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Abstract

Vegetation fractional cover(FC) is an important indicator of vegetation and
ecological environment, and is also the basic data of hydrology, meteorology and
water-soil protecting in region or global study. Three-North region of China and the
Haihe River Basin FC estimated correctly by remote sensing is the basis for integrated
assessment of environmental effects of the Three-North Shelter Forest
Programme(TNSFP) and the Haihe River Basin.

Based on Landsat-TM and HJ-1 data, using the improved model of dimidiate pixel
method, the FC of the typical study area is estimated. By on the spot review of the
typical study area, the result of estimation of FC is proved to be valid with a correlation
coefficient of the real value and the estimated value of 0.96 and R* of 0.92. The result
shows that it is feasible to use this improved model for estimating the regional FC. Then
we spreaded this improved model to etimate the FC of the Three-North region of China
and the Hai River Basin based on MODIS-NDVI products.

This paper analyzed the spatiotemporal changes of the FC in the Three-North
region of China using the difference method. The result shows that the FC in this region
had an obvious change in 2001-2007. The mean FC increased by 2.07% for the whole
region, and the increment in Jilin, Shanxi, Shaanxi, and Ningxia provinces reached to
27.37%, 14.12%, 9.29%, and 9.22%, respectively. The increase of FC was mainly
caused by the increasing precipitation and the enhancement of peoples’ environmental
awareness, as well as the implementation of closing hillsides to facilitate afforestation,
returning farmland to forest/grassland, and especially, the Three-North Shelter Forest
System Program.

This paper analyzed the spatiotemporal changes of the FC in the Hai River Basin
using the slope method for the period of 2000 to 2007. The results show that the FC of
the study area is high in cropland of the plain, the value changes from 0.6 to 0.8. While
it is lower in the upper basin of Yongding River, FC is less than 0.3. In recent eight
years, the FC of Hai River Basin shown a trend of increase, only decreased in some
cropland regions located in the Eastsouth of the study area and the urban expand area.

For better understanding the effects of precipitation on FC in the Hai River Basin,

we also investigate the relationship between FC and precipitation. Their correlation



coefficient has been calculated in different temporal duration and the results show that
the annual maximum of FC is significantly related to the accumulated precipitation from
Mar. to Aug. in the same year with a correlation coefficient of 0.687. The change of FC

is consistent with that of precipitation for the years we analyzed.

Key Words: vegetation fractional cover; dimidiate pixel method; dynamic variations;

Three-North Shelter Forest Programme; Hai River Basin
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TC A B, g R K PR R A (V& VS R TR )

% 4% 1 5 % VCI(Vegetation Condition Index), &% NDVI itfa] i1, H
J2 R A 7 w5 B B A B AU AR A 1 e By, R AR TR A X T R I R . [R]I
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NDVI = (NIR-R)/(NIR+R) (2.9)
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Tab. 2.1 Formulas of NDVI based on different remote sensing data
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-0.1-0.211 ,NDVIveg R 2 75 4> #i # 7 7 18 7 [ 5 K AH o 1T #1885 0, NDVIveg
LA 2 B A N T 60 22 ) 1y A o DR, o S5 A 7 o S I, B ) — 5 B2 4%, NDVIsoil
H NDVIveg A g B [ 52 1111,
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f_ =(NDVI, — NDVIsoil) /(NDVIveg — NDVIsoil)

(2.11)
f_, = (NDVI, — NDVIsoil) /(NDVIveg — NDVIsoil) 2.12)

1 BA B S A7 AT SR A
NDVI_, =(f,-NDVI, - f-NDVI)/(f, - f,) (2.13)
NDVI,,, =[(1- f.,)-NDVI, —(1— f, )NDVI, 1/(f,, - f,) (2.14)
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U NDVI1 3 NDVImin, NDVI2 3§ NDVImax; fcl H{ femin, fc2 X femax, 4%
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NDVISOiI = ( fcmax ) NDV Imin_ fcmin ’ NDVImax)/( fcmax - fcmin) (2 15)

NDVI,,, =[(1- f,,,.)-NDVI . —(1—f, )NDVI

Cmin Cmax min 1/ CFemax = Tomin) 2.16)
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NDVI_, = NDVI__ (2.17)

soil

NDVI,,, = NDVI . (2.18)

M B RS T (WA AR B S, NDVI (R E IF A — & & NDVImax 5
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7 I 52 45 G L R T E
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He bl 7 S ST R

Bl 2.1 a2 i JRE Al S AR B (1)
Fig. 2.1 Flowchart of the FC estimation when fcmax=100 and fcmin=0
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1 HNDVImax
5NDVImin
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|
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5 NDVIveg

!
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Fig. 2.2 Flowchart of the FC estimation when fcmax # 100 and fcmin# 0
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Fig. 3.1 Location of the study areas

3.1.1 =4eBFHPMIiZEXHER

=AbB R LR X — AN E M X, R AR R BRI I,
RSSO B LA, K7 4480 km, mAEE 560~ 1440 km, fiEFEIL. L.
RAE 13 AE (AR, HEEADM 551 AEOE. W, X), KRR 406.9 J7 km?,
R 42.4% U0, RIIER A 1978 ~2050 4, 3L 73 fEIF], 4 3 AR B
8 MITLHE, JLFFIEMk 0377 (AW, W =Jbth XL . Ak . L8, K
FEUR N OUAE HARRRAE . AR IR NG 99 R KRR, AR RN E P H KK



AN TR My DX 28 R REAE s m R A b DX bR A R R T b I XK 5
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Fig. 3.2 Location of the Three-North shelter forest and its four construction regions
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Fig. 3.3 Rivers in Hai River Basin and its water function zones
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3.2.1  EFHMINE 3

(1) Bpob% 524k itk
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Fig. 3.4 Field measured sample sites of the typical study area

2008 4F- 9 JJ 14 H& 19 H, HERWAMALFMA#EL &R, SERF. BHE.
KR B WREEE g, A RS R A RER R T R, = A B Ak
(1 3 TR AR 00 A B AN (] e sl ) e R R A A 0 0 . I, GESE TS T T 150 Bl
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Fig. 3.5 Field measured sample sites of Sinkiang province

ARERRE

LB A R
O
Kiomatars

T — —
02550 100 150 200

B 3.6 i L s X AR SR A A B

Fig. 3.6 Field measured sample sites of the Loess Plateau
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Fig. 3.7 Field photoes of the Loess Plateau
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Fig. 3.8 Field measured sample sites of the Yan river
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(2) A7 A5 W I vk
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TeAR BEAR . BARKFETT 34, WA 30X 30m?, #7078 56 5 DL 2 AN AR P
) 11 4 A by A I R

A, X KT 1.5m B RE B (22 IR R), ETiE 30m X 30m F£77 A 1 K
T3NSR Ty, H AR Sk R ) B, R R L, 2L IRR
ﬁﬁ-¢?Lmﬁ%ﬁ%$%%%mx%ﬁﬂﬁ%ﬁumxmmﬁﬁWﬁﬁ?3A
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Fig. 3.9 Photoes of tree, shrub and grass obtained by pearl-eye camera
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(1) Landsat TM %4k

@ H s V5
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H B AT L U] E 454 TM(Thematic Mapper), FTG¥R & 7 MRE, £ 3-1
45t T Landsat5/TM 248 7 A% B & A2 501



# 3.1 Landsat5/TM [ B % &

Tab. 3.1 Wave-bands of Landsat5/TM

WBS BB B S [ (m) 7 HE A (m)
B1 Blue-Green 0.45-0.52 30

B2 Green 0.52-0.60 30

B3 Red 0.63-0.69 30

B4 Near 0.76-0.90 30

B5 SWIR 1.55-1.75 30

B6 LWIR 10.40-12.5 120

B7 SWIR 2.08-2.35 30
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R EEZ A Landsat/TM A% 8% 78 BT il N C 2% 18 2138 B 82 B0 21 (¥ 5 5 ot 32
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L, = (=) DN £ Ly, (3.1)

AU, LAk TM 28 325 P 46 0 31 19 4 5 9 5 (W/m2/sr/pm), Lmax Al Lmin (]
HWMEP R, TM BEEGEE FRERE, SREKCEEMES S TR IE. 55
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# 0.2 TMS5 [ Lmin Al Lmax {#!"!
Tab. 3.2 Lmin and Lmax value of TM5!%]

B Lmin(W/m?/sr/pm) Lmax(W/m?/st/pm) ESUN A
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6 1.238 15.6
7 -0.15 14.38 74.52
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RIS B HI-1TA A1 HI-1B SR 3T AR (2005 10: 30AM)KBH [ 2D 3, $hid
i B 650km, AHAL 5 180 J& 43 A, AH L A3 58 I 8] [A) B 28 50min Zeq o P RIOG 2
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Fig. 3.10 Landcover of the typical study area in 2007
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Fig. 3.11 Landcover of Hai River Basin in 2007
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Fig. 3.12 Soil-types of the typical study area
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Fig. 4.1 TM image of the typical study area(2007-10-03)
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W5 X [ NDVI B 1% (& 4.2).

4.2 WAMHFRIX & L BR 5 1 NDVI 14
Fig. 4.2 Free-cloudy NDVI of the TM image
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Fig. 4.3 Model for retrival the NDVI of different soil-types

Bl 4.4 SR ST XA HEAR AR K] NDVI 2
Fig. 4.4 NDVI of shrub in the typical study area
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T SRR 0.5% 5 (1 NDVI {H°5 NDVImin. o, i 2] 8 B 57 Xy [
P& T H 7 55 28 1 1Y) NDVImax 28R fl % 15825 8 (1) NDVImin 28K (K 4.1, &
4.2).

4.1 MR ST X A A 5 R ) NDVImax 2 $3%
Tab. 4.1 NDVImax of different landcover-types in the typical study area

Mt i A (RLEIN BRI ACHR HEM 831

0.471 0.575 0.544 0.531 0.592 0.514

4.2 RHEST X & SR NDVImin 240K

Tab. 4.2 NDVImin of different soil-types in the typical study area

Fr i it HlE -+ #t Hg
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! i S 0.021;

= L B R 0.
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Kl 4.5 4 NDVIsoil Z %€ i) model
Fig. 4.5 Model of creating NDVIsoil
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RIS K 4.1 4.2 5 EHEP 8— MR o # & B 2 () NDVIveg 5 NDVIsoil
Z ¥ (NDVIveg=NDVImax, NDVIsoil=NDVImin). £Jf ERDAS % & [ {% 4b P % 1}
W) Modeler BEHe 4w 5 Model S2BL(K 4.5), 75 %] NDVIveg(/¥ 4.6)5 NDVIsoil 23
K (K 4.7).

Kl 4.6 HIAHEFIX NDVIveg K

Fig. 4.6 Map of NDVIveg in the typical study area

K 4.7 JAYHEST X NDVIsoil 2414
Fig. 4.7 Map of NDVIsoil in the typical study area
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R4 A X (2.10) T SERE 4 78 75 2 . FJH ERDAS 3 2% B 5 4k B4 11 (1) Modeler £
Heg 5 Model SEHL(K 4.8), Iz 47T # R4 2 it R X R 4 B i KR (K 4.9).
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Fig. 4.8 Model of estimating vegetation fractional cover

Bl 4.9 SRR TUIX TM 5% 45 HE b 7 56 1 4
Fig. 4.9 FC map of the typical study area based on TM image
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Fig. 4.10 FC map of the typical study area based on TM and HJ-1 images
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Fig. 4.11 Comparison between estimating value and the real value
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Fig. 4.12 FC maps of TNSFP from 2001 to 2007
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Fig. 4.13 Yearly FCmax. maps of Hai River Basin from 2000 to 2007
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AR FEAE GRS AR, 6 2001 4E 1 H-2007 45 12 H 16 K& 350 F ¥k 78 o5 1
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Fig. 5.1 Changes of mean FC from 2001 to 2007 in the Three-North region of China
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5.1 HEWMEBEEE SIKFFE
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Fig. 5.2 Reclassification result of FC for 2001 in the Three-North region of China
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Fig. 5.3 Reclassification result of FC for 2007 in the Three-North region of China
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Fig. 5.4 Histograms of FC for both 2001 and 2007 in the Three-North region of China
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Tab. 5.1 Mean FC varieties in four construction regions of TNSFP from 2001 to 2007
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ARAbHh X 75.69 74.51 -1.18
e 2 SRR O R A R R R BRI
R MK BrHEERX
2000000 200000 52001
| 1800000 ﬂ
b 2001 180000
1400000 | H 2007 & 1o 2007
1200000 - 120000
1000000 100000
800000 80000
600000 60000
400000 40000
200000 - 20000
L 0
° 0~20 21~40 41~60 61~80 81~100 0~20 21~40 41~60 61~80 81~100
HiBB % (%) FEBE 25 (%)
(a) (b)
fdbdbEH X HRAbHX
90000 ﬂ 300000 o 2001
IR 80000 @2001 R 250000 |
70000 & Wl 2007
® 60000 W 2007 200000 |
50000
40000 150000
30000 100000
20000
10000 50000 r
' 0~20  21~40 41~60 61~80 81~100 ° 0~20 21~40 41~60 61~80 81~100
HEEEE (%) R EE (%)
(c) (d)

Bl 5.5 =t Bly 4/ obk DO K st g X e 4 28 i JiE O3 2

Fig. 5.5

Histograms of FC in four construction regions of TNSFP

- 53 -




A8 AT BUX e vk = AL 47 oM b DX R AR B 7 55 R, 45 LR 5.2 iR 2001~
2007 F 1), = AL By 47 obk H X 4 0K 8 23 48 0y 10 R B i R A AT T I n s L i A%
Sto b, EARL LvE L BRVEATT DY A AR A R Rl W, SE I 40 27.37 %
14.12% 9.29%M 9.22%.. i b 8 1) 19 i /2 5 B0X VU 45 A8 #7252 19 0 i 32 22 B AR
JRDR,  FRUB (1 A2 2545 BRI OR B 2 0k DU 48 4l 2 5 5 B TH I N R 3R 8l Jy o = dE B4 bk
TREAEIUH S, RSB R INGR T AR KRR AR, BRHEAT
S AME RN E ST R, Rk T I G X (R AR

R 5.2 = ACBE PR b X As G ke W A i B e FLAR A
Tab. 5.2 Derived FC in 13 provinces of TNSFP and changes between 2001 and 2007
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HilH 26.87 28.19 1.32
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