like trees and mountains. 6] — P extract.ed from The SNOTEL ma]'fcfr:es the. treniofr’:he seasonal snlowp;]ack :e|gh’|: o i
attached to) moves over time. The motion of GPS receivers are used for many » Periodogram has strong, consistent peaks when computing reflector height on single day. — = t f_tat"l?” in Galena ;/;/atshong © tt le Stit'ons t datth ad better res‘; tts t f_” the Otthers‘,tT ':/I'S becausteht, €
purposes, including studying tectonic deformation and changes in Earth's * Assess satellite elevation angles, frequencies, and azimuth with respect to the GPS station. >1a !On '€ 1 a very a, orlzqn ? surj dce and there Wer,e no obs ruc.lons on ,e >Ite. VIOreover, this
) ’ ib ; 0ad i th f 4 | 14 1 station was the closest in proximity with the SNOTEL, which we are using for an independent
shape cause surface loading. In this project, reflected wave arrivals i imi i i
fc) Ny 'th'y " " thg' | fFZSPJS ¥ , : e o . Estimating snow height using the GNSS-IR software (Larson et al. 2012): c.om.?arlscsln.;'hte prox?fl]:cy of;che SN?TEL to the (ISES statlon-szzcts the r.esultsL)5|tnce snc;lw pactI;cal:c vary
contalinea witnhin the multipa s.|gna (0] ime sgrle§ are ex raF ed an ' . Select the GPS station you want to work with to compute its snow height. . significan Yc e nl,]een I’:tel’en motl)Jln:m rangi;. | at\I{]e provi zzzg?cmpgrllsons edween Imon SO
analyzed to advance understanding of snow properties in mountainous regions . Separate the daily signal-to-noise ratio (SNR) data file by rising and setting satellite tracks. J ;”9";'“3:“%1'0” rozt(‘)gzo ‘;E”%W d a,l'onﬂmot” I: N hte' year N Zrd alenaanda ysar— O”is,:ow
of Montana/ldaho, USA. Analyzing reflected signals in GPS series has the « Generate Lomb-Scargle periodograms (LSP) for satellite signals received between elevation eight for the year . The bare soil reflector height is constructed during summertime and it came
: : i les of about 5 ° to 30 ° out to be 1.9 meters. To find the snow height daily, | subtracted daily estimated reflector heights from 1.9
potential to reveal properties of local snowpack, such as height, water content, angies ot about > 10 30 . o . 10 | meters.
snow surface temperature, dielectric properties, and density. Improving our » Estimate the average height of the antenna above the bare soil using summertime data. i \ On the Snow Height data for station in Galena from March till June, we can see that the GPS station
. ) i o * Estimate snow depth for each day by subtracting LSP antenna height from the bare soil height. z _ , ,
ability to monitor physical characteristics of snowpack and how they evolve - Extract the mean snow height for each day and plot it on a timeline. £, records 1.4 meters as the maximum reflector height and the SNOTEL records a maximum of 1.6 meters of
over space and time is essential as properties of snow are key to understanding T snow height. The dlfferenc.e of 0.2 meters reflgcts a .co.mbln.atlon of error in the GPS and SNOTEIT
the sli f | th PP t | he h d E | measurements of snow height, as well as spatial variations in snow height between the two stations.
= SllpIPegs QU el s O.n a.no <l W IC. LIS S hELEaNS a.'zar. X ” oe Station Leador has a trendline for the reflector height that follows that of the corresponding SNOTEL-
Moreover, snowpack monitoring provides information about availability of estimated snow-height data. However, there are many missing data points, especially in the months of
water resources and snow hydrology. This project focuses on analyzing the ray il . March and April. The missing data in the springtime may be due to the station receiving too much snow
paths and attenuation of reflected GPS signals, also using reflections to infer v / tran(:r':j‘]:tsedsggtnl_alt?and . such tha?t the GPS receiver becomes buried under the snowpack, as the station elevation is high and in a
properties of snow. Traditionally, to study snow properties, one must manually £ mountainous area. . . o . .
_ . . . . et / Even though we strategically selected stations that are primarily located in horizontally flat
dig a snow pit to study the snowpack and/or use expensive remote-sensing _\Q,O " & 0.2 - surroundings, station P358 is situated in a slightly hilly slope that | hypothesized would not make a big
technologies (e.g. INSAR). However, digging snow pits can be dangerous due to = / difference in the beginning. However, when | compared the results with stations that are on very flat
avalanche risk as well as costly and time inefficient. Relatively low-cost GPS e ‘ XXXXXXXXXX) = land yvith this s’Fatiqn_, it_ can be noticed that the data_has _Iess quality to extract snow height and
stations that are now widely deployed worldwide present new opportunities to R / al ! . Pearson Correlation Coffecient is: 0.9643142353584174
study snow properties, including in developing nations with fewer financial B YVVAVAVAR =\/\/\/\/\/\ %0 - 5 0 0 = Correlating GPS with SNOTEL snow heigtht for 2020
resources. We will use GPS interferometric reflectometry (GPS-IR) software GPS Antenna 7~ . oy
developed by Kristine Larson (CCAR) to infer snow depth data from GPS ' VWV = O Snow Height data for station in Galena from March till jJune 15|
multipath. Results will be validated with nearby instruments, such as Snow N | 7 | —
Telemetry (SNOTEL) and a co-located weather station, as well as by visiting the Reflect S A ' _ _
site in person to measure snow properties manuall ratw g o g he diectsiona. inlgrores o
P PTop ¥ Height S /= with the reflected signal, ']
9 -‘ creating interference
b8 = patterns (shown in the inset) 08
) ’ 12
. \ in SNR data that are used to _
, back out the Reflector £
o Height. 20 ) Y o6
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Introduction
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Seasonal snow plays a crucial role in Earth’s environment and ecosystem, from regulating temperature
of the Earth’s surface to replenishing freshwater resources in rivers and reservoirs in many regions of 10 4
the world. Snow is an essential resource for the planet. However, snow fall also bring hazards like 0.4 1 oo
avalanches, which may impact human society gravely. Many people die or have their houses and o 00 o 0% Py Py - 13 14 e
facilities destroyed by avalanches each year. S : SNOTEL (m)
In developing countries, there are very few resources and there is not much funding to mitigate é =] i o i hat there | i o
natural hazards. Snow avalanches are one of those natural hazards that | have witnessed in Nepal 4 Pearson Corre Ztl?l’;)COfolClent tells us that there Is a strong linear correlation between SNOTEL
personally, and which has affected many families. My motivation for this research was to investigate 4 and GPS snow height
research methods that are low cost and efficient to study the snowpack and snow properties, with a g ' X _ \ BT fhe Ny, oo
long-term goal to apply the knowledge in developing countries to predict avalanche prone areas. g ‘ VW NS P\ RO AR (i | W i e Y % .3 e = s .5 F k
First step to studying the snowpack is finding out the height of snow accumulated each day. In this : s ; 2 . . Day of year Ut u re WO r S
research we investigated previously conducted research on using low-cost GPS stations to extract the Faflactor: alghe (o) GPS data f patd B L d £ 2020
' ' ' ' ' isti ’ - - - - - ala 10I Staltion in Leador 10r
:z'lcﬂsscgrodatjnfgosn;ff\:asrz{(ggzla\llzsiI:;lf)ucleifc?atcrjci ;zi:\vor\ljlﬁz;c'r:/:/?rowrw gﬁsusgli ':;'C-":rr:jes Larson’s The above perlodogrgm .shows station thqt has various peaks that are not constant and is not a good station | would really like investigate more in this method and apply it in different stations. Larson et al.
A N Nelg! ' overall. The GPS station it corresponds to is also at a place where there is a lot of obstacles. (2012) mention that the GPS multipath method works well for PBO stations that have choke rings
During my study, | looked primarily into select GPS stations in Idaho and Montana to extract the 12 - e and that are located in very flat areas. | selected stations in this study that are well suited for this
snow height for the year of 2020. | was interested to study this area because | had done field work | 20 1 “ e Y o y .
. . : : : . . E methodology. However, | would like to expand more and see how this method can be manipulated
here in summer 2020, installing GPS stations and weather stations. | would like to apply this 10 - 1500 GPS snow height estimate : : : : .
: ) . : . i bl 8 and tweaked to work on different stations that may not be in a perfect setting of flat land or stations
methodology to extract temporal changes in snow height at the field stations in the future. 15 4 : . : :
__ 8 84 [ 1475 where there may be obstructions, like mountains. | am interested to explore the data further.
g 6 — E 10 _ -E.]
% ;,“"' @ 1450 Moreover, my goal is to apply this methodology to another set of GPS stations in Selway, Idaho. |
7 & S L w assisted with installing and gathering data for the Selway GPS network in summer 2020. | aim to
3 4 =h E Ha compare the GPS estimates of snow height with actual snow heights measured by digging snow pits
- in the field during the winter months.
0 -
1 | 1 1 0 N m
2 4 _ 6 8 2I ¢'1 é. 3' 1375 Another route we could go in this research is that we can apply different models mathematically to
reflector height(m) reflector height(m) 1 : . estimate snow bulk density from the snow height timeline of each day to estimate the snow water
100 150 200 250 300 350 equivalent (SWE), with the goal of quantifying the water supply in a particular area.
Day of year
SNOTEL data for station in Leador for 2020
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Summer 2020 Fieldwork at Selway, Idaho. Installing GPS stations and weather stations. Consistent peak and one large peak can be seen this is periodogram. This signifies good data is available for this station. 100 150 ' 250 300 350

200
Moreover the GPS station the periodogram corresponds to is in a flat, horizontal surrounding Da \'4 of year 202 1 63 7 .
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