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2 x Fy, 73590 FSC S T FLEU RS2 38 A s n
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3.1 SEiE-INEREY AR MR ARSI
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A1 X RMSE il MEA 43514 0. 169 .0 113, 757
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{E RMSE #8475 , JL i 35 DO B i e, AR db- 5l
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Table 2 The average accuracy validation results of the

SE-RFR model in three snow-covered regions of China

RMSE MAE
JERUN 0. 160 0. 104
B} 0.110 0.058

RAL-H5E 0. 169 0.113

H 0. 181 0.129

R T B IE SE-RFR A5 75 AN ) b 2 78 55 280 2%
PR 0 B TEORG BE 45 1. 2 71 HP A s 6 7 2 2 ORI
W 12 F R AR AR X S JEAR IR TT, X LT
K BE PP Al o RS B B UE 25 R 3% 3 TR AEARIX Y
RMSE F1 MEA 4351 3 0. 139.,0. 085; #k [X f) RMSE
FIMEA 435124 0. 235.0. 192, SE-RFR #5575 AR X
IR DA FE #R AL T, (HAR MR X ELA i (ARG

3 MRIX HAEKIX SE-RFR ALY (1 F-H485 2 10 UE 45
Table 3 The average accuracy validation results of the

SE-RFR model in forest areas and non-forest areas

X 3, RMSE MAE
PRIX 0.235 0.192
| 0. 139 0. 085

HHFSE SE-RFR 5 A% FSCARA X HH(E X . 5
{H DX 1Y B TR B, ASBIF 90 FSC AR IR BUE KN o3y
S 2h(0.15,0.50] , TR RAE X ;45 2%
4 (0.50,0.80] , F /s o H X 5 55 = 44 (0. 80,
1.00], F/REMEIX . XF T FSCH/NT 0. 15 AYIX[H],
M FEE KK AR KA E 1, RS 5
Al . %) SE-RFR #5228 fiz 1 1) FSC #E 47 55 1iF , 35 iiF
gE RN R 4 iR . KA X RMSE 1 MAE 43 %] 4
0.222.0. 177, H{iE X RMSE 1 MAE 53 %] 4 0. 183,
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FSC 114 5z 38 {5 AV ELAEL (%) 25 (0] 9% B o0 A7 (8], m DL 2]
r s (1 DX ] TR X AR 6 o0 AT R 7S B B3 68 SR 41 65
KBTI KL, BRI R R R s X
WA R, i W S i S B A — 8, &
BT Sk AR R AT

#4 4 IX[A] SE-RFR B 7 i FSC ARG 4k 2
Table 4 The average accuracy validation results of
SE-RFR FSC in different sections

FSC 4% FSC 4{H X 8] RMSE MAE
RAEIX (0.15,0. 50] 0.222 0.177
PEIX (0.50,0. 80] 0.183 0. 146
FHE X (0.80,1.00] 0.122 0.071
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Fig. 4 The spatial density distribution map of the inversion

value and true value of different grades of FSC
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the S-RFR and SE-RFR model in three

snow-covered regions of China

HEX el RMSE MAE
. S-RFR 0.171 0. 107
JEREN

SE-RFR 0. 160 0.104

Tt S-RFR 0.125 0. 069

" SE-RFR 0. 110 0.058

» S-RFR 0.172 0.112

RAb-HN5ly

SE-RFR 0. 169 0.112

R S-RFR 0. 200 0.131
T K 1 Jir

SE-RFR 0.181 0.129

SE-RFR FSC

T0.011,MAER#(E 7 0.003, Jbi854db-M5h
FRE XK B $2 55 %/, RMSE 43 %1 ) 0. 125.0. 172
FEARE] 0. 110.0. 169, T 7 i S B DOKS i 12 1m0 44
K ,RMSE M 0. 200 FEAILE] 0. 181, F#AK T 0. 019, 45
R HTE | IR | R T I AR IR
ST, R LA 308 v BEATL AR AR [ U A5 2 X6} 357 7 v
Sl X BER AT PR B . KIS — 20 R T 7
R e S LU DX BEAR AR 5 A B i 45 21, v DABH i A S-
RFR A J57 3 (1) FSC X BER TS m Al , JUHAE B

S-RFR FSC

96°E 96°E
(b) ik A BIEFE VT
€15 L8-FSC.SE-RFR FSC.S-RFR FSC BEARFT (14 i jiii 45 5
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[(a), (b) respectively selected from the verification images V6 and V7]



154 7K JI

7 + 44 %

FEARARA A1 X, SE-RFR B8 F7 33 i) FSC 5 EL
E N, BB 5| A T 2855 15 B 19 SE-RFR 17
AR TR R IR L X BRI A B
3.3 S5 H{MODIS FSC RiEE EH L&

R T W SE-RFR 58 (RS B, FATT SRS
SE-RFR 71 5 28 [ 9 5 7 FSC_NDSI, IR & 147t
43 B % MDOSCAG . SSEmod # 47 LB 43 . 7
WA FHAR ] B9 12 55+ L8-FSC 6 iF 45 4 Xof 45 A5 8 gk A 7
FERE B IE

% 6 J& 78 T i FSC_NDSI, MODSCAG . SSE-
mod F1 SE-RFR A5 7Y fiz 78 (1 12 5% 50 3E B0 1) °F- X H
JZ(RMSE) , AT AW] i & i 5 H A AL AR L SE-RFR
BTN () S RS B e s, HL AT B i e M S e
Pho RodE—LGuit T4 BIALRF- 1) RMSE Y- 3
MAE, A Ll % %] FSC_NDSI, MODSCAG ., SSEmod
F1 SE-RFR #5571 ) 5F- 4] RMSE 43 %124 0. 280..0. 243 .
0.215 #1 0. 160, *F- ¥ MAE 43 %1} 0. 208. 0. 136,

0.117 F1 0. 104, 45 % £ W, A ¥ T FSC_NDSI.,
MODSCAG F1 SSEmod 1% % | SE-RFR #5% 1 () - 1
RMSE #2 & T 12. 0% .8. 3% 1 5. 5%, *F- %] MAE 43
B T 10.4%.3.2% 1 1.3%, B4Rk, SE-
RFR #5584 (1) k5 B 5% 5 , SSEmod #6722, Hivk &
MODSCAG #i % , FSC_NDSI #i Bks & i 2% . &1 7
& 7x T J SE-RFR, SSEmod, MODSCAG #I
FSC_NDSI# AU 7E = R AT X ARHU FSCH#A% , 1]
DL 2 A SE-RFR A5 5 f 38 (1) FSC B #23f F H
. 455280, 7E42 B MODIS FSC i, 3 T Hy BiAL
il IR A R T fR A RV B TR T4 R
FSC_NDSIHEAY ; % [& ) 25638 2 1R A 12 053
17 SSEmod LI i 7G [ 22 HITR A 180T 3 A 7Rl
MODSCAG; 7£ H #ij MODIS #1 & & 4 K 7= f
(MODO9GA) LA 74~ Be i 2 A BRI T L 25 &)
AT LY OG5 AR5 2 ) B9 SE-RFR B AL H A
B 1Y FSC HE UK

0.50 : -

0.45 b R : TP i NX
_ 040 | i [ FSC_NDSI
g 035} i ! [C_1MODSCAG
o i i [C1SSEmod
§_ 0.30 | i - i [T SE-RFR
172] 1 1
g 025 i i
g 1 1
§ 0.20 E i
& 015 | i

i i
0.10 ! ;
0.05 " ;
V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 Vil V12

16 FSC_NDSI.MODSCAG .SSEmod 1 SE-RFR FSC {4 i i 45 5 (NC Fm A bt X - 52 B IX
TP AR TS R I, NX FR LA )
Fig. 6 The accuracy validation result of FSC_NDSI, MODSCAG, SSEmod, and SE-RFR FSC
(NC, TP, NX respectively represent the Northeast China-Inner Mongolia snow area,

the Qinghai-Tibet Plateau snow area, and the northern Xinjiang snow area)
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Fig. 7 The result of L8-FSC, SE-RFR FSC, SSEmod FSC, MODSCAG FSC and
FSC_NDSI FSC in different snow cover regions of China
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Research on retrieval of MODIS fraction snow cover based on spectral
environmental random forest regression model

SUN Xingliang'***, HAO Xiaohua’, WANG Jian’, ZHAO Hongyu’, JI Wenzhen’

(1. Faculty of Geomatics, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. Northwest Institute of Ecology and
Environmental Resources, Chinese Academy of Sciences, Lanzhou 730000, China; 3. National-Local Joint Engineering
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Resource Ecology, Beijing Normal University, Beijing 100875, China)

Abstract: The fractional snow cover (FSC) data can quantitatively describe the extent of snow cover in a pixel
on the sub-pixel scale, and can estimate the area of snow cover more accurately than binary snow area data. The
random forest regression model based on machine learning can represent high-dimensional nonlinear relation-
ships, which can significantly improve the inversion accuracy of MODIS FSC. In this study, a new regression
model, Spectral Environment Random Forest Regressor (SE-RFR) model, was constructed using random forest
regression model combined with spectral and environmental information, which was used to retrieve the FSC
from MODIS data in China. We used the FSC obtained from Landsat 8 surface reflectance data in a typical snow
area in China as a reference value to evaluate the inversion accuracy of the SE-RFR model. Research shows that
the RMSE and MAE of FSC data obtained by SE-REF are 0. 160 and 0. 104, respectively, which has high accu-
racy. The SE-RFR model is compared with the Spectral Random Forest Regressor (S-RFR) without environmen-
tal information. It shows that the random forest regression model with environmental information improves the
accuracy of FSC inversion, especially in the Qinghai-Tibet Plateau region, which is influenced by environmental
information, and the RMSE decreased from 0. 200 to 0. 181. Finally, the SE-RFR model was compared with
the currently widely used MODIS FSC inversion models FSC_NDSI, MODSCAG and SSEmod. The results
showed that the average RMSE of the SE-RFR model is increased by 12. 0%, 8. 3% and 5. 5%, respectively,
compared with the RMSE of the FSC_NDSI, MODSCAG and SSEmod models. In general, the SE-RFR model
can accurately extract MODIS FSC, which has wide application prospects for the preparation of regional and
even global FSC products.

Key words: MODIS; fractional snow cover; spectrum information; environmental information; random forest
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