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2. T LRI [ A DX I 2 Bl g (7= B [T A 3 X Sy, BR11 750021

B OE: R B AR SCEAR O N R s B o B R A R R (SM) Bl pl e S s T e RUE
SR — TR RS . Hoh OGNS R Rl SRR R DT i IR T BORRI R T, AR
X 2 e T3 Sl b SR IR LST  (Land Surface Temperature) ¥ LST 705 2 SMFEEL, ZIR T LST “=
157 LST 5 SM ARSI LST 23 AN e MEAF ) R, S RLRE bR R T, AN SO o 4 2 3 ot 3R Z8 B LEE
(Land surface Evapotranspiration Efficiency) 5 SMFEREEREOCHE (F5%0. R9%. R9%°FF), FIH MODIS 3
ZAREE (MOD16A2) BN LEE (23 8] 73 B 500 m) SEBLT SMAP F SRR ™ dh (Z510] 43 HE4 36 km)
B (] RUBE o WFFE NSASTE . BERESF AR . SV A B0 46 TR S IAT A% o 8 SIE 3t 455 £ 2 o g RUBE B A7
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15 =

S R R AR AP AE T AN A IR
Ko, RN (g/g. m/m®) FI4
X (mm, kg%§) (Seneviratne 55, 2010), + 3%
W S MR AR HI . T 28 TR R Wl 2 i ) Tl K
I3 AR, AR Ay b 2 IR S A6 PR b AR G ] BE G
WA R A T RS R, 0 3 AT A
AR B IE R Z A YRR 3T . R
— RARGE I HEE B AL 55 A 4 BRI 52 0
YEJH (Seneviratne &%, 2010; 7KFd 28, 2020). K
I, MR R R 2 AU Al 2E 7 (Dobriyal
&, 2012) . K B ME N P (AghaKouchak %
2015) . KFEPEEH (Robinson %5, 2008) ., KA T
fie (Dai 2%, 2004) DL UWeAE4L (Anderson 45,
2007) SFRSCHES R, BRI A sk A I 5
4: GCOS (Global Climate Observing System) 1]}y 4>

WFS BHEE: 2019-07-12; FRENZAR: 2019-12-12

R B S e AZ 5 ECV (Essential Climate Variable )
Z— (Al-Yaari%®, 2017).

H A7 75 22 b - S9800 J32 0% b T oty ASOURI 5 3%
Poan . dHECRAED . PR A U
frik . R A B R A Ll LI RS B RE
8355 0.04 mY/m* A A7, FFREWE BRI AR 1 £
HOR AR, P I H A S S H T I SR Y
ARARBOTT % SR, T HE A . AURRAR
TR BI VL MR w5 S 2 R AR,
W 1S [B) 3 A AN 5] AERVE . s i Sk
bR S R AT R, Rl sSOWLI Y S [
AR 2, JFE 2 2y, AU &, A
HEREIRYE (Peng%, 2016),

B 8 Rl 2 R R Y PR R, R T SR
I %) - S0 S T RN P ORI L, i SR
VT A O - g R Y TR, R Y iR
RS, A 1T LG B GO 0 R A

BEWE : HEHARFESL (A5 :41871338) s T H In1& H i X F S0 & 114 (45 : 2018BEG03069) 5 1 7l K 27 (b 52 “ ey 5 4

257 (2018) s R RTEARHINY 55 2851 H

FE—1EEE N PN 1986484, B, BBz W 5E 7 [m1 R 38 JE A4 3% 8%, E-mail: sunhao@cumtb.edu.cn
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JuH (Petropoulos 5, 2015) . T G152 41K
LAY 8 RSO B, s )y HE R, B
BB FE, HZW s RAEm 3 M
BB RE I AER R R, ME DL — 2B s
FURT D 3t s DA Ay S 1 Ja S 7+ M I 1 1) e
A BE (Das Ml Paul, 20155 Wu%, 2017). fllk
T8 43 T B IO SN B B R i S AR L 32
SN I, B ik 1 SR AR D 52 B Ml R
RS 52 e (2552 45, 2002), MAIMIx) 1%
K BEIHUE (Njoku %5, 2003) . BLAMIFFERM,
LU B il se i 5 3R 2 1 8 B 0 OCHR M o
PRI T L I B Bl liple 19) 0 M 88 P i AR B R
A S (Al=Yaari &, 2017; Colliander &5,
2017b),

SR, - 0 32 114 ¢ 5 Tl 228 JR e i 32 31K
23 (0] 43 HEAR I 2, 22 B0t 8 SR - S 3 7
f9 23 (] 73 PR AL BE B BV BT TR (% A %5
S, 2014) o R URIEREAR TR A 2K SR AR
P, T R 2 18] ROBEXE LA R S PRl 2. bk
il 2 PR 2R AR (2 B TR e i Ja e 0 B
(]R3 RUBE ™ TR, 3 L2 E i AT 5 9 i 3 F
WL T HZ— (Peng & 2017; Petropoulos s
2015),

BEXS Tl SR A R s (R B R X — ]
A, ENANERE TVFZ T, A B REU N
HF T RERHE 715 (Satellite—based methods) . 3
FHEEE BEHE /7% (Methods using geoinformation
data) 12 T8 1 75 75 (Model-based methods)
(Peng %, 2017). F&F HiBRAF BAE 4 J7 v 22 H)
FHHBIE | - 558 & M DL KA o R iF 25 b PR AR 2 8
SRR A R B Y B LB o U0 Busch 4§ (2012)
DL 2 8] 73 BE 50 M B 2 e RUZ R 7,
HENT T TR T A T A R N R R
Tk, AHX S TR B A A O 1) M T i A
BHE A A A B S L O HLE R FUE X 4 R
(BuschZ§, 2012; PengZ#, 2017), FR#ITH =z
BINFH (Werbylo Fll Niemann, 2014), JE TR
TEG RIS, —RERTHSI . B, D&
AN G BT A e R A B S RS A T ik, O — 2K
BT K S AR AR Y H e R A 7 vk o s IRl 7
Pk = W S, JF B (A (E ARG [R]4E D7 v
WS TR, WARTEZSRRE F R
I (Peng %, 2017). PRI, AR TR S A

2 T Al B A0 1) T TR R T R R T 1
BN T AR AR SR B

R BT 4 P B W i 22 1), 6 T DR AR Y
Ko RURE J7 0 S8 H R 0 ol SR sl Sl X aka
G UK LA A S O RS T
(Peng %, 2017; M-#jE 45, 2014). ALk
£ (Change Detection Method ) (Njoku 5 2002) .
DU 37 @ & % 7% (Bayesian Merging Algorithm)
(Zhan 4%, 2006) LA K SMAP (Soil Moisture Active
and Passive) TR ER SRS HE (Das 4,
2014) JEHAT “ E s m e rEETE
k. HZ TS O AL B A AN W) LR
0 A R I RS R € O URIIDE E LR
() 1115 7 B S (%) Bs) ] [B) B [P) 8 (Peng %%, 2017)
X — ), NASA BT T SMAP LA, &
WS PG B e — A LA 5 E, -
BRL . SR A 2015 4F 90 KT LS, [ 4F
7 F SMAP F= 3l il 35 5040 B & AR B, TE ik 1)
M E A E (Chan%s, 2018), 7EILIFHR T “Of
FRELAN S ORI RS AR RUEE D7 ik SR LA
TEORII NI

AR REBRI Sk 22 5, D r by
T B Rl 5 YRR RUBE D ik w] 4 o3 S SE i el e
ik W EERT kL R R 2 )5 vE . geit A
J7 EIR T A AR R (LST/FVC) =
JE 5 AE 25 8] # i (Zhao 55, 2017; J&OH: 45,
2016), ZIrERYHEA SIS . AL BER
PR, @ EMESE (AR LST. FVC,
FBRRAE) 5 R E RS IRHOC R, RE R
BRRAN B @S B R RS, &
P33 2 ) 7 BE R R LR R . WA R T VA RY
i B 3R JE Merlin 55 & J& Y ) B BE AU 59
DISPATCH (Disaggregation based on Physical And
Theoretical scale Change ) FEAY (Merlin 28, 2008,
2012) o ZAEHY (1 L AR T AR A A 4 3 PR R AIOR
SEE (Soil Evaporative Efficiency) 5 13818 B 1949
PRRBOCER , IR R BOC R TR PR i 1
R A AT A GCBURTT, LIS B S o MR 4
M RTINS, FEIXB T, SEE i LST/FVC
BRI ARAE 25 A1 FRIE (Merlin 55, 2010; Molero 5% ,
2016) 3 5%] . Kim Ml Hogue (2012) & JERY
UCLA Jr P 2 )r ik i ER, XAk ml I )
RIS LR LR R . I
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W, MR R AR BRI B LST/FVC B FR1E 25 [1]
piiiSiea =R ECIN

AR, L ARLN SRR G BIRER
BE 7R KRR T Bk B M R IR (LST) =%
F O LST 43 A5 21 1 - 8 B 45 45k SEE 45 . 4R
M, (1) LSTHEREZ “mi5ds” Msgm,
PR A R S A S O X R, H)TEA R
LST PRI RE, AKX — IR PR Tk <4
FARRERE” . (2) LST B4 RATAE 3R AN 78
PE, T ACENXT LST/FVC BS B SR AE 25 [ i A7F e 1L 52
T T8 55 X B BB A TR A o b O [ R R
(Sun, 2016b), HK LST/FVCHERAEZS [ Ay “ 1%
WA ER T AR EAR K IRHE (Sun 55, 2017)
(3) AR, 7EAEW T 5 80%E 0 H X,
LST 5 + e 5 77 76 0 5 09 ff #80 (Sun %5,
2019b), MBS LST 5 43810 3 1 25 R AH DG ARG,
A7 = 7 I = LT £l 51 o I I =0 B S E P o
3RIMEE ( “BV5Ye” Al ol AN P ) A
AFABR N ) ) =R T e AR A 51
PEAERE” BERE TR — LR, R
AR ARG, ASCETTT —FEEA MOD16 Hik
ZEHI™ b RN GO 380 R B B RUOBE AR, Tk
AR PR 0 iR 2 R R R A I 7 A AN
FEE

2 S DI R A

2.1 SRIGXHER

S XA T 36 By AP I, s 1 R .
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AR K 120 77 km®, JUFEE TP E8RF IR A K
TR DI . A S TR Y s R A
SRR RS 24 B RT3k 30°C, AESE R OK B
1000—1500 mm, H.FE7K 3225040 7F 3230 F K
FACFR X . MR S AL, (R B KR 2
R 2 m, AR ARE R AR RRAE, EZE IR
JEFIARAEY R E
2.2 SMAP +IEREHIE

SMAP T2 TR & 7845 2—3 dal o i % 2 +
oKy, VAl 2 nk ROEE N 3900 B [t s [a] 1) 22
1k, EMErEHN LB TR, BAT, SMAPM+
R EREAELREEERL TS FEWN

SMAPVEX12 &5 & 5l i 5% v & 15 2] T A 2% ik
(Colliander %%, 2017a; McNairn 2%, 2015), 454
b TSI BT T SMAP 380 B 7 i
R4 HEE (Colliander 55, 2017c), LAk SMAP
Xof SM. ) S T8RS BEAE SR b ot T oAt sl st +-
HER R =5 (Chan %, 2016; Chen%, 2018). ik
AR ] SMAP 1 L3 97 i vh i H G il - 8 i
BAREE T 5. 06:00 YRR, —Jr Tl
Wl S OB A AR B = o v N Y ROCR BE A
75— J7 T B ] 55 1 AT 90 T 31l 1) SR B I [R] £ 4
— 2o SMAP K (19 2 [8] 70 HE R 36 km, 18] 7
BERA 1 d, 4T N 2015-04—2018-02 ik 13695
Bt o Bodi T 2 M bk - https: //search. earthdata.
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Fig. 1 Research area and the location of in situ soil

moisture observations

SMAP 7= ity I A HY 204 A% X8 HDFS, #8052
N EASE=Grid 2, 8 SCHJH HEG T H. (HDF-
EOS To GeoTIFF Conversion Tool ) # H. 5% ¥ il 75 &)
Ab FE B Geotiff K04 K 3 IR B8 AR bR R E LN
Cylindrical Equal Area Projection o

2.3 MODI16A2 #h R ZE B R

MODIS (Moderate
Spectroradiometer) 7= fify 1 45 %5 i MOD16 [ fifi £ 7K
VROMTBE i P R0CH 7, R T A R R K O

Resolution Imaging
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R, MRZE NS LA S AEBIOE 248 B K 0y 28 R S 45
SEHREER, & 7k (ET), B7EAilk
(PET) , W #l & (LE) DL K W 75 i #GE &
(PLE) 4 %dadle . ASCiE F MOD16 K4 H i [
SRR N 8 d, AT RN 500 m Y M 2015 4F—
2018 4 [ 2 BRZEHU™ i MOD16A2,  JIT LA U i
e MR I A g A A e RURE DT 3R AR HIOROR
LEE. £t #s & # Mtk . hitps: //ladsweb. modaps.
eosdis.nasa.gov/search/order/3/MOD16A2—--6 [2019-
07-121,

A SCH [F) — I AT 4 5 20 6l S h10vo4,
h10v05 Al h11v042 By % ¥ 52 1% i i MRT T. H
(Modis Reprojection Tool) #EATHFE ML 52, il
AL AR 5 SMAP BE -4 — 2

2.4 MhE I S EE

S DX P R oA A 3 R g I 2% (CBcE
T #k ik . https: //ismn.geo.tuwien.ac.at/en/ [2019-
07-12] ), 4 %8 SCAN (Soil Climate Analysis
Network ) . USCRN (U.S. Climate Reference Network )
LI & COSMOS  (Cosmic—ray Soil Moisture Observing
System) , B3k 63 I H HL g kv k. Hir, SCAN
FITUSCRN JZ 3 4 I J5E A 4 31 Fit B30 e ik
R, P Ml T PR B R - A v BOR SR L
BB, COSMOS 2K T f iy 7R g
i T F K i R A ORGP, A T A AR
AR LM — e, UL 6 T sk A DU 3
2 LA A DI AAT B — A 1 T e dk R Ak
A B R, A AR R HAETE R
RGN PR LR R sl HILZ T,
SCE X AL E T — AN KD B HE 3 CVS (Core
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AR A R Il a5, AT /N RO Y
b S R A A ) AR, H RS e {ELE v
(CECHE T 8tk . hups: //nside.org/data/nside—0712
[2019-07-12] ). 5256 DX Hb 17 3 i B9 43 A7 W 2 2
Fr7s

TN R HERE AR, HAESH 1
BREW L EREMFL (05 em) (Kim
Hogue, 2012), A 3CHk 1] Hh 10 40 1k ik 25 804 th 5
SMAP 8 3l i e B2 B SO PR BE AR B, B
HOTET S em 26 A7 BY W DU RS VR D 96 E AR, DA [
RS RHAATREFETAE

3 5 B
31 BREGHXER

b FE U A5 RO 3K 9 7K 43 DA i 3 T 31 K
RMZEAER (Vivoni %, 2008), M FZE TR
R R PR A S R, AT T Y e B Ok s 2 AN
KA YA ASHAR L, i DL 43 il A ZE R e
FARE, MR FEHCR LEE 7] U@ XN SEPRzg i s
WEZRH (A B3R & 70 R SO0 R 2810
FR O AR, B Vs A R A s PG Y LM
(Merlin%%, 2016), A=K

LE

ET
LEE = or LEE = —— (1)
PET PLE

Hby 3 2 WIS Wk Y ity b 3 DR AR R 2R OK O3 2%
K, Hh FEALE. HimREN Rk, A
B VE LA R AR WO 2 R K 78 % 345 138
FERXRRZEVMYH S E R4 5, 2017;
Verstraeten 5, 2008), [FILH R ZEHECERS + 1%
MERETEAS R0 A b0 RAFARSCHE TR A : (1) MK
KPR A, TR AR R FEHE 1
B R M 2 I Y PLERE (Sun, 2016a), 3R
A IR EEAEAR T A A AL, MR
BOSCR S ORI 2 IEMHE R, (2) N
REEE Y AR, W PG AR T 7R R IR N AR Y
15 0L T K o 78 K Fr AT I IS He , B4 38 K o
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78 & A e, WEFE R W IR B 5 1 8 3 ()
FAE—E BIAHENE (Sun Ml Pinker, 2004), JfHHb
TRz R ] i — P i O s R 2 . P e]
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45 2016), A% IE (Noilhan Fl Planton, 1989)
MATZF T (Lee Fl Pielke, 1992) # 57
AR L HORE MR ERBCR, W
X (2) =L (4) Fw,

LEE = 1 - exp( - 6/6.) )
LEE = ;(1 - cos(w:&)) 3)
LEE = i(l - cos(ﬂ;;:)) (4)

X (2) =0 (@), 0N BHEEE, MAEdh X
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321 =ZEEERRE
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B4R LATHFPAR B8l SCis B AN (E 32 BIARK
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Table 1 Invalid value of MOD16A2 production and
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Fig. 2 Algorithm flowchart of downscaling and interpolation
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A primary study on downscaling microwave soil moisture with MOD16
and SMAP

SUN Hao',ZHOU Baichi',LI huan’*, RUAN Lin'

1. College of Geoscience and Surveying Engineering, China University of Mining and Technology, Beijing 100083, China;
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Yinchuan 750021, China

Abstract: Improving the spatial resolution of microwave Soil Moisture (SM) production is of great significance for hydrological and
agricultural applications on a regional scale. Downscaling microwave satellite SM with optical/thermal infrared and microwave fusion
method shows great application potential. However, it mostly relies on remote sensing surface temperature (LST) or the SM index derived
by LST decomposition, which is limited by the cloud contamination problems, LST decomposition uncertainties, and the decoupling effect
between LST and SM. To circumvent these problems, we made a primary study on downscaling microwave SM by coupling MOD16 and
SMAP data. In this study, we constructed three parameterized downscaling functions (i.e., exponent, cosine, cosine squared) between Land
surface Evapotranspiration Efficiency (LEE) and SM. MOD16 products is employed to calculate LEE, which has a spatial resolution of 500 m.
Combining the parameterized downscaling functions and the high-resolution LEE, original SMAP SM (spatial resolution, 36 km) data were
successfully downscaled to a spatial resolution of 500m. The downscaled SM was evaluated in terms of dynamic range, energy conservation,
in situ SM at sparse stations, and in situ SM at Core Validation Station (CVS). Results demonstrated that the downscaling algorithm
increases the spatial detail characteristics of original SM, maintains the dynamic range of SM, and preserves energy during the downscaling
process. Moreover, it maintains the performance of the original SM as compared with in situ SM at CVS and sparse stations. Sensitivity
analysis showed that the cosine-square downscaling function is less sensitive to errors in MOD16 production than the other two downscaling
functions.
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