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Quantitatively monitoring undergoing degradation of plateau grassland by remote

sensing data. a case study in Maqu County, Gansu Province, China

ZHOU Jianhua' *, WEI Huaidong®, CHEN Fang®, GUO Xiaohua'
1 China Education Ministry Key Laboratory of Geographical Information Science, East China Normal University, Shanghai 200062, China
2 Gansu Province Research Institute of Desert Control, Wuwei 733000, China

Abstract: Degradation of grassland is a complex and gradual process. In order to make it more capable for monitoring the
changes in undergoing-degradation and not-being-completely-deserted grassland with remote sensing data, one of available
ways is to identify spectral characteristics in response to the differences in grassland coverage by machine discerning.
However, it is challenging since the differences are subtle in a TM / ETM image or other images with similar spatial and
spectral resolution. This paper discusses the methods for a learning machine to discern the subtle differences from TM /
ETM spectral data. The key technologies can be summarized as: replacing the grass cover (D) with the so called “weighted
grass cover (Dw)” to solve the difficulties in the fitting between Normalized Difference Vegetation Index (NDVI) from TM/
ETM spectral data and field measured D, designing some mathematical descriptors which are independent of image types
and acquisition environment and discerning the indicative differences in response to Dw in a multi-descriptor space so that
the error rate in the discerning will be surely reduced.

Dw is a weighted sum of the D, the grass height ( H) and the proportion of the poisonous in all grass (Dup). With the
use of Dw, The regression equations between Dw, calculated by D, H and Dup measured in the field, and the normalized
vegetation indexes, such as NDVI, SAVI, etc. , calculated with remote sensing spectral data will fit much better than that

with the replacement of D for Dw. In order to improve the sensitivity to the differences in grass coverage by the learning
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machine, eight new mathematical descriptors, as the supplements of those vegetation indexes, have been proposed and then
analyzed one by one in their correlation to Dw or tested in their validity for Dw segmentation. It is verified that some of the
combinations of these descriptors are helpful for the learning machine to work out the laws of identifying pixels or cells
belonging to different Dw. Otherwise, by comparing the classification accuracy in the use of two kinds of learning machines,
i. e. DT and SVM, the types of learning machines are not so crucially to be able to decide discrimination accuracy as mostly
desirable and, on the contrary, the construction of search space may be a more decisive factor.

Our study shows that in the multi-descriptor spaces, the grasslands belonging to different Dw can reliably be classified
with TM / ETM data. Being inspected by field sampling data, it is verified that the classification accuracy is nearer to or
better than 80% . Based on the results in Dw classification, then the Dw changes can also be reliably deduced after

adjusting the differences of luminance level between two images in different acquisition years.

Key Words: powered grass cover; mathematical descriptor; machine discerning; TM/ETM
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Fig.1 Two Kkinds of degeneration of grass
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Fig.2 The examples of TM/ETM images in different resolutions
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Fig.3 An example of comparing the distributions of sand between 2008 and 1994
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Fig.5 An example of comparing the relativity of NDVI and D or Dw
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Fig. 6 An example of identifying different grades of Dw and getting their changes between 2008 and 1994
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Table 1 Mathematical Descriptors can respond to the differences in grass cover
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Table 2 The criterion of evaluating uncertainty in each component of an impute vector

iz 9 LRz Wi
Sign Meanings Criterion References
NDVI VA—AbAE 4 B ST <-0.25 B 11
SAVI S A Bl Y BT <-0.3 & 11
D, NDVI {8 EE(0,0. 1] BB TCH 0 &9
D,is NDVI 7E{H B (0. 1,0. 18 ] (o TT i 0 &9
Dy, s AR T BE ZE(EL B (0,0. 25 ] Al BTG5 0 [# 10
Dy,s AR X000 S E (R BE (0. 25,0. 5 ] B BT 0 & 10

Bl 6 25t T LA DT XPREX 1 (& 2) BEAT AL R 56 B 3 2R 0, S T B R i, 42l 8 W b /s i th 285
R4 E 14 06, BITR RS 20x20 (33, i bRic“ 97 3 WoR 3 2R , HOTAG A S LD TP R
GmfER, AT, 5325005 1 Dw 43905 H BT @R - A —2, BN ARL0 @A Dw (H K, 456
KBTI S5 18, T LA W s DL B T B 7E TM/ETM B IR FRI 43 5 2 X Bl o R R T 58 1
1.4.3  JIACE YL R AR B2

WERBEXT Dw 43 28I AR = 10 40 JORG BE A 1 BE3E A X PO~ BAH 43 25 B 0 B C R B D B3R B

R T U8 NS TR] B A SR BR R KO 25 57 A2 ), EL 22492 R 1994 4 [EE I 43 6,50 B (B RN $806) 2008 471
BUSAE T IH%E . ALER T hNZREE A PRRRIE ) it (9 (B HR ) IR HE IS 19 2008 4R EIR . 1Bl 6 /s L 2008 4R finAX
FLYY T A A T 25 1994 AEAR A G 5L (TR L s A B 1/4 18 AT—4E 043 2845 B i A 22 1, 473
IHB R AN (LA 9 bRic) o B BUE B R Wpl 55 B AR 3R . W12 Dw #E 30% —60% 35 BBl H B, -1,
-2 .2 ZP 37N 2008 AFEAL 1994 A A EYE 55 B/ 10% 20% 3G 20% , A HE,

FEARSCIYSERG T 2008 AR5 X0 BRAE (Y 1994 41 BUR e B R TR (B 2) , 2 HRE R IE S5 A0 B, B R Al
TR —ECA BTGE AR AR AR B BRI SR AT — B AR B B A B AN RAE R R R A
AT REHE— 2 i RO T A A B, RN v LA A W () 8 A B, AR N O RS, ARSI SE R B A R T
Sy HUUEBH T DA 38 [ o W) R i B A S T AT
2 itig
2.1 XFECYE S R U IR AT

T SRS FIAR O EE S5 1 8 AT 278 M | T (45 i 5 A5 14 ) DXy P4 2 0 08 8 P T R i 2
S WRDUE RS RIE R 28— B AR R AR B B G B A AN TR R 4258 i DR B
Xof 32 SRR LR b 28 RN AR IO BT 25 AR AR BR300 ) AR AR b 2, HIE 1 X BE AR AT M A LA I T
FAF.

(1) HABYI P ERE S U LS A 0

(2) A BF o 143 B A, X A Fe e PRI UG R FR BOASE A A KRR

IH—f A B £ NDVI 25 B A A B R AT 2 — % XA A L T 4 Tl 7 ELAT 10 11
3B B, 7 LR [ {0 T e S RGP SRR RO 2% 14 55 1) A8 A 3 i AN, PRI ARAS 172 i A

PR IR 2 2 1A NDVIL 2544 . NDVIS0 3& A T K 20 il e 5 ol 78 56 30 Rl A0 B B, i EL A -
AR T S bR 8 BN A s, Y gl S BRI R 4 R LR AT IR 5 R W B (A 25 5
IINEEZ R OB, AR R LT ANEMG L R B AS KA RN A 2T (5, LA B R 2 3 S v B i A A R

AR SO A T 53 — P AR B SAVI( 3R A Wl AR 250 110 o o5 gl 25 13 2 S W Y

SAVI = [ (IR-R)/(IR+R+0.5) ]x1.5 (3)

B 7 LIXE NDVI A SAVI A5 16 B 43 1 0 7 A7 1 8 B5O6T 7098 35 )3 25 5 19 R BLRE ) , A e 8 B8 Hs B A

2008 4Ef ETM JEEIM%, Kb B8R NDVI 8t SAVI /NFZH X8, 56 2 % AT UL, AT 3 AR X 17 48 1
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0 B X3, A, NDVI T SAVI #RAEN N g 25 3 25 5 (A EE SRS A ARIR] . 0 SAVI BER A4S H TE R ELIY
VDA T NDVI X 53730 25 06 05 5 38 el L e sk s

TM/ETM EUR GBI 5 S e 7 LR R 5 B (R 22 LA G 1) BTR G s RR Ak, X T — > Bk
B YA R ORI AR O 1] TR, — o RO QB B — B R AR Y o L R 578 B
A O 1) P A T, 224 5 B 25 8 SR 38 (L ) o U BRI I XS Tz w2 FE B T R MR R, AR X 4
HEARSCRT T AN S5,

E7 HEHERESESE

Fig.7 Equal-grad segmentations of vegetable indexes
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Fig.8 The densities of segmentation values of pixel features in a sliding widow
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Fig.9 Two examples of Regression between Dw and Dvi
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Fig.10 Two examples of Regression of powered grass overlay vs densities of relative saturation

SCERERWL, D, RN D, 5 Dw HARIFAASNE, 5% B/ (L An=0) SRR OCIE 32 TR, 2 A
G, EIhANg A wIa TG 2k, IR 3R PR E N 0 IFEA S Bl & 1oL, Eh iy IeE 5 fE ke
BT, BLIE A PIAELA IR IR, & SCHIAE

MR XA SIS A SO T —JERRIR AR , BB RRREAEAS FHE B ST B (R 2) . IR EE(E
0 VE R FEATEPERITE I R Z — o

A, B 11 B R A R4S Dw CR P AR 58 A “ A tE” (NDVI<-0. 25, SAVI
<-0.3) FEARJGH B LG BN

ZE L RTIR Ry T BB 1R FE X R 5 B BB AR ST AR SO A B HR B BT T R SRR (8 R G 3R

http ; //www. ecologica. cn



6 1 Jalg e A5 e D R IR R R A B i W —— DU H A A 35 ity B 491 1673

BUAES) e FUGAR IR 8 JEE X g i B2 MR B 25, S T — BES il AT (3R 2) IR B — 2T 75 Dw B9
AR AT o B S, IR B AT REAE Wi LA [R] ) R 5 B . P O— T80 11 J2 X LEAH G Bl o S ],
TR R B R HERR R IR AT A AT AL A AT T IR ST LA 3 R A S
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NDVI = -4.434986¢ - 005 Dw? + 7.022032%¢ —'0()3 Dw=0.19
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Fig.11 Two examples of Regression of Dw vs vegetable indexes

2.2 ZHERTTL G R R RN B

FEASC RS g A I R A B R ol AR A R BRI 3R NDVI FL SAVI, DL RAEAGR 2R 3x3 &R IR FEAE(E
BB ; 5 0 2 AR S R VB L (2020 (PRI ) IE AR B S, 8 107 55 Xl A X ), Il 2k 4k
BUHFEX 1.3 F0 37 ADFEARBI B , 4338 HXTREIX 1 6475 5 40 iR A5 B33 e thAg — S8 X 5 Bir AT A
FHVNREETE AREX 1 REAIEMN 0 2AE BE . KPR ANV 43 28 IE A 5 75 AR 4 H AL 1Ay . 721 2 BiTR
FEX 1 G B AN REEREAS 28 4, o] LIl ad TR VB i (35 3) SR br B iR oy JERG

£33 1.4.2H DT HEERNBEERE

Table 3 A confusion matrix of the classification with DT in section 2.4.2

1-Dw 39, 2-Dw (30_4p) 3-Dw 49—sp) 4-Dw (5_gp) 5-Dw 549, 7-Water >50 8-Sand>50
1-Dw s, 1 0 2 1 0 0 0
2-Dw 39-40) 0 0 0 0 0 0 0
3-Dw 49-50) 0 0 0 0 0 0 0
4-Dw (50-60) 0 0 2 10 3 0 0
5-Dw>6 0 0 1 2 1 0 0
5-Duw 40 0 0 0 0 0 0 0
7-Water>50 0 0 0 0 0 0 0
8-Sand>50 0 0 0 0 0 0 4
0-Unsure 1 0 0 0 0 0 0
FIF(Z) 2 0 5 13 4 0 4

FHFURSRE User precision  78.6% (=(22/28)x100% ) &% 81.5% ( R AHIE ARG 5511)

TRVE R RYAT 44 2R IR 028, AN 2 R SR 28 . RAPBUEN 70 45 2R IR E A K, XAk b
A A SEBR IR 2 S O RE AR T AR R R R 4), EANSR 1 4755 3 FUAE 2" Fmehl 3 A 2 MEARBRI N
a1, “HFn” %ﬁiﬁ%ﬁ%ﬁﬂ%%%ﬂé‘]#ﬁ&éﬁ,FHF*%TE( User precision) MRS RFZ L, KR
P IREAAA R ZERT LT 10% B Dw 22 4% Dw SLZEART 10% 1500 T, AT LG 552838 1 2 i B 5 % 10 1E
o2, RPN RIZ AR RIS MR LA S BB R AR IE AR T 1 BOREAS R, I A5 0 9 P ok 2 O
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78. 6% (X AFREAR) 1% 82. 1% (AUXFHE HIREAS) .
3.3 RREIZEIVLEI IR

R T AN R 2 2T AL 53 20K BE U RE ), AR SCIR AT T DA [A] 2 2] LSS RUAE Ry 3 2R A 0 RS

IR RNARSCL NG EI A LR, B LAE FI T AR Ae /N AR I G A5 D S R B A 2 ST LAY, S 1)
4L (support vector machine, SVM) YE A% A ZEARALTL . SVM ZARPE S 115 2] BHIC H th i — Fh B RUHL 2%
SRR A NBEARTE DL BEGE AR T WL Z A, T 0 2 56 RS R A 3 R [R) At e /N, R E AR
Bk« G5 RS Fe /M (SRM) JEI . Vapnik $2 H A9 “ SRECHE 20 i 227 AT AT 2 SRM B0 SVM IE J& 9
Tk — AT &8 T AR/ IMEAR YN ZR T B0 T 3045 A S i ALz AL ) 43254 . SVM SR FH d5c K 0] B
OyAR O AR AT LIS R - A6 ARSI A SO AU R T, 76 BTG v] BE A0 43 28 1 P 8 28X RE A9 - 1T - B
ERERE P 2EFEA TE B0 TF (SCERUIN 200 28551 R Ny 0 Bl 2 06 XURS: F5e /1N ) |, 1 L e ol 8 288 14 28 1) e (i 4
JTHT ) A 78 R e/ N e SE BB AL iz AR RE T ) |, DAGK BIMel 432X T 05 KU fe /Ny H 1Y

22 SVM LI H R T 2028 EnT Doy e ) 8 24025, thinn] i o B oy X i — R0
TRAER IFLVENA AL, AT UE X —, =Xt Z et L5422

AR SC I S BRI B BOB P SVM J32a%, LA —XF L7 Ik S8l SVM 24025 3 T8 2 M Bt
DI S g AR, e 28 AA% sRECR H sy AR 1a) JE R 80K . FF 2908 X% T A 2= I WG AR 43 B 6, 28
BREN-1(RESY) . 4 BT SVM Al DT 32K EH0KE

TP BEF R AR, UP FoR P RSB, RE A REAHE L BR T RH 5 MR BB/ BEAR 5 IR AT REAR
X LAY IR 2884 Dw REAKT 10% (BREHEAKT DHIFLT,

%4 SVM #1 DT B4 EA5 R LL B

Table 4 An example of comparing classification precision between with SVM and with DT

E#5E W O (AHSE ) -1(RRESY)  UP (X &fBREAR) UP (0 REAMHEAS )
Correct Mistake Unsure Incapible For whole samples For only usable samples
DT 22 4 1 0 78.6% 81.5%
SVM 14 3 1 10 50.0% 82.4%

1 4 0 WL, PR IR R AN 8RR BE ZREAR I 0 P P oRS B2 3230, U A 2% ST BT AL g S A X6 432
K BE R RE AN B 2 0 G B R BB T4 A RRAE 1) i P BCF R AR A I SR BT T4 & . 5340, SVM A7
AR DA 5 (B AN AR BB FEAS IS 1) P ORG BE  (FZ A R R AR B Bk S, SR Ay FE AR 25K
35.7% (10 ™) ; [Al He DT BB 13X —18 4 0.,
3 4ig

FOYER AR — A5 4 AO0E 3 T 1 (0 3 i R P 32 R R s 285 W DN 37 VD A N A R Dl i R, S
Bl S5 R H TR AR S Nl A W AR 2 — AR SR BRI BE XS [F) s 5 B R AR 5 L Bk AT
YIMLESHER T i, OGS R R T UG Ay - Bk 56 B v R) A% e i 28 B 7 LU RN 2 5 i B, A Al
B Dw FORF AR B E BE D, AR D 5 TV R RS SO R 6 4 1) 1 5 5 3 1531 R ] — S % 38
JER MG IS RRIAR U PR BT S5 A A R BRI AT , LE TR AL A N A K &2 | R BEASHLES R 0 45 5%
U RAR Iz A

R 157 FE DX g 56 B A 28 MR R e AR SCHR T R B R 000 S B R R X A R B8 3 R % R A 8 T I
BARASE B — T T 5 5L B AR S M s B SE 5, LIE B BT TRE RS M N D 1254k, A FHB
SPRERAT A VAT T GR2E THL 2B 5256, S50 TIE Bk Se 1 AR 4 10 41 A RE 5 Bh~# S MLIFHR Dw AR
X3

FFE A, 7 — 2 B 1 B0k 25 B BT A SRS (9 S RF T, LA TM/ETM £l mT A S 80 B 26 B 89
o2, E I B ANRAREAR A A, 3 Fh o 20 1 B S ik B 80% i ak R EE VR K 0/ AN ] s A TR R
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JEEZE S B RENE 38 AT LAE— 2B S Dw 28535 B A SR EL, Sl AR > ML 2RIE IR 12 I HLA 2
Xt o SR L AR A 8.3, 70 N P T2 B T A RRAE ) P B i iR A AR XM BN T 45
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