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THE ROLE OF RESOLUTION ON LANDSCAPE METRICS
BASED ANALYSIS

Tari Z., Szabo Sz. Rola rozdzielczoéci w analizie metrycznej krajobrazu. Parametry metryczne krajobrazu s efektyw-
nymi elementami jego ilodciowej analizy. Pomagaja zrozumieé strukture krajobrazu i procesy ekologiczne. Platy, korytarze i ma-
cierz przez nie utozona odgrywaja istotna rolg w badaniach krajobrazu. Niniejszy artykul analizuje wpiyw rozdzielczosci map na
parametry metryczne krajobrazu. Giownym celem byta: 1) identyfikacja parametrow, ktdre wynikaja ze skali, jak rowniez 2) uja-
wnienie potencjalnych bledéw we wnioskch opartych na tych parametrach. Badano nastgpujace wskazniki: liczba platéw (NP),
obszar klasowy (CA), srednia wielkoéé platu (MPS), odchylenie standardowe wielkosci platu (PSSD), srednia krawedz platu (MPE),
catkowita krawedz (TE) przy rozdzielczosci 0.5-1-2.5-5-10-20-30-40-50-60-70-80-90 i 100 metréw. Mozna stwierdzié,
e wykorzystanie jakiej$ metody wektorowej jest sensowne, kiedy podstawowe parametry metryczne sq studiowane w mikroska-
1i, gdyz podobny do pikseli charakter patow w systemie rastrowym znacznie modyfikuje parametry zwiazane z obrzezami (gra-
nica) i stosunkiem obszaru do obrzezy (granicy). Wzrastajaca rozdzielczos¢ pikseli o matych rozmiarach platow izodiame-
trycznych przy rozdzielezosci 20-40 metrow powoduje, mozna wykry¢ wiecej platdw niz wynosi ich rzeczywista liczba.
Dalsza redukcja rozdzielczosci skutkuje polaczeniem pikseli, staja si¢ one wicksze a ich liczba zmniejsza si¢ i niewiele rozi
sic do mapy oryginalnej. Zatem, zdaniem autoréw, do analizy metrycznej platow krajobrazu najbardziej odpowiednia jest roz-
dzielezo$é ponizej 10 m, natomiast w przypadku wskaznikow typu granicznego (obrzezy) zalecane jest wykorzystanie rozwia-
zan opartych na wektorach.

Typu 3, Ca6o C. Poib paspemiennsi B METPHYecKoM ananmse aantmacgros. Merpiueckie napameTpel naHmuadTOR ABIA-
J0TCA SDPEKTHBHEIMH HIEMEHTAMH HX KOJIHUECTBEHHOTO aHanu3a, OHH criocoGCTRYIOT MOHHMAHHIO CTPYKTYPLI nanamadg-
TOB M IKOJOTHUECKHX Tpoueccos. Sueiixn (yqacTii), KOPHIOpE! i 00pasosaHHAS HMH MATPHIIA HIPAIOT CYUIECTBEHHYHO0 POk B
wayueHun nanamadros. [IpeacTaBieHRan CTaThd PACKPHIBAET BAHAHKE PA3PEHICHHA KaPT HA METPHYECKHE IApaMETPBI Naki-
magros. OcHosHble TieTH paboTer: 1) ONpe/Ie/IeHHE NapaMeTPOB, KOTOPEIE ONPEASIAOTCA macirraboM KapT, a TakKe 2) BIARIE-
HHe TOTeHIHATLHEX OmMGOK B BHBOJAX, OCHOBAHHBIX Ha MPHHATHIX MapameTpax. Heciaenosans creayloiHe NapamMeTpar
uncno sueex (NP.), npoctpasctso knaccos (CA), cpennas penwanHa suefiki (MPS), cTanIapTHOE OTKIIOHEHHE BENHUHHEL Aeii-
ki (PSSD), cpemusia rpatnna sueiien (MPE), obmas rpanuua aveikn (TE) npu paspenicHi# 0.5-1-2.5-5-10-20-30-40-6 70-
£0-90 1 100 v. MOXKHO YTBEpHKIATE, ¥TO HCTIONEIOBAHNAE BEKTOPHOTO AHATH3A NenecooGpasHo TOTA, KOTd OCHOBHLIE METPH-
WeckHe MapaMeTphl H3YHaloTes B MUKpomaciuTade, NOCKOIbKY MOX0KHH Ha MHKCENH XapakTep AYeCK B pacTpoBOi CHCTEME
3HAYHTENEHO MOIH(HITMPYET NapaMeTphl CBA3aHHBIE C OKpaHHaMH (TPAHALIAMH) H ONOAKEHHEM TEppHTOPHI Ha OKpauHax (rpa-
uiiax). BojpacTaromee paspeiiente THECENeH MahiX pasMEPOB HIOIHAMETPHISCKHX AUEEK NPH PA3PEIICHHH 2040 m no3rons-
BT BRIABHTE DOJIBIIE AYEEK, HEM MX BHICTYMAeT B aeHcTeHTensHocTH, [locnemyloniee cokpamiesie paspelicHHs CONpOBOAIaeT-
¢ cOeTMHEHNEM TTHKCENeil, OHW CTAHOBATCA BONBINE, @ HX YHCI0 YMEHBIIAETCH 1 MOYTH HE OTAHYAETCA OT HCXO/IHOH KapThl.
[loatoMy, 10 MHEHHIO ABTOPOB, /U8 METPHYECKOT0 aHAIH3a NanawadToB Hanbonee COOTBETCTRYCT PA3pPEeIICHHE MEHES 10 M,
4 B CTyHasX NOKA3aTENell MOrPaHHYHOTO THIIA (OKPaHHBI) PEKOMEHIYETCA HCMIOMB30BATH BEKTOPHBIC TIOIXOAM.

Abstract Mean Patch Size (MPS), Patch Size Standard Devia-

tion (PSSD), Mean Patch Edge (MPE), Total Edge (TE)
Landscape metric parameters are effective elements of ~ with resolutions 0.5-1-2.5-5-10-20-30-40-50-60—
guantitative landscape analysis. They help to under- 70-80-90 and 100 metres. It can be stated that the use
stand landscape structure and ecological processes.  of some kind of vector method is sensible when the ba-
Patches, corridors and the matrix established by them sic landscape metric parameters are studied in the mi-
have important roles in the operation of the landscape. cro-scale as the pixel like character of the patches in
The present paper investigates the effect of map reso-  the raster system modifies significantly parameters as-
Jution on landscape metric parameters. The main goal ~ sociated to the perimeter and the area/perimeter ratio.
was to identify parameters that are scale prone and to Increasing resolution the small sized pixels of the iso-
reveal potential faults of conclusions made on these ~ diametric patches become aggregated while elongated
parameters. The investigated indices were the follo-  patches disintegrate into smaller, not continuous areas.
wings: Number of Patches (NP), Class Area (CA), In consequence, much more patches can be detected at
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resolutions 20-40 metres than the real number of pat-
ches. Further reduction of resolution results in the joi-
ning of the pixels, they become larger and their num-
ber is decreased providing a difference to the original
map that is not significant. Thus in our opinion for the
area-type landscape metric analysis of patches resolu-
tion below 10 metre is most suitable while in the case
of perimeter-type indices the use of vector based so-
lutions is recommended.

INTRODUCTION, AIMS

Landscape metric parameters are effective elements
of quantitative landscape analysis. They help to un-
derstand landscape structure and ecological proce-
sses. Patches, corridors and the matrix established
by them have important roles in the operation of the
landscape.
Landscape metric researches usually study the pat-
‘ches as their geometric characteristics (area, perime-
ter, shape, etc.) together with their relative spatial po-
sition (e.g. closeness, connectivity) can be calculated
by simple mathematics. Considering patches, para-
meters can be classified into several groups: area/pe-
rimeter, shape, core area, isolation/proximity, contrast,
contagion/interspersion, connectivity, diversity.
Perimeter, area of patches and their quotient are
important landscape metric parameters that alone
can give the base for regional planning. There are
ecological researches that determined the minimum
size of a forest that can operate as an individual eco-
system. Perimeter alone cannot give information on
the vulnerability of patches but its quotient with the
area can: great perimeter/area ratio reflect that the
patch is connected to the neighbouring patches via
a large surface that may have an effect on the com-
position or the behaviour of the species living in
the patch (LINKEVICIENE, TAMINSKAS, SIMANAUS-
KIENE, 2007). Patches are composed of an inner
zone, the core area and the edge zone. Different
species, plants or animals endure differently the
disturbing effects present potentially in the edges
therefore different edges have to be calculated with
in the case of different species (it is doubtless that
a busy motorway produces different effect on a ne-
sting bird than on a plant). Perimeter and area of the
edges depend largely on the shape of the patch: when
the shape of the patch is like a dissected continent
the edge is larger, while if it resembles a nondissec-
ted coast then the edge is minimal. The size of the
patch, of course is also important as virtually the-
re are no edges in the case of small patches. Boun-
dary between patches may serve as a filter or as a
barrier. In the case of the latter landscape may be-
come fragmented without any human interference
and the rate of isolated areas increases (BARCZI,
2008). Distance between two patches may also pre-
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sent a barrier, especially for smaller sized animals
(larger ones can cover even several hundred meters
while 10 metres may prove to be too much for
smaller ones). Degree of contrast is also important
as it shows the difference between two connected
patches (CSORBA, 2008). Ecological processes are
strongly influenced by the contrast between the
patch and its surroundings (and it is in close corre-
lation to the ratio of perimeter/area mentioned abo-
ve). Landscape can be assessed regarding the spa-
tial distribution of the patches as well. At this time
contagion factors (e.g. Aggregation Index, Conta-
gion) have to be calculated that give the spatial ag-
gregation of the patches. Mixing of patches with
others is characterised by the factors of intersper-
sion (Interspersion and Juxtaposition Index) (JAE-
GER, 2000). Connectivity presents information on
the flow of species: large, continuous patches may
become separated habitats due to habitat loss or
fragmentation (MCGARIGAL, 2002). Landscape di-
versity factors are based on the fact that diversity
increases landscape stability. There are several ar-
guments pro and contra analysis of which is not the
goal of this paper.

Individual factors are usually interpreted on
patch, class and landscape levels. Patch level para-
meters are regarded on an individual patch, while
class level parameters are given as simple or as
weighted according to a certain aspect (usually area)
average of the characteristics of the patch by land-
use categories. Landscape level parameters summa-
rise class level parameters by different aspects. Na-
turally there are no variations at all three levels for
all of the parameters: there are parameters that can
be interpreted only at patch level and others interpre-
table only at landscape level (MCGARIGAL, 1995).

It is clear that the scale applied in the studies de-
termine the value of the individual indexes as well.
Due to generalisation of the maps, boundaries of the
patch are simplified in meso-scale and small-scale.
Sometimes smaller patches cannot be depicted by
the maps, however, they are important ecologically.
Ideal scale for landscape ecological planning would
be large scale but unfortunately conditions are not
given for such investigations as there are no maps
available with the required scale. The present paper
investigates the effect of map resolution on land-
scape metric parameters. The main goal was to iden-
tify parameters that are scale prone and to reveal po-
tential faults of conclusions made on these para-
meters.

METHODS

Landscazpe metric investigations were performed in
a 63 km” lowland landscape (Tiszazug, eastern Hun-
gary, fig 1). The area is located in low and high flood-



Fig. 1. Location of the model area
Rys. Lokalizacja obszam modelowego

plains dissected by abandoned channels, point bars
and sickle flats. It is part of a Neo-Holocene terra-
cette series consisting of fluvial sand, silt and infu-
sion loess (ALDOBOLYI, 1954). Its deeper parts we-
re frequently flooded by the Tisza prior to the water
regulation and flood prevention works while iis wes-
tern edge still serves as the wave area of the Tisza.

Landscape mosaics were digitized in a scale of
1 : 5000 by the geoinformatics software ArcGIS 9.0
from digital orthophotos created from aerial photos
taken in the summer of 2005, Land cover catego-
ries were given based on the simplification of cate-
gories of the CORINE Land Cover database with
the scale of 1 : 50 000 (CLC50) adapted onto Hun-
gary (87 categories). Landscape structure was stu-
died based on 14 combined categories (CSORBA,
2007): 1. settlement; 2. area of industrial, trade and
agricultural establishments, traffic network elements;
3. quarries, depositories, construction areas; 4. ar-
tificial, non agricultural green areas; 5. arable lands;
6. vine and fruit production lands; 7. pastoral lands;
8. mixed agricultural lands; 9. deciduous forest; 10.
pine forest; 11. mixed forest; 12. close-to-natural
bush and/or plants; 13. water; 14, wetlands. 290
landscape mosaics were identified in the patch dis-
tribution of land-use.

Landscape metric parameters were calculated
by the module vLATE of the software ArcGIS 9.0.
Several parameters can be determined by the soft-
ware FRAGSTATS 3.3, however, the high resolu-
tion (0.5-1-2.5 m) map versions exceeded the cal-
culation capacity of the computers. Landscape in-
dexes were calculated more reliably on vector base
by vLATE. Vector maps were transformed into ra-
ster ones with the help of ArcGIS Spatial Analyst
module with resolutions 0.5-1-2.5-5-10-20-30-
40-50-60-70-80-90 and 100 metres and then they
were vectorized again.

As the shape of the land-use categories is diffe-
rent (there are elongated and isodiametric types), in-
vestigations were performed regarding land-use as
well. 14 categories were not always possible to han-
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dle during statistic analyses therefore combinations

were required:

- isodiametric (categories 1., 2., 3., 4., 7.) and
elongated (categories 6., 8., 9., 12., 13., and

14) and
- on the basis of similar character of land-use.

Land-use variables were classified into three
groups in the latter: artificial surfaces (categories
1., 2., 3., 4.); agricultural, forest and close-to-na-
tural areas (categories 6., 7., 8., 9., 12.); water, wet-
lands (categories 13. and 14.). In the study area com-
posed primarily of agricultural cultivation landsca-
pe metric parameters of the arable lands enclosing
the patches and thus giving the matrix were not
investigated.

The parameters were depicted in diagrams with
resolution and it was determined at which resolu-
tion occurs any change in the parameters. Correct-
ness of the results was controlled by statistic me-
thods. One-way and multiple ANOVA (with Tukey
HSD post-hoc test) was applied to test the signifi-
cance of differences of landscape metrics by land
use categories.

In the course of the investigations testing all of
the potential landscape metric parameters accor-
ding to resolution sensitivity was not possible, ho-
wever, the most fundamental parameters are pre-
sented that form the basis of landscape ecological in-
vestigations or other parameters. Investigated indi-
ces were the followings: Number of Patches (NP),
Class Area (CA), Mean Patch Size (MPS), Patch
Size Standard Deviation (PSSD), Mean Patch Edge
(MPE), Total Edge (TE).

RESULTS
Effects of resolution

Analysis of different resolutions produced interes-
ting results. If only statistic analyses are considered
it can be stated that resolution has no significant in-



fluence on results, however, going into details this
proves not completely true. It has to be emphasized
that the results cannot be interpolated into meso-
scale and large-scale investigations due to their re-
solution as in this work partches were digitized in
the scale of 1 : 5000, i.e. a smaller area was analy-
sed in detail.

Fig. 2. Patch map of one part of the study area at the origi-
nal resolution:

1 — setilements, 2 — areas of industrial, trade and agricul-
tural establishmnets, traffic network elements, 3 — quarries,
depositories, construction areas, 4 — artificial, not agricul-
tural green areas, 5 - arable lands, 6 - vine and fruit pro-
duction areas, 7 — pastoral lands, & — mixed agricultural
lands, 9 - deciduous forest, 12 — close-to-natural bush
and/or plants, 13 — water, 14 — wetlands

Rys. 2. Mapa obszaru badari przy oryginalnej rozdziel-
czoscl:

1 — zabudowania, 2 — obszary przemystowe, handlowe i rol-
nicze, 3 - elementy sieci komunikacyinej, 3 — kamienioto-
my, zwalowiska, obszary konstrukevine, 4 — zielone obsza-
ry antropogeniczne, 5 — grunty orne, 6 — obszary produkcji
winnnej latorosli i owocdw, 7 —pastwiska, 8 — mieszane
obszary rolnicze, 9 — las lisciasty, 12 — zaroéla krze-
wiaste podobne do naturalnych, 13 - woda, 14 - obszary
podmokle

~ W

Fig. 3. Patch map of one part of the study area at 5 metres
resolution (for legend see fig. 2)

Rys. 3. Mapa obszaru badan przy rozdzielczoéci 5 m (le-
genda — por.rys, 2)

Fig. 4. Patch map of one part of the study area at 20 metres
resolution (for legend see fig. 2)

Rys. 4. Mapa obszaru badan przy rozdzielczosci 20 m (le-
genda — por.rys. 2)

>~ BRI

Fig. 5. Patch map of one part of the study area at 100 me-
tres resolution (for legend see fig. 2)

Rys. 5. Mapa obszaru badan przy rozdzielczosei 100 m (le-
genda — por.rys. 2)

Results were always compared to the initial map
(fig. 2) and the change of the above mentioned land-
scape metric parameters with resolution was investi-
gated. Differences are usually not significant (at
p<0.05 level) but it is worth noting that the change
occurs at the 20 metre resolution in the case of eve-
ry parameter (fig. 3). Figure 6 shows the effect of re-
solution on the number of patches by land-use catego-
ries. As it can be seen the change occurs at 10 metre
resolution, however, significant change (p<0.05) can
only be observed between the 20 and 40 metres re-
solutions (fig. 4)

Explanation is found in that as resolution decre-
ases patches become more pixel like and — espe-
cially elongated patches — disintegrate into smaller,
not continuous areas. Therefore at these 20-40 me-
tres resolutions significantly more patches can be
detected than their real number. As resolution decre-
ases more pixels become larger and thus their number
decreases (fig. 5) reducing the difference (p<0.05)
compared to the original map.
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Fig. 6. Estimated marginal means of Number of Patches (NP,
pieces) by resolution land-use types (legend is the same as
for fig. 2)

Rys. 6. Szacunkowe érednie marginalne liczby platow (NP,
sztuki) przy roznych rozdziclezosciach mapy (legenda — por.
rys. 2)

Area type parameters showed similar result as
Number of Patches in the case of MPS and PSSD,
however, CA showed no sensitivity for resolution.
Parameters relevant to perimeter behaved comple-
tely different from the earlier ones: increasing pixel
character influences perimeter significantly. Resolu-
tion dependence is presented on the example of To-
tal Edge (fig. 7).
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Fig. 7. Estimated marginal means of Total Edge (TE, meter)
by resolution and land-use types (legend is the same as for
fig. 2)
Rys. 7. Szacunkowe srednie catkowitej krawedzi (TE, me-
try) przy roznych rozdzielezosciach mapy (legenda - por.
rys. 2).

Figure 8 gives help to understand the result:
shortest distance between two points is a straight (this
is reality that is reflected best by vector systems), ho-
wever, this is not possible in the present case due to
the raster character as the distance — depending on
resolution — can be covered only by two perpendi-
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cular sections of equalled length. Assuming a squa-
re with side length of 1 unit, shortest distance is V2
(1.414), this is 2 in a raster system. Similar results
were obtained by SZABO (2006) as well.

=

Fig. 8. Changing of distance between 2 points depending on
vector or raster based approach

Rys. 8. Zmiana odleglosci pomigdzy 2 punktami zalezna od
podejéeia wektorowego badz rastrowego

This effect influences every parameter associa-
ted to the perimeter. Therefore applying it, two ways
are possible: investigations associated to perime-
ters shall be analysed in a vector form or the above
statement is accepted and results are treated accor-
dingly. In the latter case it is worth noting that com-
parison between landscapes and to former analyses
is only possible if every condition is the same (data
recording, resolution), otherwise results may beco-
me misleading.

Effects of resolution and land use

Furthermore, the common effect of land-use and
resolution is investigated in the multiple ANOVA
model (naturally land-use can produce differences
alone, thus its effect has not been investigated in-
dividually). In the analysis categories combined ac-
cording to naturality were applied for better inter-
pretation. Significant differences were not gained in
the case of either studied parameter suggesting that
land-use, land cover have no influence on the re-
sult. As it was expected significant (p=0.05) dif-
ferences were found among the three categories but
these are not discussed here as analysing landscape
ecological specifics is not amongst the goals of this
study.

Effects of resolution and patch shape

Analyses were performed according to the shape of
the patches (with the help of multiple ANOVA). ho-
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wever, significant differences were not found regar-
ding the joint effect of resolution and patch shape.
An important result is that the isodiametric and elon-
gated character of the patches influences NE and TE
parameters significantly (p<0.05). There are no si-
gnificant differences in the results in the rest of the
cases. Figure 9 shows — on the example of MPS -
that although there are smaller-or-greater changes
in patch shape depending on resolution but the two
types do not cross each other, i.e. there is no inter-
action thus the 2 dimensional space created by the
2 factors gives no addition for the explanation.
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Fig. 9. Estimated marginal means of MPS (m°) by resolu-
tion and land-use types

Rys. 9. Szacunkowe drednic marginalne MPS (m°) przy
réime) rozdzielczosel i typach uzvtkowania ziemi

CONCLUSIONS

In conclusion it can be stated that the use of some
kind of vector method is sensible when the basic
landscape metric parameters are studied in the mi-
cro-scale as the pixel like character of the patches
in the raster system modifies significantly parame-
ters associated to the perimeter and the area/peri-
meter ratio. Increasing resolution the small sized
pixels of the isodiametric patches become aggre-
gated while elongated patches disintegrate into
smaller, not continuous areas. In consequence, much
more patches can be detected at resolutions 2040
metres than the real number of patches. Further re-
duction of resolution results in the joining of the
pixels, they become larger and their number is de-
creased providing a difference to the original map
that is not significant. Thus in our opinion for the
area-type landscape metric analysis of patches re-
solution below 10 metre is most suitable while in
the case of perimeter-type indices the use of vector
based solutions is recommended. It is clear that land-
scape metric based analysis can give us differing re-

sults than reality when not proper resolution is ap-
plied. This study dealt with only the area- and peri-
meter-type indexes, but there are several parame-
ters implementing them. A simple example can be
the perimeter-area ratio: see the sensitivity of edge
to resolution (fig. 7) and the consequences on the
calculations (patch shapes shows smaller compact-
ness than they are — especially in the case of elon-
gated ones).

As a summary it is advisable that recommen-
dations for the landscape preservation practice ba-

sed on the misleaded analysis should be handled
carefully.
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