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GPS- IR EARREMEHEKYE

FAEH L2 D23 2R L2 gk 2Bk L2 IR L2 A L2
1 Kz K2R TRE S L2, BRE 7522, 710054
2 K KM 5 PR KR R 0, B 15422, 710054

3 PHERE S R YR SR TR R SR LI, BV 7642, 710054

WE: TR TR TIN K VR VA =R B 2R . GPS T R
R(GPS interferometric reflectometry, GPS-IR){F Jy— i+ 70 A 2 ) AN T ML BOR B H ad AL . BT

GPS-IR $ ARSI T —Fh K A & M POE Al TF 71 158, 221 GPS-IR AR 3RASE [WAR il FEALM (the plate
boundary observatory, PBO) GPS liffHU T RN [8] 741 ; 28 )5 , F FH 52 [ AL 5 3 I (SNowTELeme try, SNOTEL)
SR MR T K B x)5, LA ClimateNA (Historical and projected climate data for North
America) [{ISMETIEIRAEASEAR, ¥ GPS HERM T K GEIGEEL: H S K Y& ki 5 500E

RERE AR R R AT IR . RIS SRR (1) ET GPS-IR ARSI AA RIFarEtt, S5 MMErK

A R (RY 45 0.98, BT HiR % (root mean squared error, RMSE) 4 11.1 cm, ffZE (Bias) JN—3.7 cm;

(2) P (R T 7K Y A T B R R B (R?=0.98, RMSE=4.2 cm, Bias=—2.5 cm) 525 M (Std=3.0

em); (3) FARBIRIE SR E MR, BRESETTE Sem W (4 SETIEE SN BS540 2 50

KA EAGTH S IAE BN o Fr R 7 AR S 5 4 B = DX S I T /K S s DA T, [t B

G LI AT 7= S ST f iR S %

REEA: GPS-IR; MHRE, JKkY=E; Pudifhit
RS P23T SCHRPRERD: A

Weks H . 2021-04-22

PEBIIE « B2 H AR 42(41941019,41904020);  BR7E4E H AREHAHF 78 1HRITH (20201Q-350);
B P48 BHE BT I BA(2021TD-51); 1 sk m e SE AR AT ALY 55 2 % T %5 4 (300102260301,
300102261108, 300102261404); HECATERTTRI 5 (59339).
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AT AN T R AR S K SO S I S LA o TR R AR 2 4 X P K 9
o TR, WA MRUATRE, RSN EEAEL -, R RS AR R K
VRAE R AR T AR ARG BRI K S R A B, Rk, R HO R
SRR RBIE 2B, RIS IRE M S KSR Bae TR ROmE i, ¥
TONEF RN TR EEAG T, M DAL A B 5K B R A R K

2009 4, Larson S¢S AR KHIN & GPS RGNS IR, 2B AT F
PR GPS WLINEHE , FFH 22 1A% 2008 S I I 23 [ K BR B M), B Larson %542 H GPS
T =4 (GPS interferometric reflectometry, GPS-IR) i ARLEA F IR I BRI H Uk,
ZEEMITTIRIES 25K, W0 Hefy SFBERRRHLIX BT T RSB RE MG 1T SXREDTER
B 22 B AT R T IR AL T 225 . AR R Gk IR MYEE 29 10m?, AHEEZ T GPS-IR AR
AR BTG, H2 A8 S5 Ik T RE& S, 2 m &FREA 1000~2000m il
YO RO TS RS FEAE 40 KR GEH N 1 dm)e ZEARMERAE A BR) 27040 (1) GPS Feufilae A
R DA AR S LI o 2%

NE R R BON S 2%, I8 2B L FRK . ERAE T 2 IR B0, Meloysund!')
L AEIR A 105 AN MG, 70 Hr AR L AU PR RY B H IR 208 R 30 5 3% 2 AR Ak
FRISEIA . McCreight 5] FAN S VR FE A I (8] 77 471 S 3 MR IR T3] 1 7 e 5 {8 0 BB LE =5
WL, HETN S BREAT AT . Hill Sh@ B 4tk B3 B0 B Tk Bl
THARORREN, JFHE I ARL N B RES TBAF IS S BT RO I, AR i
I 25 P& B A o T H K S A TR, W] DUSE & B R AL I R

% GPS-IR BORKK e, I GPS 3l SEILE 7K 2 8 Wl oy 7 HT i . 4an 2014 4,
Jacobson Z5E'IFIH GPS-IR £ AR M AL IR B SRS % BT LA A FE, XA K Y&
JREFAT AL . A4, McCreight S5UIRIH 2% FERERL, 245G 2 ERIGA TN (the plate
boundary observatory, PBO) MZE%dE, I0iF 72T GPS-IR HiAREH K YEAG T AT FEME.
F AT, 5T GPS-IR £R /K S B AT — R £ T 2= id J5 0 /K 5 B AT S, I A 72
AXHH GPS-IR iR, FHEAEAEX T H/K BRI, E ] HT TR SRR
AT, SRR W VA% Bk = XA K S P A T, R eI AR S I 4%, 2
SBIARE M, AR B S A G E AT R S %

1 SR OSBRI

1.1 5% X AL

AL [ PE AL 2 I8 1 M Ketchum #8340 # X AE 9 SERG X380 (L 1) ZIX R T
Rk, PR 2 400 m, JB THRATRFPE SR, PSR EEL 12 C, FFREK
23300 mm!", ZIXEFEAAEFFERSE, EEH TS SECEHRIT TR . S50 X
B8 GPS 3 5 G WML P351 (ZLEkRiR) AT S 4 SNOTEL 3 kR (B 1),



(a) WX ERE (b) SE3G X Rk 5375
E 1 R HIRAE K GPS S KIMs 3 IER
Fig.1 Location of the Study Area with GPS and SNOTEL Stations

1.2 GPS %3

SZI8 GPS ks Vs T3 [E Ay He i S WM 35 H (the plate boundary observatory, PBO),
1ZI0H ¥ GNSS(global navigation satellite system)ZEuf. £5FLN AR & 5oL AR
LI 5 AR B AL S KBl P AR X, TR AR B4R . 3L GNSS SR AR T, 2=
IR Sl X e, P ASR G RS e R HERY GNSS #ds, b A i Hlan &l 2 (a) B
No

AT PBO 1) P351 % (B 2 (b)), ArT-3EEFEALERZ AR M rR i X, A A 42U
WLy TRIMBL ENETRS, 325t k2515 9 TRM29659. 00, J& FEIFLEF T/, JCHH SRy (&
2 (b)),

(a) PBO PL&ML 537 (b) P351 ufi MR

2PBO 4%k 43> % (& LA P351 Sh WM EREE



Fig.2 Distribution of PBO GPS Stations and Observation Environment of P351 Station

1.3 SEMSEEHR

HEEMN (SNowTELemetry, SNOTEL) 252t 56 E A5 B R B ORI IR 55 A 434
% [ VG F izt s X R S A E AL R M R G, Hosh At Ll 3 (a) FraR. SNOTEL
PIZEREGIRBET R . TSR, R FRKES TR .

SEOG X4 A SNOTEL v 33540k 3 (b) Fon, HATEER (& P351 ¥%) Wik 1 fiw,
Horp 450 w55 P351 WiMHEEEE, 2974 31km, FHEEHIT AN 490 vk, Z5°40.41 km. P351 ff)
BIREEZI N 2 700 m, 5 P351 ufilgik 2 5 &/ NN 845 3, MZEZ 16 m, ZFHE KR
21769 m.

(a) SNOTEL P4 4% ¥k 551, 73 Afi (b) A% % ) SNOTEL 31 A 15 4
3 SNOTEL (4 %%
Fig. 3 SNOTEL Network
21 P351 X SNOTEL S4B E82

Tab.1 Information About P351 and SNOTEL Stations

5 P351 ¥k BH P351
ik ZRE/(C) HEE/ () R /m

7 /m B S/ km
P351 -114. 719 43.874 2692. 61 — —
450 -114. 674 43.603 2676. 14 -126.19 30. 86
489 -114. 672 43.877 2731. 01 -415. 75 3.81
490 -114. 714 43. 875 2566. 42 -16. 46 0.41

845 -114. 853 43.799 1923. 29 38. 40 13.39




895 -114. 418 43. 769 2276. 86 -769. 32 27.24

1.4 ClimateNA BiH

Z 5 52 K 2B A T A0 T E I R R T B S8 Py sk 5 T = A Bl i E
( Historical and projected climate data for North America, ClimateNA )
(http://climatena.ca), ZIWHZI 7 K8 (KT 2000 H. EEMESHFEEE
B, A bR BB A N 3L, X 1901-2100 4E 2 (8] (1) 7 S AT oK ok < i AR Bk
TSSO, BEEEE SR (4 52.625° ~179.17° , db 4
14.45° ~83.203° ), HAMAPHEN 1 kn ™",

T H RIS A R B AR R BE K L TR . AR E . TG S AR AR
B TR 0K B AR o Wang 5 CUAE 20 L64E 4R BT W AT - B G AR A T R R .
Fags B 7R X 42 (12H —2H ) B /KL B & (winter precipitation, PPTWT)
(Bfr: mm) A0 55 B H P 34 06 B2 55 e v P X906 FE 2 18] /) i 2 ( temperature
difference, TD) (HAiz: “C) My fa 7l U WX 4% % 45, TDH FH Ok &AL Hb X <% 52 K il
A RIR A

(a) PPTWT A% EHE K Uk 73 AT (b) TD XA Z 4t S il 43 A
P 4 B 0 X 3305 A% TN A B

Fig. 4 Predicted Climate Grid Data over the Study Area

2 SERHR

2.1 GPS BiFIIE

Larson 2™ N 7 GPS-IR (i JRBE & HAE RS IR FE & BRI (LI 5), JfRft T
GPS—IR % ab ¥ T H™ . GPS-IR AR T LA, EEHE LM MAEME AR (si
gnal noise ratio, SNR) BEAT /04T, SRECTE EFFECE T BRI 102 BAEMEBE B . XFh
AR AR P 2 R 2R 5 R G T 2 B (0 T B PR 2, 4 20 B STk, SR TR S G
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SNR@)=A@)ﬁnczﬁsme+¢) (D

A, e 6PS PEMAMNSA: 1ME SHBBA: ONMELHE: Ay GPS REA AL A
Xof KPS THT 2 [A) S LR 25 s A(e) R SNR 2 (3R IE . M Lhsin ey AR &, W2 PR 1240
U RIR

W WEINRS, HTRRN
HR:_ (3)
RN L PP 785 2 I & R BRI, IEXHE R LA ZE 7 811 3E4T Lomb-Scargle fi

WK > (LSP) SRAGHANE . 85 BUBHE (A BAIR £, IRl (3) 3R1S Mo IREX
HeJei s WIART LR hg v AR IR A«

hS:H_HR (4)

IXHL) AONFESE S A SERR 1 R MR AR A 7 i e T AES E A R HA ) PR 3T i S B s e [
E R S B R AR, PPl ABRKES W (808 30d) TSR .

Kl 5 Ffidk GPS-IR J1faf 7Y
Fig. 5 Geometry of Ground—based GPS—IR

ASSCRE S R EER A ok Ha] st i 0 v S5AS B AR F IR LB, R P351 b B A



BL K GPS BRI A I 2 hilME 5 S b X a3 —3EEURIX), Jf45& DEM (digital
elevation model) #¥EikFE PEMMA N 8° ~25° . WK 6 (a) E/R N8 | 15° 5 25°
E T R IX A, DA [ IR B SRk R s AN [F] TR (M I . B & A A B34, S ot mi2s
[ RERFENT . T-26 B DA S GPS TR A A 35 P35 1 s AL 8 70 X B A7 LA IE, S
(X 3078 3 THIFAZ) 2000 m” (LI 6 (b) Do

(a) 24t X 455 DEM (b) S5 X 45555 00 i 000 R 355
K 6 P351 i GPS 155 R 4 X 8 & K

Fig. 6 Schematic Diagram of GPS Signal Reflection Area Around P351 Station

2.2 FKRHBERBEMTT

2.2. 1 24H 5
WZ M HFEA RS AR ERGE, HEKCHE I ERNE B AR A=
B PRI SRS, il 250 R S K B T O 7RI TN G s ke

V2 WEF R, AN TTRE T DARIA R R I BOUR S (% Sl A8, (EAE TH R BER BUAE:,
A FEK Y AL, AR IR A LU e SR ™ B 7 SR T e AN K SO Y,
LK Y BB S RS, 1T LB A SR R 2 AT R, LB
DLAT eSS A o KRB S AR SCE N — B, X THRRERIRSE, 7
FEARFRRTEE, SN AFEKMTRGEE, B E T N EH . P UARTER S i
XK 2 AL A R 5T R BO T ik oy A B
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Fig.7 Conceptual Relationship Between SWE and Snow Depth™

Hill S 52 7 — MRS B L R R 2R (12 H —2 A) BRI S (h) - ZZEFK
(PPTWT) LAz d5c % 7 PR ~F- 2533 B R e v ) 4 ()P 3508 2 2 TR R 2248 (DD /K SCAEAE AR
(day of year, DOY) (A/KSCHFEEE—REHE) SEATHIH, RGNS HERURIE Rl B shsr
JitE (5D, IR AAE SE [H AR b 5 A6 S PR AL R i B S rh S iE L P FE e, O 5 oAt 2
FRAN[F) SR AR L R e 4 S B AT LU, 5 R WA T LA fe i R e 5 R

SWE,.c = AR PPTWT%TD%D0OY%, DOY < DOY*
{SWEabl = BhP1PPTWT?2TD?:DOY?+, DOY > DOY*

A, DOY' IR T /K B EAE N S ACSCREER H . ORI SRR, EIX R 2
D3t 2 4RA7 DOY FIF M s SWEucen SWEan 73 73 B HEAR 15 Y RN ST A 25 /K S B A i . (X
(5) IXFER) S BUT RS S B 2 5T RL IR DOYIX — R E FT REANR, RIS J7 2
FE DOY RANELN, Tl PR S, PP EREHRE, AUT:

(5)

1
SWE = SWE,cc (1 — tan h[0.01{DOY — DOY*}]) +

SWE,,; % (1 + tan h[0.01{DOY — DOY*}]) (6)

A tana BRECH AR KL 0. 01 VR & T 1 A 8L, RERIB/IME ARG THE R T iR R 22

72 Hill 25 Seged, F T 22808 H 1)UL SRk YE T ClimateNA TH, MM LG Z S
B BOREHL S 5 K S B S . AN SC B AEBEA T PO K A T, i T SNOTEL uh4g
() B8 R Aff ) S B B o [FRIB ON PR R L I R AR AR B, AES BRI FE R A T PPT
WT. TD . DOY'ff34fE, Bk 2.



3 2 SNOTEL 3SfFZEE M (E

Tab. 2 Climate Observed Variables of SNOTEL Stations

Wk PPTWT/mm TD/C
450 292 21.7
489 254 21.1
490 292 21.9
845 417 21.1
895 185 22.8
2.2.2 f&it HR

Hill S MBRIZER T S BT, RECBEIBANLELZE, ToA%
FREK (PPTWT) SIEZME (D) Mgt e, M3 TSAC 'R T4 TiE— AKX
SRR AE, X DL A2 E 20 BT 55 7K 24 B e I R Y 7R K

R 3 ONMM ClimateNA TUH 75 B 1 5 W fi A7 B 1< TN A4, Kot R A T
ZARAHRAE K IYE . BT §2.2. 1 BB XA SHLUR GPS 3w R T £
&, ALRs GPS HAR TR LR oy H Tk 8, A TR0 R o, AE 7 GPS wfi Ky Bl o
FRI 25 AR R AR, SRR BT 8 T

% 3 ClimateNA S{ETEHNME

Tab.3 Climate Predicted Variables of ClimateNA

Wk PPTWT/mm ™/ C
P351 287 24. 4
450 321 24.9
489 243 25.0
490 283 24.5
845 417 24.9

895 219 26. 6




8 LK G E bl v A
Fig.8 Flowchart of Rapid Estimation of SWE
3 LSRR
3.1 FBEHER

ARIREI TR R Z (root mean squared error, RUSE) Fl{wZ (Bias) {EANLE RIS
PEEfEbR, o XN

RMSE = 1570y - 90 (M

Bias = =27, (9 — ¥:) (8)

X, PoNAETHE: v AWIME 7 KSR
3.2 GPS JFIFMELR

BT IRE 0T, EEBUARK (30 d) P351 Shf GPS B R AT 5 R0 25 W AR 7] ) %k
PEAL TR, SRR S B AN 1.97 m, B N P351 il E = .

T GPS-IR HiARFEEL P351 uf 2015 F/KCERMERE TS, F5 P351 Wiz
SNOTEL 3 (490 ¥%) FiREMEIE AT (L 9.



(a) TR [R5 (b) A PEE
K9 GPSP351 W FH IR 5 SNOTEL 490 3 F iR xT
Fig.9 Comparison Between GPS P351 and SNOTEL 490 Snow Depths

WKE9 (a) Fizn, P351 3k GPS FHiR 490 s Sl 4 AT 8] P 51 LRI RIFIHTF A
fE. B9 (b) dgh 7 GPS P351 w555 RS SNOTEL 490 w5 iR MERE, 455 Eox P351 il
5 GPS Ty AT WIEL A% B2 (1 HL 78 26 Y 16l P4 (1 T S &2 (#=0. 98, RMSE=11.1 cm, Bias=—3.7
cm), A BEELAREN 1 HISHL, DO NUEHELE, LG H GPS HIRBIARGFAE—
ENURZE . GPS H ZIRIIFRHEZEIIMEZ) 10. 1 cm, $EH] GPS-IR HARN T HISZ IR A BN E
IR . BA 490 36 5 7K 24 SR REF K SCAEAERR H (DOY 159) (& 9 (a) HiEth e
28D ¥ P351 i N WIS A, AT UK B GPS R4S 5 SNOTEL %# 22 57 3= A 7E
A UETIE G A R 5 & A 2T i

M AT R GPS [GHE 518 K, AEFFYIIC AR . (DOY 0— 40) 8%
SREUS S TIBERES, MR (3) PRI E R, Mt (4O AR
G GPS FIRFEAEL) 16 em WIEWZE . BMEHEERERSWIRTHERN, CPSESRFIE
REMBIRE, MRS NMEBUKER T8RS 1ok, S50 GPS-IR 1R IEAA /= A A8 B2 6 4k
Z£, WIFE DOY 65—69, fAEMBMMEEIERE, RIFBEEFL 46 cm, GPS FIRIWZEL —26 cm.
BEE AR S B ST RE FE IR, AR T B FEAN WIS K, (643 GPS 15 S 7E A i At I 2 S8 40 1) S
R oy B A B S AU A, S5 R B R AL (RUSE=9. 6 cm, Bias=2. 3 cm) t
2] (RMSE=12. 6 cm, Bias=—6. Ocm) 45 % 5 # I W I 5058 .

7EDOY 119, H[IRIAR|FEHAME, PS HIKL (13619) cm, 244 21 cm MW ZE.
B X IR — AN REELE DOY 113 2 DOY 119 A& ERMES, H—ANEEN GPS-IR
T EFMEER R IR P, Nievinski 5 Larson 258%™ RIS F M5 R AR A 0 R
75 50 cm (B/NPEEK) P, BEAE AR S5 R FE A3 N SRR R X IAR & A B B 1 4a ik, X Fhasfh 2
153 St 8 ss T AR/ 30%. [Rk, FRIG &, 7F P351 st 1.47 m DA EMAR S &
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3.3 FRLEPREMITER
3.3.1 HAISHR R R

g4 Hill SRS R TR S BB, ASCRIA P351 wh T 5 4~ SNOTEL
i 2011 —2014 K SCAEMFUEIRE . HK Y& LFRZE LK EEHRT A (5) B
SHGEATIRNE, SRS, HAHHASE: (4, al, a2, a3, a4) = (0.055 1, 0.
991 3, 0.148 1, —0.197 8, 0.311 2), (B, b1, b2, b3, b 4) = (0.007 1, 0.993 3,
0.060 2, —0.368 3, 0.924 7) ALLEH, al 5 bl AXFECK, X0l LB, $HF2K
MEARN, REFRESESRE; a2 M 02 #HKTE, PPIWT 5EH/KLEIEMR; Mibz
N, a3 M B3 #E/NTE, AT Ay DOY A1 PPTWT AHZE RPN 5, TD BRA, Homh &bk
I RRR SR (0, AT B REAR. Sturm 2577 7E 2010 4F 8 gt T35 103 SeAbd 78
PRI EAT R DS, ERER SRR S IR, AEMIERER.

3.3.2 EKHEMTTER

W § 3. 2.1 KRB T ACY B A, FIH ClimateNA T H 3REUH 2015 4F P351 i &1
KB ) PPTWT. TD TINEHE (W 2), # GPS [IRBIEHAL AT /K U EAGTHE. EXT P3
51 S K S EAG TN, R RBAZ, i DOYBUB A S50 A f4ME (DOY176). Kl
TH4 R PR 5 Gl 1Y) SNOTELA490 3t &5 7K 2 S 4088 b A7 Lh e, 45 R Wil 10 Fros e

(a) FK H 5 7] 751 (b) AH M
K110 P351 FH/K Y5 490 3 H /K G EXTEL
Fig. 10 Comparison Between GPS P351 and SNOTEL 490 SWEs

ZERRH], I PR AT B T K Y B R AR R SRR (£=0. 98, RMSE=4.2 cn,
Bias=—2.5cm), HHEZFHHEKGEMMGTIARMEZIED 3.0 cm, UL SCHLPRIE FE s
AR TR



KM EIEAE HILTE DOY 159 (44.7 cm, K10 (a) HFEtELE), GPS TH/K & (39.
7£5.0) cmo MK 10 (a) T LR H, TS S AL T EE 2 R A G 005 55 R Al 1% b 22
S ARG LR, SRRV A B AIHA T R A DL R AN S W T, R EREE LR
EEIEEYW RS,

A B AR S AL I B (DOY 65—110), %15 /K 48 fh =m0kt
EL—4.7 cmo EFHAYFIEEMNE (DOY 150—170) P24HEL)—5. Ten ifwE ., FERKHFH
KB AR 2, SR (DOY 1—15) WMZELIA 1. Tem, KMLIH 4. 6cm, FF
WA Bt T 22 BN R 20 A EE AR 3 1 Sy Al 5 /K MRl T, &5 RS I
S Z R (Bias=—2. Tem) Z/NTVEREEA (Bias=3. 7 cm) »

4 THig

4.1 FKRHEMTRE
§ 3.2 MISRIR A5 RR I, S5 & RPN AR R IX) S K 4 AU ] DA Rothofs AR SR
FERAONTOK AR, KRBT AKGEM T LA ZRE R

4. 1.1 K BB RS

AT IAE AL R RS BE, A SCRF SNOTEL 3535 VA S A5 S, % SNOTEL 3455 7K
M T T IR T AL L 1D,

I 11 (a) AT, FEiilre SNOTEL 35 A 5 R UFRIFEHAUR . nTE2 it im 2z (R
=0.98, RMSE=3.2 cm, Bias=—1.4 cm), HIEEMAEES (LEHL BRHEERIERN 1 WS
A CROELD . B 11 (b) yxt He Ak 22 R 5 3 A 1 L, W] DA th ik 22 £ 20 i T — 5~
5 cm, HMERBEEEFEIT 0 cme DALLE R AFR R AT LLAE B Bias, SUEEIET, #h4
ARG, £E—10~—5 cm H/NEEMB).

K445 T % SNOTEL 357K M et JEAL ST thgh 3. nTCUR H, BIRE S b A7 R
M ZE, o 450 Sliflivh 22 Bk, 895 Sl fli Th W25 B /N o A6 -k Jo A8 Xof L AR 22 I 1]
IR 12 fion, A AE HRERIAE 489, 490, 845, 895 ufifhitt ik 2 Aty 4], HAE
450 3 Ak TH45 BRAE DOY 120—200 P2 AR R ffifm %, SEIE 11 (b) i ZkfE—10~—
5 cm Y NP AE T AR S o

Ak, P 12 TR, R CTR AR R TS AT S K R Y,
K M B UK SC SR TI9 (D0Y'=176), FE/2 5Bl B 2l ) 4
FRHRE DAL 53%, U FRUE M ACS A T EOORAME, SECT § 3.3 ISR GPS
TR R REAFTTE A ATk 2 R R R



(a) FHRAE (b) PR ZE ML 0 A &

P 11 254 SNOTEL 538 8 ) 25 7K 2 B Al THE - S WL DI X b g6 2R

Fig. 11 Comparison Betweenthe SWEs Predicted with SNOTEL Climate Data and the in—-situ SWEs

B 12 4 SNOTEL A2 1) 55 /K 2 B A vH{EL 5 S A LU EL 0T Eb 22 B 18] 3 1)

Fig. 12 Time Series of the Differences Between the SWEs Predicted with SNOTEL Climate Data and

the in—situ SWEs

R 4 556 SNOTEL SRR B S KL EMATHE S RADMRERT g5 R

Tab. 4 Comparison Between the SWEs Predicted with SNOTEL Climate Data and the in—situ SWEs

Pk R’ RMSE/cm Bias/cm

450 0.99 5.9 —4.2

489 0.98 1.6 —0.4



490 0.99 2.0 —1.2

845 0.99 3.1 —0.4

895 0.98 1.0 —0.3

4. 1. 2 NSRS ECHE 15

PRI T K A RS T AR A T A 5N RS2, A SCRIFH SNOTEL 25 3% s I 2504
ClimateNA S TRIIEAE, % SNOTEL 2555 7K Y ATl v AT IR AL b (LT 13). %
gt o, Sl 51N AR TR 5 A L B A T RS FE (#£=0. 98, RMSE=3. 6cm,
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Fig. 13 Comparison Between the SWEs Predicted with ClimateNA Climate Data

and the in-situ SWEs
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Fig. 14 Time Series of the Differences Between the SWEs Predicted with ClimateNA Climate Data and

the in—situ SWEs
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Tab. 5 Comparison Between the SWEs Predicted with CliamteNA Climate Data and

the in—situ SWEs
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Tab. 6 Comparison Between the SWEs Predicted with Snow Depth of P351 and SNOTEL Climate Data

and the in—situ SWEs
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450 -126. 19 30. 86 0.91 8.4 -3.6
489 -415. 75 3.81 0. 86 7.6 5.7
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Fig. 15 Time Series of the Differences Between the SWEs Predicted with Snow Depth of P351
and SNOTEL Climate Data and the in—situ SWEs
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Tab. 7 Comparison Between the SWEs Predicted with Snow Depth of P351 and

ClimateNA Climate Data and the in-situ SWEs

5 p351 3k BE P351

bl F RMSE/cm Bias/cm
FZE/m #E 2 /km

450 —126. 19 30. 86 0.91 8.6 —4.0
489 —415.75 3.81 0.89 5.8 4.2
490 —16. 46 0. 41 0.98 4.0 —2.2
845 38. 40 13.39 0.91 17.9 —15.3
895 —769. 32 27. 24 0.59 13.6 11.5
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Fig. 16 Time Series of the Differences Between the SWEs Predicted with Snow Depth of P351 and

ClimateNA Climate Data and the in—-situ SWEs
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Tab. 8 Comparison of SWE Conversion models

il IEaT &€ i SE B Betiid S B ITEE/ o’

R, PEIK
Meloysund et al. '™ 1 KA - ~10
SR B

A UEN

TERRME.
1 KA ~10
Bt S IEN

McCreight etal. ™

WG U R B

Hill et al.™ [k . iERE 1 K34 iAEUIIE

4
S




TP B

FE BB
GPS—IR TRy Bk R 1d ~2000
T b B

458 GPS Wt 73 A1 Sz GPS—TR FANE i, A SCHE H HIBERLAE 22 5l ] il A DL AR A
1) o8t DA AR I 0 48 L7 il

MEIAE R F WML . FIF GPS—IR BAR, (E1F) 32 404 1 GPS il a] gk = A W)
Ve B X AL WS I BE /7. G0 McCreight 25 IFS7E 22 E PG40 H X, GPS sh# A2 BE 1)
TS T BT W4

HINA T = 5. SR SMAIEm, ERI AN T AR/ S,
AR PERIAEAS RS 2 R B Z IR, X AT AT AH O AR S5 7= i RS 40 A 1R ISR Pk
z™ ﬁm&%ﬁﬂﬁwm?ﬂzﬁﬁﬁ% FRAN R G E . k5T GPS
S EKCHE N, X T XIRFRIAAN T AR S 72 i R 4if e

2) HARRE S e

FIFAERTE IR | SAREE A o] (i PO e 3 B R IS VG . 7ESRIEE T
GPS—IR BARKIFH K M E P, A T @ S54RSS | SR LA AT,
I F AT AT SO AU R BRAS A 20 92 10 km (938 H T
(http://www. jaxa. jp/)~ 3 E E MR R KA IS 7K 2 EARE dt AR ATR J7 K A
(55 7K 24 B2 i GlobSnow 7 [R5 it B Jy ek s ¢lﬂ%ﬂ£*ﬁﬂm(ﬂ3)
PR S e B B R A T MR RS R S E A B R IR T FRRE
(AH AT o

RIRETRHSHER

Tab. 9 Information About Snow Products
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Tab. 10 Information About Climate Datasets
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Rapid Estimation of Snow Water Equivalent Using GPS

Interferometric Reflectometry (GPS-IR) Observations

WANG lJiatong*? HU Yufeng®?2 LI Zhenhong'?2 ZHANG Chenglong'? ZHANG Miaomiao'?
YANG Jing>? JIANG Wandong'?2
1  College of Geological Engineering and Geomantic, Chang’an University, Xi’an 710054, China
2 Big Data Center for Geosciences and Satellites, Chang’an University, Xi’an 710054, China
3 Key Laboratory of Western China's Mineral Resources and Geological Engineering,

Ministry of Education, Xi’an 710054, China

Abstract: Objectives:Snow Water Equivalent (SWE) plays a key role in climate change prediction, water
resource management and agricultural production planning. GPS interferometric reflectometry (GPS-IR) has
been proven to be a powerful tool to monitor snow depth. Methods: An efficient framework is presented to
rapidly estimate SWE from GPS-IR derived snow depth. Firstly, the daily snow depth productis obtained
using GPS observations with the GPS-IR technique. Secondly, a SWE conversion model is constructed using
snow depth, SWE and climate observations from Snow TELemetry (SNOTEL) stations in the study region.
Finally, using the climate forecast data provided by the Historical and projected climate data for North
America (ClimateNA) project as parameter constraints, the daily GPS snow depth product is converted into
SWEs. Results: The application of the proposed framework to GPS data from the plate boundary observatory
(PBO), USA shows that: (1) The GPS-IRderived snow depth product is reliable (R? = 0.98, RMSE = 11.1 cm,
Bias = —3.7cm); (2) The daily GPS snow depth can be converted into SWE with high reliability (R? = 0.98,
RMSE = 4.2 cm, Bias =—2.5cm) and stability (standard deviation of 3.0 cm); (3) The rapid conversion model
has high spatiotemporal stability with most of the residuals lying with the range of [-5 cm, 5 cm]; (4) The
additional uncertainties introduced by the climate forecast data and the spatial variations of snow depths have
limited impacts on the estimation of SWE. Conclusions: It is believed that the proposed framework can not
only provide guidance to rapidly estimate SWE inregions lacking snow monitoring equipment, but also

provide a reference to enhance existing snow observation network and improve accumulated snow products.

Key words:GPS-IR; snow depth; snow water equivalent; rapid estimation
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