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Abstract

Soil freezing dramatically alters the soil hydraulic and thermal properties that in turn affect sur-
face energy and water budgets, net ecosystem exchange of carbon and the surface runoff over
grassland. Passive microwave observations at L-band (1 - 2 GHz) benefits from a relatively high
contrast in the dielectric constant between free water and ice with lower scattering by surface ve-
getation. Thus, this study uses a relative frost factor algorithm with four polarization ratios to
detect temporal changes of soil freeze/thaw (F/T) state based on a soil temperature and
freeze/thaw synthesis experiments conducted over the north-eastern part of the Tibetan Plateau.
The L-band brightness temperature and the in-situ soil temperature are measured simultaneously
for the purpose of evaluating performances of the relative frost factor algorithm on different inci-
dent angles. Results of estimated soil F/T state indicate that the algorithm corresponding to Ver-
tical Polarization index (Vpol) achieves the highest precision (0.92) with incident angle of 60°. NPR
index, as wide and successful applications for frost factor algorithm, is still needed to be optimized
to decrease its degree of confusion in discriminating F/T state. The evaluation of the performances
in this study is useful for selecting optimum polarization index for spaceborne L-band radiome-
ters retrieving soil freeze /thaw state in the seasonally frozen Tibetan grassland.
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AT FCFF R W 1) X 387 T 7 s v i 2R G i 35 il b [X (33°54'N;s 102°09'E), 1 Hb X AF Ay i I
Uie B EE L PRI X AN T BT BRI 45.0%, LK BTRAN AR AR ERET iR, K I B R RN T
K24, T FEZ X Sk ) b 3R m R DA TR B T IR X T 2 7 e SR P K SO A A i R LA S B
SEE T S0 12 DX IR 7 DAL v S ) A v FE W b ) Sy 3, WMty T ARV R 3450 m, 22 434 BE /K B 4078 604.0
mm, EPERIRLIN 1.8°C, TR ST 5 W S A PR KB PR KR . i X A S R R 2 R
Wi L AP i% L, 2.5 5 5.0 cm IRFEAL 358 T Fe S I B R B, A Ao HL R 3 0.095 A1 0.107
Sim, RIS A5 2 T3 SR I 3R & R, Rk, 0.0°CH] DMEN 38R 45 (1 & BRI [17].
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AW SO ) L 3 B S e A S T ELBARA-INN 2 5t - B FR AR MR- S5 W 72 i 9 R 2 SR F % 1) — K
KT AL Lk Bt dm St it (F = 1.41 GHz, A = 21 cm) . ELBARA-I R T &AL IR AL OK P #l Ak /28 B A% AL)
HEE RGBT (EAR 1.4 m, REKE 2.7 m, —3dB I A 56 2 12°), A& WA A 2P {5 18 (1.40 GHz~1.418 GHz,
1.409 GHz~1.427 GHz)¥g s f5is P e 5 45 5 IR0, B A UE ARS8, BERHE 5 T PIUAIM IR 22 e 2
BAK[19]. iZAY AR SR E MM 260 HR 2/ F 1.0 K, AImRiZ) 0.1 K bR 2 HE AN S, 4880
TULL 30 min fr e a] (] B AN 5° 48 B 0K TR 40° % 65 I A A9, o rp 50" WL £ 6 b7 B R K BT [
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Figure 1. Overview of field data and L-band passive microwave remote sensing instrument used in this study [18]
B 1. ELBARA-II L 35 ER#% RO RUR IE REMLM SBE #E 5 [18]
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SH . SMAP AE55 TR R RMHFRIEHGE TR, PiEmEH 685 km, FhA8 i FIFEAE s 8] 53554 6 PM A
6 AM. SMAP T2 1 L BeB(1.41 GH)B Bt i1, B REW DL A0 HI NS LI A 5, Xf~40 km
B IT N RN A S IR (2 ELKSP R AG)BEAT W . A FL BN A Level-3 55 in (HH B 50K =5 #oif ol
National Snow and Ice Data Center, NSIDC & A, &AM LA https://nsidc.org/data/smap/smap-data.html).
ZrE T EASE-2 i ST IR, A IE 3 MR 36 x 36 km, HIFFLIEELY) SMAP RIS By 2016 4
9H1HZE?201746 A 31 H.
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WAL TR BB A T7 5, 12T VRS T A /K o Uk 463 ) 33 L B WA R e RO TR, R X
P I A AR AR RFAE SR X 4 H 38R AR 45 [21] (Rautiainen et al. 2012). %77 DA AL IS it 5 B 15
FIBMEATE NG, HIBTFF o K TARS, HIFONERERIRES, T2 FRa /N TARS, Ny R RS,

FF., (A — freeze and FF, ) A — thaw @)
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AHIE T T DY AR NE AR BT E KL, RS R D S AT R A XU AL S iR I AN AR SR A5 B
PSR UK RURFAE . SR B0 & XU AL )T — e F5 50 NPRypr,  HE ELARALTERL NPRypo,  FRiEZE 7 R Rl
H NPRgr) AT EARAL 22 7 AL FL AR NPReompy- it Ze36 /S, ST 9 PR R T Seni it TRt L 3%
B ) it e S ) R RO B 7R [14] [15] [21], 1ER e 72 348 BORUARHIF 72 % B i) 3 — e
HUIR) 0 52 AFAE B IR 2R AR DG OE R(FHSE REUR T 0.97) 0 RILL, ASHF 7 W B 3R 1) DU R4 B AR i 45
PR SEER RS R, a8t 5706 W 3-6 3
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JEFZMATEAL o AN FTIEHL 50 A SN AR B, VPAN AN [ BB 26 F T IR . PRGSO RE B, R R
BRELRE FH T8 NPR fa 8t R R ak 200 . anl 2 Bras, NPR. STI Al CombV = F5%FE BIE 3G 0, ¥
SEREFERGE B, X Vpol $8E0 BIE T BEARE AL = FPIa O AU, A AR & 0.70. PR
BB R B TS R A W 25 5, ot STI AT CombV IS BB YE B A T 0.2~0.4 22 8], 1fi Vpol X%
MR BIME My 0.19. BEAk,  DUFFEH 00 Rl A kg 5 40 b 10 4 P38 RO M A (B0 1.0), e, NPR FE 4
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Figure 2. Frozen, thaw and total precision of four polarization indexes as changes of threshold at the angle of 50°
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4.2. EEREE I

KA FEHRE A BRI T B ARG 2 R . o, Vpol 3845 T DU Fh e 2000 i s ook
0.876 Ml AR 45 I e AG E 0.860, 1M ST FREGHRMF 1 i m AL I E RS B, 4% 0.915. % 1 KW, U
Tl B8 RE S SR AL ) B R T, (ERH R &5 40 2 (RS B 3K TRk . o, T2 R NPR
FEEHAR LIRS IR ARE FE UM 0.75, IX T840 B NPR 5 506 ANE A1 A 7 i S Hh 2 1 il ) 4 1)

Table 1. System resulting data of standard experiment (Precision)

1. FREIRIE R G4 REUE(Precision)

Index Freeze/Thaw Freeze Thaw
NPR 0.780 0.750 0.850
Vpol 0.876 0.860 0.899
STI 0.867 0.837 0.915
Combv 0.836 0.797 0.905
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Figure 3. Frozen, thaw and total precision of four polarization indexes corresponding to 40° - 65° incident angle of I-band
brightness temperature measurements
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Figure 4. FIT retrieval results based on FF, algorithm using SMAP measurements of descending and ascending over pass
times (blue/Yellow Bardenotes freeze/thaw), and concurrent soil temperature at 5 cm depth and air temperature
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