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Abstract: Vegetation change is one of the most important aspects of environmental change. It also is one of the most
important reasons for landscape and ecosystem change. Vegetation change can be quantified by landscape pattern indices
( LPIs) . The objectives of this study are to compare 3D metrics pattern analysis with 2D common metrics pattern analysis for
vegetation changes quantification in mountainous study areas of northwest Yunnan Province China. In order to achieve this
objective a set of landscape metrics were selected. The calculations of these metrics are based on patch area and
perimeter. The results show that at the patch level except for the metric of fractal dimension ( FD)  other metrics derived
by the 3D approach are significantly larger than those derived by the 2D method. At the class level the class area ( CA)
changes quantified by surface geometries are significantly larger than those derived by planimetric area. The changes in
surface basic mean patch area metrics both at the class and landscape levels are significantly larger than those of the mean
patch areas derived by 2D common flat metrics. However the results show that there are no significant differences between

3D and 2D shape metrics ( SI and FD) for quantifying the patch shape changes over time. Moreover for richness and
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evenness metrics there are also no significant differences between the 2D and 3D methods for quantifying the landscape

richness and evenness change. The reason could be due to the calculation of shape metrics based on the regression of logP

on logA. This regression could reduce the differences between 2D flat area and the surface area and between flat perimeter

and surface perimeter. The calculation of diversity and evenness metrics is based on proportion of CA. The ratio of CA/TA

also could reduce the differences between flat area and surface area and between flat perimeter and surface perimeter.

Generally

in steep mountains

dramatically especially for the change of CA' MPA and MENN.

the vegetation changes quantified by 2D common metrics can be underestimated
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Fig. 1 The location of the study area and samples

2D 3D !
Table 1 The vegetation classes in the map
° 16 Code Vegetation classes
X ° FSF
PF
o, OF
MF
1618 8 2500 hm?> LDF
DSM
( Do AL
2.2 SN
( LPIs) WT
o CS
19
(D ( patch area PA) ( patch perimeter PP) ( Euclidean
Near-Neighbor distance ENN) ( shape index SI) ( fractal dimension FD)
(2) ( class area CA) ( mean patch area MPA)
( mean shape index MSI) ( mean fractal dimension MFD) ( mean of
Euclidean Near-Neighbor distance MENN) .
(3) ( MPA) ( MSI) ( MFD)
( MENN) ( Shannon’ s diversity index SHDI) ( Shannon’ s evenness index
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2.4
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Table 2 The patch LPIs calculated using both true surface geometries and plane geometries for OF
PA_3D PA_2D PP_3D PP_2D ENN_3D ENN_2D SI_3D SI_2D FD_3D FD_2D
0.38 0.35 335.70 317.06 13.01 11.35 1.3680 1.3484 1.0761 1.0734
0.02 0.02 75.67 71.18 4.95 4.56 1.2955 1.2712 1.0966 1.0909
0.09 0.09 123.13 120.00 42.90 42.43 1.0026 1.0000 1.0008 1. 0000
0.08 0.07 149. 86 131.18 4.95 4.56 1.3479 1.2712 1.0898 1.0738
0.05 0.05 121.61 109.22 262.42 241.87 1.3214 1.2712 1.0889 1.0782
0.10 0.09 125.26 120. 00 94.98 94. 87 1.0036 1.0000 1.0010 1. 0000
0.09 0.09 122.62 120. 00 111.05 108.17 1. 0006 1.0000 1.0002 1. 0000
0.40 0.36 253.48 240.00 33.37 30.00 1.0562 1.0000 1.0048 1.0000
PA: Patch area PP: Patch perimeter ENN: Euclidean Near-Neighbor distance SI: Shape index FD:

Fractal dimension
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3 ( PA_3D) (PA_2D) (1=2.490 P <0.05)
( PP_3D) (PP_2D) (1 =4.104 P <0.05) .
(1=5.886 P <0.05) .
FD_3D FD_2D o
3.2
1(N1) LPIs 3 ;
LPIs o 2 Table 3 The results of /-tests at patch level LPIs
1 . 2 LPIs_3D  LPIs_2D p
Pairs ! df
1990 2003 1 '
PA_3D-PA_2D 4.758 37 0.000 ***
( PF) PP_3D-PP_2D 5.883 37 0.000 ***
(AL) o SCA_2D 13a (1990 SI_3D-SI_2D 3.102 37 0. 004 **
2003 ) 206 hm’ FD_3D¥D_2D 1.555 37 0.129
SCA 3D 240 hm? ENN_3D-ENN_2D 4.547 37 0.000 ***
a PA: Patch area PP: Patch perimeter ENN:
o 2D N1
5 Euclidean Near-Neighbor distance SI: Shape
35 hm”. index FD: Fractal dimension
3CA_2D N1 13a

2 N1

Fig. 2 Two different period vegetation maps in the same experiment site N1in the study area
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( 6)o
(SHDI  SHEI) ( 6.
4 N1 1990 2003
Table 4 The differences of the LPIs ( both 2D and 3D) at class level between 1990 and 2003 in N1

SCA_ SCA_ SMPA SMPA SMSI_ SMSI_ SMFD SMFD SMENN SMENN

Class 3D/hm*  2D/hm®*  3D/hm*  _2D/hm’ 3D 2D 3D 2D 3D 2D
FSF -4.25 -3.83 -0.26 -0.23 -0.0043 -0.0150 0.0051 0.0025 -133.61 -125.41
PF -241.05 -206.70 0.41 0.42 0.0369 0.0377 -0.0068 —-0.0056 30.05 27.63
OF -29.18 -26.59 -0.13 -0.13 0.0067 0.0056 0.0033 0.0031 10.05 10.27
MF -0.49 -0.08 1.55 1.38 0.0427 0.0381 0.0043 0.0036 10.31 10.18
LDF 54.66 49.09 1.46 1.31 0.0551 0.0550 0.0111 0.0110 -32.94 -30.88
DSM 14.34 12.81 0.24 0.22 0.0156 0.0160 0.0036 0.0037 -13.49 -10.72
AL 205.99 175.29 17.84 15.72 -0.0561 -0.0595 -0.0080 —-0.0092 -5.01 -3.97

CS 0 0 0 0 0 0 0 0 0 0

1; class area CA mean patch area MPA mean shape index MSI
mean fractal dimension MFD mean of Euclidean Near-Neighbor distance MENN
5 T 6 N T

Table 5 The result of 7-test on class level LPIs

Table 6 The result of 7-test at landscape level LPIs

LPIs_3D  LPIs_2D

Pairs ! dar P
3CA_3D-3CA_2D 4.356 54 0. 000 ***
SMPA_3D-3MPA_2D 4.678 54 0. 000 ***
SMSI_3D-3MSI_2D 1.641 54 0.107
SMFD_3D-3MFD_2D 0.716 54 0.477
SMENN_3D-3MENN_2D 2.258 54 0.028"

* % *P<0.001 **P<0.01 * P<0.05; class area

CA mean patch area MPA mean shape

index MSI mean fractal dimension MFD

mean of Euclidean Near-Neighbor distance MENN
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24

(SI_2D)
SI_3D .
(log( PP))
log( PA))
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Pairs ' df P
SMPA_3D-3MPA_2D 3.974 7 0.005**
SMSI_3D-3MSI_2D 1.920 7 0.096
SMFD_3D-3MFD_2D -1.039 7 0.333
SMENN_3D-SMENN_2D 2.893 7 0.023"
SSHDI_3D-3SHDI_2D —1.434 7 0.195
SSHEI_3D-3SHEI_2D -0.819 7 0.440
* % %P <0.001 % *P<0.01 * P<0.05; mean

patch area MPA

mean shape index MSI
mean fractal dimension MFD mean of Euclidean Near—

Neighbor distance MENN

Shannon’ s diversity index

SHDI Shannon’ s evenness index SHEI
7 10 12-13 DEM
23
2526
1 ™
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