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Abstract: Urban regions are very heterogeneous and complex, including different types of landscapes, which are mosaics of
biological and physical patches. Traditional landscape classification approaches based on remote sensing imagery are inadequate to
depict the hierarchical characteristics of urban regions. For example, it generally does not differ developed land within forest
landscapes from that in urban landscapes. To capture the differences, multi-level classification system is required.

Here we proposed a two-level classification approach based on landscape types and landscape elements, using the Beijing
metropolitan region as a case study. In the study area, we identified three landscape types, namely urban, agricultural, and forest, all
including four types of landscape elements-vegetation, bare soil, water and impervious surface, except for forest landscape without
water. The two-level classification was implemented with an object-based method and followed a top-down approach. We first
conducted classifications on landscape types, and then classified landscape elements separately for each landscape type. With the
object-based classification approach, we first segmented the image into objects, and then classified the objects into different classes
using supervised classification based on support vector machines (SVM). This process was similar to the way in which human brain

perceives landscape, and can potentially generate classification with higher accuracies than pixel-based approaches.
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The overall accuracy on classifications of landscape types was 93.36%, and was 87.89% for landscape elements. The
misclassification of landscape types mostly occurred in places where urban landscapes mixed with agricultural or forest landscapes.
The study area was dominated by urban landscapes, with proportional coverage of 43.54%. The proportions of agricultural and forest
landscapes were 36.02% and 20.44%, respectively. As for landscape elements, the urban region was dominated by impervious
surfaces, with proportion of 45.08%. The proportion of impervious surface, however, varied greatly by different landscape types. The
proportion of impervious surface was 70.95% in urban landscapes, but only 38.87% in agricultural landscapes and 12.34% in forest
landscapes. Vegetation covered 37.42% of the study area, but only 22.75% in urban landscapes, much less than that of 80.28% in
forest landscapes. Percent cover of water was relatively low (1.99%) in the study area, mostly occurring in the agricultural landscapes
(56.68%) and urban landscapes (43.32%). Bare soil took up 15.51% of the whole area, with 76.84% located in agricultural
landscapes, only 14.28% in urban landscapes and 8.88% in forest landscapes. Compared to one-level landscape classification,
multi-level classification explored more information about the relationship between landscape types and landscape elements.
Therefore, the multi-level classification method can better characterize landscapes in urban regions, and provides new perspective to

link ecological structure to function.
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Fig.1 Study area in Beijing, China
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Fig.2 Atop-down classification procedure
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Fig.3 Segmentation result of landscape types
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Fig.4 Segmentation results of landscape elements in (a) forest, (b) farmland and (c) urban landscapes
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Table1 Sample size of landscape elements in three landscape types

ANEIKI I KAk ik it At
Impervious surface water vegetation Bare land Total
Wiy ML
300 30 30 30 390
Urban landscape
AR
25 0 25 25 75
Forest landscape
A% H
160 70 100 130 460
Farmland landscape
St
485 100 155 185 925
Total

2.2.3 NPREWE
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Fig.5 Two-level supervised classification results.

2.2.4 FEREVEHY

2% google map /3 HER AR, XTI ERI0 3 R85 RUAT TRERE VR o SR 23 2 B LIURE 72
W2 53 R A5 SR 256 ANBENLAT. FH L SRR 45 Rk, BIEEE DRI 50 MREHLAT: FOW %
RIS RGER, HRER L DL 40 NP 454 google map (117 32588 BENL AT H LN, 7351
TAERIRERE (3R 2).

http://www.ecologica.cn



15 £F ¥ it 7

R 2 BIERHDEBEITN

Table 2 Accuracy assessments of two levels

WA FH RS SRR F RS
Landscape types User’s accuracies Landscape elements User’s accuracies
ARMCT ZS:i
90.38% 82.14%
Forest landscape Bare land
A% H iR TH
92.39% 88.37%
Farmland landscape Impervious surface
S s i
95.54% 86.49%
Urban landscape Vegetation
IS
97.50%
Water
MG overall accuracy: 93.36%  Kappa R&%: 0.90 JSAGE overall accuracy: 87.89% Kappa #%$(: 0.83
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Table 3. Area and proportion of three landscape types and four landscape elements

FOWAH IR AL (km®)

Proportion and area of three landscape types

FOWEEF A LRI AL (km®)

Proportion and area of four landscape elements

W 5W Urban landscape  43.54% (772.44 km®)

Bk Impervious surface  45.08% (799.76 km?)

EN iy €] K3 st KAR ST SO R S AR

70.95% 22.75% 5.55% 0.75% 65.15% 29.54% 5.31%

& W 5W Farmland landscape  36.02% (639.12 km®) b Bareland  15.51% (275.24 km®)

ANSE KK i Bt NG iyl A H 50 RRMREU
38.87% 23.72% 36.22% 1.19% 14.28% 76.84% 8.88%

AU Forest landscape  20.44% (362.53 km?*) M Vegetation 37.42% (663.74 km?)
ANEKE LR 3 i Wi A& HI S Py S=o U

12.34% 80.28% 7.38% 28.43% 24.52% 47.05%

JKAE Water 1.99% (35.36 km?*)

iyl A H S0
43.32% 56.68%

4 5Tt

(1) H b T 23 28 SR NI 1) 0 52 1) 73 SOTVE RE S 58 ik TIRIEGE BN 2 5 G Wy 2R, JFRR
ZAEYE SRR R . BRI AR BT, AREHRI R R T RESAAR, WL BH R
i AL K, RSORS00 i 7 2 70 /KB, B VA I B U S B RTRE 2R R 3 AN [R] (14 70
RKIER.

(2) AN[FIFEIIY BAT % 123 8] XA AT A2 DOl AR S5 B 38 AT S o T SO T 2398, 32t
REANE KR T o ARAMROMAEIR T ORI P AL, HeE PSR E O, AR 2R L T Bt
SOEBBEIR I , HLPRA AR . A SR T SO R, 2R Y 32 ZE A Dk, HR A
2 WK B AAAAE . i FRR I B IIPE A T30, oW R 2 ARt s s 2. AR, b
SR IANE Y KA, 3 BRI GAF AR 1T - AR F 7 g <Dy - R 550, 398 20 S5 Wl LA
HIBLES A B2, T EMEE H AR SEREA T N A

(3) B AN Al T SO SRR A AT 52 325 0 70 SRRENE AT e iy SO BE R (M 7 B I . ANIEIK
RIMAES T S I A 2%, RN AFRBOAE R T 8 3755, HOERE SR AL 2 A1
P ECTON B SRR I 2R, AN IE R HIAE ARSI P 2 2O AR T B, AEAR U P 222
HOATAERE A (1 B, JURFIE S I W Bt 22 K, 5 T3 R SO, i 5O (A
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B KRR AN 23 52 4% SSOWFIARAR SO I ANE /K R TR, B A 2008 S A& HSOU b (R A DR U2 7
AN KM o 338 T RAR FE S5 00 H AR e 56 A A B2 T (R0 50, TSRPS0 AR e R L Akt T PO AR
WIS, ISR AE S AR AR L. DRI o AR AR SIS, e S L AR 152 T IR B 1% 20 Ay
KA ACROKARRIT S EEBAR AN, 322270 A 30T S50 AT LA A AR FSE R K e o 3t S5 sl e s b R B
SEAUAR H 50U K HH 5 R 26 St 3 Jl/K AR R 20 1 SR L, AR 20 T AR B SO e, X RR R IR AN 2
B, AT ARER K. BT RSB TR, SR R A SO Ee i, 3L 36.22%
(¥ U1 R ANE KSR (1) 38.87%. MIAES T MR, BRUL AT 5.55%A1 7.38%, 12 ZERE AR LA
TR B, R SFOURA S, AN A PR AT DURR IS JURFAE 73 0 R 1, BEA R0 1255 o

(4) ZAERFMRERESGINT LSRG FERE R, BRI . M Bk
WFFEDCIRAAE, 1250 28 JARURI g 3t REAR A1 I P 7 29 Ji o 22 i) 0 SR8 0, INE SR S5 T KAl
WAL SR m s AR CAZE 7y, ANE/KR I AT FR 070 BBk M, R, 3555 KR T Rk,
MRt KKK A, KA.
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