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Abstract

Patch-based landscape metrics can be biased by the boundaties extent of a
reporting unit if the boundaries fragment patches. We calthbisboundary problem”. The
effective mesh sizewy is a convenient method to quantify landscape fragmentatidristha
based on the probability that two points chosen randomly igiarrevill be connected, e.g.,
not be separated by roads, railroads, or urban developmentufiing-out (CUT) procedure,
used in the original computation wks, suffers from the boundary problem because the
boundaries of the reporting units are considered to be additiom@&rbarhereforemes will
be underestimated, particularly if reporting units are embeddbohwhe broader landscape.
In this paper, we present a solution to overcome this limitdoy a new method called “cross-
boundary connections” (CBC) procedure. It attributes the connecitwedn two points that
are located in different reporting units to both reporting udits.systematically compare the
CBC procedure to the CUT procedure and show that the boundary probigrmssa to the
CUT procedure, while the CBC procedure is independent of taesi administrative
boundaries of reporting units. In addition, we elucidate the sugeitormance of the new
procedure in the case study of South Tyrol wimaggis being used for sustainability reporting
on the level of municipalities. The new CBC procedure ekteis the bias due to the

boundaries and the size of reporting units in measuring landscgpeefiaation througihn.

240 words

Key words: cross-boundary connections procedure, cutting-out procedure, sctid, spa
extent, landscape metrics, landscape indices, spatial heteiygenvironmental indicators,

environmental monitoring, South Tyrol.
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1. Introduction
1.1 Landscape fragmentation and indicators

Large habitat patches are important for species to susdale ypopulations (e.g.,
Collinge 1996, 1998; Mladenoff et al. 1999; Verboom et al. 2001). Asseqoence of
increasing landscape fragmentation, habitat patches aegeapart, reducing in size, and
are increasingly isolated (e.g., Forman 1995). Thus landspedntation is a major cause of
the rapid decline of many wildlife populations (e.g., FormanAdedander 1998; Trombulak
and Frissell 2000; Forman et al. 2003). Landscape fragmentasigtsrigom the patchwork
conversion and development of sites into urban or other inteypsisetl areas, and from the
linkage of these sites via linear infrastructure, such as aratisailroads. These processes
create more or less isolated habitat patches, ecosystestiger land-use types embedded in a
matrix of development, that in turn affect ecological intgeas (i.e., ecological flows) among
habitat patches (Harris 1984; Saunders et al. 1991; Forman 19p&jtitular, landscape
fragmentation can reduce landscape connectivity by obstructimydhement of animals
across the landscape, thereby potentially affecting metapmputhinamics (e.g., Hanski
1999) and gene flow (Gerlach and Musolf 2000; Keller and Largi2@3; Keyghobadi et al.
2005). In addition, landscape fragmentation due to transportatiostmifrture enhances the
dispersion of pollutants and acoustic emissions, affects lbcelte, water balance, scenery,
recreational value of landscapes, and land use (e.g., Sawi@dd. 1991; Reck and Kaule

1993; Trombulak and Frissell 2000; Spellerberg 2002; Jaeger 2002; ForalaRQ€13).

The degree of landscape fragmentation has high normativamneke as an
assessment criterion for anthropogenic landscape alteratignsléeger 2002) and is therefore
considered an excellent indicator for monitoring sustainatufityuman land use (e.g., Heinz
Center 2002; O'Malley et al. 2003; Wade et al. 2003). Many lapdsadices have been

applied to quantify landscape fragmentation (McGarigal antkM1995; Riitters et al. 1995;
3
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Haines-Young and Chopping 1996; Hargis et al. 1998; Jaeger 2000). (z&rcompared
22 metrics with regard to their reliability for quantifyitemdscape fragmentation, and
systematically examined the eight most promising indices lmasedyht suitability criteria:
intuitive interpretation, mathematical simplicity, modegbad&quirements, low sensitivity to
small patches, monotonous reaction to different fragmentation pfiasggerforation,
incision, dissection, dissipation, shrinkage, and attritidedection of structural differences
(e.g., the bundling of traffic lines), mathematical homoggnand additivity. According to
these criteria, the effective mesh siagq) (see section 2.1) was unreservedly appropriate as a
fragmentation measure, while the suitability of the othersumes was more or less severely

limited (see also Jaeger (2000) for a condensed version).

1.2 The boundary problem

The boundary of a reporting unit can have a profound influence onltleeofea
patch-based metric. If a boundary of a reporting unit fragnithes, artificial structures are
created that do not exist in the landscape. This influernteases as the extent of a reporting
unit decreases relative to the size of the patches &vig& et al. 2002). We call this the

“boundary problem”.

The boundary problem has long been recognized (e.g., Turner et al. 1988} €
al. 1996; Saura and Martinez-Millan 2001; Turner et al. 2001; Wu 2004jtleuhas been
done to address this issue. O'Neill et al. (1996) recommendethéextent for which a metric
is computed should be two to five times larger than thedatgedscape patch. However, for
certain applications the extent is given, e.g., in the abadministrative units. Wu (2004)
claims that comparisons between landscapes using pattern imdisebe principally based on

the same spatial extent. However, it may also be integetst compare reporting units that are
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differing in size. To enable comparisons, recent studieswsetbws of a fixed size (e.g.,
“moving windows”) in the calculation of landscape metricg.(eRiitters et al. 2002, Zebisch
et al. 2004). However, this approach does not solve the boundary prakléme, analysis

windows fragment patches and create artificial structures.

For the sustainability report of South Tyrol, indicators weilewated on the
municipality level. Municipalities were embedded within bieader landscape, as they are
small relative to the scale of landscape fragmentation. Whes considered as additional
fragmentors of the landscape, the boundaries of reporting unitsazhto questionable results.
Therefore, the objectives of our study were threefold: (#iefme a new calculation procedure
for mer that does not exhibit a boundary problem; (2) to compare the ndwaneith the
commonly applied cutting-out (CUT) procedure and systematiralgstigate the influence of
the boundaries on the procedures; and (3) to substantiate th@sppgormance of the new

procedure for the sustainability monitoring of South Tyrol.

2. Definition of a new calculation procedure for mes
2.1 Effective mesh size: original method

The application ofng requires the selection of pertinent fragmenting landscape
elements, as well as the selection of the level atiwiiagmentation should be calculated,

e.g., federal state level, rural districts or ecoreg(@uinck and Wagendorp 2002).

The effective mesh sizenfs) is based on the probability that two points chosen randonaly in
region will be connected (i.e., be located in the saménpattich can be interpreted as the
probability that two animals, placed in different locations eatrere in a region, can find
each other within the region without having to cross a basue as a road, railroad, or urban
area (Jaeger 2000). If one of the points (or both) is locatihvei fragmenting landscape

5
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element, for example in urban area, it is separated tierther point. By multiplying this
probability by the total area of the reporting unit, it is coteinto the size of an area: the

124  effective mesh sizengs can be interpreted as the expected size of the areia Hetessible
when starting a movement at a randomly chosen point inside themgponrit without
encountering a physical barrier. Thus, more barriers in thedapddower the probability that
two points will be connected and loweg. In the original computation afes, called the

128 cutting-out (CUT) procedure (like a cookie cutter), the boundaryeofaporting unit was
treated as an additional physical barrier (Jaeger 20@l; Peter and Meier 2003; Roedenbeck

et al. 2005).

132 Mgt iS mathematically defined by

Mt = A Y (iJ - L yn 1)

i=1 otal otal i=1

wheren = number of patches inside the reporting ukit: sizes of the patchesi(= 1, ...,n);

At = total area of the reporting unit, e.g., of the municipdiie., within its boundaries). The
136 value ofme varies between 0 (when the reporting unit is totally cedédxy transportation

infrastructure and development, i.e., entirely fragmented)tlae total area of the reporting

unit (Aotal)-

In certain cases, the effective mesh size equalsgdlaeveeighted mean patch size

140 (AWMPS, equation 2),

AWMPS :i% ® @)
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n
l.e., if Ain the denominator 8. (and notA,,, = z A ; these are not the same because of
i=1

the area occupied by the fragmenting elements).
144
2.2 The new cross-boundary connections (CBC) procedure

The CBC procedure considers all patches that are wholly oalpalticated in the
reporting unit. The latter are attributed to the reporting artiié calculation o according
148 to its share of these patches (see eq. 3). The conneatioss ¢he boundary of the reporting
unit indicate whether or not the patches at the boundaryageénted and need to be
included in calculatingn (Fig. 1). For example, if a landscape is un-fragmentedahgn
two points in that landscape will be connected and the eféentash size equals the size of
152 that landscape (up to its physical borders). A reporting unitdlehbedded in that un-
fragmented landscape contains points all of which are conntecédidooints in that landscape
(not just within the reporting unit). This is true regardlgsthe size of the reporting unit.
Ideally, the effective mesh size of the reporting unit shbaléqual to the size of the
156 landscape. Therefores calculated according to the CBC procedure includes connections
between one point chosen randomly in the reporting unit with an@théomly chosen point
which can be within the area covered by ¢beplete patches, i.e., including those parts of the
patches that are outside of the reporting unit. Hamggecan be interpreted as the expected
160 size of the area that is accessible when starting ammveat a randomly chosen point inside
the reporting unit without encountering a physical barrier. Therefothe CBC procedure, all
connections between any two points are taken into account byreporéing unit (Fig. 1)

with no connections neglected, unlike in the CUT procedure.

164 In contrast to the CUT procedure, the boundary of the reportingsurot iconsidered a

barrier because connections that cross the reporting unit’'s bowardancluded. The question
7
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thus is how many other points a randomly chosen point in the reporinig connected to. As a

consequence, the value of the effective mesh size clangag than the reporting unit, but not
168 larger than the largest patch that is touched by the repaomihgAnother rationale for this

approach is that in a landscape where all patches #ie shme size (e.g., a regular gridhg in

the original definition always equals the size of the patdtes boundary of the reporting unit

follows the edges of some patches. The modified definition gkres this observation to be true
172 also in cases when the reporting units are shifted or rotatedyen the reporting units are

smaller than the patches.

The formula ofmes according to the CBC procedure is:

m§?C=Af,T;.".i[ A .Acmpl} LS Am™ 3)

i=1 otal otal otal i=1

176 wheren = the number of patches; = size of patchi inside the boundaries of the reporting
unit (=1, 2, 3, ...n), A°™ = the area of the complete patch thais a part of, i.e., including

the area on the other side of the boundaries of the reporting uoithg physical barriers of

the patch (Fig. 1; if\ is entirely located within the reporting unit and not borderethéy

180 reporting unit's boundary theA™ = A ), Axta = the total area of the reporting unit, and

onl= the total area covered by the complete patches. TheAgfy,, equals the

otal

probability that the first point chosen randomly within the repgrtinit will be located in

patchi (with areaA ). The termA°™ /A“™ equals the probability that the second point

total

184 chosen randomly in the area covered by the comp#thes will be located in the complete

cmpl

patchi (with areaA™"). Multiplication of the connection probability b#¢™ is appropriate

otal
to convert it to an area that can be interpretealifiéed above. The consideration of

boundary patches according to the reporting usliare of area, is expressed by the term
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cmpl Ai
188 PO— . 4
A Atotal ( )

# Figure 1 (approximately her#)

Figure 1 shows an example whem&“for reporting unit 1 is calculated by

e = (A TR A, T A A, )

192 ki 2224km’*
=— = (18m8km* +300BOkm* + 200B0km* )= Z22"T0 = 31 77 k.
70km m

This value is larger than the value from the CUdcpdure (which would be 23.2 km

mS¢ is intensive and strictly area-proportionately digidi. These simple

mathematical properties (cf. Chandler 1987, pp222kegendre and Legendre 1998, p. 31)
196 transferred to landscape pattern indices havedstieg consequences for the use of the
measures. Being ‘intensive’ means remaining constaen the analysed region is being
multiplied but keeping its structure (i.e., multiplg the number of patches accordingly).
‘Area-proportionately additive’ means that eachoréipg unit contributes to the combination
200 of two or more reporting units proportionally te g#ize, even if each reporting unit has a

different spatial structure. These properties htsd true if large patches are located across
the boundaries of the reporting units (proof in Apgix A). Accordingly,m’°can be

calculated for the combination of two or more réjogy units from the individual effective

204 mesh sizesf these regions, by calculating the area-weightedn value.

3. The boundary problem: comparing the CBC and the CUT procedure
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If a reporting unit is subdivided into two parts &y administrative boundary, the
208 degree of landscape fragmentation of the entira sineuld be between the values of its two
parts (let part 1 denote the part that has therolegree of landscape fragmentation than the

other part):
DFpart 15 DFtotaI < DFpart 2 (5)

212 whereDFpa 1= degree of landscape fragmentation measuredaforlpDFpar 2 -degree of
landscape fragmentation measured for paliRs:a ~degree of landscape fragmentation

measuredbr the entire reporting unit.

216 # Figure 2 (approximately here) #

We systematically investigated the behavior ofGh&T and CBC procedures with
respect to the above mentioned condition. We ardlywo simple landscapes (Fig. 2) to
220 demonstrate that the CUT procedure does not meetaihdition defined in eq. (5). We also
performed a mathematical proof to demonstratettt®e€CBC procedure always meets the
condition in eq. (5). According to the CUT procegluhe boundary artificially fragmented the
patches in the center (Fig. 2). Therefore,rthevalues for the two parts were lower than the
224  value for the entire reporting unit. Hence, the Qidcedure will meet the condition
described above only if the boundary does not diss@atch, e.g., if the boundary coincides

with the edges of landscape patches. Howeverighisually not the case.

According to the CBC procedure, a boundary doedragment the connections within
228 patches. A boundary patch contributes to eachguadrding to its share within the part.
According to the new procedunes combinedC@n be calculated from the area-weighted mean of

the two parts, as the CBC procedure is an areasptiopately additive quantity (see section
10
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2.2 and Appendix A). Given that the two parts ajyeat in size, as in our pattern series (Fig.

2), meff, combinedreSUItS irrneff, combined= (rneff, part 1 + meff, part 9/2

CBC

For pattern series ajki part 1= Meft part 2= Meff, combined®S My remains constant when the

extent is changed but the structure is kept cohstan

The general proof thah$’® meets condition (eq. 5) is based on the propaayr®

is area-proportionately additive. L@k, par 1aNdMesr, part 20€ effective mesh sizes of the two

parts (and leter, part 1 b€ the lower value). Because the effective meshafithe combined

partl part2

H ' H CBC — otal otal
reportlng unitis given by meff,combined_ partl + part2 meff,part_’l. + partl + part2 meff,partz '
AL+ A AL+ A

otal otal otal otal

it directly follows thatm,; ... < MGC  hineaS Mg par2 - THIS Proves that the CBC procedure

always meets the required condition.

4. Case study South Tyrol

To compare and evaluate the performance of the &@RIOCUT procedures under
real conditions, we appliatk.# according to both procedures in the frameworkefregional

sustainability monitoring of South Tyrol.

4.1 Sudy site and calculations

South Tyrol covers an area of 7,400 km2 with adgpalpine geo-morphology (Fig.
3 a). Sixty percent of the terrain is higher th&0Q meters above sea level. Only 8.3 % of the

area can be used for permanent settlement, pamryalits steep mountainous character. The

11
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road and railroad network accounts for a direct s0.53 % of the total area’s habitat, while
urban development amounts to only 0.15 %. For tiseagmability monitoring of South Tyrol,
the units of investigation were defined by the tdiicipalities of the region, varying in size

from 1.6 km2 to 302.3 kmz2.

# Figure 3 (approximately here) #

In the calculations, we included the road and @jwetwork (Autonomous
Province of South Tyrol 2001), the areas of devalept (Autonomous Province of South
Tyrol 1991a) (Fig. 3 b and c), and the municipatibundaries (Autonomous Province of
South Tyrol 1991b). We generated a binary categbnap for calculatingnes according to
the CBC and CUT procedures. Areas of urban devedopiand transportation infrastructure
were considered fragmenting elements. Roads (rgrighm municipal roads to motorways)
and railway lines were included according to teedth (e.g., 6 meters for municipal roads, to
24 meters for motorways). As data were only avélétr within South Tyrol, patches
adjacent to the region’s boundaries were croppmasing them to appear smaller than they
actually are. The calculations &« were conducted in ArcView using an existing tobl o
AVENUE scripts (Esswein et al. 2002, 2003). We dedphe tool for the calculation of the

CBC procedure (scripts available from the authors).

4.2 Comparison of m3*© and mS;’" for South Tyrol
The value of the effective mesh size in South Tig@95 kni. For most
municipalities, the values ofis calculated according to the CBC procedure diffayestly

from those calculated according to the CUT procedur

12
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# Figure 4 (approximately here) #

Values for the CUT procedure ranged from 0.5 kn2G8.7 km2. Values for the

CBC procedure ranged from 2.1 km2 to 1,065 kmz.(EjgmS;’”" showed a clear correlation

CBC

with municipality size (R? = 0.7987)n,;~ was almost independent (R2 = 0.172) (Fig. 4).

However, a slight trend of increasimgf with increasing municipality size remained (not

significant). This trend was not an effect of tladcalation method but a consequence of a
characteristic of the study area; municipality s&zasually small in the valleys exhibiting a
dense network of development and transport fagsljitivhile municipality size is usually large

in mountainous areas with sparse development.

When comparingne computed for the entire region of South Tymokgiota) to the
area-weighted mean of alk« values calculated individually for the municipig AWM _mes

mun), Calculated according to the CUT proced@é@M_me mun Was considerably lower than

Mefttotal (AWM ST = 73 kKm2,Mefr ot = 495 km2). On the contrary, the CBC procedure

eff mun

delivered equal values according to both methd®&N _ mSPC = Mgy gora = 495 km?).

# Figure 5 (approximately here) #

The spatial distribution exhibited a comparativieigh heterogeneity fomS’™ (Fig.

5 a). The sparsely populated mountainous ared®iNortheast and the West obtain high

values. But high values were also found in somgelanunicipalities in the central valleys. In

13
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CuT

contrast tany; , the results for the CBC procedure revealed aadmaistering (Fig. 5 b).

CBC

Three groups were distinguished: (a) municipaliigs high mg ™~ in the sparsely populated

CBC

mountainous areas in the Northeast and the Westh@¢deratem;~ in the central valleys

with moderate population densities but major transgion axes, (c) lown © in the densely

populated lowland areas in the South. Comparelde@UT procedure, fewer municipalities

fell into the two lower classes.

5. Discussion

We defined a new calculation procedurerfgy called the CBC procedure. Our
analytical comparison showed that the boundarylprolis intrinsic to the CUT procedure,
while the CBC procedure is independent of the aimadministrative boundaries of reporting

units. For the CBC procedure, the characteristioeig area-proportionately additive not

only proves this independence of spatial exterttalso makesnS© particularly helpful in

comparing the fragmentation of regions of differsizes, assessing the influence of parts of a
region compared to the fragmentation of the tagian, and aggregating fragmentation

values of several regions of differing sizes (ssstien 2.2).

Applying the new procedure, large landscape patareappropriately considered,
even if they are larger than reporting units. Tifia great improvement over the CUT
procedure, due to the importance of large patobresgiecies to sustain viable populations (e.g.
Collinge 1996, 1998; Mladenoff et al. 1999; Verboetal. 2001)Some landscape ecologists
might question the consideration of landscape gattiat are partially located outside the
reporting unit. However, we argue that metricgshmhighest possible degree, should be

calculated based on the patch pattern that isaetder the ecological process under

14
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consideration (Haines-Young and Chopping 1996;nd ®u 2004). Therefore, patches
should not be cropped deliberately, but shoulddresiclered according to their properties,
whether they are covered by the reporting unit Whai partially. Considering boundary

324 patches beyond the boundaries may lead to chamgesmetric’s value by actions taken
outside the reporting unit. This is appropriateéegeorting units do not exist in isolation but are

embedded in a broader landscape context whichdwagical relevance.

Li and Wu (2004) claimed that “interpreting indiaesnains difficult because the
328 merits and caveats of landscape metrics remairyponderstood”. Moreover, the authors
state that the “most critical limitation for theeusf landscape metrics is the ecological
irrelevance of landscape indices or map data amddhable responses of indices to changing
landscape patterns”. We argue that the CBC proeddumapplyingmes is a method for
332 quantifying landscape fragmentation that is wetlenstood, ecologically relevant, and

suitable for its designated task.

The case study of South Tyrol demonstrated thersmrgeerformance oS “in an

CBC

empirical application. In contrasttef;”, m5© is not limited by municipality size. Values of

336 municipalities can be aggregated without causiag.bi

Environmental policies have been released that trevaim of avoiding further
fragmentation of intact zones (e.g., UN ConventiarBiological Diversity, Pan-European
Biological and Landscape Diversity Strategy). lis tiespectime results calculated according

340 to the CUT procedure may lead to different condusithan those based on the CBC
procedure. According to the CUT procedure, thenstia for protection would be drawn to
large municipalities which happen to cut out thgést parts of patches. In contrast, the CBC
procedure indicates large non-fragmented zonegriiection independently of municipality

344  size. The new CBC procedure combines two impoxatdria for using the indicator of

15
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landscape fragmentation: First, reference to palifooundaries is important for

communication of results to decision-makers bec#hsgcan compare the results of their

municipality with other municipalities. Thus, commecation between municipalities may be
348 encouraged. Second, municipality boundaries demoheously influence fragmentation

values. Hence, procedures such asifjg” are essential for application where reporting units
are embedded within a broader landscape.
The CBC procedure presented in this paper is gesecifically tome. However,
352 the principle of the procedure, that is, to overedire boundary problem by including

connections crossing the reporting unit’'s boundargy be applied to other patch based

metrics.

16
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Appendix A. Some useful characteristics of the CBC procedure
A.1 Definitions

A landscape metric, sd; is called intensive,, if F(A(®)=F(o) for all area configurations
488 @ and allAON with A[® defined as the multiplication of the region reprgsd by® in the

same spatial arrangement of patches (cf. Chan8&#,pp. 22-25; Legendre and Legendre

1998, p. 31). For example, far={1ha,4ha,5ha} a multiplication byl =2 results in

20 ={1ha,1ha,4ha,4 ha,5ha,5ha}, etc.

492 A landscape metric, sdy, is called area-proportionately additive’ if the value ofF for the

combination of two area configuratiods and ®, (with total areasA® and A%, ) is given by

otal otal

1) (2)

F(0,00,)= o ()4 o F(0,).

otal otal otal otal

This is analogous to the way the temperature oceatnation of a liquid is determined: when

496 two liquids are mixed, the concentration of the tonig becomes

with V; andc; denoting the volumes and concentrations. This sié@at each part (e.gb,

and @, ) contributes proportionally to its size, evenath part has a different spatial structure.

500 The characteristics of being intensive or area-rignately additive are interrelated. ‘Area-
proportionately additive’ means more than ‘inteesivn fact, every area-proportionately
additive quantity is intensive. The reverse gemgdies not hold. Average patch size is an

example of an intensive measure which is not arepegptionately additive.
504
A.2 On the case that two or more parts of a patch are located within a reporting unit

Whether the parts of a patch that are located malmeporting unit are connected inside or

only outside the reporting unit does not influettoe value ofmne.

508 Proof: Let A; andA; be two parts of a single patch that are locatedinva reporting unit, as

shown in Fig. 6.
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# Figure 6 (approximately here) #
The general formula ofw according to the CBC procedure (see eq. 3 frone 8g

ismSPC = ! > A DA™ In the case shown in Fig. 6, it hold®™ = ™, and thus,

otal i=1

= (AT A R A TR A )

Aotal
= (A + A) O™+ A TR+ A, ™).

Aotal

Consequently, the value ot according to the cross-boundary connection praeedithe
same in both casesAf andA; are disconnected within the reporting unit, dhéy are
connected, i.e., one patch size &f £ Ay). The same is true if the number of parts withie t
reporting unit is larger than two. The valuengf does not depend on the number of fractions
that are cut away by boundaries of a reporting, lneitause the probability that a randomly
chosen point is found within a group of severattiens of a patch within a reporting unit
equals the sum of these fractions. The connechetwseen two points, located oneAnand

the other inA; are not affected by whether they are running withi outside of the reporting

unit.

A.3 On the mathematical property of m3’° to be area-proportionately additive

The effective mesh size, when calculated accortdiibe CBC procedure, is an area-

proportionately additive quantity without any résions.

Proof: Let ®, and®, be two area distributiors, :{A(l’| i=1..n}, ,={A?i=1..n)}
with total areasA” and A® . The joint configuratiors, 0 ®, hasn, patches where

n,<n +n, because either none of the patches has partetbired, and ®, at the same time

(and thenn, =n, +n,), or one or more of the patches have parts lodateg and ®, at the

,cmpl

same time (and then, < n, +n,). In the first case, alA®“™ are different from aln®™",

andmg of the joint configuration®, 0 @, results in
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My (C])l O (DZ) = ﬁ(i (A(l) m(l),cmpl) + i (A‘-(Z) mj(z),cmpl)]

otal otal \ 1|
2
Ao z(A(l) A® cmpl) A2, z( @ Dg\@) cmpl)
1 2 1 1 2 2
AT, + A(o?al A = A+ Ay A S
— Aotal ( ) Aotal
el O () + — 2 T ().
AL+ AD, AD +A2,

In the second case, there are patches AftHi™ = A@ ™' and eitherA® and A® are
connected or not connected (as shown in Fig. &ither case, their contribution e is the
same asA(l’ m(l),cmpl + Aj(z) DAJ_(z),cmpl — (A(l) + A(Z))m(l ,cmpl — A£1+2) mf1+2) ml 55 discussed

N3
above (in section A.2). Therefore, the SE‘(AEhZ) Dﬁk(“z)""’mp') can be written as the two
k=1

sumsZ(A(l) Y Cm"') Z(A(Z) A® Cm’") and the relationship above is also valid, i.e.,
: =

(1) )
m, (o, 0®,) :Am—j% [, (¢1)+A(1)—j% [, (®,). This means thamn>° is an area-
otal otal otal otal

proportionately additive quantity.
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Figure Captions

Figure 1. Example of calculatimg.« according to the CBC procedure for reporting a@nit
(Ry). (@) Connections between locations witAg(inside R) are included ime . (b)
Connections between locations outside paFe not included img . (¢) Connections
crossing the boundary and starting inaRe included imme. (d) Connections crossing the

boundary and starting in,Rire not included img. A1 does not include the urban arégi, of

Ry includesAy, Ay, As, and the urban are#™ includesA.

(Ar=4km*5km—2km*1km =18 km%A."™ = 18 km2,A, = 6 km * 5 km = 30 km2,
A= 30 km2,Ag = 10 km * 2 km = 20 km2AS™' = 10 km * 5 km = 50 km%a(R1) = 10

km * 7 km = 70 km?2)
mSE° of Ry is calculated as 31.77 Kr(see text).

The connections described above within landscafmh p™' are assigned to reporting units

R: and R differently according to the CUT procedure or @&C procedure. The CUT
procedure does not assign two types of connect@masy reporting unit. In contrast, the CBC

procedure assigns all types of connections to separting unit.

Figure 2. Effect of subdividing the reporting uoit the value ofms+ according to the CUT
and CBC procedures. An additional boundary runsutin a landscape with a distinct
fragmentation pattern (left), dividing the totabarfoa) in two halves. In example a), the
landscape structure is a regular grid. AccordinthéoCUT procedureTs;, pariS lower than

Mefr, combined According to the CBC procedum®e; part €quUalSTes combined IN €Xample b), the

fragmentation pattern is not regulang; . is again lower tham'" .. .,in both parts. When
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applying the CBC procedursy is higher in part 1 than for the total landscape part 2

receives a lower value.

Figure 3. Study area of South Tyrol. a) Locationhaf study area. b) Elements fragmenting

the landscape (road and railway network, areagweéldpment). ¢) Municipality boundaries.

Figure 4. Effective mesh size according to CUT prhae and CBC procedure plotted against
municipality size for the 116 municipalities of Slod'yrol. R2 is Pearson’s correlation value.

For the CUT procedure, many values are near thiedlbhe indicating the maximum possible

U

value form&’™ (= municipality size).

Figure 5. Geographic distribution ot¢ values in the 116 municipalities in South Tyrol
according to (a) the CUT procedure and (b) the @Bi€edure. For both procedures, the
values are indicated by 11 equally sized classes elass covering 20 km? for (a) and 100

km2 for (b).

Figure 6. Two or more parts of a patch located iwithreporting unit. Whether these parts are

connected or subdivided into several fractions amgsnfluence the value ahg ™ .
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Figure 1.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 6.
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