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Fig. 1 The distribution of meteorological stations and land

cover type over the Tibetan Plateau
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2.1 AMSR2 R #HE

AMSR2 #5508 1 AMSR2 42 BR 5 18 77 i ok
I8 T B A i 235 i K B 98 FF & HLAE I 32 (https://
gcom-wl. jaxa. jp/auth. html) . AMSR2 f&4k AMSR-
E 2 J5 X —Hi e s, B ETE H A GCOM-
W1 (Global Change Observation Mission 1st-Water)
“SHIZUKU” L& I, ZF A 45 6.9, 7.3,
10. 65, 18.7. 23.8. 36. 5 GHz #1189 GHz 3£ 7 /™ i
R, BRI P A (D)

#1 AMSR2 LR SHL
Table 1 The sensor Parameter of AMSR2

PUOMB%/GHz 6.9 7.3 10.65 18.7 23.8 36.5 89
IFOV/(kmXkm) 35X%62 35%62 24x42 14x22 15x26 7x12 3x5
WRSEE/MHz 350 350 100 200 400 1000 3000

RUE/K 0.34 0.43 0.7 0.7 0.6 07 1.2
ZBUE B 23 18] 43 R 10 km, %52 75 20 4 EQR,

BE A% 4 Geo-TIFF, GCOM-W1 L& — KA M
Uit B B[], FHELAY A 5 A R 2 13:30(£15 min)
CYHEFE], FE), BEFUZ01:30(£15 min) . S
PO AS AR I AEAE 23 M — 3 40 e e ) e
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RS EEE P 12 HERF3I A, AR
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AMSR2 4Bk 5™ i (1) 25 R B 1 3 1k R 2]
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T 25 ) TR R AR
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DA : Tb18V-Tb36V>0 K;

2)F . Tb23V=259 K i 254 K<Tb23V<258 K
H Tb18V-Tb36V<2 K;

3) ZE # . Tbl8V - Tb18H=>18 K H. Tbl8V -
Tb36V<10 K F. Tb36V-Tb89V<10 K ;

4)% + . Tb18V-Tb18H=>8 K H. Tb18V-Tb36V
<2 K H Tb23V-Tb89V<6 K;

5)J2F : Tb36V-Tb36H>10 K.
3.2 RHBURNE X

2 P LR S Y SN EA S iRy i
B I RE AT R] T LA 0] BE TP XA AL
A g ) O e, R IR R RS . BRI kSR
(Simulate Annealing, SA) J&— i & F 5 5 K ¥% B
A2 (Monte-Carlo) )5 & AL B I E L 080
UL Rk R T R AR AR RCR M T
%2206 (BT) . 2= IR 22 (BTD) . ¥ #k (Elevation,
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WF5E 3 1 10, 18, 23, 36 GHz 11 89 GHz [ 7K
R B A A2 IR B G 7= A 45 A il 22, SRR 58
AR A o FI AR JCRTE AR 58 4 R A
5 r i 3 B P B T R A FH T B ATL 2R 5 R R i
BLAURG EE ,
3.3 FEMLFRH

R L% A (Random Forest, RF) H Breiman' 4
e, R A B T T . B MG
TR TCEU NI SRR R TR, 35k 22/ R SR AR A2 B
BT INGE T I — DL HEAR T4 o BEAL
FRMRET LA AR [V ) 2o 400 (R R, e 7 5000 D R
PEAERY A8, O 2 pibiole i 2 i i F 2 S50,
S ARG ) BEATLAR MR 5 1 38 i R R
H %) “randomForest” ¥ 45 61 52 90 . BEMLARAR A9 JE 1L
SROERN V)43 05 L AL E B ) TR0 AR 9 H
k, T EWOCN mery. 60 FHBENLAR AR AT 1E
TS, B NS 8 ntree Fl mery 75 WG E , H
T ntree F 7 P (A FICHE | ol S 0 TR IR I 2L
I £E fd FH bootstrap I FE IR EL . Y ntree B K HT,
RN PR A o 45 S b AR s (R B KR &
Bt R AE T S ALMERE . Breiman Y HE 1R K
mitry BN TN AR BECH () =4y 2 — , ARBFFR AR
FHIC T o
3.4 HBEWIE

A5 2R FH 10 97 38 SUBRIE 725 44 S A5 AL I DAy

BRI ARG JEE o R LI AE 0 o AR A SR AR ARG 10
A, OAUNTHIILR, A 1 4] T B uEA A RS
B, PR 10 U, 10 YA BA A 245 J7 fR AR 22
(RMSE) FIHUL & 16 BE (R*) 1F S 5 B DT v
FRLR R By, RMSE B/, A58 oG B B

R2=N/j2(§}—;)2/§§(y,—5)2 (2)

RMSE=J%§(y, By (3)
BIAS =%i(y,~ -¥) (4)
Sy Y Ak SR A L T A A
SRS BR TR s 0 TR REASL
4 HEREHR

4.1 BEFFELER
W2 PR, e WE L 0 IR 0 2k O
W& 108 =2 S5, M 58 A Iz vt IR 7 Hh i 58 HH 19 A4 B Ji
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Table 2 The results of selected variables with simulate

annealing algorithm

WY #hFE N
S¥ Sl (BT) iR 2%(BTD)
La 10H10V v 10HISH Y 10HISV x
Lon x 10H <Y 10H23H x 10H23V x 10H36H
Ele 10H36V x 10H89H x 10H89V
10VISH x 10VI8V x 10V23H x
10V v 10V23V x 10V36H x 10V36V x
10VSOH x 10V89V x
18HISV x 18H23H v 18H23V x
18H x 18H36H x 18H36V x 18HS9H x
18H8OV v
18V23H x 18V23V + 18V36H x
18V x
18V36V Y 18VS9H x 18V8OV x
23H23V Y 23H36H X 23H36V
23H X
23HS89H x 23HSOV
23V36H x 23V36V x 23V89H x
3V
23V89V  x
36H x 36H36V v 36HSOH V 36HS9V x
36V x 36V89H X 36V89V x
89H x 89HS9V x
oV v

T N7 IR A, X7 FRIZAEEAAML; £
La. Lon Al Ele 43 ilfR R L& (Latitude) . Z2)¥ (Longitude) F1
& (Elevation); 10H F1 10V 2 10 GHz A /K- FI 3 &3, Hfhds
15 10H18V 24y 10 GHz iy /K-8 iH M1 18 GHz i3 B M iH 1Y 5o iR 25,
FoflFk Il
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KlF-. 10 GHz I ELlE iR EH G Ak, H
X% 18 GHz #1123 GHz )3 F{i#iE ; 18 GHz fife %
Hreili 22l A5 Ak, 54, 10, 23 GHz #136 GHz
B A 5 U 2t 3 1 AR IR B 1 ) A i 7 2
L3 TE R v L i AR Y 89 GHz Y T L id 1H
T 7, AR E B 10 GHz B9 7K SF- 26 B3 18 4
BTBAIE o T S S R, KA, A
FI TR A5 00 (40 10 GHz) 19 4% y, ELARAR ink ot o
AR T 2B R m YRS S . teoh, KA
Fb T P T8 X R AR Ak S B AR, AT X
IKOV3E I8 5L 22 A AR TE Z /) — A
4.2 FERREBERIE

BT AR 2 45, R BEALAR AR A

TR IR T VR SRR Y, 10 P38 URIE LS SR an

3PN, BEHLARAMR S TR A0 B 3 L T AMSR2
EERFIRFE S . T AMSR2 H 72 5y, LR
MROR RS B R FH 0. 41 48 F % 0. 60, RMSE H
7.36 cm ¥ /N & 4. 88 cm, BIAS Hi 3. 24 cm i /)
%£-0.16 cm,

P 2 X6 i 3 75 381 1) % 2 7 PR o M R AT O

La
10H
10V

Ele
23H23V
10H36H
18V36V
10H10V

23V
18H23H
36H36V

89V
23H36V
23H89V
10H18H
36H89H
10H89V
18H89V
18V23V

OFr rrrrrrrrrrrrr o
o

10 20 30 40
i R BT R %
(a) FAXEE B

3 BEVLARMGRE S5 AMSR2 28RS ™ i X L
Table 3 Comparison of RF algorithm and AMSR2 global
SD algorithm

BEBLARARE AMSR2
Pl RS LERTVRT i
R 0.93 0. 60 0. 41
RMSE 2.13 4.88 7.36
BIAS -0. 07 -0. 16 3.24

Iy, G5 R4 (Latitude, La) #1110 GHz A 7K F
i T AR E B e g, HL 10 GHz Y /K - 1 3 2
PEm T I BOEGE . IR/ N R A A,
89 GHz 5 H AWK A G i b £ . BAR SIS
ST E AR U, B ST S Z B R
SR T TR R ARV, X AR 1)
SRECHAE /N, HIX I AN RE 58 4 T bR X F
M, X 7] BE S 89 GHz i il f ZME AR Ay IR e . 141 3
3¢ B B ML AR AR 1 LA L B (R?) 553K 0. 88, T
AMSR2 23K F I m ALK 0. 41, 125 b X7 78 15
JRE AR, AX 28 E BT S em 1 X
FEE AL

10H

La
23H23V
23V
10V
10H18H
10H36H
18H36V
Ele
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10H10V
18H23H
36H89H
89V
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18V23V
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o]
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i R P
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Fig. 2 The importance assessment of selected variables with RF algorithm

4.3 ERREHMEZRSHT

T ABEFERY 133 G a5 H 13 AR AFE AR
LAy AR R 1100 ~ 4 800 m 22 [a] , B X $6 5 4
Uil A0 B Vi R R A S = 2%, BP<2 800 m. 2 800 ~
3800 m. >3 800 m; Himg [m bkl 43k =3, B
#(25° ~30° N) . HaE4 B3 (30° ~ 35° N) L b
#B(35° ~40° N) . Kl 4, BENLARAREILAEA R Y
TR PR ORI 245 B2 T IORG B2 AR O0 T AMSR2 42 B3R %5 7% ™

o MK 4(a), KE U A 2 800 ~ 3 800 mZ
[ A, BEMLARAR S TR B Y i 22 5 /)y, RMSE AU
1 em 247, BIAS {U R -0.5 cm, B/NAMRAS T %
— X E IR, gkt 3 800 m i, RMSE A
XF T3 800 m LA X B A R 2 B K, RMSE
3.78 cm, BIAS N—-0.09 cm. BE#EEKM ETF, <R
BUTREAR, BT A AR 2 5 Wik, P TR B
K, T BT R D o T R b XY 25 R R {# RMSE
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Fig.3 Comparison of RF algorithm and AMSR?2 global SD algorithm based on the whole meteorological stations
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Fig. 4 The influence of elevation and latitude in RF algorithm SD retrieval over the Tibetan Plateau
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Fig. 5 The influence of land cover in RF algorithm SD

retrieval over the Tibetan Plateau
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HH S RS B e o 7 e S S A S TR 1 (Chang
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ESR R N WA N S i A=)
JEEBHL X (35° ~ 40° N) 3 BA 481k A 25 b A1y 2
AU A TR R T e R SR IR LI, i
A3 A AH E T 45 B b IX (300 ~ 35° N) g 0 L X
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Retrieved snow depth over the Tibetan Plateau using random forest algorithm
with AMSR2 passive microwave data

WANG Jianshun', WANG Yunlong', ZHOU Mingiang', LIU Changyu', HUANG Xiaodong’

(1. State Key Laboratory of Grassland Agro-ecosystems / College of Pastoral Agriculture Science and Technology, Lanzhou
University, Lanzhou 730020, China; 2. School of Geographical Sciences, Nanjing University of
Information Science and Technology , Nanjing 210044., China)

Abstract: Due to the complex terrain and snow distribution of the Tibetan Plateau (TP), many snow depth re-
trieval algorithms have not reached the ideal accuracy. Based on the new generation of AMSR2 passive micro-
wave data, the TP was used as the study area in this study, the Brightness Temperature (BT) and the Brightness
Temperature Difference (BTD) were input as parameters, and the elevation and latitude parameters were also in-
troduced into the SD retrieval model. The simulated annealing algorithm (SA) was used to feature selection,
and the SD retrieval model of the TP that based on the RF algorithm was constructed. The results showed that
the RF algorithm had higher accuracy over the TP compared with the AMSR2 global SD products; the goodness
of fit (R*) were increased from 0. 41 to 0. 60, the root mean square error (RMSE) were decreased from 7. 36 cm
to 4. 88 cm, and the BIAS were decreased from 3. 24 cm to —0. 16 cm, respectively. The BTD of low frequency
are more suitable for SD retrieval with RF algorithm over the TP. When the elevation approached or exceeded
the average elevation of the TP by 4 000 m, the retrieval result was not well, but the RMSE was only 3. 78 cm,
and the BIAS was only -0. 09 cm. The southern part of the plateau (25° ~ 30° N) had poor retrieval results due
to its complex topography and relatively few meteorological stations, with the RMSE of 5. 94 cm and the BIAS
of -0. 39 cm. The grassland, bare land and farmland with the low vegetation cover area had a maximum RMSE
of 3. 19 cm, and BIAS of -0. 49 cm. The main land cover type on the TP was grassland, and RMSE and BIAS
of the random forest algorithm on the grassland underlay were about 3 cm and 0 cm, respectively

Key words: random forest algorithm; Tibetan Plateau; snow depth retrieval; AMSR2
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