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A comparison of 2D and 3D landscape metrics for vegetation patterns change

quantification in mountainous areas
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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, the vegetation changes quantified by 2D common metrics can be underestimated

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

Key Words: mountainous area; vegetation change; 2D landscape pattern indices; 3D landscape pattern indices
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Fig. 1 The location of the study area and samples
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Table 1 The vegetation classes in the map

R Code FEB A Vegetation classes
FSF FER PSR
PF B R 1 -k
OF T - 253 A ok
MF TR H
LDF BRAE AR R HE A
DSM BN
AL Al FiHh

SN wE

wT PINZS

CS 554

(D) PEHZREE BB FA (patch area, PA) , BEHLJE K (patch perimeter, PP) , % /NAR T FE &5 ( Euclidean
Near-Neighbor distance , ENN) , JEARFE 4 ( shape index, SI) , 734E % +5 %1 (fractal dimension,FD) ,
(2)RAEREH  KBIH A (class area, CA) , P BELR [ FH (mean patch area, MPA) , -2 T AR 45 £
(mean shape index, MSI ) , 3% 34 43 4t % 48 %X ( mean fractal dimension, MFD ) , - ] £ /)N 4B 3 IE 5 ( mean of

Euclidean Near-Neighbor distance, MENN)

(3) MR FHREHREFR (MPA) ,F-EIE R 15 B (MST) , 7 4R 6 B (MFD) |, -3 Fe R I BE BS
(MENN) , &R 254 ( Shannon ’ s diversity index , SHDI ) 17 4 #]— BF 5 %1 ( Shannon’ s evenness index,

SHEI) ,
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(LPIs_3D) F1— 4k 5o UR4E 3 (LPIs_2D) 76 € B A r i g s /A8 fb h i 2 5, H Ik, 724 30, 72 B LPIs_3D
F1 LPIs_2D 434 2003 4EF0 1990 4E W5 BAAE 6% &l 2 B R FH LA T A3
SLPIs_2D = LPls,,_2D — LPIs g0 2D (1)
SLPIs_3D =LPls,g,_3D — LPIs g, 3D (2)

o, SLPIs_3D J&AH [F] 1) = 4k 5 WA HEE 2003 4FF0 1990 452 [H] ) 25 A ; SLPIs_2D 2 A4H [F] 1) — 4 W45
$AE 2003 41 1990 4R Z (B2 1EH . FRAIZE e 2, 7158 22 E T B 2 BBt Al Be 2 7, IE R IW
HRAS L 75 1], (B 258 B BUE /N2 B 7R 1990 4R35 2003 4F1% 5 FSSU7E BI 48 22 (8] [ 2B fL FRBE
2.3 =4EROUAEECTE

AW A DEM S B & B R AR B AR S W2 . RIS 2, B Sok e G 3 B
PR B B % R B BRSNS R B RS 2 AR DL B R e S B BE IR 5 AL , SR K I R BB A
MM B B 5 X3 BE ¥ DEM 256, 78 R TR IR, B e SRS A BE R A, BERRmE A K
FITHE RS IR B B B R 2 sk, ARG L B R BEEGH R 5 M 2 u B2 5 DEM 456415
BLBERTKE, B MER& B Rm KT o toh, £ B8 8 58/ NI R (ENN) 145,
J5 il Jenness'™' % JR A ArcView HF TR VEHH BT A& BEH 2 18] ) e/ NAR T BE B, SR G R AT
T JE K 7T 8 ENN BR K . MRIR4S BB i W A, 28 1 A K B e B AR /T A i 4% 3D
FOWFEEL
2.4 FAREAKLS

ST B LPIs_3D i LPIs_2D 7E 43 B AE A% R 28 Ak i i 25 5, SR R RSRe AR A SF A6 6 P 12 ) 25
So MILHAT P-PHACEEER TSR SRS AAE R RIES S, BT LA R ¢ K3 Xf LPIs_3D
1 LPIs_2D 7EAM A 58 SR A8 fh i ) 25 R A TR 0 . ik il 29 F SPSS13. 0 3458 o
3 HRER
3.1 BEHUKTFEE

J T MNBEHUKE LR LPIs_3D il LPIs_2D Z[H] {25 5, AEAE a1 (N1 ) e BT 8 I8 S ) bk 38
ANBESLY LPIs_3D F1 LPIs_2D MBUERFT LA, 3 Fl s TH A 8 AN BEd i) LPIs_3D {E A1 LPIs 2D {6, A%
2 A IEH, RIS S (SI2D) 45 SRR ATELL 8 B 4 D BEHR T IREAH R 1, B &R IE T
(SI2D =1) , FZEFEZH T ENHEFEK TM 24 EaE I = £, B2, =4I RBEE(SI3D) # K
T 1, X R TAX T Z4E5OMAE B0 5, B =4 50048 800 5E 15X SeBESRTEAR BTy B 0, AR B BF4h
HIRE TR, 5 X LT BB A IE 7 TE RRE M5 SR R AREES . BRI, Bl REFR AR T A KRR R B
SI_3D My%{E B #ak HSLIE B o

F2 WHEZKEHARREDREN =40 &S VERTEE
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: BEHREF Patch area,PP: BEHLH K Patch perimeter, ENN: f/NFILHE RS Euclidean Near-Neighbor distance ,SI: JEAR$E4( Shape index,FD:
SRR BN Fractal dimension
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ZHEBEHPH K (PP_3D) B & KT 4EPERJE K (PP_2D) (¢ =4.104, P <0.05) . 5 —7J7 M, FEBEHUKF |,
B =7 AT R RAG RO — 40 i R IR IR IE B [P 7E B i 22 5% (1 = 5. 886, P <0.05) o 4R,

FD_3D 5 FD_2D Z A ZERABE
3.2 BEHRSRAEIKF

FERRZR b BB 1(NL) 3k ik — 4k LPIs
5=4 LPIs FEAE g LI E T 2R, B2 BRH
TR 1 AR RE S REEE . NE 2 fJLUE
H,1990 4% 2003 4EAE 5 1 Hhs b B B B )2 R TR
PRI AR (PF) |, A 52 38 i £ B 2 1 28 2802 R L P S
(AL), 3 H SCA_2D 7% Hi7E I 13a (A 1990 4E
] 2003 4F) BB IR HE 5 AR > T 4 206 hm?, {H 2
8CA_3D L5 B nA #Ead 240 hm? B IR MR A ARIH 2%
T o FrLAR FIfESE ) 2D 2RI T LG 500 REKe N1
B S P AT PP A i/ T BB AR A T 44 35 hm

AR, 8CA_2D FE BRTE N1 Hrid 25 13a B

>» Z

Bl

£33 BERKFHRVIBHE  RRER

Table 3 The results of #-tests at patch level LPIs
LPIs_3D X} LPIs_2D H B p
Pairs dr
PA_3D-PA_2D 4.758 37 0.000 ***
PP_3D-PP_2D 5.883 37 0.000 ***
SI_3D-SI_2D 3.102 37 0.004 **
FD_3D-FD_2D 1.555 37 0.129
ENN_3D-ENN_2D 4.547 37 0.000 ***

PA: PEHIAEIFH Patch area,PP; BB JE K Patch perimeter, ENN: f%
/NGB I B BY Euclidean Near-Neighbor distance, SI: F& IR 45 %t Shape
index,FD: 4r4E$45 %5 Fractal dimension

tiges
= FSF

800 0
L 1

PF
OF
MF
LDF
DSM

CS

800  1600m
| ]

B2 #MRRXRAHEF N1 RELEHESE
Fig. 2 Two different period vegetation maps in the same experiment site Nlin the study area
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FAHBIE N T #9175 hm’ , T 8CA_3D REIRM FIMHE AN T 205 hm® (£ 3) . LS RIFEIRERIIEL M — 4k CA 48
BOTREKE N1 o3 i f Rl AR A 7732 30 h® RIS AR 4 TTLAE HIBR T B (CS) Sb, g i A 4k
T B T B A AR B — A RO R T A 4 (CA_2D) Bl . FF . SMPA 71 SMENN X i1 45 R 5 SCA 28
{1, /2 4k f) SMSI and SMFD 5 =4kff) SMSI and SMFD Z A2 R A B

R IAE R MR T4k CA 5 =4 CA e H MR A BEEER (R S5) . RS BRI "4 SMPA
1l SMENN 4351 5 =4k SMPA 1 SMENN {25 5t B 2% , (A 2 — 4 SMSI #1 SMFD 5 =4k 3MSI il SMFD £

ERARE
3.3 FIKFER

B L, R4 SMPA_3D fil SMENN_3D &3 Hik T SMPA_2D Hl SMENN_2D (% 6) . X—45 %
BAZEFEULKF b, WA (] e S 5 8 JEL - 3% BRE S [T AR (MPA ) 1P~ 32 8 /N @8 36 B 5 ( MENN ) 6 38 4l 7 JE ¢
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FEGER — 4RI T i Bt o S8 BUKF2MU, ZZERITEARTE B 20 44 B0 I 52 P I3 A A B3 A 45 2R
5 24 KT RIE BN 1S BT I AR AL R B BB ZE S (KR 6) o WA, X T SRR MR By — B4 4K
(SHDI F1 SHEI) , =475 55 € A B R A AL 62— 5 407 i e AR LB R L BB W27 (3R 6) o

F4 HH N RERB_HEM=EIPIRHIER 1990 £5 2003 FEHEHESUER
Table 4 The differences of the LPIs ( both 2D and 3D) at class level between 1990 and 2003 in N1

FEBAr2E 8CA_ 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 R PR ARAS IR 15 8RBT class area, CA , I BEIRATFR mean patch area, MPA , SF-BJJE R4 mean shape index , MSI, -3 53 414
F5%Y mean fractal dimension, MFD , 34 #5/N4R I B B mean of Euclidean Near-Neighbor distance, MENN

£5 HHEBEKTEHNSWIEHMN TRIGHR ®6 FEVKFELM=4% _HSTEHNTRRER

Table 5 The result of z-test on class level LPIs Table 6 The result of ¢-test at landscape level LPIs
LPIs_3D %f LPIs_2D , B » Pairs t dar P
Pairs & SMPA_3D-5MPA_2D 3.974 7 0.005**
8CA_3D-3CA_2D 4.356 54 0.000"*" SMSI_3D-3MSI_2D 1.920 7 0.096
SMPA_3D-SMPA_2D 4.678 54 0.000 *** SMFD_3D-8MFD_2D ~1.039 7 0.333
8MSI_3D-3MSI_2D 1.641 54 0.107 SMENN_3D-3MENN_2D 2.893 7 0.023*
3MFD_3D-3MFD_2D 0.716 54 0.477 $SHDI_3D-3SHDI_2D -1.434 7 0.195
SMENN_3D-3MENN_2D 2.258 54 0.028 * SSHEI_3D-$SHEIL 2D —~0.819 7 0.440

* * *xP<0.001, * * P<0.01, %P <0.05;2AFH class area,
CA, V4 B [ L mean patch area, MPA , 3 {R 35 5{ mean shape
index , MSI, S-341 2> 4535 51 mean fractal dimension, MFD , -2/ NSRBI
2% mean of Euclidean Near-Neighbor distance, MENN

# % * P<0.001, * *P<0.01, *P<0.05;FHBEHEF mean

patch area, MPA , 34T AR $5 %L mean shape index, MSI, S48 4 455 45 %%
mean fractal dimension, MFD , 35 /N3 32 BE 35 mean of Euclidean Near-
Neighbor distance, MENN , 7 /& £ #£ {4: 45 %% Shannon’ s diversity index,
SHDI Fi1754% ¥4 — FE 454 Shannon’ s evenness index , SHEI

4 iFit54it

W _EFTR , YHTA D BeEE Y S 45 & B R Rt o PR R R R AR 3045 A DEM 8@
TR A RS 4 2 T TR AR T A 0 B 4 S WL A T Gk , I LK Ty vk S b 7 L P b L X
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