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Vegetation mapping and spatial pattern analysis using IKONOS data: a case study in
the Wufendigou area

ZHANG Cui-Ping'?*, NIU Jian-Ming'* , DONG Jian-Jun', LI Min> (1. Departmens of Ecology and Environmental science , Inner Mongolia
University, Inner Mongolia, Hohhot, 010021, China; 2. Academy of Envir ! Science of Hainan Province, Haikou 570206, China; 3. Department of

Environmental Emigration, Water and Electricity Surveying & Designing Institute , Inner Mongolia, Hohhot, 010020, Chine ). Acta Ecologica Sinica , 2006, 26
(2):449 ~ 456.

Abstract: The paper demonstrates the use of IKONOS satellite imagery and a Digital Elevation Model (DEM) for vegetation
mapping of the topographically complex loess hills in the Wufendigou area. A 3-dimensional view, overlaying the vegetation map
on the DEM, was produced to facilitate visual interpretation. The spatial pattern of vegetation in the area was analyzed with
different landscape indices.

Three kinds of data were used in the study, remotely sensed digital imagery, topographic maps, and vegetation samples. The
IKONOS data, captured on July 23 2002, included 4 bands (blue, green, red, and near infrared with a ground resolution of
4m) and 1 panchromatic band ( ground resolution 1m) . Four sheets of topographic maps with the scale of 1:10,000 were used.
Vegetation samples from quadrates were observed during a field survey from June 24" to July 1*, 2004 . Sixty four quadrates were
used, including records of herbaceous plants, shrubs, and trees. During the field survey, doubtful and difficult areas encountered
in the pre-interpretation process were checked, so was the accuracy assessment of the vegetation pre-interpretation.

Data processes were digital image processing and DEM creation, including the production of slope and aspect data sets.
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Using PCI, the IKONOS imagery was fused, orthorectified, and geometrically corrected. The Gauss-Kruger projection was used.
Topographic maps were scanned, contour lines and other features were vectorized and corrected with Titan ScanIn. A GRID model
DEM was produced and reprojected by use of ArcGIS. Finally, the slope and aspect data was extracted.

The vegetation classification system and corresponding visual interpretation keys were established according to the preliminary
interpretation results, field observations, and image characteristics. Visual interpretation in ERDAS IMAGINE was used to produce
a vegetation map with the scale of 1:5000. For the sake of publishing, another vegetation map (1:25000) was generated as well.

The vegetation map was then overlaid on the DEM, to produce a 3-dimensional view of vegetation in the area. Compared with
remotely sensed data of moderate spatial resolution, IKONOS imagery may show detailed objects on the ground, which may
improve the accuracy of vegetation interpretation greatly. Using the described methodology, artificial woodland could be defined to
species level, and grassland could be defined to association level. A total of 26 surface cover types was recognized, including 8 for
natural vegetation, 12 for artificial vegetation, and 6 other types. The 3-dimensional view facilitated interpretation of the spatial
distribution of each vegetation type.

Combining slope and aspect data with a vegetation map, this ariicle quantitatively examined the characteristics of vegetation
spatial patterns using the landscape indices of dominance, fragmentation and fractal dimension. The results showed that the general
vegetation pattern was fragmented. The total area of the study region was 9.02km’, containing 2462 patches, giving a
fragmentation of 273 patches/km” . The fractal dimension was 1.25, which suggested that the shape of vegetation patches was more
or less simple and stable. Moreover, it effectively illustrated the vegetation recovery since 1979 reported by Jin Zheng-ping.

Antificial vegetation dominates the Wufendigou area, with natural vegetation dispersed as small patches. Arificial vegetation
accounted for 59.60% of the total area. The dominance index for artificial vegetation was 38.01, which was much greater than
16.57, the value for natural vegetation. The planted woodland accounted for 29.28% of the total area. Adding the seedlings of
Pinus tabulaeformis , this figure increased to 31.32% . The large area of planted woodland showed the efforts to control soil erosion
and consequently improve the local ecological environment.

In addition, the area of steep gully walls accounted for 6.94% of the total area. Most of them, accounted for 4.40% of the
total area, were bare. It is therefore suggested that soil erosion should not be overlooked in the region.

Key words: IKONOS; DEM; vegetation mapping; three-dimensional perspective view; vegetation spatial pattern
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1% TV HSE6.2C, FEFHMEKE 389mm,6~9 ABKE L 80% , BREBENRKEN 5.2, HRARE
FEEL KA L NP LAERLE, ARENXABERAIBENBME T, B8 MAF X KEHF (Stipe
bungeana ) B BL & ( Thymus serpyllum ) ik 5 B F ( Lespedeza davurica) ¥, NTHBHKBEHEBR K, FELE
AR, ALFRKR EAKREXERDH, FEF W M ( Pinus tabulacformis ) A ( Populus sp.) il
# (Salix sp.) ¥ %&( Caragana intermedia ) F1 ¥ % ( Hippophae rhamnoides)™™ ,
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2.1 WEFAEHE

AWMBRRAT 3 B8 BREE B EMEN,

BEBBIEN IKONOS PEBREFER B 4 M EABHE(ZEHAHE 4n)H | M2EHER(SHE S
B Im) , R HRIK 2002457 H 23 H,

I 4 7%, AR 1:10,000, Z B Sm.

RITBERT 2004 76 24 HET A | HESMAE A EA BHARMITA 3K, HEHTRATHEH
VAT R BT B /DA L x o TE SR RS RIE B R RS, BB SE A
FoBfE B TERYE. EARFTAFARTETEATHAEALSSR A THRKRMA BRI, EH XD
ZHH 5 % S’ F1 20 x 20w’ , AT N A EIEF A ATHE RIE SERE BB KTHD%.
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FRACYE ;2 RYE ;3 RETH ;4 B, 5 PHRIHN ;6 A4 ;7 TE k3% ;8 dbdk,
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14 EBREETHE

HEAMEER + KBS BHE T + BB F % ( Cleistogenes | 6 DEMFH
squarrosa )t A RHF + BEFHRE KB EEH

T

F% ( Calamagrostis pseudophragmites ) BETED H i + V¥ [ 7 BB AINE —l 16 BRFE

+ B ( Typha orientalis + Phragmites communis + Scirpus _17 P
trigueter)?ﬁﬁmo HEEREINVWEHNEIENIXE

(Artemisia giraldii), 1 4F 4 48 9 8% 3 L4 2 % (Artemisia | smmsw || usem |
acoparia ) B FE . AN TH &M E/NT 40% B b Bt

WA B AR, HI, 5B KB4 F (Stipa gobica) [ omwsmss || owm |

+ S AE4F (Stipa breviflora ) + I8 5 B FHE H B, M1 THAERE

ATHEH 2R AATH REMALE Fig.1 The flowchart of the case study
o NLIARIRWFMMAZS 72, AT AT 1. Topographic map scanning; 2. Vectorization; 3.Data transformation;
MK ( Platycladus orientalis ) 524 B R dlibk, R MARYE B 4. Projecting: 5. Digital Elevation Model; 6. DEM Subsetting; 7. Slope and
'ﬂifﬁﬂ Eﬁ' 3 2’5 , A Iﬁfﬂ_ﬂﬁ Rl‘g\#( ﬂﬁ'% ﬁ' 2 ?é o aspect data; 8,Overlaying; 9. Vegetation spatial analysis; 10.Data input;

KT B BB Bk, 2 B A B 11.Data fusing; 12. Registration; 13. Area boundary; 14.TKONOS subset;

15, Field survey;16. Interpretation; 17. Vegetation ; 18. Mapping: 19. Output
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The 3-D view of vegetation map in Wufendigou area

B2 RAMWERKEREELE
Fig.2 Vegetation map of Wufendigou arca
1. BREF+BLEAET + BB TRE(EATITR) Thymus serpyllum + Lsepedeza davurica (including planted Caragana intermedia ) ;2. & £ 3 +
BEE(FAIFXK) Stipa grandis + Thymus serpyllum ;3. B BEF + KL BWRT + BT & Thymus serpyllum + Lsepedeza davurica + Cleistogenes
squarrosa;4. X EEEF + WAEFHF Stpa gobica + Stipa brevifloras 5. FREF + WAEHF + K B BB T Stipa bungeana + Stipa breviflora +
Lsepedeza: davuricai ;6. TR¥E 8T F Calamagrostis pseudophragmites ;7. BEREE BM M || ALY BE R Artemisia shrub and annual weeds on cliff ;8. &
W+ 7% + BE Dypha orientalis + Phragmites communis + Scirpus trigueter ;9. A TAUMIM Platycladus orientalis artificial woodland; 10, A T JHI#2 #k +
AL ¥ % Pinus tabulaeformis aniificial woodland with Caragana intermedias 11, A T il 4 + 4 W ¥ Pinus tabulaeformis + Populus sp. artificial
woodland ;12 AL ¥ & Bk Pinus tabulaeformis artificial seedlings; 13. A TH W 4k + A L7 % Populus sp. antificial woodland with Caregana
intermedia ; 14. AN TR + BB PR Populus sp. + Salix sp. artificial woodland; 15. B34k Beli-forests; 16. A T %58 + R BEK Planted Hedysarum laeve
+ Poa annua ;17. N LV STHE BEARAR Astragarus adsurgens Pall. * Shadawang’ or Melilotus albus forage land;18. 7K 2 Lrrigable cropland;19. ¥ #F

# Cropland on slope;20. 8 #i fallow land;21. 7K{& Waters;22. # ] BK Bare riverbed;23. T Dry gullys24, Y3 Dam;25. #RBERE Cliffs;26. /& B
M Rural settlement ares
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KA & 0 X 4 ERY 26.6% KA 8 Fh ELSEHE BOBOH 5 5 KA 34,49  BERESE Sy 358 B/
ko, B M R B, B BB, AR 118 1.50, R UL AR B 30 b SR A o
TRk 0 T R 2T K 2 ) A 76 BR S AP 1 D M P T TE 0~ 15°, 7E 250 LA [ M A
S

1 REXAFKLEVEREITE (n’)
Table 1 Statistics of vegetation types in the study area

FH mHR %K EE ¥ EH ¥R MR B ER *E EH

Type Area( %) Type Area( %) Type Area( %) Type Area( %) Type Area( %) Type Area( %)
1 150.40(16.7) 6  25.88(2.9) 11 1.25(0.1) 16 6.45(0.7) 21 36.53(4.1) 26 10.91(1.2)
2 1.77(0.2) 7 22.90(2.5) 12 18.43(2.0) 17 26.70(3.0) 22 12.81(1.4) a  0.60(0.1)
3 22.47(2.5) 8 1.79(0.2) 13 139.52(15.5) 18 127.98(14.2) 23 3.08(0.3) b 1.23(0.1)
4 2.05(0.2) 9  0.79(0.1) 14 75.85(8.4) 19 93.04(10.3) 24 2.43(0.3)
S 12.99(1.4) 10 21.44(2.4) 15 25.23(2.8) 20 17.87(2.0) 25  39.67(4.4)

a. AT B Planted Rosa;b. ATWH (B Fam@FA/AD, 28 o Mo H WA R EREE L Hippophae rhamnoides artificial shrub land( Type a and

b were not shown on the map due to their much smaller distributed areas

Ha #HE 4 3 A0 M
Fig.3 Terraces Fig.4 A dam and gully-land

ANTHBALTFRAMK B ATERSE) S SAEHN
S9.60% . ZAEHIBEHE BB K, A MESE, NTHEBE | Pine woodland
LRE 38.01, M T RAEMM 16.57, HP, ALFF
AR H Y B 4 B A 19.90 #1 19.03, E &R
RIE X AR A A,

AN TARARM G R X 8 AR 29.28% , M L AT
WA, T35 31.32% . WL, ALTFAKREIER —E
BALEE A BT ok 3 2 pg 4 B IR EE . TR A e
WHWRE RUGRA R (& S5), ABELE T KL
Tk o WMt S HIRHIR sSSPk A i LB D R4 R VA BE
B It , 3% 1 4 3 7 R A EG B T B KU L4 K
i, LS R SR IR R

AR LR K A A 26.48% UK T ALSFA Fig.5 Pine woodland
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Pho ForP oK B 2 76 7E — & 5 Mo A 0 30 A5 A FE VR R A B R, O S M B AR R . BB R IR T 4 2
HAERTEEREN S A0 BB, 9541 % RASHERE 15°5UT, 68 1.34% 5 F 4
25°LL BT, S B OR VAT R . HEBERHOE, HAEMR HIG G — B R HARE HOREE, B, 8
BRTE, LIRKB R H A BRBAMATERZESF KEBEHHRERRES,

AIFRFFERBRAERN 16.87% , A GERY BV H+ £ AKEEAERE 15U T, EAEE
BEBEERER, EEROKEAREA R, 88 T2 ET . ATHREBHSERN 117, B
37 B/km’ , REHE BB E  HHRBEAR,

ATEH S SHRK 3.68%, EEMHESEKE(SUT), SEAAE T E R, WEME I
HEEEFBEARE,

Sioh, R X B hsREY , WEE 5 B HE A 6.94% , I HRBERE (4.40% ) A AR B 25 B0 B8 (2.54% ) o 4
KERZHEWHY EEAT L SR FS BEMWEUEES 1 SR ERNE. BEERA TR
KRB RAOKEHEDMAREZN.,

4 GitHitig

(AR IKONOS B BRSNS, 454 DEM, Wi H 22 £ B K S ER B, 1T T
ZHBN . EEERM =4 5N EE WA TR KA 475 B4 R AR A

(2) W gl B RS B O I SR B, ST BN S R B . AR B X AE R R, A
PERARAT (1.25) R EHERE . ATHE S ESHOL, A TRAMFRE SRR, KA KES
RKA/NEHROE BRI T. S3G40E, YaTHEREHMER AR, R TERRBXAKTRE,

(3) 5500 T 4) ¥ 0 18 BRI A LU 32, IKONOS BRSO 4N B, K R MR W THE M A m] i BE . 458
DEM, RIFEAE WEFHE,EBHEFAR ATHESLIM, RATFESEBF BN, KA, mE 0D
PERYEN THIEE RN R R X GEARERETS S EEHEWRE,

(OHEFESESPRBREGEENR AR R, FAmMe THR X EAHEERERLGE, ST
EREHMWAESER ABANARTE T HRR CRE—-EWNSHNE, EXF 2N RBENE 5T~
A, 85 48 KR S VD ORI VE RS R I RR AP 3.3 07 hm ,{H HATE S K EARAGFE? . At igid i Xt R
Bsh, 04 R BT 1.23hm’ . FRARBWBE Z0R 0T S B F 8 A KR b oK 4 R, BB A B i R
fio IRHBIRMEBE - AT R XL IR M 55 B W TR DM R, BE T EL05IE X
o A RIWPIREBEE LR R T ATHESRHBRMNSFEN. ZEUHBEERBI, RREHRN Y
0.6hm’ BREMYE. EITHMEAERE L AMEEAEBEESR, REKLRE MASFDTHNER
BT X TF S R Ky — R A A A 042 U Rk 2% 3000 A RERAE A .

GHTFREEAG EERBYUEAR, FURE R SEBN S XBICRET B A EMHRLHK 9.02kn’,
&4 E BB 7. 7km’ B -2,
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