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Estimating fractional cover of photosynthetic vegetation and non-photosynthetic

vegetation in the Xilingol steppe region with EO-1 hyperion data
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Abstract: Quantitative estimation of the spatial and temporal dynamics of the fractional cover of photosynthetic vegetation
(fpy) and non-photosynthetic vegetation (fy,, ) in semi-arid grasslands is critical for understanding grassland conditions
such as vegetation abundance, drought severity, fire fuel load, stocking rate, and disturbance events and recovery. It is also
important for scientific grassland resource management. Over the past several decades, remote sensing has become an
important tool for estimating the fractional cover of vegetation, which is a key descriptor of ecosystem function. However,
most efforts have been devoted to the estimation of f,, rather than f},,, although the latter is equally important, especially in
arid and semi-arid ecosystems. This study describes a linear unmixing approach for estimating f,, and fy,, in the Xilingol
steppe region with hyperspectral and field investigation data. Five Hyperion images acquired on April 4, May 20, July 27,
August 30, and November 15 in 2012 and a field-measured spectral library were utilized to explore the spectral feature
space of f,, and f, in order to validate the feasibility of a linear unmixing model. This model is based on two
complementary spectral indices of vegetation that have been used in remote sensing analyses to discriminate green and dry

vegetation from soils: the Normalized Difference Vegetation Index ( NDVI) and the Cellulose Absorption Index ( CAT).
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Different end-member extraction methods, including the Minimum-Volume Enclosing ( MVE) method, the Pixel Purity
Index (PPI) method, and a field measurement method, were adopted to retrieve the end-member values of photosynthetic
vegetation, non-photosynthetic vegetation, and bare soil, respectively, from NDVI and CAI. Then, the influence of end-
member extraction on the accuracy of the f,, and f,, estimation was evaluated through comparison with field-measured f,,
and fy,, values acquired from classifications performed on fisheye photos (N =152). Subsequently, the optimum unmixing
strategy was utilized to retrieve the temporal dynamics of f,, and fy,, in a fenced area, where the grassland was not
influenced by human activities, so that the usefulness of these fractional coverage indices could be validated by checking
their consistency with the phenology of natural grassland. The result shows that the linear unmixing model based on NDVI
and CAI was effective for estimating f,, and fy,, in the Xilingol steppe region. The NDVI-CAI feature space follows a
triangular distribution, where the three vertexes represent photosynthetic vegetation, non-photosynthetic vegetation, and
bare soil, meeting the essential requirements of the linear unmixing model. The estimation accuracy was different for the
different end-member extraction methods. The MVE-based estimation had the highest accuracy, with estimated accuracy of
91.2% and 67.91% for f,, and f,,, respectively, followed by the PPI-based estimation (91.0% and 59.5% for f,, and
Sfev» respectively) and the field-measurement-based estimation (86.2% and 56.7% for f,, and f,,, respectively). In
general , the estimation accuracy was higher for f,, than f,,, and the field-measured end-member performed worse than the
image end-member, which was probably due to the inconsistency between the field-measured spec and the Hyperion spec.
Additionally, the temporal dynamics of f,, and f,,, were confirmed to be consistent with the phenological seasonal change in
natural grasslands. Therefore, the method proposed here can be used to monitor the temporal and spatial variations of f,, and

Jfpy in semi-arid grasslands.

Key Words: Hyperion; NDVI-CAI model ; photosynthetic vegetation ( PV) ; non-photosynthetic vegetation ( NPV) ; end-

member selection
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TR NPV BBISERGE M, S8, SRR T K s 2T 95360/ CAL, fo /NI XA AU A B AR U 5

7 BB foy M fapy TUE (LIEARREENEHIX)
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11 4] BV A BT Hyperion (98 MREEN S RO AR BE AR A HOR 5 B 3651

Wi ELBEE £, BB (foy>30% ) \frpy PTRESSIRAS 1Y ARWFSE P (O R i 8 5, 6 1A JR0RG J32 1 52 T 75 22
vE— A%
4.3 NDVI-CAI =JoZM:IR A 1 [R]85

NDVI-CAI = o2 MR AR g CAT 85U HE M = i A 845 AR B, 40 Hyperion, Hyperion ) 28
WA AT, AEAE 3 At R0 s ) R, 088 o AR A 10 el JE S K, T SRR B0 AR A BR . O L2 4
Hyperion S2AZ4A7E PV NPV Fl BS =AM aliifiisc AR/, S T HIIERE MR L ER PV NPV Fil BS =4~
Aot , T B2 Hyperion 5214, 91 H2E THRICAHY NDVI 1 CAT FRAE(E A BER ) 284k % . NDVI-CAI =
TCERMETR G BT (14 1 FH 2 1) Hyperion sEAR AR B A BRI , 38 52 S0 0T i 19 52 ), 75 28 0 FH 31 2 0615 4% A%
h F8 5 I 22 6T A e e A S T R

Guerschman %"/ J3j | SR76 ( SR76 =MODIS7/MODIS6 ) A 0HL 8 v i CAT 3555, o8 HEff Mo A5 34 T 3K
FISIE B4 TCR R EE SO DX fo, F frpy » FEA3 % 35 MODIS 5 5[] 23 B 5 A 3, {H & MODIS 25 [a] 230 ¥ R KA,
25 [a) S PR IA . Smoc R BCHL A R e, R AE MODIS 5415 Hb i 20 A0 B AG 56 138 M, 53 41, BIUNDI,
NDRI ,SACRI \LCA “EH8 SRS I AR B oy ", AT S B X B HR BRI CAT, 1 I 51 NDVI-CAT = J04k
PEIR A BG T foy Sfaey o NDVI-CAI =IO IR SRR 2058 B h G & TR M F ST AT 5t

5 it

AT NDVI-CAI = JuRPEIR AR A& T BRI BT £, A fopy , EERRILL T E5E .

(1) NDVI-CAL =TT TR A BT 2 [ B A7 00 B AR S Ay BT £,y R oy B 80T 15, B MRS A0y 5 b NDVI-
CAI FHF 23 (8] & = HMIB 400 , A TS 983 PV NPV 5 BS, i /& = Je2 MR AR iy SAS R 4%

(2) AN RIS TCE £ VR XAl SRS B BAT — 2 s, JHG b 35 S5 /N 5 i DG R AE VA R BB T 2R A 744 5 1Y)
K FE e fo T RAR 22 R 4.57 fEBEREFE N 91.2% ; fyp [ B T HRIR2E N 5.90, fEBEHEHEH 67.91% (k¢
ARELN=52) , S e BOL A R BER Z (fo T BHE BE R 91.0% s frpy M NG BE N 67.91%) , FETS2MOG
T ity Ak DR B AR 55222 (S il G FEE K 86.2% 5 froy Tl B RG BE R 56.7% ) o AL, PV B4k I0KS B 5 T
NPV, B S 3 v 7o A7k D ARG B L AIK T RE 5T .

(3) 2T NDVI-CAT = T PHIR AR T £ F fpy (02535 A28 A0 5 MO O W10 2% B ARAE MWD 4, 7T )3
T BT B MRER B 5L £ Ry BRI TR ZZ A
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