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A proper characterization of land-use types is critical for constructing generalization constraints to guide and control land-
use data generalization. This paper focused on identification and utilization of their importance based upon land-use
distributions and application themes. First, this importance was identified using a three-step method that links a diversity
index, a multiple attribute decision model and a spatial association analysis. Second, with the importance, a mathematical
function was designed to determine minimum area thresholds of land-use polygons as an example of generalization
constraints. Third, the importance was used to assist in the selection of generalization operators and evaluation of
generalization outcomes. Fourth, a land-use dataset at 1:10 000, describing the land use of a typical rural area in Hubei
province of China, was generalized towards a 1:50 000 dataset to verify the effects of the presented method and function.
Three additional tests were implemented to analyze the sensitivity of the importance of land-use types on setting the
minimum area threshold and generalization operations. The outcome showed that the proposed methods and functions
make land-use data generalization more adaptable for in-use datasets and applications.
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INTRODUCTION

Multi-scale or multi-theme land-use maps are widely used
as a primary information source in agricultural planning,
disaster monitoring and environment protection. These
maps can be produced from generalizing high-resolution
land-use datasets. Typically, a land-use map represents the
spatial variation of land-use types with space-exhaustive
polygons. Polygons that share one or more boundaries
represent contrasting land-use types (Castilla and Hay, 2007;
Gao ¢t al., 2004b). Land-use data generalization, therefore,
should follow similar principles and constraints as poly-
gon generalization (Oosterom, 1995; Bader and Weibel,
1997; Cheng and Li, 2006; Zhang et /., 2011). In addition,
land-use data generalization has to consider established
land use principles in order to make the generalized results
adaptive to specific land-use characteristics and application
requirements.
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Polygon generalization involves the transformations of
a polygonal subdivision obeying semantic and geome-
tric aspects (McMaster and Shea, 1992; Muller and Wang,
1992). During land-use data generalization, semantic
transformation occurs in two cases. The first case is to shift
land-use types from a higher to a lower classification level in
order to produce a finer scale land-use map that is of an
insufficient space to express all land-use types at the same
levels as the original map. In such cases, only significant
land-use types are retained, while land-use types of less
relevance are shifted to general levels. It secondly occurs
when deriving an application-specific map. In doing so,
the characteristics of some land-use types closely related to
the specific application theme are highlighted and empha-
sized, while others are constricted. In both cases, however,
semantic changes should be be minor, in order to display
the essential characteristics of land use (Haunert and Wollft,
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2010), especially if such land-use types are considered to be
important. Next, a geometric transformation can reduce the
geometric complexity of the emerging land-use polygons,
especially to remove small polygons which are not readable
in a target map (Gao et al, 2012b). Such a geometric
transformation varies according to different land-use types
according to their importance. The spatial structures and
patterns of polygons belonging to important land-use
types should be preserved, while polygons of the non-
important land-use types are to be largely simplified. For
this reason, generalization constraints must be constructed
on both semantic and geometric aspects based upon the
importance of land-use types for data generalization.

The importance of land-use types is determined synthe-
tically by various factors related to natural and socio-
economic characteristics of land-use patches. The dominant
land-use types are able to be identified by using a
dominance index or diversity index based on the ratio of
land-use area of each type (O’Neill et al., 1988; Riitters
et al., 1995). This paper aims to employ a multiple attribute
decision model (MADM) to determine the importance of
land-use types under the joint consideration of natural and
socio-economic factors related to land use.

The purpose of identifying the importance of land-use
types is to construct generalization constraints used to
control the generalization process. Generalization con-
straints reflect cartographic principles and related profes-
sional applications (Beard, 1991; Muller and Wang, 1992).
Such generalization constraints can be acquired from the
analysis of existing map series and texts, or interviews with
experts (Edwardes and Mackaness, 2000; Kilpelainen,
2000). For instance, a minimum area threshold is widely
used to constrain polygon objects to remain visible by the
human eye (Muller and Wang, 1992). Minimum area
thresholds are set based upon empirical values or examples
from the literature. Some authors propose the use of a
single minimum area threshold for identifying all invalid
small objects (Muller and Wang, 1992; Cheng and Li,
2006), while others adopt different thresholds for different
types of objects (Mackaness ¢t al., 2008). For land-use data
generalization, however, such thresholds should differ for
different land-use types as some are considered to be more
important than others (Haunert and Wolft, 2006). An ideal
routine is to construct generalization constraints directly
based upon an in-use dataset. Such routines can make
generalization constraints adaptive to land-use character-
istics described in the dataset.

The aim of this paper is to present a three-step method to
identify the importance of land-use types. First, a dom-
inance index initially investigates the general distribution of
the areas covered by different land-use types. Second, the
importance of each land-use type is quantified according
to MADM with specific factors. Third, the preliminary
importance of land-use types is adjusted based upon the
spatial association between land-use types. The adjusted
importance values are further partitioned into several grades
that are expressed as ordinal variables, called the importance
ranks. With the importance ranks, a mathematical function
is designed to determine the minimum area thresholds of
land-use types at each rank. Fourth, the importance and the
minimum area thresholds are utilized during generalization
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of land-use data. One experiment is presented to demon-
strate the functions of the land-use type importance, and
three additional experiments are carried out to investigate
the influences of such importance. The generalized out-
comes are evaluated according to the semantic and
geometric aspects of land-use polygons.

METHODOLOGY

Initial identification of dominant land-use types

In this study, we consider the dominance index and
Shannon’s Evenness Index. They can both measure the
extent to which one or a few categories dominate the
landscape in a categorical dataset (O’Neill ez al, 1988;
Riitters et al., 1995). They have been widely used in the
research of landscape diversity and biodiversity (Martinez
et al., 2010; Hietala-Koivu ez al., 2004). This study adopts
the dominance index developed by O’Neill ez al. (1988)
since it describes characteristics of land-use distribution

m

D=In(m)+ Y _ P In(P) 1)
i=1

where m is the total number of land-use types and P, is the
area proportion of land-use type 7. Since P<I and hence
In(P,)<0, the summation yields negative values. When all
land use types are present in equal proportions, the term
In(m), represents the maximum of D. If the landscape is
dominated by one or a few land-use types then the value of
D is close to 0.

In our study, D is used to provide the first overview of
land-use characteristics at the landscape level, that is, the
landscape is dominated by a few land-use types or the
landscape is divided into approximately equal proportions
belonging to many land-use types. Dominant land-use
types may be of high importance for some studies. In
addition, D is used to compare the difference between the
original land-use map and the generalized land-use maps at
the evaluation stage.

Quantify importance of land-use types using MADM

A single index provides inadequate information about
spatial patterns of a landscape (Saura and Martinez-Mlian,
2001). The MADM is widely used as an aid in decision-
making, which seeks to integrate objective measurements
with subjective judgment (Belton and Stewart, 2002). It is
employed to integrate natural and cultural attributes of
land-use for identifying the importance of land-use types.
There are three basic steps through this model, (1) selecting
attributes, (2) setting weights of attributes, and (3)
calculating importance values of land-use types.

Step 1: Selection of attributes

Considering land-use characteristics and the purpose of
land-use data generalization, we chose four attributes to
build the MADM model: area ratio (AR), patch number
ratio (NR), theme-relevant degree (7D) and economic
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value (EV) of each land-use type. The first two attributes
present the spatial configuration of land-use types in a
region. The third attribute reflects the degree of association
between a land-use type and the target application theme. If
the motivation of land-use data generalization is to derive a
dataset for a specific-theme application, land-use types
closely related to that target theme are relatively important.
The last attribute is about socioeconomic characteristics
reflecting the status of a land-use type on human life. The
four attributes jointly describe the characteristics of land-
use from the natural, socioeconomic, and application-
oriented points of view, respectively.

The attributes AR and NR can be directly calculated
from the area and number of land-use patches of each land-
use type. TD is determined by a subjective judgment
depending upon people’s understanding of the target
application and related professional knowledge. A two-step
method can assist in determining its value. First, experts
select the land-use types which have direct and close
relationships with the target theme. For example, if land-
use data generalization is used to extract general land-use
information for agriculture in a region, then the typical
agricultural land-use types such as irrigated paddy and
orchard will have the highest priority to be the important
types. Second, the importance of other land-use types is
determined according to their own characteristics and
spatial association with the important land-use types
identified in the first step. EV of a land-use type largely
depends upon the specific application. For an agricultural
example EV can be derived as an economic statistic, e.g. the
percentage in the economic revenue of the benefits yielded by
a particular land-use type. If an application, however, requires
urbanized characteristics, then cultural value, e.g. the
historical value of buildings or gardens, can reflect the
socioeconomic status of a land-use type.

Step 2: Weights of attributes

Mostly, the impacts of selected attributes are unequal and
vary with different cases. Therefore, a weight is set for each
selected attribute according to the dataset in use, the target
application and land-use characteristics of an area. If the
purpose of data generalization is to produce a smaller scale
map without further requirements, area ratio and patch
number ratio can share the weights without considering the
other two attributes. If data generalization aims to extract
general land-use information for analysis of agricultural
economy, then the theme-relevant degree should have the
highest weight and the socioeconomic value should be
considered.

The way we choose in this paper for determining the
weights is to conduct tests with different weight values and
then choose appropriate values. This approach is a so-called
return task (Podolskaya et al, 2007). This results into a
weight vector w=(®0;, ©, ©3 0y)’, (0=0=1), that is
introduced to MADM.

Step 3: Importance value of lnnd-use types

Let m be the number of land-use types. Then the MADM
decision matrix Y is constructed on the basis of the four
attributes
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Since the units of the four attributes are different, a min—
max normalization is employed to perform a linear
transformation on this decision matrix to the range [0, 1]
(Han and Kamber, 2006a). Taking AR of the sth land-use
type as an example, we then obtain

ARy —MinAR
" MaxAR —MinAR

(3)

714

Here, MinAR and MaxAR are the minimum and
maximum AR, respectively. The normalized decision
matrix denoted as R equals

1o "2 7 Tim
21 722 T 2m
R= (4)
731 732 T T3m
741 742 T T4m

The final decision vector is the product of w and the
matrix R

P=w'R= (I, I) (5)

where [ is the importance value of the sth land-use type. A
large I corresponds to a high importance of the 7th land-use
type. We will consider the importance values sorted from
the largest to the smallest and denote them as a set of
variables (Py, P,..., Py).

Adjustment of preliminary importance ranks

Commonly, the distribution of land-use types is spatially
associated with other land-use types (Walsh ez al., 2003;
Han and Kamber, 2006b). For instance, the distribution
of irrigated ploughs depends upon water bodies as
indispensible water resources; naturally grasslands distri-
bute along the ridge of forestlands. Such spatially-
associated relationships must be taken into account
when determining the importance of land-use types. If a
land-use type has a low importance according to the
MADM model but it has a very strong spatially-associated
relationship with the land-use types at the top of the
importance values in the vector P, then the importance of
this land-use type should be adjusted according to such
relationship.

In this study, a spatial-association relationship is
defined as the spatially touching relationship between
land patches of different land-use types. It is measured
with the following equation according to association
rules analysis
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Figure 1. The importance ranks of the different land-use types

_ o({T; touching with 7}})
Gj = ETEHY

(6)

here, ¢; is the confidence of the patches of one land-use
type (i) touching the patches of land-use type (7). In
particular, 7; corresponds to the land-use types at the top of
the importance values. o({7; touching with 7T;}) is the
support of the number of the patches of 7; which touch
with the patches of 7;. If ¢; is larger than a specific minimum
support, then land-use type 7; is entitled to analyze the
spatial association with the important types.

Considering the spatial association, the importance value
P, of the ith land-use type is adjusted as P, equals

1

k
P=P+ Y Prg (7)
j=1

where % is the number of the land-use types at the top of the
importance values in Pand P is the importance value of the
sth important land-use. Adjustment is based upon the
summed relationship between the sth land-use type and all
important land-use types. If the distribution of the patches
of the sth land-use type is highly associated with that of the
important land-use types, its importance value may be
improved greatly. After the adjustment, the importance
values in P are graded into ranks, called importance ranks
(Figure 1).

UTILIZATIONS OF LAND-USE TYPE IMPORTANCE

This section presents three utilizations of the land-use type
importance in land-use data generalization: (1) determina-
tion of the minimum area thresholds; (2) assistance in
selecting generalization operators for dealing with the
patches smaller than the area thresholds (denoted as small-
area patches) and (3) evaluation of the generalized outcomes
of the small-area patches.

Determination of minimum area thresholds

A minimum area threshold is set for the land-use types of
cach importance rank (shown in Figure 1) with the
following equation

Rank;—1

MAi = Amin + 1 '(Amax - min) (8)

where, MA; is the minimum area threshold of the land-use
types at rank ¢ and Rank; is the ordinal value of the
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importance ranks (e.g. Rank;=1, Rank,=2 and Rank;=3
in Figure 1), and #is the count of the importance ranks (e.g.
3 in Figure 1). Ay, and Apay, are constants which limit the
thresholds in a specific range. That is to say, the threshold of
the most important land-use types (i.e. Rank;=1) is larger
than A, and that of the least important land-use types (e.g.
Rank;=3) is smaller than A,,.,. Such limitations will avoid
leading too dense patches due to preserve too many patches
or losing too much information due to elimination of too
many patches on a target map.

Selection of generalization operators

In polygon maps, small-area polygons are one of the
geometric conflicts which must be resolved in map general-
ization (Gao et al., 2012a; Muller and Wang, 1992; Peter,
2001; Bader and Weibel, 1997). In this study, a procedure
was designed to implement the generalization of small-area
land-use patches (Table 1). This procedure integrates some
ideas from (Bader and Weibel, 1997; Mackaness ez al., 2008;
Muller and Wang, 1992; Gao et al, 2012a; Haunert and
Wolft, 2010). It provides a routine to introduce the
minimum area thresholds and the importance ranks of
land-use types for dissolving small-area geometric conflicts.
The purpose is to demonstrate the functions and validities of
the land-use type importance determined with the proposed
methods.

The basic objective of the procedure is to preserve the
characteristics of the most important land-use types (i.e.
those in the 1st rank) as much as possible by limiting the
changes of the semantic characteristics (i.e. land-use types)
and spatial contexts around the important focal patches. For
this reason, the processes implemented on the land-use
patches in the Ist rank are different from those on the
patches in the other ranks.

In this procedure, spatial context is the key indicator for
selecting generalization operators.

® Spatial context 1 indicates that a cluster pattern may exist
around the focal patch. The aggregation with the nearest
adjacent patch is intended to preserve the cluster patterns
and limit changes of the spatial context and semantic
characteristic.

® Spatial context 2 considers for preserving the semantic
characteristics, i.e. the land area of the same super-types
remains unchanged as much as possible.

® For Spatial context 3, an isolated patch from its
congeneric patches is merged with the touching patch
having the longest common boundary. This may avoid
shifting of a small-area conflict to another geometric
conflict, i.e. those leading to an unreadable narrow gap
between boundaries of a patch (Gao ez al., 2012a; Bader
and Weibel, 1997).

Operations on Spatial context 1 are more complicated than
those on the other two contexts. An approach was
developed in the past to combine an outward buffering
with a proximity index to search the adjacent patch around
a focal patch and further combine an outward buffering
with an inward buffering to construct the aggregated
region for the aggregating operation (Gao et al., 2012a).
To save computing time, therefore, the minor important
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Table 1. A procedure for generalizing small-area land-use patches

Generalization processing on small-area patches

Step 1: Search all patches smaller than the corresponding MA of a
concrete land-use type (7) and put them into a patch collection
with the order of the size from the smallest to the largest.

Step 2: Check the spatial context of each patch (called as the focal
patch) sequentially in the collection.

Search touching patches which have common boundaries with the
focal patch.

Search adjacent patches which have no common boundary with the
focal patch but within a certain searching radius.

Step 3: Select an appropriate operator to generalize the focal patch
based on its spatial context.

(1) When T'is in the 1st rank, the following three spatial contexts
around the focal patch are considered in sequence:

Spatial context 1:

IF: the focal patch has one or more adjacent patches belonging to
the same land-use type

THEN: aggregate the focal patch with the single or the nearest
adjacent patch

Spatinl context 2:

IF: the focal patch has one or more touching patches belonging to
the same super-type

THEN: merge the focal patch with the single or the smallest
touching patch and the new patch inherits the land-use type from
the touching patch.

Spatial context 3:

IF: the above two spatial contexts are not satistied

THEN: merge the focal patch with its touching patch with the
longest common boundary and the new patch inherits the land-use
type from the touching patch.

(2) When T'is not in the 1st rank, the following three spatial
contexts around the focal patch are considered in sequence:
Spatial context 2:

IF: the focal patch has one or more touching patches belonging to
the same super-type

THEN: merge the focal patch with the single or the smallest
touching patch and the new patch inherits the land-use type from
the touching patch.

Spatial context 1:

IF: the focal patch has one or more adjacent patches belonging to
the same land-use type

THEN: aggregate the focal patch with the single or the nearest
adjacent patch

Spatial context 3:

IF: the above two spatial contexts are not satisfied

THEN: merge the focal patch with its touching patch with the
longest common boundary and the new patch inherits the land-use
type from the touching patch.

Step 4: Check whether there are any touching patches belonging to
the same land-use types after the above steps. If it is true, merge
them to satisfy the basic principle of polygon maps.

Step 5: Repeat the above steps for each land-use type.

land-use types in the 2nd and 3rd ranks, are therefore
generalized starting from Spatial context 2.

For an efficient implementation, the generalization of
small-area land-use patches starts from the least important
land-use types, because the spaces released from the least
important land-use patches may solve the geometric
conflicts of the more important land-use patches synchro-
nously. It can save time for generalization and also preserve
the important characteristics changed as little as possible.

EVALUATION OF GENERALIZATION RESULTS

Since land-use data generalization includes both geometric
and semantic transformations, the generalized outcomes
need to be evaluated on both geometric and semantic
aspects. For the geometric aspects, the comparison of the
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dominance index before and after generalization indicates
the changes of the overall land-use structure on the
landscape. With the elimination of small-area patches, the
index value should be decreased because the differences
in land-use patch areas are reduced. In addition, the changes
of in area ratio and patch number ratio of land-use types
in each importance rank also present the effects of
geometric transformations and influences of land-use type
importance.

For semantic aspects, we followed the basic idea of
semantic similarity based on a classification hierarchy (Liu
et al., 2002) and combined with the method of semantic
accuracy proposed by Cheng & Li (20006) to evaluate the
semantic changes during data generalization. Suppose that a
small patch Os releases its space to patch Oy in line with the
above procedure. The semantic accuracy of the resulting
patch O, belonging to type Cy is determined as

¢, Area(Oy) ) +Area(Os) !

= 9
Hox Arca(Oy) + Arca(O,) ®)
where, ,ug': is the membership value of patch O4 belonging
Ca

to type Ca and pg} is the membership value of patch Og
belonging to type Ca. If ,ug‘: equals 1, then this indicates
that O, has the same semantics as O4. If, however, ug‘j: is

close to 0, then the change becomes larger while the quality
of the generalization is relatively low.

According this equation, the value of uSA, is mainly
determined by ,u(“;:, while ,ug“ depends upon the relation-
ship between the land-use types of Os and Oa. If both
belong to the same land-use type, then ,ug“ =1 and uSA,= .
If Og and O, belong to the same super-type described as
Spatial context 2, then ,ug“ should be larger than in the case
of Spatial context 3. '

After dealing with small patches, the semantic accuracies
at the map level (p™) and the class level (1©) are calculated
as equations (10) and (11), respectively.

m N; G
= Zj:l Zi:ll Area((),)~,u0’i
T m N;
Zj:l > Area(0))

o iy Area(O) g,
YN Area(0)

Here, N; is the number of land-use patches of the land-
use type 7, while m is the number of the land-use types in a
land-use dataset.

CASE STUDY

Data sources

The methods and procedures were applied to a land-use
dataset describing a typical rural area at a scale of 1:10 000,
located in the Hubei province, China (Figure 2). The area
covers a landscape of approximately 52,000 km? with 36
land-use types at the tertiary class of Chinese land-use
classification hierarchy issued on January 1, 2002 (Table 2)
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Figure 2. Study area and land-use map with 36 land-use types (the corresponding names of the codes are listed in Table 2)

The aim of this case study was to produce a land-use
dataset at a scale of 1:50 000, using the generalization of
the 1:10 000 test map. This generalization was intended to
display the general land-use characteristics on a scale-
reduced map without additional requirements for any land-
use themes or applications. The test area is of particular
interest, because the land-use types are diverse, including
both natural and developed ones. According to the
objectives of the case study and according to the principles
for selecting attributes in MADM, the degree of theme-
relevance and the socioeconomic values of land-use types
were not involved in this test. Therefore, the two factors,
‘area ratio’ and ‘patch number ratio’, constitute the final
MADM decision matrix.

Identification of dominant land-use types

Following equation (1), the dominance index D equals
1.13 on the landscape, while it ranges from 0.0 to 3.58
for the 36 land-use types. The value of 1.13 is relatively
close to 0, indicating that the land-use types have a wide
distribution on the landscape. To further investigate the
distribution of D over the landscape, we ranked the areal

proportions of the different land-use types into three classes
using a natural break classification. Approximately 68% of
the landscape is distributed over 13 land-use types, while
the area of irrigated paddy (111) occupies 30% of the total
arca. The remaining 32% of the landscape is shared by the
other 22 land-use types.

After various empirical tests, we set the weights equal to
0.7 and 0.3 for the area ratio and the patch number ratio,
respectively. This resulted into

ARy1 ARyy ARy3 ARy AR5 - ARy,
P=(War Wxr)
NR>1 NRp; NRyz NRys NRys  NRy,

1 0101 0-303 0-034 0-055 - 0-221
=(0703) -

0-305 0-025 0-508 0-112 0-065 -+ 0-025
=(0-79, 0-:02, 0-36, 0-06, 0-06, ..., 0:16)

In a descending order, the vector P equals P=(0.79,
0.47,0.37,0.36, 0.25, ..., 0.0). From this we observe that
the most important three land-use types are irrigated paddy
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(111) with a P value of 0.79, non-irrigated farmland
(114) with a P value of 0.47 and pond for irrigation (154)
with a Pvalue of 0.37, respectively. The importance of the
other land-use types is then adjusted in terms of the spatial
association with the three most important land-use types
during the next step.

In the analysis of such spatial association, not all land-
use types are necessary. Those land-use types with a low
number of patches are directly grouped as the least im-
portant class. Here we took ({77 })<0.4% as a criterion to
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identify a land-use type (7;) belonging to the least
important class. Next, association confidence of the other
land-use types with the three most important land-use types
is calculated with equation (6). Finally, the importance
values of these land-use types are adjusted with equa-
tion (7).

Figure 3a illustrates the association confidence, and
Figure 3b shows the preliminary importance of land-use
types and their corresponding adjustments. The height of
the blue, red and green blocks of each pillar in Figure 3a

Table 2. Classification hierarchy of land-use types with their corresponding codes (in part). The third column is the Tertiary Class with their
corresponding codes which are used to describe land-use types of the test dataset in Figure 2

Primary class Secondary class

Tertiary class (code)

Agriculture land Arable land

Garden plot

Wood land

Other land

Construction land Residential land

Transportation land

Water conservancy land

Unused land Unused land

Irrigated paddy (111)

Natural paddy (112)

Irrigable land (113)
Non-irrigated farmland (114)
Land for vegetable (115)
Orchard (121)

Land for mulberry field (122)
Tea plantation (123)

Other garden plot (125)
Woodland (131)

Sparsely forested woodland (133)
Young afforested woodland (134)
Cleared land after logging (135)
Land for tree nursery (136)
Pond for irrigation (154)

Pond for vegetation (155)

Pond for vegetation (K) (155K)
Grain-sunning ground (158)
Residential in urban areas (201)
Residential in town areas (202)
Residential in rural areas (203)
Industrial and mining land (204)
Land for special use (2006)

Land for railway (261)

Land for highway (262)
Reservoir (271)

Water Facility (272)

Wasted land (311)

Sand land (314)

Barren earth (315)

Exposed rock and shingle land (316)
River (321)

Lake (322)

Reed marsh (323)

Shoal (324)
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Figure 4. Land-use maps before generalization (a) and after generalization (b) of small-area patches at 1:50 000 scale. The display scale is not
real 1:50 000, for clarity purposes: (a) before generalization, (b) after generalization

present the association degrees with the land-use types
111, 114 and 154, respectively. A high bar corresponds
with a large association degree. Residence in rural area
(203) has the highest association confidence and thus
equals 2.0 in total.

Figure 3b aligns the land-use codes in a descending order
according to their preliminary importance. The blue block
at the bottom represents the preliminary importance, while
the red block is the increase after adjustment and the
total height of each pillar gives the final importance. As
a consequence, the importance of each land-use type is
increased, and the importance order of the land-use types
is changed. Taking grain-sunning ground (158) as an
example, we notice that the value of its preliminary
importance is close to 0 and lower than those of tea
plantation (123) and industrial and mining land (204).
It has, however, a strong relationship with type 111, as
the association confidence is close to 1 (Figure 3a). After
adjustment, its importance is improved beyond those of
types 123 and 204. The explanation is that grains harvested
from the patches of type 111 generally need to be dried on
grain-sunning grounds of type 158.

Next, the final importance values are ranked into three
classes with the natural break classification, yielding in total
four classes including the least important class defined
above. These four classes are then assigned with the ordinal
labels 1—4 representing the importance ranks from the most
important class to the least important class (Table 3).

Setting the minimum area threshold

Referring to the Radical Law and the Technical Report on
Land use Survey of Guangdong Province in China in 1998
(Gao et al., 2004a), we set Ay, and A,y in equation (8)
equal to 1.3 and 15 mm? on the target map, respectively.
The minimum area threshold (MA) for each land-use rank
is then determined (Table 4).

Generalizing the small-area patches

Following Table 1, we processed the small-area patches one
by one starting from the least important land-use types.
Figure 4 shows the part of the test maps at the scale of
1:50 000 before generalization (Figure 4a) and after gen-
eralization (Figure 4b).

From Figure 4a we observe many small dark blue patches
belonging to type 154 (pond for irrigation), as one of the

Table 4. Minimum area thresholds for the 4-ranks land-use types.
The third column is the corresponding number of small-
arca patches of each rank

Number of
small-area patches

Minimum area

Importance rank threshold (mm?)

1 1.3 785
2 5.9 362
3 10.4 231
4 15 45

Table 3. Importance ranks of land-use types. The third column is the corresponding area ratio of land-use types of each rank

Importance Area
Importance value Land-use types rank (I) ratio (%)
1.13-1.41 111, 114, 154, 203, 322 1 63
0.92-1.14 113, 115, 121, 131, 133, 155, 158, 206, 261, 272 2 23
0.24-0.93 123, 136, 204, 311, 315 3 12
Support <0.4% 112, 122, 125, 134, 135, 155k, 155, 201, 202, 262, 271, 314, 316, 317, 323, 324 4 2
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Figure 5. The generalized results of Test 1 (a) using the single minimum area threshold, Test 2 (b) using the single processing, and Test 3

(c) using the single minimum area threshold and single processing

most important land-use types. Some of these patches were
merged, while others were aggregated in line with Table 1.
The black circles indicate examples of the generalized
patches on the two maps. Small-area patches of other land-
use types were also generalized following the same
procedure. On the final outcome (Figure 4b), only patches
larger than the corresponding area thresholds remained.
Visually, the structure of land-use patches is preserved and
the whole map looks much clearer after removal of the
small-area patches.

To analyze the influence of the choice for the minimum
area thresholds and the quality of the data generalization,
three additional tests following different procedures were
implemented. For a convenient description, the test
yielding the map on Figure 4b is called Test 0. The three
additional tests are called Test 1, Test 2 and Test 3,
respectively. Their details are as follows:

Test 1: a fixed minimum area threshold was set as
8.148 mm? on the map, being equal to the mean value
of Apin and Apay in Test O for all land-use types, while the

generalization processing on small-area patches was imple-
mented in line with Table 1. The intention for Test 1 is
to identify the influence of the generalization processing
controlled with the importance ranks of land-use types
(Figure 5a).

Test 2: the minimum area thresholds in Table 4 were
used to detect small-area patches, but the single processing
of Spatial context 3 in Table 1 was used to generalize the
small-area patches. Test 2, therefore, fixed the general-
ization processing but the minimum area threshold for
each land-use type is determined according to its impor-
tance rank (Figure 5b).

Test 3: the minimum area threshold was fixed at
8.148 mm? for each land-use type and the single processing
of Spatial context was used to generalize the small-area
patches. Test 3, therefore, uses the fixed area threshold
and processing without any consideration of the land-use
type importance at all (Figure 5c¢).

The black circles shown in Figure 5 indicate the
corresponding areas in Figure 4. The map in Figure 5¢
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appears to be over-generalized because too many small
patches have disappeared and the overall structure of the
spatial distribution of the patches is lost. More small patches
have remained in Figure 5a, but some parts are also over-
generalized, for example, the 154-type patches in the black
circles 1 and 2. The map in Figure 5b appears to be similar
to the map in Figure 4b. It indicates that the importance of
land-use types has more influences on the minimum area
threshold than on the generalization processing.

EVALUATION OF GENERALIZED RESULTS

Evaluation on geometric aspect

After the four test generalizations, the number of land-use
types is 26, 25, 26 and 25, and the dominance index is
0.879, 0.978, 0.899 and 0.995, respectively, on the four
output maps (Table 5). Compared with the 36 land-use
types and the dominance index (D=1.13) of the original
map, about 10 land-use types are eliminated on the
generalized maps and their area is released to other land-
use types. The disappeared land-use types have very few
numbers of patches (the number ratio is smaller than 0.9%
for each type) and very limited area proportions (smaller
than 0.1%). As a result, the area proportion of the remained
land-use types trends to be more equal on the landscape.

Compared with the original map, the area ratio and
number ratio of the land-use types in Rank 1 on the map
yielded in Test 0 are increased. The increased area is partially
due to the disappeared land-use types and partially due to the
land-use types of rank 2, 3 and 4 according to the procedure
in Table 1. The result of Test 2 is more similar to that of Test
0. Test 3 produced a totally different result. The number
ratios from Rank 2 to 4 are even larger than those of the
original map and the number ratio of Rank 1 is decreased,
while the area ratio is increased with only 0.01. Therefore,
the result of Test 3 loses too many details of the important
land-use types at the target scale instead remains the many
characteristics of minor land-use types.

Evaluation on semantic aspect

According to the procedure in Table 1, a small-area patch
(Os) releases its area in different ways on the three spatial
contexts. Spatinl context I leaves the area of O, in the same
land-use type; for Spatial context 2, O, contributes its area
to its super-classes; for Spatial context 3, O, releases its space
to a totally different land-use type. In order to evaluate
the semantic accuracy with equations (9)—(11), therefore,
we set ugA equal to 1, 0.5 and 0 for Spatial context 1, 2 and
3, respectively.
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According to Table 6, the map of Test 0 has the highest
semantic accuracy, and the semantic accuracy of Test 2 is
higher than that of Tests 1 and 3. In addition, we calculated
the semantic accuracy at the map level (i.e. at the landscape)
to be equal to 0.986, 0.973, 0.976 and 0.964 for the four
tests, respectively. Test 0, likewise, has the highest accuracy
and Test 2 prforms better than Test 1 and Test 3.

DISCUSSION

This study intends to improve the objectivity and adapt-
ability of generalization constraints and process of land-
use data generalization by introducing the importance of
land-use types to assist in setting the minimum area thres-
hold and selecting the generalization operators for small-
area patches. The paper focuses on how to identify the
importance of land-use types and how to utilize it during
the process of land-use data generalization.

The dominance index gives a general overview of the land-
use distribution at the landscape. It is helpful to know about
initially the basic characteristics of land use before general-
ization. MADM considers various factors into identifying the
importance of land-use types and the spatial associations
between different land-use types are introduced to determine
the final importance of each land-use type. Such importance
is utilized in constructing the mathematic function to set
the minimum area thresholds of land-use types and control-
ling the generalization processing of small-area patches.
Compared with the traditional methods, the mathematic
function provides more objective and adaptive values of the
minimum area thresholds for different land-use types.

Comparing the four tests, we found that the result of
Test 0, i.c. using the proposed methods, shows visually a
more reasonable layout than the results of the other Tests.
In addition, according to the quantitative evaluation on
both geometric and semantic aspects, the map obtained
from Test 0 retains the general characteristics of the most
important land-use types as the geometric complexity of the
whole map is decreased.

Comparing Tests 1 and 2, we found that the influence
of the land-use type importance on the minimum area

Table 6. Semantic accuracy of each rank on the maps yielded in
the four tests

Importance rank Test 0 Test 1 Test 2 Test 3
Rank 1 0.987 0.973 0.978 0.967
Rank 2 0.983 0.971 0.976 0.963
Rank 3 0.987 0.971 0.972 0.956
Rank 4 0.984 0.933 0.975 0.929

Table 5. The area ratio and number ratio of land-use types of each rand on the original map and the four maps yielded in the four tests
Original map Map of Test 0 Map of Test 1 Map of Test 2 Map of Test 3

Importance Area Number Area Number Area Number Area Number Area Number
rank ratio ratio ratio ratio ratio ratio ratio ratio ratio ratio
Rank 1 0.626 0.685 0.657 0.848 0.647 0.658 0.655 0.835 0.640 0.614
Rank 2 0.234 0.186 0.225 0.101 0.223 0.199 0.224 0.109 0.227 0.222
Rank 3 0.118 0.107 0.102 0.043 0.110 0.114 0.103 0.048 0.112 0.134
Rank 4 0.022 0.022 0.017 0.008 0.021 0.029 0.017 0.008 0.021 0.031
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thresholds is more intensive than on the generalization
processing. Therefore, for an efficient implementation, the
minimum area thresholds are variable according to the land-
use type importance, while the generalization processing can
adopt a single operator without considering the diftference of
the importance.

The selection of attributes and their weights in MADM,
however, are variable with characteristics and specific
applications related to land use. Moreover, different geo-
metric conflicts may consider different spatial contexts and
accordingly appropriate procedure is selected to solve the
conflicts.

This study focused on polygon objects in land-use dataset
excluding line and point objects. In some practical land-use
datasets, some features, such as highways and rivers with
significant economic values, are represented as line objects.
The future work will extend the presented methods to
consider all kinds of objects and their inter-relationship into
land-use data generalization.

CONCLUSIONS

This study proposed a three-step method to identify
effectively the importance of land-use types. It consists
of compiling a diversity index, applying a multiple attri-
bute decision model and carrying out a spatial association
analysis. The importance of land-use types was utilized in
a mathematic function to determine the minimum area
thresholds for these land-use types. The importance and
the minimum area thresholds were critical generalization
constraints to control the generalization processing of
small-area patches.

The study showed that generalization constraints con-
structed with the minimum area thresholds assisted in
generating reasonable and objective outputs during land-
use data generalization. There was a clear effect of the
choice for the importance of land-use types. The general-
ized outputs were different for the different contexts of
land-use database and depended upon the application of
land-use data generalization. An incorrect specification
of threshold would lead to a decrease of semantic accuracy.
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