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FAR B AR T30 ZE R A b 2 (18 b 2 RRAE 11 T
RIGEEPEE, 2005), B2 ILHBEAT 5T H %
F-Be, BB A 1L MBI 5T 1Y 18 22 40 3 2 13t b 9 o
fii . BERBUR D7 s AR B IS AR B(R B
4, 2016). SR, ILHLER T HA WS TR L
TS HRAE AN, R R B K SRR T B T 454
A2 RSN RE o L S FhER I A R85
Ik 25y 38 JER} 2 S HL N s ok T3 22 RIE, i JLAn]

KFEEHE: 2016-06-20; f&iTHE: 2016-07-05; EEFHAREE: 2016-07-15
BEETIH: HEHRBEESTH GRS : 41271433, 41571373, 41301385, 41401425); WEFBFEREE AFHRIPHH ; hER RIS
LIRSS : XDA05050105); HEFRM#R E bR A/ERE ST H (S : GIHZ201320)

F—IEEEN:

BEERA974— ), B, BIEG, W55 L E % B LN A, E-mail: ainongli@imde.ac.cn



1200 Journal of Remote Sensing

E R 2016, 20(5)

(Bian %, 2013) 5 GG m 48 (Li ¢, 2015)8 fin™
H, EEASHMAREEMRE R (FEL F,
2016), fEiE A7 & 24 (ZhaoFILi, 2015)% .

B B 1 e B S 52 1 )12 T R R B UG
TF20th2 70451, A DB LK, #R%
FATVE RN 1 X Hb I A AR 1 % T 5 4% LA AN
YRR AR fb(Van WieflIStein, 1977; Townshend
&, 1992), SEfRARE T ZHM 1L LM (Daifl
Khorram, 1998; Gao 4%, 2009)FIHBIE i IEAR
#l(Teillet %, 1982; GuflAlan, 1998)., JT4EE,
FEAE T 1R B A R 5 O R M S TR CRIBAR 4
2013), 45 FHr 6 L 3t b T 4 S A IE AR 7R (L 4%,
2015), B 5e 2 ST HBA (Fan 55, 2014)LL J /B
IR (Soenen 45, 2010)iZHEEEA, 457
L bt JRR s i 1 5 SR s AL 2 AN TF (AT R 4
2005), FELLAAERNT HOUITRI(EOS) AR 1 K
] Pt JERE A R, L R S SR L e
S EAE NPT RYE S (Chen 45, 2003), HEF
b BERARBIFESZT NS PHERGRT
W AHR 7 2T < 1L b b 2 7 2 (B 8 et 1 B
AR 1l b A A 25 S i o SR Y A S LA
S FAFRE TG . < Z I X Hh 3 S e Ak 5
MY JRmrgE . <R A I G B ahm oS
A — R B F ARV E , 28 L b 3 5 K
GRS BRI & R DL S L
ERLEA N, IR T R aT . L M A
FEAE R NAMAAS 3 25 T EAR

BB B 1L M A 5T S B G LA LA 7 T
AN ZS (1) HLRE I 5 L i 3t R 1 LB % 7t
BEERIE ; (2) Ll b A i — 25— 5 —fk Ak 2
Jrids (3) 1Mk Fe A B B | Ry S WA Ty
ey (A1 SR RN, 5 58/ S gk s (S)LL
iR RS B2 A N A, (AR R, 5HA
LR A AR, 1 M S 45 AR AT AR
SRS, TR ARRE ARG, I Rl A R 2R A
KMFFE I 2 S AR AL

2 Lt S I ey T R RS

I [ i 2 1% Ji% 2 A David Simonettf H
MR- HEAR, TR, A
H B HRRARBI(ZE/NC, 2006), 3@ EE AR A
J& B I T A 3 2 B [ R Pk AR (TR e e 5

1996; BEidEZ, 1997; JEMEME 47, 1998;
FMAHE AN AL, 2008), AN OB LU Hb 3 S8 1 1)
E R R R R S DU LA 5 16 -

2.1 EELE S Lt R EAE A B R B HLIE KR R
SIS

HL G 19 5 1 9 P 05 ) A i LB 2 2 St
FEHIFERE IS (IR 55, 2009), H i DLR B3RS
# Chandrasekhar(1960) F-201H: 20 SOAEAR A 37 47 5%
IR DR, 1 IEALEEME Y SIS RS i 2
B, B3 KEEZNDUIT G, R L
B RBRPE, 2/N3C 5 Strahler(1985) & JE 1 JLAA
o2 YRR 18 B R LS A S ) T — R &
JETJT I . AHLE T PSR, (L R A A P
B R mILE RN AES REE Z40, B
S L R A oy R AR G T O B, BRI A
SRING W) 2 W SE AR M . ZE LXK, anfef a8 7
MWPEiE s S 52 RN EAER, &8k
FEL T D5 5 L b PR S5 KR AR FH R AL 3L 1 b 3 SR T
I %) B LI AR} 22 [ R

22 UtEBRSEPR— LR E

Vi 3 RO (R 25 A O Y, SRR A
it R 1B B AR U — LA PR R . 113t AR
F14) JLAR] R ' 3 Mg A5 ] 8502 1 e 3 JER A R 5 3 iy (1)
iz —(Hoffer, 1975), RUFIL Mg iok4E
I1E R T2 T 1L M8 B AR U 5 e ik 4 5
WA AR A AE 3, B 2 R A 08 DU T R R T
AWikh %, 28 Z8HH . ZME . S
T8 G AR I — b A AT 2 1 2 1L b 38 SR R 1Y)
BHEZ—, BRI ST, IR L
Hh 8 B AR RS BE LT . ek e —4k, JRAER
SEhl i AT 205 B AR R R, & Y
b te JER T I () TV R B AR —

23 MRASSEERREERSHZE

188 % S5 T8 ] A A 4 E T 1) A 2R A Al I
TR HEASH, I RE foc (3 A B 25 iy
ROULI Fy g ol T I A S A, TR L
oM 3R A 25 2 T 2 (A U 2
B, M RE R SRS A TR fige B B L TR
RS S AR L DR B, S A RN
PERRR (@R 55, 2016). HHMNESSHIE
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B B RRER AR L DX PR ey 2 i 7 3 JR% sz
PR 4 Z IR IRE B 5 1L R S R
W, FEIT 75 T I 55 M I A R B AN B R R T 2
1o B i) R ) M A 252 i S T ) RO B )
Hﬁo

24 W BHR PR RERRK

U SN 2 388 SRR 2 1 S B R 2 [ 2 —
545 5 24 AF 5T HP B 2 B G RO R R R R
BN ANIE], AE Ry b B 5 ) AR R, et
FE B RUBE 500 — 8 B AIAN [R) 3 R 524 S I
JRTE 7 i 22 () P DG 2R R RUBE e 48t [m] A (2 /N SCRD
s, 2013), 1P B R 25 S5 A2 Hb B 52 ) B Ry
W3 I HBRE A A S W RUBE RO, B H R &%
AL 2R . 2 RS BiE B [A 4L T 12
TR G R B A, ] R R s A TR R i S
P AN E P AR G o JE A RUBE B 4 s A
R I XA RIE 2 anfepis 2 IR A 2 R
JE B 18 SR i 5 b T O R AR A S, R T L
MK S A2 2 S AR s R 7 A AR S A
B Wi s 27| S

25 UBtERMIRANSERZXITE

RO — At R, & 2 B B
OB THEAL e AR R R
HOTPERI AT B, i DR L S B B
5 SEPRI I TRLRR L 2 ST 5 b G L )
PSR AR S L J7 vk RO SC UR
W SCHE A, N R R L v ) SR 2 1L 3t 2 U
SRR L ZL 5 1 o

3 bR T I
31 MR BRI 5 R SR

3.0, M RAE SR AL IR

T2 R S A i B R 1R SRR AT 5 1 S 5 R
G AR LR, E N S A R AR A
% iy d A AR T R TR, iR R R T AR
SHER (Verhoef, 1984). JUa G2 A1 (LiN
Strahler, 1992). JRAMIAI(LI %5, 1995)F1HHE AL
R (Goel 55, 1991)4%, FHC VZNHFHIRS
ST RO A, AR T SRR R

L b 1 6 25 6 35 50 W) D' 2% 38 B 1) AR G R

[ 3 SR AL SR AR RN 1 MR AT 5 R AR AR (L1 45,
2015), UL b L AR W] UL/ i 2T A1 i B R S
MU ST, K2 i AL RTiE e # 1 b AsE AL 4 Jre
B HEOL T, AnSchaaf® A (1994) % J& 1 34 Hh
GOMS(Geometric Optical Mutual Shadowing) %
H R A BR i 4 5 PRSI B 1 AR A L T b R
Krg R, 552FrE O AR 0 ) b AR R AN
5, PR 225 1 I B SO A ) S 80U &
k&SR IR, G1Combal 55 A (2000)38 15 X {5
FH A0 PRECA R 2, FfRosst A (Ross 1981)9 Ji2 3]
THIHAFILT 5 Fant A (2014) W38 40 3245 ] (14 4%
PR U R ALY B, e T 3L
i Y AR AIGOST(Geometrical-Optical model for
Sloping Terrains). 11 i B GT BEBR T 52 HAR
1550 H S HUIEFHIE (R R SN ) jE 4k, 3832408
IEHOE 52, BEE R HBHE A0 . Mousivand &
AN(2015)i 3l A& E AT LM 47 e i i SR AR A A
M SRR R AR, SRA T IR TR SR 2 N AR I
e b A A R . RN, B SE 2 TR Y
] A= KA, TS5 A S8 S B AT AR OR
AHENE

111 1 12 J R SR A% AL BELAE 5% 28 T B R >4 i
R AT R PR, AE a7 S
TR o AER Ll b 3 S5 5 R o B IR 2
RAEFRT WK SE 2 HE , bz — 2L OCH Y R
TETE LM P S ROE L, IR T B 20 IR 1L
BAF 5 UG R ALY

3.1.2 LR REEEE— (LA BRI AR

(DJUATALIE o Ly dth i AR 0 L ART I A 2 10
SRS AG A TG T 1 B D 2 L R R A LG T
) 8 —(Van WieflIStein 1977), HAIEAY T %
SRS AT R B RIDEM (Digital Elevation
Model), FJFHZ 50 sl A7 35 ph B 7 e 37 95 5
SE3YEHB IR AL AR Z A SR EOC R, AR FRR I IE 2 AR
BUAGFAE  B oh HOE 51 2 i R G iR 22 (318
4, 2012),

JUAT A TE A R AT L 43 Ry 7™ A LA A 1E A5 78 0
— R RO TR A LA AR IE AR TR () LA
PEEL TR M v g LR S R, BN
JUAar A PHORE 32 v o [ PN A2 3 (o AR 0 ) ) 38
1988; #WEI, 1998; FALZE %, 2001; Toutin,
2004)7E 3 ESEAR B SN I LG FR AE 1] SRR A3 R iR
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22V TR T 2R TU A IE AR,
SR, A L RE BRI U 2, XA A
PES T 2R B H TR SEA G RI, —
Ber BRI T T R NAN T e R E R, B
AR H AT H— gk pR AR R 20 T
JUARTAS TE 358 2 v ey Ly i O 2 AR 51/ 19 5 45 AR
o 2B AT 45 G 6 AE AR [ 34 LA 55 AL 1
DEM, Xl fgid #e b i m AR 28 I AL I LSRR
P 1 I HGE B AR LT RS RE(Gao 55, 20095
B 25 2012; Bian 25, 2013).

I Ak i T LTS TE 55k 2 1 e 1 R R R b 3
RN BTy, HETE WA EE e T
UNAROP(Automatic Registration and Orthorectifi-
cation Package)(Gao %, 2009)., SIFT(Scale
Invariant Feature Transform)(Fan 55, 2007)%ZF
F gl LA BC S o AH DG SRk 1 SC B AE T LAT A%
TERCHUER B, RS A DL T DT
F 48 R P i A5 B o AR 0y R Hb R BE R AE
(Kennedy I Cohen, 2003). & EEFE (AL
Clausi, 2002) X — &M %i4 (DarefllDowman,
2001) 4GS BRIy EEE LR, R
M, WA SR AR K E S, £
IR TR AL A A AR IO TR],  H i X
P Je — b3t 5 i) Ll LT E R RS, [ Bk
R RE L HESEET Y Ll b 2 R TR AR LA IR
A R EE TN E .

Q)HIE SRS IE o LA B AR T, Hb
TE AR T B[R] 7 A5 ) 1 35 TR 22 WS 174 O I 6 S5
(], S50l AR () 1t 4 7 1] B T8 55 91 T A A A RO %
255 (Meyer %%, 1993), 20122 704EACH S, BF
SERILH THUIE AR, LLb 52 A5 rh oA () b 3R 7 1
KA GG 22 R BOR, HHRIHAT T BT 95 70 260
AR (Hoffer, 1975). M5, REMFIFIH I
Ly T S RO S W A2 A TE 5 1 — Ak B
[n] 5 (HolbenfilJustice, 1979; Civco, 1989), %40
$ofi— B L1 b 22 SRR AT 5 ) R AR R 4Bl (D A
AZAR, 2012),

HolbenFlJustice(198 1) t-#it ) TR HFAZA
[Fi) 92 B LG AR % 7 12 DA AT LU s M &40 . B
BANE | PL U0 L B H I e S AR TE AR A
PR3N T PR Y T . B ) bR R AR T ik LA
LR (INCKIE . SCSHCRZIEY AN T, — Bl E
JEOK B B S R S e AN [ ) i 0 AT, RIEZE RS

MR AR ARZER, HERMAS AR
2 B A IEFLG (Meyer %5, 1993), Fifids X
AL AWIRA , FE5 IR 22 AL
£ BE X K BH 8 8 10 O [R) 3 AT LE (Proy 4%,
1989; Sandmeierfilltten, 1997), HUfS T A 1IK
IERCR . SRIAT, 3k S A Y R 2 B i Ml e 4% ) [
PR, ANFAEHERESZEN . LiMinnaertfi £l
(Cavayas, 1987), ACTOR 3#%(Richter, 2010)%
AR R R A AR R 2R e e ok, H A
R b R AR IA R S B R E L K S5
RES EER, BRNIMEERRKAKIE. PR
B4 1FE M BRDF(Bidirectional Reflectance
Distribution Function)# 1IEA1 h— A 1)1 #2 T 8
TR IEWFG, AR T 8 A ROR (L 45,
2012b, 2015). SR, AnAaf gk B i ROBE (1)
BRDF# IF SR il 29125080 |2 b FH 8 DGk ] R
(Flood, 2013), 1245 L 525 #4659 42 1F
RIS () — A EEZE T 1]

G2 (5 B R A Ll Mk 2 il 5 I 25 S 1
VPR AR L0 REAE X 18 JEE AR I 25 20 HE R P B
ZOR, WA ARTSRET 2. Z0HE
BRI, FIRAR B EAME B, fefE M
AN TF) A B2 B2 B AR B 2 T S M RN B 25 40 B,
AR AR S IR I 5 oK G 42 0% 4%, 20105 Shen
4. 2015),

RIEAF RN H B, ARG SRR
AL R DA T i) 25 7% 22 19 2 B Al A (Roy 45,
2010; Bian %%, 2015), DIFETF2S 0] 0 HE R A 55 1%
Fl& (Pohlf1Van Genderen, 1998)F1 LAHE T[] 43
PR AT 23 Al 4 (Gao 45, 2006; Zhang %%, 2013)
3%, DSRTHIT A i gt o BARK Z 0 fH R &
FAR DB Bl 22 R TR 8 22 UROGT HiUE I A SR
o — 4 5 ) B ) i 10 P 3 e B E S TR R, ke
PRI AR OC L a5 11 P A0 3 R AFAE (Maxwell
45 2007; Roy %, 2010; Griffiths £, 2013;
Zeng %%, 2013), £ XIAFEMINAHHYR, Hurc A
2 F S ) B SE A A e I, B KND VI
(Holben, 1986). /)il il B [ 8 K i (Vermote I
Vermeulen, 1999). i K42 7 (Luo %,
2008), LI ZHNLH A 7% (CarreirasflPereira,
2005)5F, DARTFFAS[E] 40 HE 300 H bR i) 2 U550 il
B H AR T4 R 8 25 0] 43 BEoR A 52 AR 00 25 [A] 2
T B MEER AR GEFEE, RS2
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HRE AR 2 (B 4y B HAR AL & . XG5
PALTE JE T AR R R R Y Rl A R O 0 AR
FRUT R N SR . FE TR RGO A
K3 F 2 RO 43 B 09 fil 5 O 5 % (Poh1 Al Van
Genderen, 1998). fEZL R 2 FFAG RS T,
Z AR 25 Al VA R 8 R AR ZS (8] 2 B R 5248
4 B AR A 2R 5 25 (R - B s AR M SR E B, 3R
15 HA i 28 3 FER 1 B 4% (Gao 58, 2006
Roy %, 2008; Zhu %, 2010; Shen %, 2013),
DART 25 3 0 308 U8 B3k Sy 1 3R 1Y) 22 TR S A4 s 2 il
BEAFE] T 3B IZ 0 21 N H (Gao 4,
2015),

C AR R 2 Al AR K Z A B MY
FRAE , FEAER 2 T 28 Al 1Y 2 IR ok 2 1A
SAR B LA B (W i s i — B0k . R, 1l
TE AR T 2 22 U5 B 22 i AH B AGO I 48 5 22 5 0
JIEL A 2B WF T b T M 4 B A I XA
143 FIESCR B 5200 . W VanonckelenZ$ A (2015)3%
iV 58 S5 2 TE S 8 A BUAR R A7 DX e AR AR 20 S 0F
REW, MIEEI GGG ERE T
NG RE s Chance® A (2016) % B IE 48 B4 1E )5
() G B AR AL B 605 32 3 AR MR AR fL WSS B2 . H
A, 6= L T TR I AR AR 25 A B AR .
UEAh, 2R B I 25 Al AR A 1 B 4R LR 23
SIPERRE A LI TR R — 2 HIE

3.1.3 it R AS BB AR EL

WRGBWMER), UiEESSE. £
B KPGERFEZA . BN L ER
PEHCLL b 3215 B ARt T M HE AR F B, HT
B fipp R 1) 32 ) — 2 e Ny R
Ly b 1 A5 8 2 TR ) G R AR, DAk 3] o iff 4 X
MWERGFEMEM,

(1) 1L M b 3% 2 i 2R SRR B . ol P 28 JEk T B 42
H L M 6 2 5 14 Tk R LR G IR R 1 A B
MR o 2 AR AR 3k 32 B N7 3 O I A 5 5
RS M P25 MR, H A A7 B H s 5
BB o A RO L R SR A B R, 1R Py A
B BN 2R AR . — 2P
W IE I A3 S 2 5 20 I A 7R ) 7 (Bl SR 45
2009; Yang %5, 2013); —JEHbIEEHE (i
W P HiES 540 H# (Blackard 4F,
2008; HrHEE GE, 2016), ANid BRI T RS

AMFEPE AR, HAE F R 285 A2 21 s ) A2 [a] 7Y R
il M E AR Z2n34E S5 K, ARG ST5
KB PAHEAE AR E aeny ot . Bar, &
T AR AR F e 1) b b 3R A S FE A DL SR (5
T A, 2016): — AR IR HIHIE X B LA
SR AT L, R I8 R T 2E b R ) B AR A
PO A5 B (GonsamoMIChen, 2014); —Z1E%
SR A [ETR Y g e B X i S i K T SR
Py FRAST AL IR B R B BB, (0 2 A L
SEPRRE UL (Pasolli 25, 2015); =2 EEELT 14N
Ho P PR A (Soenen 55, 2010), H P EH3Fh IR mE
RSO 2%, (AR L AR S S i
AT RS B RISy ) o

AR L b b R A7 SRR B 1 TR
(i) ) 32 UL 00 B i, LA B4 SR AR I ] O %
S, ANReA RO W R A5 B s, R
THAER AT AR L REBL, DAL AE R
A B B ) E S MR S T N . TR
A5E Y 1) Bty 296 2 it I Y R A8 AR A B[] 9 97 3% 2 1) J
{H = (Wang %58, 2016), stEZ:LMmsE, AT
H TR R o3 1o AR ADUARE 8 I R A /K BB 1 45 [
3R 52 MY 5 W) T A b R R A T PR A e i A
IR I RS B 42 0 FH 31 2 e M X, AT RES:
FIA—E W2, (ARG T AL 45 SR AR B2
BRI e (n) B, SR FH i RS AU T Ji Ly b s ] 47
A AR R S i SRR DA JLAS 7 T AT
S5 — TR R B A g | A G Y
FEH T, aNChen%$ A(2007)7E 74T LU DX 500 R 3t
JEXIBEPS(Boreal Ecosystem Productivity Simulator)
PRI INPP(Net Primary Productivity) 452 I Al 57
R, TEAT EHOIE RN B, BRALEE R 2 A
5% RIS TR AR G T I R R IR B
N T A8, tGovindd A (2009) %
TerrainLabf ) 5 BEPSEAYHATHE G, ALl 1
M XT 3K TR 52, $2 T BEPSHEIALY
BEARE T 5 — R B S i 1 b 3% 3 A% IS R
AR R ARG BIfGR L FEAh X [l Ak
TRt Z R AL, DAk #mEnib & X
fili e SRR

(2) - M BB (5 B B L H - M B
FRRE, HWIERNL, . aH W, MY
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Bl 3 2R 1 o0 1% T M AL L DX A A
oAy o LM M g B R I, BETR R ]
RRZ 28 . ZHHHEEGEEMCAHARKS
5, NHBEERF AN, ARGEE S5
B, THBRIUAY, W B AR S R .
B T L b - i 0 ) PR () e AR IR, H
FIE RE T ZRES 2 E R80T, aTIHg N
PR3N s —J20] A YRS B N T8 g
ks EeE Y, WAL 48, 2012a). =
BHRAMAI(Chen 25, 2013). HRFERAAE(Zhu
%, 2014), SIRAT REEM A (Aurdal 5,
20054, & JEE T L R 3 pl 4 28 Bk O
LA L B R, R R R R
0, BARBE LR LA E B E (Campos 4%,
2010; &Gt %5, 2014; Reese %, 2015), 4
B, BREDGAE . S FILID ARZE 22 J5 S5 A S I
i AR T AR L b - b 2 AT R v R Bl 0 —
b WIEERRTIREHEARMES, =25 AKRKE
U B CH AR, S 5320 FAER
B L DX - e 7 ol U9 P (Li 46, 2012a; Osman
L, 20135 RN AE, 2014), LHEBEFEHIE
FRCGER . WA o), LEBIRGERE . +
MR HE . HIEEDSE, 250K MIREE &R
HhE AU AN TR Eb A PR . ARIT AR A A |
B A AR BAE o AN 45 28 T VR R TR e
s AT S 1L b b 78 o 2 TR v R R
APz, BRI EZEMIRNE .

3.1.4 IIHGERFMIGIES R EHEHR

Shy S BB BB S A AR, 4R 5
vt J52 T A AR Yk ) WO O i 8 4 v S T 45 R 1) i
HAEAKSE, EIWAMEAT T K B3 8™ i B ik T
YE. filan, 3% E Z M as R R (NASA)YREI ST
T MODISEi#= 5 (MODLAND) K ¥6 /N2H , %o 5k
FMODISH & 1Y 45 Fh 4 BR L s 5P 7= 5 547 R 456
PERYEAIE . KRN K ZS SR (ESA)HLIE 5 T KU il i1 72%
AL FE IS F R (VALERI), XMODIS .
VEGETATION, AVHRR., POLDER., MERIS%:{%
JERASESCHE 2 Y 1) Z5 o ik b 12 JERESCH 7 i iR A T A R
T SR TAE . FEXLEHARIHESI T, &%
mn PV B IR RS . ik SRR B 2 i (Wan,
2002, 2008; Coll %, 2009; Hulley %, 2009),
r ] o JER A R T AR 220G T O™ T IR J T

MRS ML S0 TAE . WRRFY RS, T EHEIE
CBERS. V7EHY P2 MR LAHI-1A/B% T A
BRI INE bR LI A RIE (S 5 S 48, 20025 B
T 45, 2003; JLEX 4%, 20105 #5344, 2013),
BEAh, o E R T I I R A — Z 5 B AN O S
B, R g < SR AT 3t DX b SR A FE R A D L S
YiFgT ., S IR 5T & R SR A e
5T S 328 % S 56y DA R 3 A T R 1 PR 25 5 1 SRR
SO A AR AR IR D ORI B 4 1 A A
SR I R i B E 5 1 R A R T R RN
ek B TSI SR (Sh B E 4%, 20095 Li 4%,
2013)0 K T E iR SEORT i b 3 2 R G R F
FEAET R, T EEE T Mk 2R A BOA 5
T BRI AT L I T ) TR R R i
ZAGRBIRE NG U, W TR T @GS
TR UL ) 245

F T b T RN sty 55 e S it s () RUBE (R A
— &k, H RV 50 E T A 35 v A R
P — P X IRSEAT, X FPIPEAL 25 JAE 1L X AT g S
B BRI O o 2 AT L M R A RS B BRI
SR A7 — B[R] 8, FEEARIAE . KRR .
B 8GR B SRS R P i T O
PR AT Pk 22 | M iE I 5 sh Ak KA X AR
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Progresses, opportunities, and challenges of mountain
remote sensing research

LI Ainong, BIAN Jinhu, ZHANG Zhengjian, ZHAO Wei, YIN Gaofei

Center for Digital Mountain and Remote Sensing Application, Institute of Mountain Hazards and Environment, Chinese Academy of
Sciences, Chengdu 610041, China

Abstract: Global mountainous areas account for about 24 percent of the total global terrestrial area. The mountain area in China makes up
approximately 65 percent of the national land area. Thus, China can be described as a mountainous country. Mountains are an important re-
source foundation and are a vital ecological defense for the existence and development of human beings. However, because of the special en-
ergy gradients, mountainous regions are centralized areas for the development of natural hazards. Besides, mountainous areas also serve as a
sensitive indicator for global change studies because of their vertical environment gradient. Mountainous areas has become a hotspot and
area of focus for many earth system studies. Remote sensing is one of the most important and effective tools for mountain studies. It can
provide continuous spatio-temporal land cover, feature status, and historical change information. However, given the dramatically different
geometric characteristics of mountainous surface and the various special ecosystem structures and functions, remote sensing applications in
mountainous areas still face many challenges and difficulties, including serious geometric and radiometric distortion problems, more com-
plex energy balance process, and more prominent ill-condition retrieving problem for ecosystem parameters than that of the plain area.
Mountain remote sensing, which mainly focuses on the basic theories, methodologies, and integrated applications of remote sensing in
mountainous environments, is a research branch of the remote sensing science. Although the word “mountain remote sensing” firstly began
to be used in the middle 1980s, the research on remote sensing in mountainous areas can be tracked back to nearly 100 years ago because to-
pographic mapping began early in the photogrammetry remote sensing field. In recent decades, issues regarding the basic theories and integ-
rative applications of mountain remote sensing have attracted worldwide attention. Mountain remote sensing has become one of the most
popular research areas in remote sensing sciences. We summarized the scientific significance and several frontier issues in mountain remote
sensing studies. Currently, the main contents of mountain remote sensing research should include but not be limited to the following aspects:
(1) the interaction mechanism and modeling theory between electromagnetic signatures and mountain land surfaces;(2)
spatial-temporal—spectral normalization methodologies for mountainous remote sensing data;(3) remote sensing modeling, retrieving, and
assimilation methodologies for land surface information in mountainous areas;(4) scaling effects and the validation of remote sensing
products in mountainous areas; and (5) the integrated applications of remote sensing information in mountain studies. Currently, mountain
remote sensing faces unprecedented developing opportunities because of the following reasons: (1) emerging novel remote sensing observa-
tion technologies, (2) in-depth development of basic theories and methodologies of mountain remote sensing, (3) driving forces from earth
science big data studies, and (4) great application demands of mountain remote sensing. In this work, we reviewed the research progresses of
basic theories and applications of mountain remote sensing in recent years, and analyzed the opportunities, challenges, and future prospects
of mountain remote sensing in the modern era.

Key words: mountain remote sensing, model, scale conversion, ill-conditioned inversion, data assimilation, topographic effect
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