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SNOW COVER PRODUCTS

Temporal Temporal Spatial producer
range resolution resolution

AVHRR 1980- Daily
MODIS 2000- Daily 500m NASA
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Date sets properties of five cloud removal snow cover products over QTP

Data Spatial
Data source P . Code
product resolution

AVHRR, GOES, SSMI, USAF
Snow/Ice Analysis, AMSU, Blending 4 km
AMSR-E, NCEP models,

Sea/lake=1,Land=2, Sea/lake
ice=3,Snow=4 Outside=0.

MOD10A1,MYD10A1, Terra/Aqua combination, Temporal Snow=200, Land=25, Water=37,

MOD-SSM/I Modified SSM/I combination, Blending 500 m Snow or lake !ce=200,0ther or
outside=255
MOD10AL MYD10AL, Terra/,_Aqug comblnatlpn, Temppral Snow=200, Lar.1d=25, Water=37,
combination, Perennial snow/ice, 500 m Snow or lake ice=200,0ther or
DEM . . . .
Spatial interpolation , snowline outside=255
Snow=200, Land=25, Water=37,
MODlOAIT\’/:\S/IYDwAl’ Terra/Agua combination, Blending 500 m Snow or lake ice=200,0ther or
outside=255
MOD10A1,MYD10A1, Terra/Aqua combination, Temporal Snow=200, Lar.1d=25, Water=37,
o ) 500 m Snow or lake ice=200,0ther or
IMS combination, Blending

outside=255
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60|°E 70:’E 80|°E 90.°E 1 0(|)°E 11 (I)°E 1 2(l)°E I3(I)°E l4(|)°E
s Meteorological station: 830,
manual daily show depth and
40°N- SWE
-40°N
Yellow stars (automatic station):
0on 35, automatic snow depth,
.. Show temperature
- Red banners (supper station): 6,
| . automatic snow depth, manual
Iomms wmme W . | snow pit (layering thickness,
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i Dragon Cooperati i rHcEh — B ) - . 1 ‘ ==Y 11-15 September 2023
2023 Dragon 5 Symposium " Hohhot, Tnner Mongolia, China

“ZeitRI” AR 2023 FEEEBRFARDHT = 2023 4F 9 H11-15 H | E Pyl neAn s RE

Meteoroglocial sation
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Snow Observation S Wind Speed
Predpltatlon and Direction*

A . 8 Blowing snow T E;

o

Air Temperature

B A d - and Humidity
! .{Q\.‘_ - - ‘
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Station for snow observation
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Accuracy of MODIS product against landsat images

N th X. .o 60'°E 70'°E 80'°E 90'°E 10(')°E 11(?°E 12(')°E 13(')°E 14(')°E
((2)287inlllzll]l:sl;g Inner Mongolia-
Ovrn] accugrac . Northeast (6250images)
oy . OA (clear sky: 93.7%,
clear sky: 95.5%, all :70.8%)
all :76.0%) lg 707
Z
| &
oZ . .
& || Legend . . 311 73 4 /0)’ | ACCU racy 1S hlgh
—0— CI\‘!A Stations Fle\'atlon ggz ; Tropic of Cancer | oZ .
Snow-covered Regionfill = in clear sky
L&:d\i::i:::ms ] oS0 1000 e ‘

80°E 90°E 100°E 110°E 120°E



2023 Dragon 5 Symposmm

“ZeitRI” FRH 2023 FEE R EARTHT &

11-15 September 2023
Hohhot, Inner Mongolia, Chin

2023$ 9 H11-15FH ICPIEI P@%E D%"*thﬁ

Accuracy of five cloud-gap-filled products against station data over the QTP

Land cover IMS MOD-SSM/I MOD-B TAI I-TAI

Evergreen

needleleaf 89.10% 77.50% 94.70% 86.10% 88.40%

orest

Mixed forest 76.90% 50.20% 57.60% 66.70% 67.30%
pen (0] (0) (0] 0 0

shrublands 53.10% 97.60% 98.90% /98.70/0 98.80 /o\

Grasslands 53.10% 82.80% 84.50% 85.40% 86.90%

Sroei Eine 64.50% 77.60% 77.70% 80.30% 80.20%

build-upland

Barren or

sparsely 72.60% 92.80% 93.00% \93.40% 93.50%/

vegetated
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CALIBRATION OF MODIS PRODUCT IN CHINA NDS| = (b4 _ b6)/(b4 ¥ b6)

7 7
6 6 -
- 5 4 _ &
=X - X -
s s 4
] 1 b5 ]
g_ =
3 3 - g g}
F | [x, ]
2 e
1+ 14
0 = T ] Ea s e T RE ) 0 T e e M
06 -04 -02 00 02 04 06 08 10 06 -04 -02 00 02 04 06 08 10
Terra-MODIS NDSI Aqua-MODIS NDSI

Barren or sparsely vegetated land cover
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NDFSI = (b2 - b6)/(b2 + b6)

5 1.0
0.8}
4 |
0.6
< s
= 3 Number density 3
§ z 0.4} Snow  Non-snaw _.
500 3000
= a .
g 2 Z 02t 1000
£
- 100 - 500
0.0+t _
14 - 50 = 100
02} l,0 lso
I 1
0 e o s thar ot A el = T -0.4 1 !
06 -04 -02 00 02 04 06 08 1.0 -0.4 -0.2

Terra-MODIS NDSI

Deciduous broadleaf forest
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Optimized Terra-MODIS NDVI-NDFSI decision rules for forest land-cover types
(ENF: evergreen needleleaf forests; DNF: deciduous needleleaf forests; DBF:
deciduous broadleaf forests; PWS: permanent wetland savannas).

Land-cover types Terra-MODIS NDFSI thresholds New OA? NDSI OAP
(IGBP) (%) (%)
NDVI NDVI NDVI NDVI NDVI NDVI NDVI
<0.1 [-0.1,0) [0.0,0.1) 1[0.1,0.2) [0.2,0.3) 1[0.3,04) =>04
ENF —0.18 0.12 0.05 0.06 0.16 0.24 0.31 99.80 75.92
DNF 0.08 0.08 —0.11 —0.03 0.02 0.14 0.22 99.91 54.65
DBF 0.08 0.08 0.08 0.03 0.05 0.17 0.30 99.91 88.77
Mixed forests 0.21 0.18 0.06 0.01 0.06 0.15 0.28 99.73 85.15
Woody savannas 0.37 0.11 0.04 0.02 0.03 0.15 0.30 99.86 87.98
Savannas 0.29 0.13 0.07 0.06 0.04 0.24 0.36 99.91 86.43

PWS 0.50 0.19 0.12 0.17 0.31 0.35 0.35 85.53 81.42
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Validation and comparison four forest
‘ Terra-MODIS SCE dz@ ‘ Aqua-MODIS SCE dataset \ CMA stations

SCE products OA PA UA
Aggregation of two
[ MODIS SCE datasets (%) (%) (%)

F‘D }\ ----- ~,  Terra-MODIS SCE dataset  95.19  97.84  90.74
pixels | LWau_:r body} MODI10A1 9248 96.62 86.01
! | \pixels | New ' Aqua-MODIS SCE dataset  94.18  97.77  90.38
[ S ilntaio i ]_. Siow ) CGr MYDI10ALI 90.83  92.60 69.87
| P SCE CGF-MODIS SCE dataset  91.23 9339 92.12

|| Snow-free | dataset MODI0A1F 81.79 8595 84.10

ixels \ e /| MYDIOAIF 8278 8953 83.12

[ Eliminating residual gaps J/
with auxiliary data CIOUd-ga p-fl"Ed prOdUCts

Flowchart of the new cloud-gap-removing algorithm
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CALIBRATION OF AVHRR PRODUCT IN CHINA

| AVHRRSRV4\

i @
71 [Clcar land pixels]
> . .
é;d !' First-level decision tree ‘E
>); 1 1
54 0.73 { [ sr1 | [BT11&DEM] (sRr3/sR2] No
B . \ S
T3 5.83% .
2 3 1 83 7/ Yes
h 2. - \ 4 .
o — (" Second-level decision tree “,
11 i ' | PR T ~
el o [ owsnom)
0 . .2 - . 8 i N i Non-Snowl
0. 0. 0. 0. 0. 1. b i
Ll | Snow2 i‘ SR3-SR2 i
1.0 . S
(b) | No
A0.9-_ _____ Overall Accuracy(OA) Yes { Third-level decision tree ‘E No
S OA-85.57% l 1 _i NDSI —_Non-Snow?]
081 PA-84.17% ! N S L } A\ — oy
g UA=86.97 % !
= 1
§ 0.7 ! Snow pixels] LNon-snow pixels]
< ! \
0.6 |
i
0-5_ ! . .
N TR T The flowchart of a three-level decision tree snow

e discrimination algorithm
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The accuracy of NIEER AVHRR SCE maps versus Landsat-5 TM SCE maps. C1-C8 denotes the different Landsat-5 TM SCE.

Path/row  Serial Date Cloud Snow OA PA UA CK
number percentage  percentage
116028 Cl 12 March 1997 2.0% 77.2 % 87.9 % 883% 959% 0.678
121024 C2 19 March 2016 1.8 % 96.4 % 98.1% 100.0% 98.1 % 1
135038 C3 9 November 1996 1.0 % 66.5 % 79.5 % 81.0% 879% 0.552
137039 C4 23 November 1996 2.0% 50.7 % 78.2 % 65.7% 88.5% 0.566
142027 C5 23 March 1987 0.0 % 96.1 % 972% 100.0% 97.2% 0.036
143027 C6 10 November 2005 2.0% 48.6 % 93.1 % 86.7% 99.8% 0.863
147029 C7 22 February 2016 1.1 % 89.0 % 90.6 % 914% 98.0% 0.587
147029 C8 17 February 1997 2.0% 88.3 % 89.8 % 909% 97.7% 0.560

Total 89.4 % 90.2% 96.1% 0.713
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CALIBRATION OF AVHRR PRODUCT IN CHINA

Accuracy against station observation

NIEER AVHRR SCE JASMES SCE
Class Snow  Non-snow Snow  Non-snow
Ground snow-depth measurements  Snow 134260 32946 | 50335 78 148
Non-snow 36367 295890 | 23594 209 149
OA 86.1 % 71.8 %
PA 80.3 % 39.2 %
UA 78.7 % 68.1 %
CK 0.690 0.321
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ASSESSMENT ON SNOW DEPTH PRODUCTS

Global snow depth products

| Dataset | _AMSRE | AMSR2 | GlobSnow | ERA-Interim | MERRA-2

Organization NASA/JAXA NASA/JAXA ESA ECMWEF NASA
Spatial coverage 0°-90°N 0°-90°N 35°N-85°N 0°-90°N 0°-90°N
Spatial resolution 0.25°x0.25° 0.25°x0.25° 25kmx25km°® 0.25°x0.25° 0.5°x0.625°
Time duration 2003-2011 2013-2016 1980-2013 1980-2016  1981-2016
Projection/Datum WGS-84 WGS-84 EASE-GRID WGS-84 WGS-84
Temporal resolution Daily Daily Daily 6 hours Daily

Parameter

transformation SD SD SWE/p SWE/p SD*xfsc

Improved Chang Improved Chang HUT, model
algorithm algorithm assimilation

Algorithm/Model

TESSEL NSIPP
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The ground observations from China, Russian meteorological stations, Russian snow
survey and GHCN were represented by orange, purple, green and blue dots, respectively.

160°W 140°W 120°W 100°W 80°W 60°W 40°W 20°W  0°  20°E 40°C 60°E S0°E 100°E 120°C 140°E 160°E

A
70° N +70° N
b':' . :’« . ‘o : .
- - -~ . “ h .,
50° N T50° N
China stations
30° N- 30° N

¢ Russian stations ,_
* Rustian survey stations

2,000
10° NA GHCN stations

C—miles FI0°N
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Land cover types Seasons

Forest Shrub Grassland | Bare-land Autumn Winter

Snow depth datasets

AMSR-E NHSD GlobSnow

MERRA-2 ERA-Interim

Input variables

Geolocation and topographic variable
Latitude Longitude Elevation .

Observations

in situ snow depth

‘>< Input variables O l

( Integrated snow depth dataset (2003~2011) 0

i 1

Accuracy assessment of the fused snow depth dataset

v
( Spatial pattern of the integrated snow depth )

& 1

(
=
=)

0.8

e
-

0.6

= 2
o

0.3

‘oefficient of determination (R

=
o

“ ool
0.0

20F

Root Mean Squared Error (RMSE) /cm
=
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VALIDATION OF PM-BASED SNOW DEPTH IN THE QTP

80°E 90°E 100° E
1 1 1

(8]
(e

40° N

P
h
|
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o
o
|
*»

35°N

° ®
*

[a—
(e
|

30°N

Estimated snow depth (cm)
o

N
|

Legend

&
® Meteorological stations Il Binggou watershed

0
—— May 2015 DEM (m '
£ i e Hi(gh) : 8448 0
m = December 2013 0 250 500 1,000
= March 2014 __ [ Kilometers Observed snow depth (cm)

Compare with 1n situ snow depth
Compare with MODIS snow cover
Compare with pixel scale 1n situ snow depth (in situ snow depth multiply snow cover fraction)
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VALIDATION OF PM-BASED SNOW DEPTH IN THE QTP

Compare with MODIS snow cover

N N N
a
;- i g, N | © A
e -m. \’ -
2 m— = 2 W . hass
o p
%7 R 5 % 5 P oty >,
: Fie* : '
'f B 7 el i . .
\ o t"\ -
2 | Overestimation error = 25 5 | Commission errors ™3 ‘i Omission errors
&1 - . SR
L ]o-0.2 o ; L1002 8. [ ]0-02
[102-0.4 4 CJo2-04 y S B []0.2-04
. 0.4-0.6 . 0.4-0.6 e " . 0.4-0.6
. | ™Wos-08 0 250 500 1,000 ' o608 0 250 500 1000 ; W 0.6-0.8 0 250 500 1,000
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T T T T T J T T T
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Generally, PM overestimated snow cover in the QTP
In the northwest region, frozen soil was misclassified as snow cover
Some shallow snow was misclassified as snow-free.
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Legend
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Low-temperature frozen soil cause large volume scatter
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SNOW DEPTH ESTIMATION IN THE QTP . ////
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SNOW DEPTH ESTIMATION IN THE QTP
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Snow density:

Global: 250-300kg/m3 SCD=23 days; YLSD=0.1 cm; MSDn=0.108g/cm?

99°40°0°E 99°50°0°E 100°00°E 100°10'0°E 100°20'0°E 100°30'0°€ 100°40'0°E

China: 180kg/m3 e ’f{[‘”““? %QV?»

38°20'0°N
38°20'0°N

Tibetan Plateau (CMA station): 140kg/m3

Tibetan Plateau (snow survey): 210kg/m3

38°10'0°N
38°10'0°N

0.45

o 0.45
Soae L 0.4
g 035 <035
% 03 5
\‘39 - @ 03
£0.25 2025
_cg 0.2 é 0.2 vy =0.0529In(x) +0.042 z
z 0.15 2015 R#=0.6137 g
2 0.1 y=0.0016x +0.1591 S 01 5
wn S A .

0 0 99°40'0°¢ 99°50'0"E 100°00°€ 100"10'0°E 100°20°0°E 100°30°0°E 100°40°0°E
0 20 40 60 80 100 120 0 50 100 150 200 250 300

Mean snow denpth (cm) Mean snow cover duration (d) SCD=208 days; YMSD=15.8 cm, MSDn=0.23 Og/ cm’
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ASSESSMENT ON MEMLS T L
The microwave emission model of layered snowpacks Mj/‘
(MEMLS) is the most used RTM in snow community. VNOJ
d Tt &
n n n };l en [b’» 1 Sn_l
YR Y AT
S4
4147 S
b 4 m N 3
%G 4

4L b

a Tt e 0,

TR

Wiesmann and Matzler, 1999
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An example of snow pit observation

1 Thickness  Grain shapes Snow grains Snow temperature (°/C) ~ Liquid water Dcnsityfron; Density fro;n
of layers (Unittem) ¢ 3 6 9 -12 -15 (%) shovel (g/cm?) tube (g/cm?)
e B S5 POy . ! » ¢ | 42-45¢m  Rounded grain ; =0
Meteorological data field
R 354 — 0 0.190
30 1 ~ 0.494
~ 14-42cm  Rounded grain |
2 S shaiie e - w\ .
" "Wiewrfield for '?'" ePlbeas _ 251 0 0.230 0.196
A nicrowavd - observation - [
. 'adiometer g =l 20 L 0.118
4-14 cm Faceted grain ;.
N - 0.384 0.217
10 - 0.263
0-4 cm Depth hoar N - 0.075 0.205
0.20 0.17 0.14 0.11 0.08 0.05
Snow density (g/cm?)

Snow grain
Size and shape

- ! AE=
wicrowave radiometer \Snow tube Snow shovel F1 Snow fork

Location of the Altay National Reference Meteorological station (ANRMS) in Asia, along with the four test sites in the ANRMS
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300 120
280 =) i
o 100 ¢
< 260 § 50
,% 240 80 & 45
5 220 s g4
2 200 E §.30
wn ) [
< 180 02 T
- -]
£ 160 0 S A
E & 15
140 - £
0 = 10
120 £ "
——Tb36h -===Tb36v .o --Tb18h Tb3Gh +<e¢ Tb18v—Tb36v 3 .
100 L) L) L) L) L) T L) L) L) L) L) T L) L) L] L] -20 0 t ’ T ' T — ™ - ” - T ’ I = ' '
25 A 5, 2, O 6., <6, s, 1 6. 16 ' Ry e P 6p. ME. . g T 5 2
/"op 0 0, o bec !,‘70 'Ic?,, "-?,, pb k b 6 A’-? % % - Vo, e Dep e, Va Map, %ag p“"b “'eb ey /‘78 /‘7 e 6”1,,,,
Date Date

Daily variations in observed brightness temperatures at 1.4 GHz,

18 GHz and 36 GHz (L, K and Ka bands) Variation in snow and air temperatures
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7
6 —o—Layerl —s-Layer2 -4—Layer3 ——Layer4 —¢Layer5 -@-Layer6
g
E
@ Rounded grains M Faceted crystals /\Depth hoar \/ Surface hoar O Melted forms | =4
=]
60 '3 3 -
m Layerl mLayer2 = Layer3 = Layer4 mLayerS mLayer6 '52
£2 7
,g 50 A o® — g 1
e ¢ mm l\{M - |
g 40 j : : : AA ! O 0 T T T T T T T T T T T T
- : o 2 : & i i & 5 £ 3 3 5 3 %
% 30 A N | A AN | 5 5 2 3 N2 @ %3 % 3z
:E o0 : : : 1 :\\1 - vt « - - I - - ® ﬂ
= | I : : (a)
2 | !
= I
0

4.5
10 - 4
53.5
! = g3
<
HI EZ.S
N 7 2
Date 315
g
g 1
L L o L . . U0-;;
Daily variation in snow layers and grain shape in each )
3 > Iu 5} 5] 5} I ,I.Q £ =) I St - i
layer in the whole of snow season 502 0% % ¢ F:E 5 EEOEOEOEO:O:OG
5 Y oz o2 % -~ < dog g w & 2 % 3 0L & ow
Date (b)

Daily variation in grain size within each layer
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0.45
0.5

? 0.4 Snow shovel: S % =S5 cm 10cm =—15cm 20cm =235 cm
S 035 y =0.7495x + 0.0772 ° 3.0 - 30cm =——35cm = 40cm =—e=45cm =e=50cm ,J}
& R2=0.9251 | .- " g 0.4 1 k‘
f 03 | T @ Y
= 0.25 ° &
> 2 0.3 1
2 02 &

D
gl 0.15 Snow tube: '; 0.2 -
=01 y =0.7604x+ 0.073 S
S R?=0.8856 n
; 0.05 0.1 -
: (b)
% 0 0.1 0.2 0.3 0.4 0.5 0 — . - -

Snow density_Snow tube and 17 27 5 J 1& 2,;\ Sp 15 25 4.
snowdensity_Snow shovel (g/cm3) (a) 4’0 O 0 Ja "a,, € pb p% %r 47.9,.
Date
Comparison of snow densities measured using Snow Fork, snow Daily variation in snow density measured using Snow Fork

shovel and snow tube.
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280
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= 160 »Z 7 ) 40 = 160 - 40
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o ,’ ’I’ ': - ”
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2> 2, 7> 2> 6. Z, 2 3, 'S 25 6. 22, D), 2, 2, 6y, N <6, Sp 75 2. 0,
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Brightness temperature from ground-based radiometer VS

simulated brightness temperature using empirical and
Improved Born Approximation (IBA) scatter models

Brightness temperature from ground-based radiometer VS

simulated brightness temperature using adaptive scatter
model
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[0 Validation or assessment of soil moisture data
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EVALUATION OF SMAP, SMOS AND AMSR2 SOIL MOISTURE PRODUCTS BASED ON
DISTRIBUTED GROUND OBSERVATION NETWORK IN COLD AND ARID REGIONS OF CHINA

* The performance of nine remotely sensed SM products LPRM-Cl  LPRM-C2 LPRM-X JAXA-X SMOSIC ~ SMOS-L3  SMAP-SCAH SMAP-SCAV ~ SMAP-DCA
from AMSR2, SMOS and SMAP missions, are evaluated x '
based on observations collected from distributed

observation networks in the Hethe River Basin (HRB) of
China during 2013 to 2017.

* Four widely used statistical indices are used to evaluate
the accuracy of the time-series SM datasets, including the
Pearson correlation coefficient (R), mean Bias (bias,
m?3/m?), root mean square error (RMSE, m3/m3) and the
unbiased RMSE (ubRMSE, m3/m3). The definitions are
given as follows:

o EUSM,, ~ ESM,,D <(SM,, ~ E[SM,, D], - -0 SM, m3/m3
- C,..%xX0,,
Bias = E[SMex] - E[SMr] ¢ Spatial distributions of AMSR2, SMOS and SMAP soil moisture
RMSE = JE[( SM,,,~SM,,)] « products (LPRM-C1, C2, X, JAXA-X, SMOS-IC, SMOS-L3 and

SMAP-SCAH, SCAV, DCA) in both AM ((al1)-(i1)) and PM ((a2)-(i2))
— JZ__,’[(.\-_ -x)-(y - _JRAGE —Bias + orbits, averaged during the unfrozen seasons for 2015 in HRB.

n
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95°C  9°E  97°E 9L  99°L  100°E  10I°E  102°F _— i (a) up-HRB site g 08 (a) up-HRB site 0o _
B SMSTS 150 £ 206t 4 v 120 &
A AWS = E 2 . =
Z . &72[' i > — Heihe_river 40 é "’E 04 F 140 .:E
& A A i 2, [_] Babao sub river basin = Z 02 £
N up-IIRB site 460 g 7 02 160 g
[ mid-HRB sité 30 o 0 80 e
> - down-HRB site 13-01-01 14-01-01 15-01-01 16-01-01 17-01-01 18-01-01 13-01-01 14-01-01 ]5-0]-0]- ]6-(?1-0] 17-01-01 18-01-01
ZT B I o; AT (b) mid-HRB site 08 (b) mid-HRB site 0
|:|Grassland 0% J |IW|]1 l I I““ﬂ'” Sl M lll R T J l’""ﬂ' 0 = I ‘ \ ’é‘
[ ] Bushwood ':'; 0.6 420 £ 'g 06 720 %
z, z [ Wetland o E ": L i .=
9:?_ T ) X B og [ | Waterbody é 04 r ’ so 2 ‘:'". s 140 § = o4 o . ] N fé-
g I Build-up Arca ; 02 F 460 % % 0.2 M w 3 : kil e 8
[ Cropland i ;E fhad L2 il - =~ =
=, > B Torest 0 80 0 7 % 80
5 - S [ Dare tend BOL0I 140101 150101 160101 170101 18011 L Bl Ol IO LA IR0
. « [ Snowcover 03 (¢) down-HRB site 0 0.8 ; (L), down-:l:{IB S.ltc. ™ : T 0
Validation Pixels ) ' ' L3 R I I T — L 1n £
z : , 06+ 120 E 4z 0.6 20 £
Z | | z [1 36km_SMAP_pixel £ = 5= E
% 0 3570  140Km : £ [ 25km_SMOS_pixel £ 04t 440 é \;40‘4 I : T %
e [ 025° AMSR2_pixel % i o i ! ' 4 s L s Z 02t 2 . i ! ' ) (X2 . 160
) m"' . d‘ i‘m‘ %b’ M: m: E 0 H .&T 1 M. . A : 80 A
100°10'0"E  100°30'0"E 100°20'0"E 100°40'0"E 101°0'0"E 101°20'0"E 0 80 )
R iwa T - — e 130101 140101 150101 16-01-01 170101  18-01-01 BOLOL 10Tl POLOL 160l OO IS0l
s SM-obs SMAP-SCAH SMAP-SCAV
2 ——SM-obs LPRM-C1 LPRM-C2 ® LPRM-X ® JAXAX ® SMAP-DCA @ SMOS-L3 ® SMOS-IC
§ e The SMAP Level 3 Dual Channel Algorithm (DCA) product gain superior
2 performance than the SMAP-SCAH/SCAV with comparably high temporal
g correlations of ~0.7 and high accuracy within 0.04 m3/m? in ubRMSE.
(& 0 15 30 Km
Land cover types and the distributed soil moisture * AMSR2 Land Parameter Retrieval Algorithm (LPRM) SM products show
observation networks in three validation sites of up- extremely large overestimation over the vegetated regions in HRB, especially the

HRB (a), mid-HRB (b) and down-HRB (¢) in HRB. C-band products



ESA-MOST Dragon Cooperatio

11-15 September 2023

2023 D ra g on 5 Sym p (8] SI um , 1 i ' Hohhot, Inner Mongolia, China

“JeitRI” FHH 2023 EEEBREARPFTS o RS 2023 4F 9 H11-15 0 |HHE pysE e SRR

EVALUATION OF SMAP, SMOS AND AMSR2 SOIL MOISTURE PRODUCTS BASED ON
DISTRIBUTED GROUND OBSERVATION NETWORK IN COLD AND ARID REGIONS OF CHINA

* Parameter uncertainty analyses indicate 1 . (a) up-HRBsite , 1
that the different parameterization Ll z
. . a 06 [ . ZI
schemes of vegetation optical depth S il P & 10
(VOD) inputs could be one of the main 02 : = 08
reasons resulting in the systematic 13(.)01.01 14.0’1.01 15-0‘1-01 . l()-()ll-()l 17-0|1-01V 18-01(-)01 o 06 7
overestimation / underestimation in the 08 [ () mid-HRB site . 08 = o4
AMSR2/SMOS/SMAP SM retrievals. 06 T - : 2 * 02
Soal =
> a 0.0
. . . I - = up-HRB nid-HRB dovll-H
« The extremely high VOD retrievals in " PN SN i~ Pose | O = 02 .
LPRM pI‘OdIlCtS over the dense Vegetated 13?01-01 14-01-01 15-01-01 16-01-01 17-01-01 18-01(-)()1 LPRM-C1 ~ ®wLPRM-C2 ~ mLPRM-X
reglons 1n HRB cou]d be one reason 0 (c) down-HRB site 06 SMOS-L3 B SMOS-IC B SMAP-DCA
resulting in the large overestimation in the o4l o fo4 B . _
soil moisture retrievals. > sl : 5 . : l,, 2 R values between the time series
' 5 A - |3 (2013-2017) of AM-orbit VOD retrievals
. The ObViOUSIY larger underestimation 13(-)01-01 14-0‘1-01 15-011-01‘ ()-OII—()l -0|1-01%-01(-)01 and MIO(?IS NDVI 'fOI' the three
b' f VOD 1 t 5 SMAP LPRM-C1 LPRM-C2 ® [PRM-X ® SMOS-L3 vall atlon sites in HRB
1ascs 0 lnpu S m - ®  SMOS-IC ® SMAP-DCA ® SMAP-SCAH/SCAV MODIS-NDVI

SCAH/SCAV SM products indicate the
possible  error resources in their Time series (2013-2017) of daily AM-orbit VOD retrievals in

SMOS, SMAP and AMSR2 LPRM products with the MODIS

parameterization scheme. ) CHRS WA
NDVI observations for the three validation sites in HRB.
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MERGING MULTI-SOURCE SOIL MOISTURE DATA BASED ON ERROR DECOMPOSITION

Procedure of merging Remotely Sensed SM products

Generate representative SM data Low resolution RS SM products
Build the relationship between SM and auxiliary data The 1st SM dataset SM, The 2nd SM dataset SM, The kth SM dataset SM,

Steps

0. 4 Moderate resolustion
auxiliary data

=

* Obtaining the reference data by
transforming the apparent thermal

inertia (ATI) into soil moisture
(SM).

SM

0. 0——————
0.010.020.03 0.04 0.050.06

o Grond observation site
Auxiliary data

Representative SM with Representative SM data SM ,,,
1 km spatial resolution at the microwave pixel scale 0m N .
: R r; [N RN

A

o
f
i
o‘o‘:“
il

i
i
i
i
A .0.0

(i
i
i
() ?

2
0k
W

Transform auxiliary data into SM

i
ef

"
4
i
N
0

» Calibrating systemic error of the
input data including the temporal
mean bias and the amplitude bias

)
0\
o
0.0
v

@ Resample moderate resolution SM v
at the same spatial scale as SM RS products

. Time Series Remove temporal average values Time Series
________________________________________________________________
____________________________________

Calculate r between anomalies of SM,,, 11 Rescale anomalies based on the

@ Decompose a time serise of data at the coordinate (x,y) and anomalies of SM,at the coordinate (x, y) 1 | reference data at the coordinate (x,y)
1

!
1!
| ¥
! Temporal mean value S\ .. SM anomalies : | a ata
I . 11 R Lk
| . = :\'. .-: . : | w 0.1 J..‘. . a.'-‘
. . | £ s . .. K s g A
* Merging the rescaled anomalies | 4+ 1 1 o, HRE I R < O
| g <=7 ‘.:‘ s FARRA . ". [l £ A (%= Iy 1y
= ey A R s “ﬁﬁ S B fad
based on random errors | aglh T W v oE IR e sy -
| .(2 ,Y) Time Series 1 The anomalies of SM,with the maximum correlation | | f IT‘ e Serie: i '
| 1 : are selected as the reference data filled with the color. | | me Series
___________________________ A e e e e e e e e e e e e e - - A .
T T TT 1@ _______ 11 Calulate weighting coefficients w,basedon || Etimate the random errors of rescaled
[ Add the merged anomaly On the : 1 : random errors for each rescaled anomalies data : : anomalies at the coordinate (x, y)
| The merged data at the coordinate (x,y) | (§) Mersinganomalies dataat thecoordinaceo): | (B) gy7;777 SIS S
temporal mean Of the reference : | E 0;S‘M,’"’jg:fji(w:w,SMu.u.n+w2SMz.u.w+ ...... W, SM i, 1) i |
— « = 0.
. . U SM s e = SMoarmon +SMiimti 11 £ i
data to obtain final merging results | 2 ¥
| Repeat the steps above to merge SM | 2 0.0 1
| RS products at other coordinates : . ?405 ' [ ]
! s ™ Time Series X ) () ()
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MERGING MULTI-SOURCE SOIL MOISTURE DATA BASED ON ERROR DECOMPOSITION

* None of the three products .
p Systemllc error Anomally error Random error

have consistently superior

[ | \ of rescaled anomalies
accuracy Temporal Mean Errors Amplitude Errors Random Errors
: _ . SMAP N— 2 . SMAP 0-15 _ SMAP 0.10 . :
A W 21 ] e
* The traditional arithmetic 21 e m? . R
mean method 1s not the \.. I ° ] S M i
N %-.fﬁ —] “ ~ “ s T e b A
best due to unequal e }N@/ tog] B i1 VAR — =
I'aIldOHl CITOTS. g .w\.\|-s;<2‘ - 0-10 g AISR2 e:"'. ANSR2 " o T
> | z | z v P
“ s N L oo “ 5 - 0.03 % - 0.02 1"5\ w2 & v
; b} .f':g ' ; N % rﬁl;. , é - ‘ 3 ,x,:"a_ :
e The random error vary . il | I B | I i L1, o L,
1 . ) 80I°]£ solol-; 10(:°I-j (@ en’) : 301015 90|°|5 10(;%: @ en’) : sol"li 9o|°1£ 100|°15 (@ en’) ol
When the amphtude 1S SMAP SMOS AMSR2 Merged
COI‘reCted. 2015.05. 01 _ 2015. 05. 01 2015. 05. 01 2015. 05. 01 060
& ;— =y n . .“‘ = - n : 0.48
* The composition dataset is S . e i 5 i i . 0.3
. g = 2015.06.01 _ 2015. 06. 01 2015. 06. 01
the most complete relative T - - | - 1% | : 024
. o " 23 %
to the input datasets 5 51 @ Ut 1 o, - . # e

(cm®/em®)
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MERGING MULTI-SOURCE SOIL MOISTURE DATA BASED ON ERROR DECOMPOSITION

— Truth = SMAP e SMOS A AMSR2 Merged — Truth & (CCI & Merged2
- - Babao
© 5 T e e, S S, L
S s L) :'@

* The merged results have the
highest temporal match with
the validation data in the

Soil Moisture(cm®/cm®)
3

Soil Moisture (cm®/cm™)

validation regions. g 3 SN ISUUUUUUULS NUUUUUSUUNN TSI IUUSUSUUUS USRS
2015/05/01 2015/06/01 2015/07/01 2015/08/01 2015/09/01 2015/10/01 2015/05/01 2015/06/01 2015/07/01 2015/08/01 2015/09/01 2015/10/01
. Naqu Naqu
* The scheme for data fusion < & e T £ 8 e T
o ' A o
can maintain the optimal 5 i Y SIS w b teagt 3
: . e Y LW K
temporal accuracies of input = 2 i sl ‘e d SR g
5 .‘&-ﬁ—-‘.}f"\ ,; oo il y b "fﬁj.@ 5
= Iv~|~----<-.. i e T '»z. o ‘-‘3}- -------------- .- =
datasets for the merged = |"[F et S i -
results. D e Z
2015/05/01 2015/06/01 2015/07/01 2015/08/01 2015/09/01 2015/10/01 2015/05/01 2015/06/01 2015/07/01 2015/08/01 2015/09/01 2015/10/01

Merged: merging SMAP, SMOS and AMSR2
Merged2: merging SMOS and AMSR2 for comparing with the CCI SM
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MERGING MULTI-SOURCE SOIL MOISTURE DATA BASED ON ERROR DECOMPOSITION

* A great improvement in the total accuracy of the merged results, in which the
RMSE values of the merged results are lower than those of any input dataset.

Region Babao Naqu
Index RMSE R RMSE R
SMAP 0.106 0.616 0.059 0.881
SMOS 0.110 0.179 0.080 0.817
AMSR2 0.172 0.429 0.087 0.768
Merged 0.052 0.604 0.029 0.885
Merged2 0.047 0.509 0.029 0.916
ESA CCI 0.185 0.482 0.066 0.860

Merged: merging SMAP, SMOS and AMSR?2
Merged2: merging SMOS and AMSR2 for comparing with the ESA CCI SM
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