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Abstract . Non-photosynthetic vegetation (NPV) is a vital component of terrestrial ecosystem, as well as a critical hotspot
in global carbon and nitrogen studies. In addition, its coverage in the source area of wind-blown sand in northern China
indicates the intensity of wind-blown sand activities. As revealed from recently conducted studies, cellulose absorption index
(CAI) was highlighted to be capable of more effectively reflecting the fractional cover of non-photosynthetic vegetation
(fuev) - However, there was no corresponding band (2000—2050 nm, 2080—2130 nm, and 2100—2240 nm) for CAI

calculation in the 36 bands of MODIS data. Subsequently, under the introduction of dead fuel index (DFI), it can be
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employed directly to estimate fy,,, whereas a question is whether DFI accurately reflect the content of NPV cellulose? Is it
necessary to establish the relationship between CAI and DFI to achieve more accurate estimation of f,,? It has always been
neglected by researchers. Therefore, this paper intended to study the distribution of f,, in various grassland, and compared
the difference between direct estimation of f,, by DFI and indirect estimation of fy,, by CAI, the influence of bare land on
the estimation results were analyzed in order to explain the spatial heterogeneity characteristics of fy,, in different grasslands.
We analyzed the NPV spectral characteristics of different habitats NPV (herb, semi-shrub and shrub) in sandy grassland of
Ordos and constructed the application model of DFI, CAI and f;,, based on the ground hyper-spectral data measured by
analytical spectral devices, and then validated in different grassland areas. The results showed that the NPV reflectance had
similar trends of herb, semi-shrub, shrub and mixed NPV. There was a significantly positive correlation between DFI and
CAI, CAI and fy,,, DFI and f,, at the level of P<0.001, and DFT could better reflect the change of f,,. But the f,, value
directly calculated by DFI was larger than the f,, that calculated indirectly by CAI, the average overestimation was 3.11%
when eliminating bare ground. The difference between two values in typical grassland areas was 0.03%. In addition, the
NPV should not be treated as a homogeneous material, and bare ground interference should be eliminated when performing

Jfapy estimation.

Key Words: ground hyper-spectral; fractional cover of non-photosynthetic vegetation; dead fuel index; cellulose

absorption index

5'@‘!3%*5?}){2(Non—photosynthetic Vegetation, NPV) j2& i b A: 245 2 Gt d B4 B Ao , 2 o F AT o 7 5tk
LB R — NPV F R R A R R AR R AR I W LA R A T R AR A
SRR P TG ISR AR I I A AT 2 — R BIRAG SE S AN RE 3 0 - A ML B +
Jo b, 8 BEAS AT R0 R AR R KU ) A Rk i W T A SRR T B M
& NPV ZhaSx Tk B ORI KA VDA IR AR AR S R G R A 2O E R X,

It 2 32 SRR AR B e S G A AV A T T o R LA I i B X S e s A ) I
R F— S8 BOR R AR T NPV BUS T KREZ R, tH—1k+5%% ( Normalized Difference Index, NDI) IH—1fk 2
SFEEMFE S ( Normalized Difference Senescent Vegetation Index, NDSVI) | 4 332 & 2 /E 4 7 48 %X ( Soil Adjusted
Corn Residue Index, SACRI) Fif&1E +I3E R AE Y #E F5 50 ( MSACRI) 5%, ERAMAERZER K 5 FdR
FigEAR , Elvidge (1988 ) FI FHHLZ AT WAL AR AR 73611 2180—2220 nm i1 2310—2380 nm ¥ B 1153 F
PR T LT AE R AR B TR A S BT HE R 4y A (X R GHGRE AE 2100 nm A4 B OSSR Y . Daughtry
ST 1996 AFEAE L FERE [ HE T A HE IS 50 ( Cellulose Absorption Index, CAL) , #5 S B 75 1 Elvidge F &
P, 5351240 2000—2050 nm,2080—2130 nm F1 2190—2240 nm'"™ | CATI & H 5, K3 AY S IE 5 0 FHBF 9T 26 B
5 HABE USSR L, CAL A US4 2 AR AR R BE (fypy ) ' o {ELJ, 7E MODIS $idli 36 A~ Berh, it
/D55 CAT 8 BT 3 B (2000—2050 nm ,2080—2130 nm H1 2190—2240 nm) , Ktk , WS fE7E MODIS %3
HORBLS CAT TR R B VIR G Bl NPV BIFFE G, 1% IX —[A)i, Cao S5 ARYE MODIS i BORFAE$2 H
DFT REAR A4S Fiz e 3th 6 A4k 3% bR 2, LR 5% 445 SR 7 [ B 8 J8 2% 7 (International Journal of Remote Sensing) A&
RO MR AR LK DFT R £ AR R 2T (ER DFLR TR AT LUERR R NPV 2P 4R %
HAROL? DFL TR TR BB S CAT S I BURSE AAFE Di 22 F) 5 52 Q0] b3 25 33k B 41 45 [ — B i 290
PRI, ZE 8 CAT 1 DFT 26 R 7 A2 SE B £y MG BRGS0 5C5E , /A PTTEH CAL AT DFT 956 £ 2l i A4
HAR I =AM E AT LA A > 20 22 B X T Z IR B SRR 0 UE . N NPV R ok A,
BEM T EEA A CE - (NPV-BS) 8 DEE HH-ARE S B-#R L (PV-NPV-BS) = /3B HDE
A HIPE-AR 6B M B - - B R (PV-NPV-BS-Shadow ) PU4MERIAE - 20 20 - ey e A BE FACIFaR T i
TG DI 6 A8 BRI AL R 2% 36 BEAG R (B A FFIE e A S 11 T iR R I ) g ot =4y
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ARIHSE

PRI, AR SCRIFSE F AN - (1) B fypy WCAT R DFT (956 2 A5 A ) B0 JFU2E Y £, SRS [) 555 ( B 37)
SR oy 25 IS FMERRAE 5 (2) XFEE DFT MG fipy 5 CAT [RIEAG ST fopy 225, F53H DFT 2 75 0] LIR R CAT
S5 fo R VR fop TG B 5 (3) X L SIBR AR A IS A Al B 25 5 e 085 (BN g, A SRR AR B
SERBI RO 5 (4) A AR A R Z i TS TR DX £, VA DX S8 XUl |t 0P AR PR 01 A58 48 4L
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1 HARRMREFE

1.1 W XA

b T S G 1 I 7 A v TR Al 2 e e TSI 5 i S 2K 22 Vb b sl SE i (P 1) L 2 T NS R XS
IR Z W IS RIS | M AR PR A 5 VB AR B s MRV ¥ 2 110°0°517E,40°18"53"N; MG 44 5 B 0 1040 m, “A4F
MONAZEFERIBR  HARRE AR , KB D SR EE 6°C , AR -32.3°C , f i il 38.3C ; 4Rk
250—350 mm Z[8], 4EHPAE 7 .8 H & TR RRE U, EEAEY M AR (Salix psammophila) FIFY
24509 L ( Caragana korshinskii Kom.) , 2 #E KM & (Artemisia ordosica ) , 5 AN K ¥) 35 % ( Artemisia scoparia
waldst.et Kit) JJB5( Setaria viridis) \VP3% (Agriophyllum squarrosum) 125 VKZE ( Bassia dasyphylla) 55, HRYE N
S T REL A IS R PRI R J S b i A (T 1), SR 000 AT DX Bl g e 18 0 PR 8 il B DA 2 4 A B A SRy S i 1Y S SR BB D
AL e ) e JEURTT LA 22 4 A + 2 A Sy 32 g e L AL ) B i IX | DL RE A FIRE AR o RSP AR 2 4+ R AL s b
HuE 37 UL R DLREA A REACHITE AR5 o 5 A0 B 2 I 2R T S e P e 5 e Jit G v, Ay e R ] R WL 2 o
PEF=AE BT, 7R TRk B () 3P 2015 4F LUCC H500s v 0 5 st i i 80 X 33 1
1.2 W05
1.2.1  SEEbR

WA VD b TSR ) A A BV R A, 0 0 SR PR (LD 7 2R BN L) CEHEA (s ) FRLAS (B
T REF V3% ) =R T SOOI AE .
1.2.2 M s S GisEdE 5 i s

T 2 5 ' R SO I 2 B TRD A 2019 4R 5 9 H—13 H kil PV T4, % FH3EE ASD A ) Field
Spec 4 fm A HERGIEANL, WA B 350—2500 nm, Ay /IR b XTS5z 5 238 52 M | g A AR B OGS D A B R
FHIR) — R AR 5 e i, LT B T A7 M 250, 55000 B AR R B  0.67 m, Xof bj i T A A
FEAE 30 em FEE], SGTE I E B A] A 10—14 B2 ], X [6]—ASFE R ) SRHGREI R 5 0k, 31 T AR DE Be £t
LEFRERAT: ViewSpec Pro 5 Hi T Y% {8, XF i MODIS ¥ iz Bt B1 (620—670 nm) B2 (841—876 nm) .B6
(1628—1652 nm) .B7(2105—2155 nm) A5 CAl Ff#5 R,,(2000—2050 nm) R, ,(2080—2130 nm) 1 R, ,
(2190—2240 nm) , &2 . R ARIEEREM GE HER P BFFS 10—15 min FFHARME AAGHEFTROE, D2 5
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Fig.1 Location of study area

T H MODIS 4l 47 MRS IX. fop A5, B R VR T NASA iR B 5 h0 (LP DAAC) , T #idth bk
A https ://ladsweb.modaps. eosdis.nasa.gov/ , ELHE 2 MCD43A4 2808 A 36T 16 KW £ H A /i /Y B 7=
A B A2t T IR AL IE FRETE AR IR AR IE . EARRESE T B 2019 4F 4 H 15 H 8GR, IR 5AE N
HDF #%X, i1 MRT ( Modis Reprojection Tool ) #F47 5540 % 1.2 .6 F1 7 U B4l i HDF 4% 5% 408 TIFF
K,
1.2.3  f, F2H
1 TFAL 58 B LA TR Bl 35 58 He AR RS A, T AR 9t 35 58 000 2 SR FHARPILEA IR, AR5 A ENVI 5.3 5 i
WA A 25 H AR PR 25 5 O i T S FE BRI, 0 BREST, £443 FROGIR0/N I 52 0T 56 BE A 13158 25, A MILAR Sk e 1 1)
TR TFARR R U E Ly R A B R GRAIERE [ 5 4 A T AR LS ASE
1.2.4 $REOTE SR
A SC EFAERE CAL Fl DFL 2 NPV ASAARME  CAL AR R .
CAI = [0.5 X (R,, + R,,) = R,,] x 100 (1)
rp X ASD B EIEEE , R, o4 2000—2050 nm P B R R, R 2080—2130 nm % B3 R,
R,,24 2190—2240 nm B RUA, y TH K CALE 22 74, 3 L 541 100,
DFI AR,
B\ B,
DFI=[1-BJ><B><100 (2)

6 2

& ,B,,B,,B,,B, /3 MMt MODIS 55 1.2 .6 17 9B, T K DFI{H 251, Ll 2% 100,
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FESRAFFE T b B HE Sy EASAH R B B A P E AR VAR FLEAK (fpy 435902 61.24% ,61.52% 60.84% Fil
61.08% , fie KA AN e/ IMEAH 22 (LR 0.68% ) 11 [ 6 1%, 25 B 52 A 52w 7™ T I8 B AR VR W Ae I8 B, 1 7R
350—1300,1450—1750 il 2000—2350 nm P BLEH | BEBOGREAFE ML (& 2) .
1.2.6 fy ,CAL F1 DFI R 50Hr

Spy 1 CAT CAL Fl1 DFT DFI Fl fypy, K FR MR TLMEAUE 0BT A P AR I, Horh, FECR M PUE R 8L
(R*) KL DFL AN f A FREE . BEVERABERI P= 0.05 F1 P= 0.001, 4 P>0.05 B A 23 ,0.001<
P<0.05 B B3, P<0.001 B}tk .3
1.2.7  hHZEBG

I b2 5 8 7 A [ D DX A e 2 R RS (), AN R B R S R X A 3R FH 45 DX 3 P 34 ke 28 780 oy ST
AR SCHE o) i DX P R ARSI | L 7R 2 i [ 39 P A TR 0B AR A5 A8 ) 5 Ve A X B P B AR R
FNEATR A AR V0 1 R3S AR FIVEATR A AR B EAT XI5 f gy STE . FC v R b 55 35 (s ) SR FHAFE 7 38
B RS RT3 (8 R SR T R AR B fpy TEVR 25 £y LB R SEBR o TEL

2 HR

2.1 A[E NPV S AHGIERFE
TETEBEARIFISOLT (1 2) AR el A A AL, o, TR A iR B
PR 8 I S R LA A A R Bt B8 S SR LA Bow Y
25, 350—1300 nm 1 1450—1750 nm % K 75, %2 [
AFIEAR NPV G35 SR KT B RN T A, |
2000—2300 nm % 3 | AR A A 35 2 NPV 6 3% 2 5
RSN AHEAR NPV G RS R/ANF Bk 2 HEA
KT ik, i
WA BT (K 2) , Bl B BOCTE I 3 R s
SRy A HEA SRR A (20.75% ,18.93% | 0350 75'0 1150 1550 19'5<}) 2350
18.49% 11 15.78%) , HE A FE A 3 B2 5 6 25 (H e /s 4 Wavelength/nm
(0.44%) ; B2 e Bt 75 Ry A FEA B0 T 2 REHRIEEER NPV 5 i 2
A (28.36% .28.33% ,26.2% M1 21.93%) , BAAI-HEA Fig.2 The spectral reflectance curves of NPV in key band
T RN AR R R (4.27%) 3 BO B BEH R BRI R itk s MODIS e B Kot i 21 648 D HE Sy CAT HHEE 7
A FEA BR A ME K (39.87% .39.58% ,38.9% Fl - kit
37.26% ) , TEAR FLEAA S 33 S 5 3 25 {H fe /1N (0.58% )
SMRFIPEEAOCTE RS R 22 iR (1.64% ) s BT B = BUR AR FEA SR RIRLA (36.06% ,35.69% |
35.57%H134.95%) , BEARFLEAAOE1E S 5T R 2 5/ (0.12% ), BRI B A Y18 S5 R 2l /K (0.62% ) , H:
H L B1 I B6 B AR FREE A IS S S AR A o e FRAIG, B2 B B A S S R 5 M1, s B I B AR e
TEACIE SR M AR IR 5, A RIEATE 2149 nm Aby=A: 28 X, KR 2105—2149 nm A, A GRS OB R
o T ARMA K A 2149—2155 nm B BEAOSGHE SO AT S, 78 B1 Fil Bo I By T FRai AR HEAR B2 I
B ) T IX A3 RE AR S HAB AR VR TR ) 78 BT PBS T XAy B AT HEA DL ST
2.2 fipy,CAL 1 DFI CFHR
M fupy » CAL FIl DFI 534 K76 (- 3) , fupy BEZ CATL F1 DFT (38 IAE A WG i, DFI AL 7E-9.43—19.48

Sy
;5

JR 513 Reflectence/ %

http ; //www.ecologica.cn



14 FIEHE A AR A R AR GG 00 B 6 A B i 5 & 191

Z 1] SEH4(E A 3.76; CAT A8 4L 7E - 4.5—3.6 Z ], -4
B }-0.23,

M\ CAL F1 DFI X R BERDR A (£ 1), CAL fi DFI
P3N Y, A A R 2 IR A G (P<0.001)
Horp 2R AR K, 0.3294 ;AR FIERIR &
BRI AR AR /N, R 0.1816, B CEEARFVEARIRA
RERIARE 2R 0.2323, BASFIEEATR A BRI AR 2
0.2485 , ELAR FINE AR TR A AR AL 358 0.246,

M CAT Fl fypy RABIUKTF (R 1), fupy BE CAL
R mp R, —HEENEEEMK (P<
0.001) , Hrr ERERAS LR K, 0 21.03; BABIAY
AR IR/, 12,82, FUA CEREARFIEARTR G A AR
N 13,64, REAFIERE AR SR L3 13.38,
AR FIEATR A B3R 13,14,

M fupy 1 I DFL R FERF (£ 2) , AR/
(2 HEAFIHEA 4> BK 6.927 F 2.9678 ; B AL + 22 B3 AREEEREY fypy .CALF DFIH) 3D ZHEE
7k +{§7k \EP ZIX + ﬁé{%j{%n EP ZIK +ﬁé 71( lziﬂi E/‘J @:‘ ’ﬂf. z ﬁ:}‘ jnJIJ Fig.3 Distribution of fypy, CAI and DFI in different non-
3y 3.1688 .3.3237 F1 3.2332. Hrh ,fgsﬁ%kﬂ:ﬂ%d\ f photosynthetic vegetation types
R HEAR +HEAR RN R A 4351 28.1001 F1 8.0507 ; B
AP HERAEAR BRI AFN BA R X1 £, (B 53901 R 21.0085 ,17.2148 F1 17.8186

tion index

SRR S CAL

Cellulose absorp

R1 AREFHENSARN fypy T CAI,CAI 71 DFI )X &
Table 1 Relational model of fypy and CAI, CAI and DFI for different non-photosynthetic vegetation types

HERRA . CAT 1 DFI %% o Frpv 1 CAL G5 o
Vegetation types Relationship of CAI and DFI Relationship of fypy and CAI

A Herb 70 CAI=0.281xDFI-1.5973 0.9063 Frpy = 12.821xCAI+44.854 0.828
K Semi-shrub 23 CAT=0.3294xDF1-0.0869 0.9189 Frpy =21.029%CAI+56.133 0.8834
WA Shrub 68 CAI=0.1876XDFI-1.0895 0.5704 Sapy=15.82xCAI+56.476 0.6953
BEA 2EHEAR JEAR Herb, semi-shrub, shrub 161 CAI=0.2323xDFI-1.1039 0.7502 Srpy = 13.641xCAI+50.425 0.7368
FA WK Herb, semi-shrub 93 CAI=0.2485xDFI-1.0916 0.8224 Frpy=13.375XCAT+46.875 0.7998
AR A Herb, shrub 138 CAI=0.246xDF1-1.3215 0.7941 Frpy=13.143XCAT+49.837 0.7342
FHEAK HEA Semi-shrub, shrub 91 CAI=0.1816xDFI-0.8563 0.5288 Jrpy=16.865xCAI+56.419 0.7327

DFI; FHYAEHE S Dead fuel index; CAI; ZF4EZEMULFESL Cellulose absorption index

®2 AEEFRREYSERK fupy 1 DFLEXRUAR EARB D fi B
Table 2 Relational model of fypy and DFI, and value of f for different non-photosynthetic vegetation types

*ﬁ%&;éﬂ le’\‘lﬂ DFI jé’%é fNP\ Z*H DFI ﬁé’%

Vegetation types Relationship of fypy; and DFI Jisi Relationship of fypy, and DFI Jus2
A Herb Fpy1=3.6027xDFI+24.375 8.0507 Frpva=3.8019XDFI+23.153 5.9261
SEMEA Semi-shrub Fupy1=6.927xDF1+54.306 22.9187 Fxpya=7.3905XDF1+54.716 21.2288
A Shrub fpy1=2.9678xDFI+39.2401 25.7925 Frpva=3.9335XDF1+36.455 18.6318
TR CEFEAR FEA Herb, semi-shrub, shrub Spvi=3.1688XDFI+35.3667 21.0085 Sxpva=3.453xDF1+34.297 18.651
B MHEA Herb, semi-shrub frpvi =3.3237xDF1+32.2749 17.2148 Fpya=3.3254xDF1+32.267 17.1992
FAR JEA Herb, shrub Sxpy1 =3.2332xDF1+32.4685 17.8186 fpya=3.6048XDFI+30.787 14.4532
VA JEA Semi-shrub, shrub fxpvi=3.0627xDF1+41.9775 28.1001 Frpva=3.9402xDFI+40.285 22.4315

Sxov il fps i AL DFI E R BB AT FE fpy o Ml fpsp il DFI B TE

http ; //www.ecologica.cn



192 £ A ¥ W 9%

I fapy s F DFL R AT (£ 2) , A5 Ak K R/ N L AR B AR 1 JEAC 433018 7.3905 il 3.3245;
B+ YA SO ARIERA X I 28 L 253 50 3.453,3.9402 1 38019, Horl £ i e KRN
(AR AR A RIS Sy 22,4315 1 5.9261 ; B+ AR+ AR BEAS 424 A FI B AR+ AREHI 1Y £, fF 4
5k 18.651 ,17.1992 Fil 14.4532,

2.3 A[EFRIX S50 Hr

AL BRI AN [ G SR P K £ R TG (3R 3, 4)  fypy AE 4 FHELRIXOF SN 67.33% , fypy, 15 4 Fh5E
J X SN 68.47% Ly He fapya/N 1.14% . Hort | BRI EEIX L 50K Sy s 9 84% fupes 1 86.08% , —#AH
2% 2.08% ; T BT X frpy B/ fapy 1 H 53.78% , frpy2 I 54.36% , —F A2 0.58% , BLAVFLJFIX froy Fl fupys 25
LN, I 0.01% WO fupy T fypy 2 20N 1.91%

ISR 5 1 AR 1) B B IR P 35) froon, T (32 3, I 4) fapy T 4 FNELJE X P {E A 51.3% ,fupy, T 4 FREL
JEEIIME R 54.42%  frpe, L fapyo/D 3.11% , Hor  BAR B FUX fuoy TR fapy s H 75.95% ,frpy, N 80.15% , —
FHE 4.2% LB JEIX £ 55/ faoy 9 32.77% fapyy N 35.71% , —FAA2E 2.94% , SEEEIX £ Fl foons
ZE(HI/ N, 7 0.03% VPHE L) £y, B fapy, 25 (IR, 1 5.28%

£3 FEERERFHY fupy

Table 3 Average f\py in different grassland areas

5 Sxovi Sxeva
Grassland types AR SRR o SRR
Included bare land Removed bare land Included bare land Removed bare land

i) B Meadow grassland 84% 75.95% 86.08% 80.15%
AR E T Typical grassland 67.83% 50.61% 67.84% 50.64%
FEEE L Desert grassland 53.78% 32.77% 54.36% 35.71%

U HLH Y Sandy grassland 63.7% 45.88% 65.61% 51.16%
J{H Mean 67.33% 51.3% 68.47% 54.42%

3 itig

Sou FIT fropy BEREAT 4 2 07 DX 3 0 2 40 R SRR A A BRI, 0 R o A B8 X6 T 0 JEE 537 KR XU A
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