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Absiract. Grid maps are used as a basic vegelation daia base
based

in Japan; they ane lified from vect
maps. We estimated the frequency error or lack of information
C ling to reduced ion and ined the reliable

Tirmats of this data base, We produced 10 grid maps on five
different scales from 50 m to 1000 m using two different
methods using both the whole cell (W-method) and only the
central circle (C-method) from a vegelalion map al scale |:
25 000, We found that patches larger than the area of a cell
on a vecior-based map could be kept almost certainly on any
map. but many patches of less than the cell size were Jost. The
number of missing patches with the C.method is fewer at every
scale than those with the W.method. Though the value of
Morisita’s C A (p) index showed that the similanty with the
original map was high - from the 50-m to the 200-m resolulion
- il was increasingly lower on the 400-m and 1000-m grid
maps. The values of the Shannon index on the original map,
St-m and 100-m grid maps were not different. but they de-
creased from the 200-m to 1000-m grid maps. Because the
vegelation data base of the Japaness Environment Agency
used a 1000-m C-method grid map, we found that much
information on patches less than 100 ha had disappearsd

about 2 ar large paiches is

almost accurate in this data base

Keywords: Cell size; Paich size: Reselution.

Introduction

The grid map technigue was developed in geography.
Girid maps can show both continuously varying attributes
without boundaries (e.g. gradients, physiognomy, tem-
perature), and disconlinuous allnibules with boundarics
(vegetation, soil, land use) in the same unit. Before more
advanced computing systems such as peographic infor-
mation systems (GIS) became popular, data for grid
miaps could be easily computerized and analysed statisti-
cally, When remote-sensing technology developed rap-
idly during the 1980s, grid maps are more and more often
used as the standard data base for landscape analysis in
many countries (Dricse et al. 1997).

Real, complex forms of objects in landscapes are
simplified in grid maps. Grid maps may comtain ‘errors’
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in that they do not always describe comrect information
on real vegetation, such as area perimeter. They may
also lack on existing vegetalion paiches
which cannot be described because they are too small.
Henderson-Sellers et al. (1985} and Meentemeyer &
Box { 1987) pointed out that lack of spatial information
corresponds 1o reduced resolution. Turner et al. {1989h)
pared grid maps of diffe grain size, which were
produced by aggregating adjacent pixels, by indices
measuring di . dominance and agion. Land-
scape ecologists also studied errors related to the change
in scales using remote sensing data (e.g. Nellis & Briggs
1989 Benson & MacKenzie 19935; Moody & Woodcock
1995). However, there have been few studies which
attempted 1o quantify the accuracy or errors based on real
patch size, although patches are an imporant element in
landscape analysis. The main purpose of this swdy is 1w
clarify the relationship between cell size and errar.

A further aim is 1o examine a digital data base for
Japanese vegetation in a grid form, Initially, vegetauon
maps in Japan were based on phytosociological units,
e.g. that of the Ozegahara basin by T. Suzuki in 1954,
From 1969 1o 1976 a standard vegetation map covering
the whole of Japan was produced for the Cultural Agency
of the Ministry of Education, Science and Culture. This
was an actual vegelation map al a scale of 1200 000.
The Japanese Environment Agency also made actual and
potential natural vegetation maps al a scale of 1: 50 000
in 1973, The vegetation maps were made and based on
aerial pholographs and field surveys. Actual and potential
vegelation maps were constructed al the same scale
during the sccond (1979) and third surveys {1 983-1986),
Since 1973, information on physiognomy, chmate and
sociely has been routinely digitized. The standard data
style was a grid map on which the cell size is approxi-
mately 1000 mx 1000 m. Subsequently, similar grid
maps of actual and potential natural vegelation were
made during the fourth survey (1988-1992). This map
was produced from the above-mentioned aclual vegeta-
lion map ai a scale of 1:50 000. Typically, the attribute of
a ccll is the largest vegetation type in the whale cell.
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Fig. 1. Cell size and method of raster map consirection by the
Environment Agency, Japan, The auribute of a cell is the largest
vegetation type in & central circle with a diameter of 250 m.

H , inthe fourth survey by the Envi AZEncy
different method was used: a central circle (250 m in diam-
eter) of a cell was taken instead of the whole cell (Fig. 1).
In this way, the largest vegetation type within the central
circle is the anrbute of the cell. The report (Anon. 1994)
stated that with this method the risk for missing small
patches and including errors can be minimized. How-
ever, the report did nov clarify how accurate the new
method was compared with the previous one.

Mizoguchi (1986) pointed out the weakness in this
data base system. Analysis of this data base is difficult
because we do not know its reliability. Hess (1994)
argued that the lack of information on possible emrars
ultimately limits our ability to draw statistically valid
conclusions about the degree of comelation between land-
scape paltern and ecological processes. Actally, envi-
ranmental planners anticipate that ready-made data bases
will become useful for environmental impact assess-
ments, planning and conservation (Simemuraetal, 1987).
1f we can determine the type and size of these errors in the
data base of the Environment Agency we would know
betier for which purposes the data base could be applied.

We produced some grid maps at different scales and
with different methods from a vegetation map in vector
form and examined the rauo of remaining paiches,
similaritics between the original map and the gnd maps.
Then we d ined the opti lution of the grid
maps in relation to the purpose of the map.

Methods

Grid maps

We used the actval vegetation map of Hiwa-cho,
Hiroshima Prefecture in Japan on a scale of 1:25 000
(Makagoshi e1 al. 1989) as the original map. The original
map was based on aerial photos and field surveys, as the
Environment Agency's maps. lis minimum mapping unit
was 25 m x 25 m, The 1o1al research area was 1600 ha (4
km from north 1o south, 4 km from east to west), and there

were |5 vegelation types. All patches were registered and
their areas and perimeters were measured. We constructed
10 gnd maps with five different resolutions (the side
length of the cells being 50, 100, 200, 400 and 1000 m}
and using two different methods, using the whole cell: W-
method, and the central circle: C-method (Fig. 2). The
diameter of the central circle is a quarter of the side length
of a cell, as in the Environment Agency's fourth survey.
We recorded not only vegetation types bul also the number
of patches as auributes of cells, in order to find which
spatial information ahowt these paiches remained. In the
case of cells having paiches of the same type on both
400 m and 1000-m grid maps. all of them were recorded.

Sravistical analysis

The percentage of missing paiches on the 10 grid
maps was calculated and the relative areas of the re-
maining patches were compared with those of missing
patches. We also calculated the percentage of each
vegetation type 1o check any increase or decrease due 10
change in reselution.

After this analysis, the similarities between the
original map and the 10 grid maps were calculated by
means of two indices. The first one is the C A (p) index
(Morisita 1959 which calculates the similarity be-
1ween two samples based on the number and amount of
common vegelalion types:

EZHI Pi
CA(p) = ——t

(M) + HpRYS P 3 R

()

where P,i is the proportion of the vegetation type § of
sample 1, and n is the number of vegelation types
present. If two samples are identical, the value of C 4 (p)
is nearly 1.0. With this approach we can show relative
similarity between the original map and any grid map.

‘The other meihod used was the Shannon index { Shan-
non & Weaver 1962):

H ="y (Pi)log(Pi) @
where Pi is the proportion of the vegetation type i, and n
is the number of vegetation types present. The Shannon

index is widely used as a measure of diversily in land-
scapes.
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1] Rasslubier, of grid mag
0m 100m & “00m

onll sipe. 0 25 Na 1ha & na i ha

21 Mt
1000 G- mihod

100 ha

Fig. 2. L. Diffesent resolutions; resolution is described by the side length of a cell. 2. Method 10 determine the attribute of a cell.
Example of a case where the attributes of a cell differ between the C- and the W-method

Results

Estimarion of error with reducing resolution

The percentage of missing patches was only 4.2 % at
the 50 m resolution using the C-method, but it increased
rapidly with reduced resolution {Table 1), About 90 % of
the paiches disappeared on the 1000-m grid map. We
compared the relative areas of remaining and missing
patches, and calculated the maximum size of missing
patches and minimum size of remaiming patches (Fig. 3}
‘We found that the patches larger than a cell area would
almost certainly remain on any map. The minimum size
of remaining patches on the 1 000-m grid map was smaller
than those on the 400-m grid map. This is because a cell
with a coarser resolution often included more than one
paich. For example, if a cell includes some patches of
vegetation type 1 and their total area is largest, its at-
tributes would be vegetation type 1. In this case, even
small patches could remain. Table 2 illustrates the number
of patches and mean patch size of the eriginal map. Il
shows thal vegetation types with a smaller area have
fewer paiches. Generally, vegetation types with a small
area are more difficult to keep on a coarser- grid map than
large vepetation types. In fact, vegetation types with a
smaller area, notably types 7,8, 10, 11 and 12 were lost
on the 200-m to 1000-m grid maps (Table 2). This table
shows two problems with coarser grid maps. A 1000-m
grid map shows anly four or five vegetation types of a tolal
of 13 types in the actual landscape. On the 1000-m grid
map, the total area of dominant vegelation types for a
whole region such as types | and 2 were estimated 1o be
larger than the actual area.

Although the similarity with the original map was
high at 200-m resolution, it decreased rapidly on the 400
m and 1000-m grid maps (Fig. 4). The main cause of
decrease in value on coarser-resolution maps 1s the re-
duction of the vegetation types present. At the 1000-m
resolution, the C-method gnd maps have one vegetation
Iype more than the W-method maps (Table 2); hence the
value of the Shannon index for the C-method grid maps
was higher than for the W-method maps. The values of
the Shannon mdex on an original map, 50-m and 100-m

grid maps were not different, but decreased on 200-m,
400-m and 1000-m grid maps (Fig. 5) - because coarser
maps have fewer cells.

Both the similarity and diversity based on the C-
method were larger than those produced by the W-
method. We also found that the number of missing
patches in the C-method was less than with the W-
method (Table ). These results seem to indicate that the
C-method is able to minimize the loss of small patches
as was also reported by the Environment Agency.

Examination of vegetation data of the 4th survey

Taking the previous results into consideration, we
examined the data of the &th survey by the Japanese
Environmental Agency, using a 1000-m C-method grid
map. Tables 3 and 4, which were reproduced from the
Agency's report (Anon. 1994}, were combined ina grid-
based digital data base. It was shown above that grid
maps with a coarser ion lack many veg
types and contain certain errors related to the arca of the
real vegetation. Hence, these aggregations based on
coarse grid maps include informanon for preservanon
strategies on the hasis of the Agency's report.

Table 3 shows the sum and percentage of each vegeta-
tion type for the total area of Japan compared 1o the Jrd
survey. The alpine vegetation has changed much since
then: the subalpine vegetation changed from primary

Table 1. Mumber and proportion of missing parches on each
2nd map

Meihod Side length af Numbes Fropartion
cell {m} (%)
-methad 50 [E] 42
100 72 3.0
2 182 585
440 262 542
1000 264 855
W-method 50 21 6.7
100 13 363
200 212 68.2
400 2 B7S
1000 pidl 0.3
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Fig. 3. Area of missing palches (halched) and remaining
patches {open).

secondary vegetation in this period. Fagerea lorest de-
creased significantly. The Camellietea primary foresis

as well, they d in small patches. The
secondary vegetation was also largely lost on the map
due 10 explonation and conifer pl ion. The natural
herb petation di d in small areas. On the
wlher hand, menoculture conifer plantations and cropland
areas increased even in the economic slump of forestry
and agriculure. Residenual and commercial arcas, in-
cluded in *the others”, also increased, due 1w urbanization,
The total arca of dominam vegclation types was esti-
mated to be larger than the actual area.

Table 4 shows the extension of vegetation 1ypes of
diffs degrees of I for the Jap vegela-
tion as compared 10 those in the third survey, Naturalness
is estimated as the absence of human impact; its ranking
from 1010 1 15 based on the concept of potential natural
vegetation (Tixen 1956; Zerbe 1998), 1T a cenain vegela-
tion is close 1o the potential natural vegetation, its natural-
ness 15 ranked high. Vegetation types of rank 1010 7
decreased in the area — they were converied into plania-

Value of the G A (p) index

Resolution {m)

Fig. 4. Similarity between onginal map and each grid map. O
= C.method; @ = Wemethod; - = - = Value {1 030) when one
map is equivalent o the original map.

tions. Secondary shon grasslands of degree 4 increased
because golf courses and ski courses were exlended.
Arable Jand of degree 2 and urban areas of degree |
further increased.

The observation of these vegetation changes is taken
mainly from the information on large patches (detected in
cells of = 100-ha; we do not have complete information
on paiches smaller than the cell size. Consequently, we
cannot detect whether the small parches of these vegeta-
tion types increased or decreased. For example, alpine
vegelation in Table 3 did not change. This means that
large paiches of alpine vegetation have been preserved
well. Bul vegetation types with a small area such as mire
vegetation may have disappeared or been reduced in
some areas (Nakagoshi & Abe 1995),

Table 2. Number and mean size (ha} of patches of each vegeiation type, and the proportion (%  of each vegetation iype in the research

area of Hiwa-cho.

Faichealvepesainon 1ype

Mo Vegeation type No.  Me= g

size tha) map (%

C-method (%) “'—Mﬂmr?\
2 I 20 0 100 Ll 100 b d00 1000

1 Camey “ sl 419 428 445 S10 615 441 4S9 400 SED 688
2 Castanes: Purreetm ¢ rispy 15112 105 0t 104 112 90 125 1030 108 110 110 IBR
4 Rhosdoadengtrn esicubmi-Pinerws densiflers (b2 Bm) 37 18 21 26 E L] L} 4 1312 L] a
5 € jomowicr, €. abrsa planaiion (b 2 § m) LI NI TY NN TSIt LU N T T T T Y
& € juprwicu, © aftwsa plantation (3.5 h< 5 m) 45 &9 139 42 1A 170 62 M2 143 132 14D 6%
7 C papowicn, €. ol plntason h < 3 m) 1 13 01 B 03 [ o o 0r 0z o o o
] 307 0 or 02 [ o o ol ol U o0
Apcy CamEmRily - 8 41 43 45 12 10 L} 44 42 300 40 ]

10 Arsndingrivs pygawens -Miscontheian sipds 1 05 0.1 ol el 02 [} L] oy [J o o [
11 Piertlosachys bereroevola £ pubescens plamatios 1§ 01 02 01 03 o o0 [T 1] L T
12 Decidupus arckard [Castanen cremita] I 05 en) oo ol o o o oo L} L o L
13 Upland fiedds (weed comm,of the Chemapadieteu) L] 0% as 06 05 Lm0 o 1] a6 G408 L) o
14 Rice fiehds {Orvzu awtiva) sl 04 105 100 100 118 62 108 WE 120 B0 62
15 Parks and spon fields | LN az 0r 0 0% L] o 0 031 65 1] [
16 Inkabied aress LA AR 1] (TR T 0 0F 05 10 0
Toul ur_ 81w 10000 100 100 G000 100 100 T 10
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‘Table 3. The sum and percentage of cach vegetation type in the total area of Japan.

Wegeiatios rype The 3nd investigmion (1980 1986)  The 4th ieveatigation {1 288. 1992) Change
Necamber of cells % Number of cells % Huamiber of cells %
Alpine and arciac primary vepetation 1138 a3 e o3 - a0
Sub-alpine snd boveal prinary vegetation 16 147 a4 16110 44 -n a0
Sub-alpine nf bareal secondary vegetation I L 4 LE 4 a0
Frugete primary vepeation 45148 123 H M 1] - 44 -0
Fugeten secondary vegeiasion 41232 15 ELTH 1.3 - 420 -0z
Cumellieres premaey vegeiation 6070 16 5964 16 106 [T
Curaellietes secendary vegelation STRAS 157 5713 14 - 184 -0
Riparian, weland, salt marsh. and desert vegesation 2513 07 T4EE L 28 a0
Plantation, rulnvased land 149 460 460 170824 [} 1384 o4
Orbers o 806 73 11548 15 k] 01
Toea 68 470 100.0 68 410 1] 140 L1
Discussion and sustainability of landscapes. These swudies are very

usefil to understand minimum paich size and (o decide the
7 size of a grid map. A frequently discussed

Relationship between cell size and parch disapp

There are two app 0 ine the opti
resolution of a grid map. The first approach is the use of
patches, The result of this study indicates that there are two
main factors which determine whether information about
the patch is kept or notl. One factor is the patch size. If the
size of the patch is larger than that of the cell, its informa-
tion is almost certainly kept. The other factor is the
attribute of the paiches. If the anribute of a patch is a

i one, the p ility of its infe ion being
kept is high. Therefore we suggest applying a cell size
larger than the object. 1T the object is large, i is enough 1o
produce a grid map at a coarse scale. It would be best (o
find functional minimum sizes for the vegetation. To
i ine the mi i | size, we need many
studies about the function of each object. For example,
Frissel et al. (1986) showed the hierarchical organisation
of & stream system and its habital subsystems. Shugan &
West (1981} indicated a spatial scale for disturbance areas

p;’l;b]r.m in the field of landscape ecology is the scaling

Valn o Shanncn index

o
=

Resohubon (m)
Fig. 5. Shannon index of each grid map. O = C-method; @ =
W-methed, — - — = Value of the Shannon index {1.711) on the
original map.

Table 4. Extension (number of cells) and percentage of vegetation 1ypes of different degree of naturalness in Japan.

Maturalness Wegetation 1ype Third i Fousih igati Change
Number of cells % Namber of gell L) MNumber of cells &

0 Natwral grasskand 4038 1 40n 11 00
b Natural forest 66 979 182 46 394 180 -0z
& Secondary forest (replaced forest) 20 46 4 19733 54 -0t
7 Secondary forest T 484 191 69 030 157 =04
6 Flantations 91020 47 2m 5.0 03
5 Secondary tall grassland 57137 16 5626 15 oo
4 Secondary short grassland 439 L& e (B} 0.2
3 Onchards 6798 13 6517 L& 0o
2 Ries Niclds T 945 209 73 210 ol
I Urban aress | exploiied land 14841 40 15420 42 0z
Natural open land 1392 04 1416 4 4 0o
Waler sarfaces 4170 L 4211 [ 41 0o
Unidentificd 7 oo T 00 =1 0o
Towal 368 470 100.0 38610 1000 140 oo
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problem in landscape analysis (e.g. Turner et al. 1989a).
However, such functional studies have not yel been well
developed. The second best approach is 1o apply the finest
resalution possible in terms of time and costs. In this case
we state below which size patches are omined.

The second approach is (¢ survey an entire region. 1§
we analyse a landscape, the details about all land

Driese, K L., Reiners, WA, Mermill. EH. & Gerow, K.G, 1997,
A digital land cover map of Wyoming, USA: a wel for
vegetation analysis. . Veg. Sci 8 133146,

Frissell, C.A, Liss, W1, Warren, C.E. & Hurley, M.D. 1986, A
hserarchical framework for stream habitat classification -
Viewing streams in a watershed context. Environ. Manage.
Ik 199-214.

Hend: Sellers. A., Wilson, M.F. & Thomas, (. 1985, The

elements are not always necessary. Using a 100-m grid
map we could calculate almost equal diversity values as
for a map at a seale of 1:25 000. Errors involved in the
conversion from vector maps into grid maps will be
cqual al other scales. We should decide for an optical
resolution in accordance with the purpose of the map.
Additonally, using the C-method reflects the landscape
struciure more accurately than the Wemethod at the
same resolution.

Reliability of the vegetation data base in Japan

We conclude that much information aboul patches
< |00 ha will have disappeared from the vegetation data
base at the Environment Agency, Japan. Especially

effect of spatial resolution on archives of land cover type.
Cline. Change 7: 391-402,

Hess, G. 1994, Pattern and error in landscape ecalogy: A com-
mentary. Landscape Ecol, 9 3.5,

Meenemaver, V. & Box. EO. 1987 Scale effects in landscape
studie. In: Turner, M.G. (ed.) Landscape feterogeneirny and
disturbarnce, pp.15-34. Spnnger-Verlag, New York, NY

Mizoguchi, K. 1986, On the problems of natural environmental
data from nalure survey of Japan as data base. L dpn. fugr,
Lamadseape Archir 49: 161-166. (Japanese with English sum-
mary. )

Moody. A & Woodcock, C. 1995, The influence of scale and
spatial characieristics of landscape on land-cover mapping
using remote sensing. Landseape Ecol. 10: 363-379.

Morisita, M, 1959, ig of interspeicifi jation and
similarity btween communities. Men. Fac. Sci, Kvusvw Univ,
Ser. E. (Biol.) 3: 65-80.

Mak hi, M. & Abe, T. 1905, Recem changes in mine vegeta-

about all patches < | ha di 1 while applying the
current method (Anon. 1994). Consequently, this data

nom n ¥ awata, southwestem Japan, Werlands Ecol Manage.
397108

base gives largely reliable i iom about
vegelation or large paiches, but information about mi-
nor vegetation Lypes of vegetation in small patches 15
often inaccurate. In other words, we must apply the
Environment Agency's data base for the analysis of
large vegelation stands more than 104 ha in area.

Land use m Japan 1s very complex and there are few
vegetation patches of above several hundred ha. Nawral
vegetation which should be protected is often found in
small patches, e.g. wetlands, riparian vegeration and
grasslands and those cannot be recorded. We therefore
recommend the construction of finer-scale grid maps or
an ather type of dawa base in order 10 more accurately
record the distribution of rare plant communities over
the country.
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