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Abstract

Increasing intense human activities have largely changed the coastal landscape and caused many environmental
issues. However,  whether human-induced activities could change the coastal land use gradient pattern, an
important coastal zonal characteristic along the sea–land direction, remains unclear. Manila Bay was selected as
the study area in this work. According to the distance of the land use and land cover (LULC) to the coastline, we
clustered the typical coastal land use sequence patterns (CLUSPs) along the sea–land direction between 1988 and
2016 in Manila Bay and found the following. (1) Four typical CLUSPs, including the natural CLUSP dominated by
forest land and grassland, the agricultural CLUSP dominated by dry farm and paddy field, the urbanised CLUSP
dominated by construction land and the fishery CLUSP dominated by fishing farm, were mined in 1988. Three
typical CLUSPs (a natural CLUSP, an intermediate CLUSP between the agricultural and urbanised CLUSPs, and a
fishery CLUSP) were mined in 2016. (2) Affected by the dominant LULC, these typical CLUSPs showed a regular
spatial pattern along the sea–land direction. For example, the typical natural CLUSP showed a landward pattern
due to the long distance between the forest land and grassland and the coastline. (3) However, influenced by
urban and aquaculture expansion, the land intensification of the CLUSP exhibited an obvious increase and
caused the decrease of the CLUSP diversity from 1988 to 2016. The increase in the area of LULC coverage showed
no obvious correlation with its distance from the coastline (DFC), but the net increase rate of LULC coverage had
a significant negative correlation with the DFC. Therefore, human-induced activities have a large impact on the
gradient pattern of coastal land use along the sea–land direction.
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1  Introduction
The coastal zone, which is the interaction zone between the

ocean, the atmosphere and the land, plays a key role in global en-
ergy and material flow (Ray, 1991; Hadley, 2009; Grachev et al.,
2018). The coastal zone is a place with unique zonal characterist-
ics along the land–sea direction due to the comprehensive result
of terrestrial and marine factors and land–ocean interactions
(LOIs) (Ray, 1991; Ray and Hayden, 1992; Hadley, 2009). The
zonal characteristic is usually shown by the physiographic,
physiochemical, and biogenic gradients (Ray, 1991). As one of
the popular forms of multiple coastal features, the coastal land

use and land cover (LULC) also shows a gradient pattern along
the sea–land direction (Xu et al., 2012; Di et al. 2015; Ding et al.,
2017, 2019). Affected by global change, particularly for human
disturbance, the coastal zone has recently experienced dramatic
changes, including urban expansion, wetland decrease and
coastal erosion (Li et al., 2017; Zhou et al., 2018; Liu et al., 2020;
Huang et al., 2021). The increasing intense human activities have
largely changed the coastal LULC pattern and led to habitat de-
gradation that has become the dominant driving factor of the
ecological and environmental issues in the coastal region (Mar-
tinez et al., 2017; Zhang et al., 2017; Zhou et al., 2018; Huang et  
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al., 2021). However, whether human-induced activities could
change the gradient pattern of coastal land use along the sea–
land direction remains unclear, and exploring their relationship
will offer a new way of assessing the impact of human activities
on coastal change.

The coastal LULC gradient pattern refers to the regular spa-
tial pattern of the LULC along the sea–land direction (Ray, 1991;
Ding et al., 2019). For example, affected by salinity, agricultural
land, including dry land and paddy field, is mainly distributed
around the inland part of the coastal zone (Hou and Xu, 2011).
Meanwhile, salt vegetation often shows a zonal pattern with sa-
linity and soil moisture content gradient due to the interaction of
land and sea (Xin et al., 2010; Marani et al., 2013). In addition,
buffering analysis indicates that land use intensity is low in the is-
land and near-shore areas but high in regions that are 4–30 km
away from the coastline (Sheik and Chandrasekar, 2011; Di et al.,
2015). However, this land use gradient might vary due to the spa-
tial heterogeneity of the coastal LULC along the horizontal direc-
tion. On this basis, a new method based on the land use sequen-
tial relationships along the sea–land gradient was developed to
mine the spatial heterogeneity of the typical coastal land use se-
quence patterns (CLUSPs) along both the sea–land and horizont-
al directions (Ding et al., 2019). However, the land uses sequen-
tial number, a key index used in this method, has no direct cor-
relation with the distance from the coastline and might not rep-
resent the actual spatial location along the sea–land direction.

With the development of society and economy, the increas-
ing human activities have become the major driving forces of
coastal zone change (Sajjad et al., 2018). On the one hand, an-
thropic disturbances, such as sea reclamation and urban expan-
sion, lead to a large decrease in coastal wetland (Zhou et al.,
2018) and have a negative effect on ecosystem functions and ser-

vices (Wang et al., 2018; Huang et al., 2020; Liu et al., 2020). On
the other hand, ecological restoration activities, such mangrove
restoration that greatly improves mangroves, have been conduc-
ted to protect the coastal wetland (Hu et al., 2018, 2020). Mean-
while, multiple integrated coastal zone planning and manage-
ment strategies have also been developed to achieve sustainable
development goals (Islam and Shamsuddoha, 2018; Li et al.,
2019; Politi et al., 2019). Consequently, the actual impact of hu-
man activities on coastal zone change is difficult to assess. The
land–sea gradient feature of the coastal zone that is a unique
characteristic is the result of the comprehensive effect of the in-
land, the ocean and the LOIs over a long period (thousands of
years). The coastal land use pattern along the sea–land gradient
is a typical representation of this feature, and its change has a
close correlation with human activities, which might offer a new
way of assessing the impact of human activities on coastal zone
change.

Manila Bay was selected as the study area in this work. Ma-
nila Bay, a famous international port, has experienced dramatic
land use change, and the urban area has become one of the most
populated area in the world (Dado and Narisma, 2022). The ma-
jor objectives of this study are as follows: (1) mine the typical land
use gradient pattern along the sea–land direction, (2) explore the
spatial–temporal changes of this typical land use gradient pat-
tern and (3) analyse the impact of the specific land use activities
on the changes of the coastal land use gradient pattern.

2  Study area
Manila Bay (14°03′–14°56′N, 120°06′–121°21′E) (Fig. 1) is in

the western edge of Luzon and the east of South China Sea, a
semi-enclosed estuary. The coastline of the bay spans 290 km.
The bay water area is approximately 1 932 km2, with an average
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Fig. 1.   Location of the study area.
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water depth of approximately 17 m. Located around the capital
city of Philippines, Manila Bay has the biggest port in the Philip-
pines. Since 1972, the population in this area has increased
greatly, making City of Manila one most densely populated areas
in the world (Dado and Narisma, 2022; Vallejo et al., 2019).
Meanwhile, the urban area has also experienced a rapid increase
in population growth (Dado and Narisma, 2022). With highly
urbanised communities, Manila Bay has many environmental is-
sues, ranging from land and sea based pollution, reclamation
and land conversion (Mishra et al., 2021).

3  Materials and methods

3.1  Materials
The LULC data (Fig. 2) was interpreted from Landsat TM im-

ages (https://earthexplorer.usgs.gov/) with a spatial resolution of
30 m×30 m by combining machine and manual methods. The
LULC was classified into 11 classes (i.e., construction land, dry farm,
paddy field, fish farm, grassland, forest land, mangrove forest, ar-
tificial pond, lake, river and bare area) based on the existing coastal
land use classification systems (Di et al., 2015; Ding et al., 2019).
According to the test sample points derived from Google imagery
by manual interpretation, we calculated the accuracy of the
LULC data. The overall accuracy of the data for 2016 is approxim-
ately 92.32%. Construction land, fish farm and forest land have
high accuracies of 96.38%, 95.21% and 94.11%, respectively.

3.2  Methods

3.2.1  Pre-processing of LULC data
To quantify the spatial sequential pattern of the coastal LULC

along the sea–land direction, the typical belt-shaped coastal zone
was sampled into regular coastal transect lines with the same
length and adjacent distance. Each coastal transect line repres-
ents one small coastal zone and retains the gradient characterist-
ic of the LULC along the sea–land direction. In this study, the
length of the coastal transect line was defined as 20 km (10 km for
the inland part and 10 km for the ocean part). The adjacent dis-
tance between the transect lines was defined as 300 m on the
basis of the size of the smallest batch in the study area. The de-
tailed sampling process of the coastal transect line can be seen in
the references (Ding et al., 2017, 2019). Then, we constructed the
LULC map of the coastal transect line (Fig. 3) on the basis of the
LULC map.

3.2.2  Clustering method and similarity index
Partitioning Around Medoids (PAM), one of the most popu-

lar clustering methods with high efficiency (Bindra et al., 2019), is
widely used to mine regular rules in geospatial data (Disegna et
al., 2017; Hahus et al., 2018; Cárdenas and Torres, 2021). The key
principle of PAM is to classify the data into predefined k clusters
and assign each object to their nearest centre medoid. Given that
PAM uses a true sample object as the centre medoid, it is robust
and only slightly affected by noisy data (Kumar and Wasan, 2011;
Al Abid, 2014). Therefore, we selected PAM as the clustering
method in this study.

To calculate the similarity of the LULC’s sequential pattern
along the sea–land direction, we developed the Similarity Index
with the Longest Common Subsequence (SI_LCS), a similarity in-
dex based on the longest common subsequence (LCS) (Hirschberg,
1977; Tseng et al., 2018) between CLUSPs. The SI_LCS is calcu-
lated as follows (Eq. (1) and Fig. 4):
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Fig. 2.   Land use and land cover map of Manila Bay in 1988 (a) and 2016 (b).
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Fig. 3.   Land use and land cover (LULC) map of coastal transect line for Manila Bay in 1988 (a) and 2016 (b).
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Fig. 4.   Flow chart of the calculation for Similarity Index with the Longest Common Subsequence (SI_LCS) between coastal land use
and land cover transect lines.
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SI_LCS(Li, Lj) =
× LCS(Li, Lj)

len (Li) + len
(
Lj
) , (1)

where SI_LCS (Li, Lj) is the clustering distance between coastal
transect lines i and j; LCS (Li, Lj) is the count of the longest com-
mon subsequence between the lines i and j; len(Li) and len(Lj)
are the counts of the LULC features in lines i and j along the
sea–land direction, respectively.

3.2.3  Decision of cluster number k
Like other clustering algorithms, PAM also arbitrarily pre-

defines cluster number k  (the number of cluster centres).
Moreover, k is usually hard to define. An improved density peaks
clustering method was developed for fast cluster k  search
(Rodriguez and Laio, 2014; Xu et al., 2018) and has been widely
used by relevant clustering research (Xu and Tian, 2015; Du et al.,
2016; Chen et al., 2020). This method defines the cluster centers
as points surrounded by points with a low local density (ρ, Eq.
(2)) and a large distance (δ, Eq. (3)) from any point with a high
local density (Rodriguez and Laio, 2014). The cluster centers (an-
omalous points with anomalously large δ) are easily observed by
the scatter points graph of δ and ρ (called decision graph in this
paper). The detailed procedure can be seen in the reference
(Rodriguez and Laio, 2014).

ρi =
∑
j

χ(dij − dc), (2)

ρiwhere  is the local density of point i; dij is the distance between
point i and point j, and dc is a predefined cutoff distance. χ(x) = 1
if x < 0 and χ(x) = 0 otherwise:

δi = min
j:ρj>ρi

(
dij
)
, (3)

where δi is the minimum distance between point i and any other
point with a higher density. For the point with the highest dens-
ity, the δi is the maxj (dij).

Additionally, a hint for choosing the number of centers is
provided by the plot of γ(= δ×ρ) sorted in decreasing order. The
critical point is the mutation point of the γ value.

3.2.4  Sequential relationships of LULC in CLUSP along the sea–
land direction

The sequential relationships of the LULCs in the CLUSP is de-
rived from their locations along the sea–land direction. In a pre-

vious study, we used the average sequential number to represent
the sequential relationships of the LULCs in the CLUSP along the
sea–land direction (Ding et al., 2019). However, the sequential
number has no direct correlation with the locations of the LULCs
and might not represent the actual sequential relationships. In
this study, we used the average distance (AD) from the coastline
to represent the spatial locations of the LULCs along the sea–land
direction. The sequential relationships of the LULCs in each
CLUSP were sorted in ascending order of the average distances of
the LULCs from the coastline. The AD is calculated as follows
(Eq. (4)):

ADLCm =

n∑
k=

mean
(
dLCm,k

)
n

, (4)

ADLCm

mean
(
dLCm,k

)
where  represents the average distance of LULC m (one of
11 LULCs in this study) in one CLUSP from the coastline, n rep-
resents the number of coastal transect lines in the CLUSP, and

 represents the average distance of LULC m in tran-
sect line k of the CLUSP from the coastline.

4  Results

4.1  Clustering coastal land use sequential patterns along sea-land
direction
According to Figs 5 and 6, the CLUSP of Manila could by clas-

sified into four clusters in 1988, and three clusters in 2016. Spa-
tially, the CLUSP clusters in 1988 and 2016 showed an aggreg-
ated distribution in which the transect lines that belonged to the
same cluster were near each other (Fig. 6). CLUSP 1 in 1988 and
2016 had the same cluster centre and was mainly distributed
around the sides of the bottom of Manila Bay (Fig. 7). CLUSP 4 in
1988 and CLUSP 3 in 2016 had a similar distributed area, mainly
around the top of the bay. CLUSP 3 in 2016 covered the majority
of the total areas of CLUSPs 2 and 3 in 1988 and was mainly dis-
tributed around the sides of the middle of the bay.

4.2  Spatial–temporal pattern of CLUSP in Manila Bay
In 1988, the four CLUSPs showed typical land development

and spatial pattern along the sea–land direction (Fig. 8). CLUSP 1
(Cluster 1) was a typical natural CLUSP dominated by forest and
grassland that covered more than 96% of the total area in this
pattern. CLUSP 1 also showed a landward distribution along the
sea–land direction. Given that forest and grassland were mainly
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Fig. 5.   Decision graph of coastal land use sequence pattern (CLUSP) clusters for the Manila Bay in 1988. The four colored dots were
cluster centers, indicating that CLUSPs in 1988 were classified into four clusters.
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distributed in the inland places far from the coastline, the other
LULC types with a lower coverage were in front of them along the
sea–land direction. CLUSP 2 was an agricultural CLUSP domin-
ated by dry farm and paddy field (accounting for approximately
60% of the total coverage) and also showed a landward distribu-
tion along the sea–land direction. CLUSP 3 was a typical urban-
ised CLUSP in which construction land covered more than 78%
of the total coverage and the other LULC types covered less than
10% of the total coverage in this pattern. Meanwhile, construc-
tion land was mainly distributed around the areas near the coast-
line. Therefore, CLUSP 3 showed a seaward distribution along
the sea–land direction. CLUSP 4 was a fishery CLUSP (account-
ing for approximately 70% of the total coverage) and also showed
a seaward distribution along the sea–land direction.

Like CLUSP 1 in 1988, CLUSP 1 in 2016 was also a typical nat-
ural CLUSP and showed a landward distribution along the
sea–land direction (Fig. 9). However, the CLUSP in 2016 was

mainly covered by forest land that accounted for more than 67%
of the total coverage in this pattern. CLUSP 2 in 2016 was an in-
termediate CLUSP between the agricultural CLUSP (CLUSP 2 in
1988) and the urbanised CLUSP (CLUSP 3 in 1988). Agricultural
area (dry land and paddy field) and urban area had a similar cov-
erage (accounting for approximately 39% and 36% of the total
coverage in this pattern, respectively), covering more than 75% of
the total area. Meanwhile, these major LULC types were mainly
distributed around the middle places along the sea–land direc-
tion. Thus, CLUSP 2 in 2016 showed a neutral distribution along
the sea–land direction. CLUSP 3 in 2016 was a typical fishery
CLUSP in which fish farm covered approximately 67% of the total
area in this pattern. Although fish farm belongs to the typical sea-
ward LULC, it was mainly distributed around the middle places
and showed a neutral distribution along the sea–land direction.
This phenomenon might be due to the landward expansion of
fish farm.
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Fig. 6.   Decision graph of coastal land use sequence pattern (CLUSP) clusters for the Manila Bay in 2016. The three colored dots were
cluster centers, indicating that CLUSPs in 2016 were classified into three clusters.

121°00′E120°40′ 120°50′120°30′

121°00′E120°40′ 120°50′120°30′

14°50′
N

14°40′

14°30′

14°20′

14°10′

14°00′

14°50′
N

14°50′
N

14°40′

14°30′

14°20′

14°10′

14°00′

14°40′

14°30′

14°20′

14°10′

14°00′

14°50′
N

14°40′

14°30′

14°20′

14°10′

14°00′

121°00′E120°40′ 120°50′120°30′

121°00′E120°40′ 120°50′120°30′

Center4

Center 4

Center3

Center3

Center 3

Center 3

Center2

Center2

Center 2

Center 2

Center1 Center1

Center 1

Center 1

0 7 14 km

0 7 14 km
Four CLUSP clusters

Three CLUSP clusters

Cluster 1
Cluster 1

Cluster 1 Cluster 1

Cluster 2
Cluster 2

Cluster 2 Cluster 2

Cluster 3
Cluster 3Cluster 3 Cluster 3Cluster 4 Cluster 4

DEM/m DEM/m

60 60

40

40

30

20

10

0

50

40

30

20

10

0

50

40

20 20

0 0

high: 2 146
high: 2 146

low: −16
low: −16

Pe
rc

en
ta

ge
/%

Pe
rc

en
ta

ge
/%

a b

 

Fig. 7.   Spatial distribution of clusters for coastal land use sequential patterns in 1988 (a) and 2016 (b).
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4.3  Spatial–temporal changes of CLUSPs in Manila Bay from
1988 to 2016
From 1988 to 2016, the number of CLUSP types decreased

from 4 to 3 mainly because of the fusion of the agricultural
CLUSP (Pattern 2 in 1988) and the artificial CLUSP dominated by
construction land (Pattern 3 in 1988) into the artificial CLUSP
dominated multiple LULC types (i.e., construction land, fish
farm, paddy field and dry farm). Meanwhile, more than 84% of
the area covered by Pattern 2 in 2016 also belonged to the area of
Patterns 2 and 3 in 1988. The sequential locations of the LULCs
for the CLUSPs also had obvious changes, and the majority of the
LULC types, except for fish farm and forest land, were far from
the coastline (Fig. 10). Even with a similar natural CLUSP, such as
Pattern 1 in 1988 and 2016, the majority of the LULC types, ex-
cept for river, in this pattern were farther from the coastline than
those in 2016 (Fig. 11). A similar result was obtained for the fish-
ery CLUSP pattern (Pattern 4 in 1988 and Pattern 3 in 2016, Fig.
11). CLUSP 4 (artificial pond-river-fish farm-construction land-
grassland-mangrove forest-forest land-dry land-paddy field) in
1988 changed to CLUSP 3 (artificial pond-mangrove forest-river-
dry farm-fish farm-grassland-forest land-construction land-
paddy field) in 2016 along the sea–land direction. Particularly,
the sequential location of construction land changed from the
4th of Pattern 4 in 1988 to the 8th of Pattern 3 in 2016, whilst dry
farm and mangrove forest changed from the 8th and 6th to the
4th and 2nd, respectively. Additionally, the land use intensity of
typical CLUSPs increased from 1988 to 2016. The area percent-

age of the major artificial LULC types, including construction
land, dry farm, paddy field and fish farm, showed an increasing
trend (0.49 % per year and 0.37 per year for Patterns 1 and 2, re-
spectively) in either the typical artificial CLUSP (Pattern 2 in 1988
and 2016) or the nature CLUSP (Pattern 1 in 1998 and 2016) from
1988 to 2016.

5  Discussion

5.1  Stability and variability of CLUSP along sea-land direction
We found that the CLUSPs presented spatial–temporal stabil-

ity and variability in Manila Bay from 1988 to 2016. Stability
mainly refers to some similar typical CLUSPs in 1988 and 2016,
such as the typical nature CLUSP (Pattern 1 in 1988 and 2016)
and the fishery CLUSP (Pattern 4 in 1988 and Pattern 3 in 2016).
These similar CLUSPs not only had a stable land use sequential
pattern along the sea–land direction (Fig. 10) but also covered a
similar region in the study area. For example, the overlap areas of
Pattern 1 in 1988 and in 2016 covered more than 96% and 82% of
the entire areas for the two patterns, respectively. Similarly, Pat-
tern 4 in 1988 and Pattern 3 in 2016 had large overlap percent-
ages of more than 73% and 71%, respectively. The stable land use
sequential pattern was also reported in previous studies (Li et al.,
2016; Feng et al., 2018; Ding et al., 2019), largely attributing the
stability to the gradient characteristic the coastal zone along the
sea–land direction (Ray, 1991; Hadley, 2009). Affected by ter-
restrial factors, marine factors and LOIs, the physiographic,
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Fig. 8.   Locations of land use/land cover for each CLUSP cluster along the sea–land direction in 1988.
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physiochemical and biogenic features of the coastal zone exhibit
a gradient pattern with the increasing distance from the sea (Ray,
1991). In terms of the stability of these coastal features, the
coastal LULC, a representation of these features, also shows a
gradient pattern with stable sequential relationships along the
sea–land direction.

However, we also found that the distance and sequential loc-
ations of the LULCs had obvious changes from 1988 to 2016.
Overall, the LULC types, except fish farm and forest land, showed
a landward sprawling trend with a long distance from the coast-

line in 2016 (Fig. 10). Fish farm in the typical fishery CLUSP (Pat-
tern 4 in 1988 and Pattern 3 in 2016) also showed a landward
sprawling trend (Fig. 11). This phenomenon was largely due to
the expansion of fish farm that increased by 4.28% from 1988 to
2016. A previous study also found that the aquaculture area in-
creased by 400 hm2/a from 1976 to 2013 (Mialhe et al., 2016). The
LULC change also had some correlations with the seaward
sprawling trend of some LULC types in the CLUSP as discussed in
the next section. In addition, we found that the land use intensity
of the CLUSPs obviously increase from 1988 to 2016. Although
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Fig. 9.   Locations of land use/land cover for each CLUSP cluster along the sea–land direction in 2016.
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Fig. 10.   Average distance of each land use/land cover in CLUSPs for 1988 and 2016 from the coastline.
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the area percentage of total forest land greatly increased from
8.44% to 24.54%, the area percentage of the major artificial LULC
types for the typical natural CLUSP (Pattern 1 in 1988 and 2016)
and the artificial CLUSP (Pattern 2 in 1988 and 2016) still had an
obvious increase from 3.14% to 16.80% and 79.04% to 89.49%, re-
spectively. This phenomenon can be attributed to the urban ex-
pansion and agricultural reclamation that accounted for 89.45 %
of the LULC increase and led to the decrease of mangrove forest
and grassland (Fig. 12). This trend was also reported by previous
studies (Garcia et al., 2014; Mialhe et al., 2016).

5.2  Effect of land use changes on the variations of CLUSP along
sea–land direction
Urban expansion always causes the degradation of the eco-

system diversity and increases of land intensification in coastal
areas (Shi et al., 2015; Nor et al., 2017; Ai et al., 2020; Moschetto et
al., 2021). In this study, urban and aquaculture expansions were
the major driving factors of the decrease in diversity of the

CLUSPs and the enhanced land use intensification for the
CLUSPs from 1988 to 2016 (Figs 7 and 12). On the one hand,
more than 74% of the increased LULC coverage was contributed
by construction land and fish farm, i.e., 67% for construction
land. Nearly 74% of the increased construction land originated
from dry farm and paddy field. The large urban expansion was
also reported by previous studies (Dado and Narisma, 2022;
Mishra et al., 2021), and the expansion might be attributed to the
increase of population in this region (Dado and Narisma, 2022).
Consequently, the agricultural CLUSP (Pattern 2 in 1988) and the
artificial CLUSP dominated by construction land (Pattern 3 in
1988) were converted into an artificial CLUSP dominated by the
multiple LULC types mentioned above. On the other hand, forest
land had a small increase, and this increase was much less than
the decrease of grassland. Finally, the land use intensification for
both the natural and artificial CLUSPs showed an increasing
trend from 1988 to 2016.

However, the increase in the area of LULC coverage did not
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Fig. 11.   Comparing of locations of each land use/land cover in similar CLUSPs for 1988 and 2016.
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Fig. 12.   Net change of coverage for each land use/land cover from 1988 to 2016. *1 represented 3 394 m; *2 represented 632 m; *3
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have an obvious correlation with the distance from the coastline
(DFC) in Manila Bay. However, the net change rate of LULC cov-
erage had a close relationship with the DFC (Fig. 13). The loca-
tion of the LULC with a high coverage increase rate showed a sea-
ward sprawling trend, and that with a high decreasing rate of cov-
erage showed an inland toward trend (Fig. 14). Therefore, the dy-
namics of CLUSPs might be largely due to the high increase or
decrease rate of LULC areas. Some LULC types with a low cover-
age, such as mangrove forest and artificial pond, might have a
large net change rate with a small area change and would largely
affect the CLUSP along the sea–land direction. Thus, the buffer-
ing method that focuses on the major LULC in the subzone (Xin
et al., 2010; Xu et al., 2012; Di et al., 2015) ignores some dynamics
of the CLUSP along the sea–land direction. In addition, we found
that the net change rate of the LULC with an increasing coverage
had highly significant (p<0.01 and R2=0.98) negative correlations
with the DFC (Fig. 13) in the Manila Bay. This significant correla-
tion also indicates the large impact of human-induced activities
on the seaward landscape.

6  Conclusions
In this study, we mined the typical CLUSPs on the basis of the

distance gradient from the coastline in Manila Bay. We found
that majority of the coastal LULCs were distributed around areas
with a relative stable distance from the coastline. However, these
stable areas changed along the coast (parallel to the coastline)
and were clustered into typical CLUSPs, such as the natural
CLUSP dominated by forest land and grassland for Pattern 1 in
1988 and 2016, and the fishery CLUSP dominated by fish farm for
Pattern 4 in 1988. Affected by the dominant LULC, these typical
CLUSPs showed a regular spatial pattern along the sea–land dir-
ection. For example, the typical natural CLUSP showed a land-
ward pattern due to the long distance of forest land and grass-
land from the coastline. However, influenced by urban and
aquaculture expansions, the land intensification of the CLUSP
showed an obvious increase and caused the decrease of CLUSP
diversity from 1988 to 2016. The increase of the area of LULC cov-
erage did not have an obvious correlation with the DFC, but the
net increase rate of the LULC coverage had a significantly negat-
ive correlation with the DFC. Therefore, human-induced activit-
ies have a large impact on the gradient pattern of coastal land use
along the sea–land direction
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