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This study assessed the spatial distribution of population growth of Marinduque, an
island province in the heart of the Philippines. Based on the results, population of the province var-
ies across time and space while densely populated areas are concentrated in coastal, flat and rela-
tively flat regions. From 1990-2010, majority of the villages in the province experienced an
increase in population. Global Moran’s 7 test on the change in population and population growth
rate suggests there is spatial clustering of these two variables among villages. Local Moran’s [ test
validated such results and was able to detect several High—High and Low—High clusters of villages.
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Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Introduction

Small islands are composed of small land masses surrounded
by ocean and are commonly prone to either hydrological
and geological disasters (Mimura et al., 2007; Polido et al.,
2014). According several researchers (i.e. Nagarajan, 2006;
Polido et al., 2014; Pungetti, 2012), small islands are living lab-
oratories where people can see and experience impact of their
actions to the environment and how it affects the entire island
system.

Monitoring population growth in small islands is very
important because of its limited natural and space resources.
High population densities in small islands demand high
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resources and can also pose threats to the island’s unique bio-
diversity due to overexploitation and habitat degradation
(Leunufna and Evans, 2014; Polido et al., 2014). In addition,
growing population exacerbates land-use conflicts, regio-
nal/tribal warfare, environmental degradation, and competi-
tion for scarce resources (Chi and Ventura, 2011). On the
other hand, small population in an island can result to limited
pool of skills (Polido et al., 2014). On a larger context, popu-
lation growth along with composition and distribution is clo-
sely linked with land use, land cover, and global climate
change which in effect influence the need and demand for pol-
icy responses (CHDGC, 1994; Hunter et al., 2000; Salvati,
2012). Also, spatial distribution of populations in connection
with settlements location is important for delivering health-
care, distribution of resources, and economic development
(Linard et al., 2012).
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According to Hachadoorian et al. (2011) population data
are naturally spatial because human beings inhabit geographic
space. Explicit Investigation of the geography of human pop-
ulation using geographic information system (GIS) comple-
ments different demographic methods used to characterize
other population measures (Hachadoorian et al., 2011).
Rapid advances in geospatial data, new technologies, methods
of analysis, and computing power have fueled the increase of
interest in adding spatial perspective in the study of human
population (Almquist and Butts, 2012; Chi and Ventura,
2011; Matthews and Parker, 2013). Matthews and Parker
(2013) reviewed and provided numerous examples of different
demographic researches that incorporate spatial perspective.

Analysis of spatial autocorrelation helps to determine rela-
tionship among variables in space (Young and Jensen, 2012).
To evaluate the degree of similarity of observation across
space, global indices of spatial autocorrelation are commonly
used (Jackson et al., 2010). Moran’s I is a global index of spa-
tial autocorrelation widely used and tested for studying spatial
autocorrelation over the past 50 years (Bae et al., 2008;
Jackson et al., 2010; Young and Jensen, 2012; Zhang and
Lin, 2007). On the other hand, while global indices like
Moran’s I can measure spatial association of the entire data
set, use of local indicators for association local spatial clusters
(LISA, Anselin, 1995) is needed to identify clusters of high
(hot) and low (col) spots across space (Bae et al., 2008;
Rossen et al., 2014).

Using the published census data, this paper assessed popu-
lation distribution and growth at the village level of
Marinduque, an island province in the Philippines. The study
also used the popular Moran’s I (Moran, 1948) and Local
Moran’s I (Anselin, 1995) to evaluate spatial clusters of popu-
lation growth among villages in the province.

Materials and methods

Study area

Marinduque is an island province situated around 200 km
south of Manila (Fig. 1). The island province is considered
the heart of the Philippine archipelago because of its location
and geometric shape. Six (6) municipalities consists the pro-
vince covering around 96 thousand hectares of land
(Table 1). Generally, the province topography is hilly and
mountainous with rolling and steep slopes (Fig. 2). Farming
and fishing are the major source of income in the province.
Based on the National Statistical Coordination Board
(http://www.nscb.gov.ph), Marinduque is the lowest income
province in the region and almost 24% of the province popu-
lation is under poverty.

Table 1 Income class, area, and area coverage of six
municipalities of Mariduque (Data Source: NSCB, 2015).

Municipality Income class Area (ha) Percentage of area
Boac Ist 21,265 22.17
Buenavista 4th 7860 8.19
Gasan 3rd 11,930 12.44
Mogpog 3rd 8780 9.15
Sta. Cruz Ist 24,660 25.71
Torrijos 3rd 21,430 22.34

Data

Village level population data of Marinduque for the census
periods of 1990, 1995, 2000, 2007 and 2010 was obtained from
the National Statistics Office (NSO) (http://census.gov.ph) of
the Philippine Statistics Authority (PSA) while village GIS
boundary map of the province was downloaded from Global
Administrative Areas website (http://www.gadm.org/).

Analysis and visualization

Data processing and analysis was carried under R software
environment (R Core Team, 2014) using the different pack-
ages. Change in population and population growth rate was
computed between census data for 1990 and 2010.
Population change was calculated as the difference between
population count for each village between 1990 and 2010
(Eq. (1)) while population growth rate was calculated as the
difference between population count for 2010 and 1990 divided
by the total population during 1990 multiplied by 100 (Eq.
(2)). Average annual population growth rate from 1990 to
2010 was calculated by dividing the computed growth rate with
the number of year difference between the two periods, which
is 20 years. Spatial data such as administrative boundary, ele-
vation, and slope were handled and process using maptool
(Bivand and Lewin-Koh, 2014) and raster (Hijmans, 2014).
Spatial analysis (i.e. global and local Moran’s I test) was car-
ried using spdep (Bivand, 2015). Result from spatial analysis
was managed and visualized using plyr (Wickham, 2011),
ggplot2 (Wickham, 2009), RColorBrewer (Neuwirth, 2014),
and gridExtra (Auguie, 2012) packages.

Change in Population = Population2010 — Population 1990
)

Population2010 — Population 1990
'th R = 1
Growth Rate(%) Population 1990 x 100

Results

Population, population density, population growth

Maps of total population in the province for different census
period were shown in Fig. 3. These maps showed no distinct
pattern in terms of total population per village in the province.
Population distribution of Marinduque is similar to other
small islands where most of the population are concentrated
in the coastal region (Mimura et al., 2007). Population density
maps of the province (Fig. 4) showed that since 1990, densely
populated villages were concentrated in either coastal or those
relatively flat (i.e. flat to gently undulating) portions of the pro-
vince. On the other hand, as of 2010, the village of Balanacan
(Mogpog) has the highest population count (3216) while
Tumapon (Boac) has the lowest (129). The village of
Mercado (Boac) was the most densely populated village in
the province with around 14 thousand persons/km? while
Tabionan (Gasan) ranks as the least densely populated village
(37.6 persons/km?). In terms of population growth rate, major-
ity (82%) of the villages showed positive increase in population
(Fig. 5a) except those villages located in the east to
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Location map of Marinduque showing the administrative boundary of its six (6) municipalities (Data Source: GADM.org).
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Fig. 2 Elevation (a) and slope (b) map of Marinduque, Philippines (Data Source: ASTER GDEM gdem.ersdac.jspacesystems.or.jp).

northeastern portion of the province, which exhibit the oppo-
site (Fig. 5b). The highest annual population growth rate
(4.99) was observed for the village of Paye (Mogpog) while
the lowest (—1.34) was observed for the village of
Pakaskasan (Torrijos). On the average, the annual population
growth rate of the villages in the province (1.57%) is still below
the country’s 2.12% growth rate (NSO, 2015). According to
Lee et al. (2009), although the Philippines has family planning
program, the prevalence of modern contraceptive is moderate.
Limited use of modern methods is due to religious opposition
and not because of lack of consistent national and local

government support for modern methods resulting to 5.9 fer-
tility rate (Lee et al., 2009).

Clusters of population change

Global Moran’s I value for the change in population (0.30)
and population growth rate (0.25) showed that there is signif-
icant (p-value < 0.01) moderate clustering among villages in
terms of these variables. According to Small (2011) although
there are several factors (i.e. cultural, socio-economic, and geo-
physical) that influence human population distribution, human


http://www.GADM.org

A.R. Salvacion, D.B. Magcale-Macandog

30
13.5°N -
13.4°N -
13.3°N -
13.2°N -
13.5°N -
13.4°N - 3300
1200 [l 3600
13.3° N - 1500 [ 3900
£ 1800 [ 4200
195 K B 2100
1 T 1 1 1 1
121.9°E 122°E 122.1°E 121.9°E 122°E 122.1°E
Fig. 3 Total population per village from 1990 to 2010 of Marinduque.
13.5° N -
13.4°N -
13.3°N -
13.2° N -
Population Density
(person/sq.km)
13.5° N o [ 250 [ 500
50 [ 300 [ 550
13.4° N -
100 [l 350 [ 600
150 [ 400 [ >600
13.3° N - . .
200 [ 450
13.2°N -

T T T
121.9° E122° E122.1°E

T T T
121.9°E122° E122.1° E

Fig. 4 Population density per village from 1990 to 2010 of Marinduque.

population is strongly clustered in space. Results from Local
Moran’s I test showed where these clusters are located in the
province (Fig. 6). Almost similar pattern of clustering can be
observed between change in population and population
growth rate. For change in population, there were two (2)
Low—High while four (4) of High—High clusters observed in
the province. However, for population growth rate there were
seven (7) Low-High and High—High clusters observed.

Contrasting pattern can be observed between the northeastern
and southwestern portion of the province. Low—High clusters
were observed on the northeastern side of the province while
High—High clusters were observed on the southwestern side.
These mean that neighboring villages of these clusters also
have high values for both change in population and population
growth rate. The occurrence of High—High clusters for both
change in population and population growth rate on the
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Fig. 6 LISA cluster map of (a) change in population and (b) population growth rate in Marindque, Philippines.

southwestern portion of the province can be attributed to the
proportion and spatial distribution population increase in
the province (Fig. 5). Meanwhile the presence of Low—High
clusters on the northeastern portion of province can be due
to the villages’ proximity to the abandoned mining site (see
David, 2002) in the area. Further investigations are still needed
to validate these hypotheses. Table 2 contains the list of vil-
lages included in both (i.e. Low—High and High—High) delin-
eated LISA clusters.

Discussion

Changes in population of an area is influenced by many factors
(Chi and Marcouiller, 2011; Chi and Ventura, 2011). These

factors can fall in broad categories such as demographic char-
acteristics, socioeconomic conditions, transportation accessi-
bility, natural amenities, and policies and biophysical
conditions related to land use and development (Chi and
Marcouiller, 2011; Chi and Ventura, 2011). Political, geo-
graphic, and cultural forces as well as temporal and spatial
influences also affect population and drives population change
(Chi and Ventura, 2011; Entwisle, 2007). According to Chi and
Ventura (2011) there are four (4) elements to consider in study-
ing population change. First, a wide range of factors affect and
influence population change and none of these factors can
individually determine the direction and magnitude of change.
Second, the influences of different factors that affect popula-
tion change vary across time with different population redistri-
bution processes. Third, changes in population in one area can
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Table 2 List of villages under LISA High—High and Low—High clusters of change in population and population growth rate.

Change in Population

Population Growth Rate

High-High

Low-High

High-High

Low—High

Bunganay (Boac)
Cawit (Boac)

Tanza (Boac)
Bagtingon (Buenavista)
Caigangan (Buenavista)
Daykitin (Buenavista)
Libas (Buenavista)
Malbog (Buenavista)
Sihi (Buenavista)
Tungib-Lipata (Buenavista)
Yook (Buenavista)
Antipolo (Gasan)

Bahi (Gasan)

Banuyo (Gasan)
Masiga (Gasan)

Pangi (Gasan)

Pingan (Gasan)
Tabionan (Gasan)
Paye (Mogpog)
Malibago (Torrijos)

Banahaw Poblacion (Santa Cruz)

Devilla (Santa Cruz)
Kaganhao (Santa Cruz)
Kilo-Kilo (Santa Cruz)
Kinyaman (Santa Cruz)
Labo (Santa Cruz)
Makulapnit (Santa Cruz)
San Antonio (Santa Cruz)
Bolo (Torrijos)

Bonliw (Torrijos)

Kay Duke (Torrijos)
Malinao (Torrijos)
Pakaskasan (Torrijos)

Anapog-Sibucao (Mogpog)
Bintakay (Mogpog)
Capayang (Mogpog)

Ino (Mogpog)

Balogo (Boac)

Bantad (Boac)

Bunganay (Boac)

Cawit (Boac)

Daypay (Boac)

Tanza (Boac)

Bagtingon (Buenavista)
Barangay IV (Buenavista)
Caigangan (Buenavista)
Daykitin (Buenavista)
Libas (Buenavista)
Malbog (Buenavista)
Tungib-Lipata (Buenavista)
Yook (Buenavista)
Antipolo (Gasan)
Mangiliol (Gasan)
Tabionan (Gasan)

Mahinhin (Boac)
Malusak (Boac)

Mataas Na Bayan (Boac)
San Miguel (Boac)
Barangay II (Gasan)
Angas (Santa Cruz)
Bagong Silang Poblacion (Santa Cruz)
Baguidbirin (Santa Cruz)
Devilla (Santa Cruz)
Kaganhao (Santa Cruz)
Kilo-Kilo (Santa Cruz)
Labo (Santa Cruz)
Mabharlika Poblacion (Santa Cruz)
Makulapnit (Santa Cruz)
San Antonio (Santa Cruz)
San Isidro (Santa Cruz)
Tamayo (Santa Cruz)
Bolo (Torrijos)

Bonliw (Torrijos)

Kay Duke (Torrijos)
Malinao (Torrijos)

Matuyatuya (Torrijos)
Pakaskasan (Torrijos)
Talawan (Torrijos)

spill over to its neighboring areas (spill-over effect). Lastly, the
effect of different factors varies with respect to areal character-
istics (i.e. rural, suburban, and urban).

In the case of Marinduque, the above-mentioned factors
can be further explored. However, the availability of data
regarding those factors is a major limitation of this study.
Different socio-economic data for the province are only avail-
able as provincial aggregates (e.g. mean or total value for the
whole province) and not on a village level. In some cases,
although the village level data is present, such dataset are
not publicly available or are bounded by copyrights of other
researchers or institutions.

Conclusion

Using spatial analysis techniques, this study has shown how
population distribution in the province of Marinduque varies
spatially across space and time. It also showed that majority
of the villages exhibit an increase in population from 1990 to
2010 and that majority of the densely populated villages are
located in the coastal, flat and relatively flat regions of the pro-
vince. Global Moran’s 7 test suggests there is spatial clustering
of population growth and further validated by the Local
Moran’s I analysis. From Local Moran’s [ analysis, contrast-
ing trend and clustering of population growth were observed
between the northeast and southwestern portions of the
province.

The results from this study can help provincial officials and
other stakeholders to determine appropriate actions to address
population growth in those villages included in LISA clusters.
In addition, this study can also serve as a preliminary step to
examine how the human population dynamics of

Marinduque shapes its socio-economic and environmental
systems.
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