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Two methods for measuring the changes in patch-number and area of mangrove

driven by various factors through different ways
LI Chungan* , DAI Huabing

Guangxi Forest Inventory and Planning Institute, Nanning 530011, China

Abstract; In order to investigate the mechanisms of mangrove’s spatial dynamics, changes in landscape patch count and
area caused by various drivers through different dynamic procedures need to be accurately quantified. Based on previous
work, two calculation methods, namely accurate measurement method and holistic measurement method, are introduced in
this paper. Firstly, two time-period distribution maps of mangrove and remote sensing images were overlaid with geographic
information systems ( GIS) and all mangrove patches were divided into analysis units, in which each patch was caused by
the same driver and changed through the same procedure. Secondly, if the time-1 image could be registered accurately with
time-2 image, we used the accurate measurement method. With the overlay methods of lines and polygons, the time- 1
polygon layer of mangrove patches was subset by the time-2 line layer of mangrove patches, and the time-2 polygons were

subset by the time-1 lines, resulting in several sub-patches in an analysis unit. Each sub-patch was visually interpreted to
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identify the driver and the dynamic procedure. Subsequently, the amount of changes with regard to the patch count and area
of each analysis unit caused by various driving factors through different change ways were calculated. Thirdly, if the earlier
image cannot be registered accurately with later image, we used the holistic measurement method. Each analysis unit was
visually interpreted to identify the key driver and the major dynamic procedure according to both the level of difficulty in
patch recovery and the amount of changes in patch count and area. Accordingly, the differences in patch count and area
between the two periods in the analysis unit were regarded as the amount of changes in patch count and area caused by this
driver and through this procedure. Both methods could be used to conduct quantitative analysis for the changes in patch
count and area. The accurate measurement method is more reliable because it computes changes in patch count and area
under various combinations of different drivers and dynamic procedures. Although the holistic measurement method only
considers the major driver and dynamic procedure within an analysis unit, its statistics include the gross gain, gross loss,
the total changes and net changes in patch count and area within an analysis unit, which also have scientific values and

practical significance.
Key Words; mangrove; distribution; patch count; area; patch dynamics; measurement
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Fig.1 Overlay analyses on changes in the extent of a mangrove patch
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Table 1 Changes in patch area caused by borderline changes
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Table 2 Overall spatial-temporal characteristics of patches with various dynamic procedures
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Fig.4 Computing changes in ptatch count and area with the accurate measurement method
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Table 3 Dynamic procedures and drivers of sub-patches

TR 0 T AR

BB G 2001 4ETiIAR AR A AR . 2007 4TI AR
No. of sub-patch  Area in 2001/hm? Driver Chang way (ross increase (oross decrease Area in 2007/hm?
in area/hm in area/hm
1 8.4 AR e 0.0 0.0 8.4
2 1.4 H AR R e 0.0 0.0 1.4
3 7.6 H AR e 0.0 0.0 7.6
4 0.1 Ep UK FaE 0.0 0.0 0.1
5 0.2 AR e 0.0 0.0 0.2
6 — A AR R ik 0.1 0.0 0.1
7 — H AR Ik 0.1 0.0 0.1
8 - SP S uR: 3 ¥k 0.1 0.0 0.1
9 — H AR Ik 0.1 0.0 0.1
10 0.1 AR E1 0.0 0.1 0.0
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WHHAES 2001 R AL A AT BT EREHD 2007 4L
No. of sub-patch  Area in 2001/hm? Driver Chang way Gross inerease - Gross decrease 2007 hn?
in area/hm in area/hm

11 0.3 SESur:H E£i] 0.0 0.3 0.0

12 0.1 SE S UR: 3 BT 0.0 0.1 0.0

13 2.5 35 Ak 0.0 2.5 0.0

14 0.1 SE S uR: 3 T 0.0 0.1 0.0

15 0.4 FRA A =4 0.0 0.4 0.0

16 0.8 SE(SUR: 3 E+1) 0.0 0.8 0.0

17 0.8 H AR A, 0.0 0.8 0.0

18 1.6 H AR e 0.0 1.6 0.0
A1t Total 24.4 0.4 6.7 18.1

x4 ABHITEFTENSIEREITEIEMERRENRRNMHIERETLE
Table 4 Changesin patch count and area through various dynamic procedures caused by various driversdetermined with the accurate

measurement method

TG BROR S

TiH IR MR RE Pk E=H ik NEEN g Gross Gross Total HA AL
Ttem Driver Stable  Expand  Shrink  Fragmentation Disappear  New . " " " change Net change
e KA EpzSuis 0 0 0 2 0 0 2 0 2 2
Patch count il B 0 0 0 0 0 0 0 0 0 0
FRAIE AR 0 0 0 0 0 0 0 0 0 0
TR 0 0 0 2 0 0 2 0 2 2
N7 N 0 0 0 0.0 0 0 0 0 0 0
&it 0 0 0 4 0 0 4 0 4 4
[HEA EpzSuy i 0.0 0.4 -3.0 -0.8 0.0 0.0 0.4 3.8 4.2 -3.4
Area/hm? [l B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FRAIE AR 0.0 0.0 -0.4 0.0 0.0 0.0 0.0 0.4 0.4 -0.4
TR 0.0 0.0 0.0 -2.5 0.0 0.0 0.0 2.5 2.5 -2.5
N Lk 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
it 0.0 0.4 -3.4 -3.3 0.0 0.0 0.4 6.7 7.1 -6.3

222 EBiRiFEE

R T s TR0 5 0 R RE S 00 T o A B S S8 ), AR R BRI ST TR R B [ B R A K
HIBIFY , B T BB R 2 AL AR 20 | 23 [R50 PR Rl EE A 25 AR DRI LA PR kg M D A0y 5
RIECHE AR RERG BRI HE . ZEXAMIE DL, 25 % T BRUAR Ab SR FH 3R O vk R RS 0 1 o, B 2 15 B A IR I 25 21
WN—ANA SR T FICATEA 284k, T FRAS Ak 0.0 h® fl 48 X6 R BEH | T IR 0 e 22 1 HE B 7 rh o o7 8
BT 20.6 m, fE&E ST, 2R EMELE R F2E 10.9 hm® ZE4 1.0 hm® §75K 1.0 hm®, 2
IR XA EE IR RN

RS A B MR Z 0] AR JUADRS A I # RE A KR 25 i hIAE — ME T Z N B B T o BE R R 4R
U BB S AR T 1m0 25 () B UG DR, SR ARG B T i vk o A LB AR (B o 2515 2 B R 10 25
Je o XTI S AR R LR G IR i A AR SR A 1:10000—1:50000 3578 & H 2 22 7 32 3 5 BEBR i1
S OHERE R 22 53— T, B T R AR T Be BRI &1 T LS BE AN & INLUAEAR S  4R5K AR TR | B3]
R GORG BB, o TRIE DRI, 70 B ) 0285 3 R 1) 22 B £ ks [ 43 A sl 28 W v, %o 1 v — S I Rk
PEASBERG O BC I (AR ZS MR | B8 5 3 MG s 18] 43 B 50 AH 25 BRI W I | BRIV SR FEORS ff 11 72 ) B
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oo A BUE AT T, Qoxfe LB TE A 09 73 25

SRR TR R [ RO R 2T A bR s 18] 70 A B 28570 A A8 8 A, SR T SR B Ak o) SRR i R AN B DR e
AR AT

BRI O HEASEAL 6 TS0 BT, JEIe AR I A 32 31 220N IRl D 3 il 220 i
Tt — T 5 B — AR R R E e R Y B Rl [R5 A — A8 A i R i) T AR A A M 00 30 1 2%
ST ERIC A A Y BEBR A AT BV AR AR IC i R TR S Gl iz AR Ak AR R BRI 2 2
AT IRBY A7 AE 2 A AR, R AR B A, B e o it e HE T ARSI 1, SRR 78 1% T 2K
SN TR AL R P E 3R A, RS A B AR R E SR e E I 3
R OBEHR A B 3fE 5y B2 L ; QAR L A IS @RS AR (LB I

WNIE 4, BAR TR (g5 ) AL FRFE I BOR A SR AR AT e S B AR A A S L by T 3 2k A PR
Sk ISR B A 507187 NS AR (53/5E 35 it 2 €75 de sl i DR o8 -0 VS B A 3715 e 2L U A 3 S i
Rl ZE g iR AR R A A (R A R Y T RS P O, DR, i SR T B R AR O AL, R
UL, 7RISR AR VR RN T Gl AR A A BEEREC I A T 4 A, AUE D T 6.3 hm?, HiitL 45 2 SEL A i A0
AR AR ZE R AR 5,

FUEER 4 R 5, BREED T o0 B 18 1 A IRKEh 1 1 AR AR, B ATk U5 i T H R B
AR AR AR AR RS B TR P RS [R5 B 2 IR Eh [ 1 2R, O HRERE T I S ]
SRR R TR AR 38 o Rl D R AT R AN BB I e T 9 M S e S Y pA R R R D v R
- A R, AN 205 AR B SO o A 1 BRI it AR A i) S R R R AR AR
FH B FEBGRAR IR T BB R B iR fE— s R L RE A B MR S ke 1 BB S i AR
-1 B SRS R, 5 S8 R 5 I8 DR R R AR AR A B B4 3 MO R AR L, LA R B P | o s A
SRR

R5 RAEGHEFAZHTENSIEZREN TEIZMEERRENERIMINEARELE

Table 5 Changesin patch count and area through various dynamic procedures caused by various drivers determined with the holistic

measurement method

BN B SRR R

T LIRS RE Pk E=H ik IEES iy
Ttem Driver Stable Expand Atrophy Fragmentation Disappear  New U0 Gross Total Net
increase  decrease  change  change
BEPH /A H AR e 0 0 0 0 0 0 0 0 0 0
Patch count [l B 0 0 0 0 0 0 0 0 0 0
FEoHEFIER 0 0 0 0 0 0 0 0 0 0
TR 0 0 0 4 0 0 4 0 4 4
PRI 0 0 0 0 0 0 0 0 0
At 0 0 0 4 0 0 4 0 4 4
T A AR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Area/hm? [ R 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FEEHEFNER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TREHE 0.0 0.0 0.0 -6.3 0.0 0.0 0.0 6.3 6.3 -6.3
PN N 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
At 0.0 0.0 0.0 -6.3 0.0 0.0 0.0 6.3 6.3 -6.3

3 AMITEREMAMKZERERENESTERMLR ST

N HEB g b 3R P 75 R R X LA RS [ G AR AL B A 45 R A 22 52, AR s 7 (L 35 AR 95
V) S DXOR FH SCHR > P it 18 7 A T LD bR s D AR HLIE AT
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3.1 WRSE XA AN A R A

B 3 VS A7 T P ISRV A PGS, AL SV A VE VTl 5 e DA AR B R 975 30 3 T R 1
YRR FEPANTESY . 2010 A5G LEMARIAR 672.3 hm?, (5 T PHLT A AR T AR Y 9.7% , Horh g 36 1) i AL K
T LRI ( B3Rk I Bt )

TR B EE R M 2007 4E 10 A 28 H A% A SPOTS HRG 1 2010 4E 9 A 19 H R A ALOS PRISM/
AVNIR-2 EUR , 2 B3 BRI B 2.5 m, 26150 B 10 m, T LMD AL IE 9225 50405 S 2004 4F
FLR A IE S A ER (1:10 000)

3.2 EERRBSIEF*

321 RS WAL B K LT RARES (8] 20 A 1 B R ER

ST e A RGOS A B v, TR UG LARDRS A IE A SR 3 7 AR 2 2% (RMS) #5472 1 M& It LA
W ZERARBEEAE B IBCR H 2 5 WA R 9 5 2 21T . OFFBIFFE X AR BT Ry AR 22 A% LER ARORT D it e 1Y)
AN, A NEOL T, — AN/ N X IRA AL 5 — N ZER AR BE R ; QB A I I 12 5 B 4328 0 W B A 2 i )
XA UL K G S B IR BB 23 (8] 0 A5 (5 8 BT GIS P15 L% 2 2 285 SR F Bt e Ok Ak J 15 3 L
SRR S 0 DR A e S Bl AT & 23 (B 2 4
3.2.2  BEHCECR AN AR TR

FFEIX N 2007 4EF1 2010 AELERMRBEEE R 20 51 R 154 4SF1 157 4>, AR IEBEH AR 1L i 3K 35 [K 2% Fn s {k
AR KGEAETE KR53 157 A5 Hr Tt BBt A RS Ak i 04 32 43 0 R RS B 3 vk A A ok
FhOTIEIEAT
3.3 R

2007 AEFFE X LT REARBEHRECRE AR 20500 8 154 4~ .705.6 hm®, &8 2010 4EBEHECR SN % 157 4, HiH
WK 672.3 hm? 3 AFEENE AU /D T 33.3 hm®  AEE8/0 11.1 hm? AE LR K 1.6%
331 R B

XIAFGE X 2007—2010 4FBEHECER AR BLVE T I 3B, 45 S 2R B . AP 5 Ik AR BN 45 3 AH R (£ 6) .

R6 HRUENVARBIZNZUERRENRE (F) K

Table 6 Comparison of the amount (rate) of changes in patch count and area through various dynamic procedures

WOR IWIRFS EgE| BEY A /1> Patch count HF Area/hm>
Calculation method ~ Item ST EX AT FR DI NE TC ST EX AT FR DI NE TC
i b m=erS B 0 0 0 9 0 4 13 00 284 00 00 00 1.1 295
Accurate calculation I/ 0 0 0 0 -10 0 -10 0.0 0.0 =575 -27 -3.6 00 -628
S FXE 0 0 0 9 10 4 23 0.0 284 575 27 36 11 923
B FXE /% 00 00 00 391 435 17.4 1000 0.0 308 61.2 29 39 1.2 1000
i FX 0 0 0 9 ~-10 4 3 00 284 -575 -2.7 -36 1.1 -333
R FX /% 0.0 00 00 391 -435 17.4 100.0 0.0 308 -61.2 -2.9 -39 1.2 100.0
HABTR FXT /% 00 00 00 692 00 308 1000 0.0 00 =-90.0 -43 =57 0.0 100.0
LSRR EXG 0 0 0 9 0 4 13 20 61 00 04 00 11 96
Holistic calculation I8/ & 0 0 0 00 -10 00 -10 -62 0.0 -287 -3.4 =36 00 -429
M FXE 0 0 0 9 10 4 23 92 61 287 38 36 1.1 525
BT FXE /% 00 00 00 391 435 17.4 1000 17.5 11.6 547 7.2 69 2.1 100.0
B FX 0 0 0 9 -10 4 3 -52 61 -287 -3.0 -36 1.1 -333
WA FX /% 00 00 00 391 -435 17.4 100.0 -10.9 12.8 -60.2 -6.3 -7.5 2.3 100.0
HRTR FX)" /% 00 00 00 692 0.0 308 0.0 -128 0.0 -709 -74 -89 0.0 0.0

ST. & 4E Stable; EX:¥5K Expand ; AT 545 Atrophy; FR: #%4k Fragmentation; DI %% Disappear; NE: #34 New;TC ; S48 {k i Total change
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P W IO A, BB AT B i — AN AR R AR AR A WO R R BB AR AR AR AR BT I 4
SARF SR, X T AR, PP A5 280 i 45 A 22 3 K . (ORI FUVAR A6 19 S0 I B A 22 30K RS BT T i ik i)
ST LR PR R ik S i 9 — 1% ; @I RS L AR 45N iR A I i () AR ZERR R 2200, AERG it i
I WA PR A A TR AR A TRV AL BV R A 61.29% 1 30.8% , 17 HE A= vk, P 1
SRS 54.7% 1 11.6% , FEREHFE WG OL T, AR 7L i T AR AL SRR B T 17.5% , I 7ERG i
TR BTCR R 0, OFES A B LA WAL i (R) WAH R, 7ERE BTk b, BEH S 40 2
TR FR A 1) B AR (BB H N -90.0% ) , HARIH K (-5.7% ) MR (-4.3%) , TEREAR TR E T, R
SRBEHZE 0 (AR A —70.9% ) 2 1 RS Ak 1) B T2 BEad A% (H HG g R B S /N, Ao A48 B 1 T ALk /0 /)
—NEERE(-12.8%) ,

3.3.2 WIS

AR T A R— R X FRESECR AR LA IR S i (), BN VA as SRR (3R 7) o (BX) T R
AL AN RS R A 25 R ELA ], AR Sh R B 3R sl fe: () AFFERS K 2251, FERE Rk b 78 H
SRIFFRIR SN T AR B AR R (IR BN R N 53.8% ) , FLUE FR A 3 Ak M 2% (36.0%) |, 1 16 B AR
o, AR RE A IR SR R 38.5% , FR A AR H AR Y R AR S R IRE] T 50.9% , JLT-J2& P A 3K 8 R -1 A
BT

®7 BREEMEREMHIE T (CR) LB

Table 7 Comparison of the amount (rate) of changes in patch count and area caused by various drivers

FRIWIRES T H Brgg it/ 4~ Patch count FGAL Area/hm?
Calculation method  Item NP IN MS co PL  TC NP IN MS co PL TC
KT ik B0 5 0 7 1 0 13295 0.0 0.0 0.0 0.0  29.5
Accurate EEY U s -3 0 -5 -2 0 -10 -202 0.0 -332 -94 0.0 -628
calculation MBRZ DX 8 0 12 3 0 23 49.7 0.0 332 9.4 0.0 92.3
SBRBIE DXE /% 34.8 00 522 13.0 0.0 1000 538 0.0 360 102 0.0 100.0
RSl DX} 2 0 2 -1 0 3 93 0.0 -332 -94 0.0 -33.3
HIRENR DX /% 40.0 0.0 400 -200 0.0 100.0 17.9 0.0 -64.0 -18.1 0.0  100.0
HBIKHH DX /% 50.0 0.0 50.0 0.0 0.0 1000 00 00 -77.9 -22.1 0.0  100.0
LIS AR EXg 5 0 7 1 0 13 92 00 04 00 00 9.6
Holistic B -3 0 -5 -2 0 -10 -11 0.0 -263 -5.6 0.0 -42.9
calculation SBKB i DX 8 0 12 3 0 23 202 0.0 267 56 0.0 525
RIRENF/ % DXE" 3480 0.0 5220 13.00 0.0 100.00 38.50 0.0 50.90 10.70 0.0  100.00
HWIRB R DX 2 0 2 -1 0 3 -18 00 -259 -56 0.0 -33.3
IR/ % DX 40.0 0.0 400 -200 0.0 1000 -54 0.0 -77.8 -16.8 0.0  100.0
AR % DX 50.0 0.0 50.0 0.0 0.0 0.0 -54 0.0 -77.8 -16.8 0.0 -100.0

NP [ #k1d %2 Natural process;IN; [ B Inning; MS: F=F 58 15 Marineculture and saltern; CO ; T #2715 Construction ; PL; A T35 #k Plantation

3.3.3 fEMESr b

X T BES R AR A PR A5 B B ¥ VR 0 e A gl SR o8 4 — 3 (B I BV AR VR T 0 o A SR 22
SERRR (3 8) o FEXT T RS LA B 1B A, B v AR v A5 Ak 32 B2 PRy 37 A W R AR A e 1 S o B b 3
45 A SRR I T S B R NS A AR, TR T B SR A A — R A AR AR A
FER T EE AR B IE AT HT I, S5 58 5 AR FH S T 78 REbe 25 4 AT 98 2 T ARUAR £k 1) Je T 22 1 3K Bl PRl - AR Ak i 42
WA I B ER IR, B AR A BES 5 40 X0 T ARG AR AL s2 i K, A AR B 52 i T Y BERAS A |
H AR FRSZ A N A BESR A 5K TR AR Tk 1 5 i) A Bt A a5
3.4 PR A RAEAE 25 S i IR R o A

DL Bral S nT i AP AR Ak iy o TR AR () 23 M 2 RAFAE B R 22 5, HOR AR J5 PR Wy i
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X T ARAS A B AR T T AR AR AR I 22001, R AR OR300 W DU oA ) T ARZ AL i R AT T T, — 00
Prepon REIE— NS N 7 — iR te, OfF H R % B — e i (5 im AR S Al m Rz 22 ) %28 e
HOERAN N IS P A A kR BRI Sk, R S g2 i 2
NIRRT FZA LR, I, BMERTSE X R — Wit HE R AF BRI 220

®8 BIERANLLR

Table 8 Comparison of acting forces with regard to changes in patch count and area

AW K 3 B T BEHUEC /4> Patch count AL Area/hm?
Calculation method  Driver ST EX AT FR DI NE ST EX AT FR DI NE
LEL i merS Ep/S o 0.0 0.0 0.0 43 -13 174 00 308 -21.3 00 -05 1.2
Accurate =Y 00 00 00 00 00 00 00 0.0 0.0 0.0 0.0 0.0
calculation FREAYEANEL 00 00 00 304 -21.7 00 0.0 0.0 -32.1 -25 -1.4 0.0
TR 0.0 0.0 0.0 4.3 -8.7 00 0.0 0.0 -78 -04 -2 0.0
A Tk 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
R A EEzSuri 0.0 0.0 0.0 4.3 -13 174 -109 128 -55 -1.5 -1 2.3
Holistic calculation  FBl B 00 00 00 00 00 00 00 0.0 0.0 0.0 0.0 0.0
FRAIE AR 0.0 0.0 00 304 -21.7 00 0.0 0.0 -47.6 -4 -2.7 0.0
TR 00 00 00 43 -87 0.0 0.0 00 -7.1 -0.8 -3.8 0.0
N7 N 00 00 00 00 00 00 00 0.0 0.0 0.0 0.0 0.0

4 THEMER

(1) DAFERFSE 25 i Wi 30 P9 45 BESRAR 32 B3N X7 3R 8l Gl o oAb A2 R A 1284k, Ol i 43 5045
B 7 A HEHAEOM AR SR AR Sl PR AR R AR IR AR R RS AR SRR R D 0 400 R A 15 2
I M 0S8 ) R e A A T AR S AR R, O AR T B KB RS AR ksl R sl R AR S
RO R R R GBS R AR T T R SRR R, L B DX SR LA b s 18] 2 A B AR L
il XSO E SRR AT A B R AR A0 B - UM DX S R B S A T AR A R P 1
YREh T A AR AR R AR AR A | T BRE SO R TR AR TR — DA UK T e S IR AR A AR R
PR DU, A2 [R] I 2 eI i e SR A RS AR D (S i v i AN e 4 I A
S WRAE %A 73RSl 38 e i A A A B BES SO R AR AR AR 0 AR Sl b R 9F 58 XA 0 o Ak 22 BAT A
[F) 9K Sl A5~ AR TRV S AR AR 4 93 B 30T, 38— 70 M B oo 1158 S H B0 A AR B B 48 hn it | B oD & AL E Ak
i A R T IR DR, AR AT HERA M S T DXL AR PR B RS R T R e Y N e Y

(2) KT E MR T i T A [R] 9K Sy A7 P02 Al Ji AR 445 BRE B 0 A T AR A A8 T, 45 R ey T
FE o BONBARTHRE N B T B B FE IS A A R AR A, OF B R R
AR AR i (HUR, iy T DX AR 2220 A B0 B, AN (7] 23 B B0 ) SRE SR 50 R v AR v 2 T A
Ik, PEAR XGRS, AT R3S — 3Rl 7Rl A 21 & 9 BB A v AR A B3 g | B i b
SR A A —E R D R VR i S T DX S R R A v AR - D (4 s A A DA
BF 5 2 R AR AR 20 A (9 BESBCE AT AR 4 A Al i 0 AR L, LSS SRR M B3 o 5 HL SR B
IRIER

(3) 7 DX IRETA bR S 1] Bl 257828 o0 B | SR FH SC PP i H 90773k 06 BREBR B3 A i BRUAE AN (] TH 59K sl 1 de ot
IR R A WA AR TV SE A DS 18] S 25 b o B 2 2 i) AR 4[] 2. (D e 038 1y
B AR B AR A B (BRI B B R L) S b TRl R A5 e S B LR AR
DEP B AN AR A AR TEAE— BB R IKEh T, BEHEC R F AR A A2 (i 22 /00 ] DA 3% 2 BER O
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