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Abstract: To address the issue of missing data in snow cover products caused by cloud contamination in remote sensing imagery,
this study proposes a snow cover reconstruction method based on the fusion of multisource data, including Fengyun satellite
observations. A seven-step cloud removal process was employed to achieve daily, accurate, cloud-free snow cover monitoring in
the upper Jinsha River basin. The results indicate that the reconstructed snow cover product attains an overall accuracy of 0.94 and
a Kappa coefficient of 0.80, outperforming the widely used IMS product from the United States. However, the overall accuracy
slightly declines within snow transition zones at altitudes of approximately 4.3 km and 5.6 km, and it varies according to slope
aspect. Moreover, the precision of the reconstructed product in forested areas is considerably lower (0.18) than in other land cover
types. Future enhancements to the reconstruction method should incorporate slope aspect and forest-specific characteristics to
improve the accuracy of multisource fused, cloud-free snow cover products.
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0 %I % 82% LA I (Hori et al., 2017). 3k B VIIRS. Sentinel-
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AL T 2R 36 0 e A5, BR 8 52 i b 3% BB 0 7 L ol AR
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You et al., 2020; Dong ez al., 2023). [F) i #1557 fl
FE 17 4 BB 1/6 (9 N AR 2 a7 1] A% 3k Y o 22
2R VR  FE K R I R i U A R
(Musselman et al., 2021; Yang et al., 2022). ¥ &
R E 3R FEME X Z — , HRHEEEK 5
A7) AR B R A AR A Y BRI, S L
K E B R A L TR (You ez al., 2020; B 7R 55,
2023) . 4 VT b e M Ak 35 B e SRR 3 T I
X, TRV, O AR U S 32 BRE FK N il
A6 ) 52 ) (85 58 4R 4%, 20235 Yi et al., 2023).Han
et al. (2019) (i F 3¢ & B 2003—2014 4F 4 VL I8 X il
L EAR T B A TTER R T 720 .5 A &L RIS
X B I A DT R R R 2 ATk 65% DL B (Wang
et al., 2022a) . M ¥ Yi et al. (2023) B9, 5 K Y
TIK 2 A VUL b A 2 A e M K R4 SR
2 2= VS 23 Bl A R AF A 2= IR T s T PR AL
M 325 80 2 5 o ik 7K I8 B . 78 S 722 5 B
RN K N Al 0 RN (Wel ez al., 2025) , 4
VOV B Y Rl S AR — 2P I, TR 25 ) A R
VI B 7K PR 8 B L B TR A A T AR K AR
WA (Yao eral., 2022). P 4 V0V b i i) AL
5 B LB 23 23 A0 AR A7 BRSO .

AL T W 4 YT b AR S B A 32y ik
A TT S5 3 LN 5% ) T U8 3 SR A 2 3 R W
o b TSGR 0 3 AT B AN B XA R 2 B
B Al b 32 R 1) 2 ] 53 9 SR AR UL I AS B PR o
(Che et al., 2008; Liu et al., 2024; Yun et al.,
2024) AHELN T , N8BS AR L, 5 T AR I 2 220
D B TR W0 DX 3l K | B 2 A 9 8 v A AR L R
SRR A 55 W e 32 RN S AR A B TR 2 —
(Dixit et al., 2019; Muhuri ez al., 2021). 3k H Ter-
ra/ Aqua MODIS (% 5 2% 1 8 5 5 7 i 78 W D 36 9%
AT G BT I R AORS T fiE 1K B 91,506 (Parajka
et al., 2012). MODIS & 5 iy #l IMS 55 pK 7 i &
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2 Fl Landsat=8 1y F 3 7 iyt o 9 h R 47 i RS
MH (Liu et al., 20225 Wang et al., 2022b).
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R A o 0 4B RO T R BRI,
FY-3D MERSI-TI % J& 45 7 vk &5 2 %5 S it 7 1 %2 30
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MODIS 7% §h 4 24 ( Zheng ez al., 2022). 75 75 % 5 I
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TR ST DX B PR RS SR R 2R BN R
B B 25 S BT PR A0 () I 7 A i A RV R =1 R AR
% (Yietal, 2023).
1.2 FEHEFRIE
121 FY-3DDEEX/~& FY-3DEKET
2017 R SIS AR BE R AR DR S
A oy B OIS AR AT R (MERST- 1T ) 3% ik
BAL-T AL (MWRI-T) 20 A6 55 06 3% KA B -1 A
(HIRAS-T) iR - TT AL (MW TS-11) 25, 7E X,
G M VE RN R M b % 4% % B AR (Yang
et al., 2024; Huang et al., 2025). H ' ,MERSI- [
& JE s B 23 8] 43 2R 250~1 000 m A4 1] WLYG 4L
HMEAR 6 7 35 Y5 BN 0.412~12.000 pm, W] L
T H— 1k 22 0 FUE 48 4 NDST(normalized dif-
ference snow index) , 42 W W 125 48 55 A 3= B #s .
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Fig.1 Elevation of the study area
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1.2.2 Terra/Aqua MODIS & % 7= §& Terra/
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MYDI10A1 H F %4 FY3D _SNC 7= & b &8 4r = 75
7t MODI10A1/MYDI0A1 1 %5 [a] 43 ¥ 2% & 500 m,
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Table 1 Characteristics of the main data sources
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% (Step 3) £ B = J2 M6 5 5357 i TR LR 19 52
R FI Y KB b R ARG B0 38 iR K =75
ek > R RORS BE B (Gafurov and Bardossy,
2009; Gao et al., 2010). A 3% B A 38 /9 B[R] 2 1
Ar=3d, X 9] 20 fil & 7 S, kAT I R) U A
S,(X3).
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i, a, T AL<At, (3)
) H S s Strsany IF L B (2, y ) A
i E] 2— Az H A H R T .
% SR I By 23 ) 3% 2k DL RO Sy IR B SR
MG F T BB v DU O BE BRI, PR A 5 B

S

x,y,t
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(Grinewald et al., 2014; Liet al., 2019). K L 7] LA
Fe 88 % o0 5 R FR o0 B9 45 00 28 3 R 4K BE
(X 4~5) , i i 25 (8] & P (Step 4) FIR S, 7= i h =
GOt GRS E S, ERS,.
Sioyn=1, l:f\z(S(‘l".y"”: i)>Asy, (2,9)E Asy,
(4)
Sy = snow, ifA(2',y ) E As,, Siyn=
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(2, v )b B i 3 i B, A2 DLz 80T Sk s 1) D 258
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(Dong and Menzel, 2016; Gafurov ez al., 2016). K
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A B 52 0, AR H5 4 VDT U Y 0 O R A SR R
W5 X Stk — 2003 o BB b BB R B U B
4TI (AT 4).
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Z(Su,y,/emm:S(n,/emm)
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Fig.4 Subregions in the upper Jinsha River basin
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INF B2 XA 5 A TR AT LUK s ROt A 26
HICE M E H R X A XN 5 4R
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I DEML. ¢ B8 IX 3055 42 A mlopl ) A i B &5 8 55 IX.
BAELITIE M S, HARX T, Hh slope f R =
BITAE YR | land IRFETEFH HL 3 .
Siy.n=snow if DEM, ,, > DEMS and slope << 60",
9)
Sioyn=land if DEM,, ,<<DEML.  (10)
B Ja B IMS B8 25 B S il v R B BT
AR TG (Step 7). %F IMS 7= ity (Sps) FEAT H R AR, fH
ZHS M HERAR B EES s BT
b IMS B ER S NN Z = BT H I S
AR R HE SR 0, A TC =7 0 S,
Siyn=1if Ss=cloud and Sys =1 . (11)
22 BERKESEH
FlJH B 2R AL 5 9 Landsat-8 NDST 7= 5 % £
AlA T S T R S R L
fit 1% Landsat-8 NDSI i [% {6 2} 0.4, Bl NDSI K T
0.4 I} My 11 A FLE (Dietz et al., 2012) AH i T4k .
F L E M RE RN ES 0.4 1 K
1B 23 1A Jm Hb 1) RS S TR, A5 0F 5 3¢ B 9 o i
X ) NDSI [ {8 £ 0.2~0.4 ¥ & & B ( Zhang
et al., 2019; Bousbaa et al., 2024).
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Table 2 The error matrix
Landsat-8
ARE TEH
T AT P FpP
Comn e FRT FN N

R, AS WF 53 25 B E R 0 JUR 28 00 2 0 i
NDST [ {E 4 0.3, LUK Landsat-8 NDSI# #e  —
A 55 77 TR B A 00, b 15 25 R I N 3R 2K
FETE M PR bR LS R (R 12) , R Z WG T
7 O U B A AR O S T A B AR T
b Ag, B 7= i i AR S 4 kG B 5 A Il 6 (X 13) , 7658
br b4 U R oo h i 2 /0 2 G T %
7 b TE A R O 5 EVAORS BE (S 14) , 7 A E AR
S AT b B AR TR 1Y L 9] Kappa & £ (5K
15, HTF -8R EEaiEs, —BRE~1Z
] , Kappa 7 i K ) — 85 Bk 5, K F 0.8 B Al A
MEbE TS Landsat-8 A9 45 3R JLF- 58 & —E (Mo-
tiee et al., 2024; Zhang et al., 2024) ; F1 5380 (A X
16) , [F) Bsf e JBURS 6 2% A0 73 [ 56 A9 25 5 6 b L KA
FE Rl 7 RS B R A (Hand ez al., 2021).

TP
V. B 22 . ¢ =, 12
K62 . Precision TP Fp (12)

TP
%. Recall = ——— 13
AW Reca TP+ FN (13)
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AE’\ y w:A . — ,
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(14)
— 5

Kappa % %1: Kappa = Plo e Po=
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Accuracy and p, =
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’

(15)
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A 11 H & U0 T E e )00 e 3 LS 4 A B R
(Bl 8),IMS 5 K™ i Y B i [l A LE T Landsat-8
72 T R (BR £ %, 2021). 1 Rl A 5 35 7 A
Landsat-8 25 3 7 iy i B 43 A IR AR — 5, H2
FilA 72 B a3 18] 0 9 3R Landsat=8 7= i BEAIG , 76 7
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Table 3 Cloud coverage percentages at each step of the snow cover reconstruction algorithm

FY3D_SNC Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
20194 53.02% 43.23% 38.25% 21.66% 18.55% 16.12% 5.07% 0
2020 4 52.87% 39.65% 32.35% 16.65% 13.96 % 12.23% 4.25% 0
2021 4F 52.72% 36.52% 30.34% 15.75% 13.64% 11.77% 3.37% 0
2022 4F 55.07% 39.20% 31.77% 16.91% 14.20% 12.41% 3.79% 0
2023 4F 58.24% 38.92% 32.82% 18.39% 15.95% 13.78% 4.69% 0
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Table 4 The accuracy of the reconstructed snow cover prod-

ucts and IMS products
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il 55 7 0.78 0.89 0.94 0.80 0.83
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Fig.7 Precision (a), recall (b), overall accuracy (c), Kappa coefficient (d), and F1l-score (e) of the reconstructed snow cover prod-

ucts and IMS products from 2019 to 2023

a
OO il 7
. [

C
00 Y dskih 7
. [

b
00 i dskih 7
. [

K8 20194 1H 11 A &1L B Rl AL S 7 4
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