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Abstract: Analysis of spatial and temporal changes of vegetation cover using remote
sensing (RS) technology, in conjunction with Geographic Information Systems (GIS), is
becoming increasingly important in environmental conservation. The objective of this
study was to use RS data and GIS techniques to assess the vegetation cover in 1989 and
2009, in the barangays (smallest administrative units) of the city of San Fernando, La
Union, the Philippines, for planning vegetation rehabilitation. Landsat images were used to
prepare both the 1989 and 2009 land cover maps, which were then used to detect changes
in the vegetation cover for the barangays. In addition to conventional accuracy assessment
parameters such as; proportion correct, and standard Kappa index of agreement, two other
parameters; quantity, and allocation disagreements were used to assess the accuracy of the
land cover classification. Results revealed that there were gains and losses of vegetation
cover in most of the barangays, but overall vegetation cover increased by 11% (around
625 ha) based on the original extent of 1989. Those barangays that showed substantial net
losses in vegetation cover need to be prioritised for rehabilitation planning. As exemplified
in this study, the collection, processing and analysis of relevant RS and GIS information,
can facilitate priority-setting in the planning of environmental rehabilitation and
conservation by the local government at both city and barangay levels.
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1. Introduction

Land use/cover change (LUCC) analysis is a critical component of sustainable land use
planning [1,2]. In order to better understand the interactions between human and natural phenomena,
timely and accurate detection of change in the earth’s surface features is needed [3]. Furthermore,
multi-temporal sets of data are required when monitoring LUCC in order to have effective and
accurate evaluations of human impact on the environment [4]. Remote Sensing (RS) has contributed to
the fulfilment of this particular requirement by providing much of the necessary data via satellite
imagery. Previous studies have highlighted the importance of LUCC for sustainable land use planning
in Southeast Asia [5,6]. In the Philippines, biodiversity loss [7], water quality deterioration [8], and
natural disasters like flash floods and landslides [9—11] have been associated with the loss of
vegetation cover. However, the century old ‘theory’ that vegetation cover like forests prevent floods by
acting as a giant sponge soaking up water during heavy rains, has been refuted by [12] arguing that
there is no scientific evidence linking large scale flooding to deforestation. Nevertheless, it has been
stressed that watershed management projects like soil and water conservation and reforestation
activities may be beneficial on a local scale, i.e., with a well-developed undergrowth and litter layer,
forests may contribute to reducing erosion and sedimentation [12], which have adverse effects on
aquatic and reservoir life, potable water quality, irrigation quality and navigation [13].

The Philippines has suffered from a substantial loss in natural vegetation, particularly during the last
century. From a forest cover of around 90% of the total area of the country in 1521 [14], this figure has
decreased gradually to 62% in 1920, 35% in 1967 and 22% in 1987 through deforestation [15]. As a
counter measure, provisions on environmental law were incorporated into the 1987 Philippine
Constitution. Specifically, the Constitution states in its declaration of principles and state policies in
Article II, Section 16 that; ‘the State shall protect and advance the right of the people to a balanced and
healthful ecology in accord with the rhythm and harmony of nature’. Also, Article XII, Section 2 states
that; ‘with the exception of agricultural land, all other natural resources shall not be alienated. The
exploration, development and utilization of natural resources shall be under the full control and
supervision of the State’. These provisions show awareness of the continuing degradation of the
country’s environment, which has become a matter of national concern and why over recent years,
reforestation projects have been implemented. Based on the latest statistics produced by the
Philippines’ Department of Environment and Natural Resources [16], the country’s forest cover
increased from 18% in 1995 [15], to 7.168 million ha, or around 24% of the country’s total land area,
of which 4.6% is plantation forest. The Philippine Constitution has also been the basis upon which to
implement existing forestry and environment-related laws (e.g., the Revised Forestry Code of the
Philippines of 1975, and Philippine Environment Code of 1977, amongst others) and to enact new ones
(e.g., Executive Order Nos. 23 and 26 of 2011—<creating and implementing the National Greening
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Program, The Philippine Clean Water Act of 2004, The Wildlife Resources Conservation and
Protection Act of 2001, and The Philippine Clean Air Act of 1999, amongst others). These policies
serve as a legal basis for the barangays, municipalities and cities in their environmental protection and
rehabilitation programs.

Some recently published studies relating to LUCC analysis and modelling using medium-resolution
satellite images like Landsat images include the following references [17-32]. Some of them fall under
specific research topics like; urban growth analysis and modelling [17,18,21-23,30,31], LUCC
mapping, analysis and modelling [25-28,30-32], landscape fragmentation analysis [24,29], and
deforestation driving forces analysis and forest conversions forecasting [19,20]. These studies were
conducted in various parts of the world. In the LUCC study conducted by [5,20,27,33] in the countries
of South and Southeast Asia, most of the selected representative study areas were watershed-based,
whilst some others were administrative boundary-based, including national parks. In the Philippines,
Lasco and Pulhin [34] analysed the forest land use change and its impact on climate change mitigation
for the whole country, whilst Estoque and Murayama [17] monitored the LUCC for Baguio city. In this
study, we attempt to extend the monitoring of vegetation cover changes down to the grassroots level,
i.e., the smallest administrative unit. Land/vegetation cover changes, more often than not, are within
the jurisdiction of the local administrative or political unit. It is here where effective environmental
protection and conservation project planning and implementation begin. Republic Act No. 7160 [35],
otherwise known as the local government code of the Philippines, states that; ‘as the basic political
unit, the barangay serves as the primary planning and implementing unit of government policies,
plans, programs, projects, and activities in the community, and as a forum wherein the collective views
of the people may be expressed, crystallized and considered, and where disputes may be amicably
settled’. At present, each barangay, which is headed by the barangay Captain/Chairman, has defined
powers to enhance its existence as an autonomous part of the municipality or city. The local
government code of the Philippines [35] provides the barangay executive, legislative and adjudicatory
powers, and it is in this context that the barangay is important as a unit of analysis for monitoring
changes in vegetation covers.

The objective of this study was to assess the vegetation cover for 1989 and 2009 in the barangays of
the city of San Fernando, La Union, the Philippines, using medium-resolution RS satellite images and
Geographic Information Systems (GIS) techniques for planning vegetation rehabilitation. Having
identified the principal changes in vegetation cover between 1989 and 2009 at the barangay level, we
discuss the interventions adopted by San Fernando as part of its environmental rehabilitation,
protection and conservation agenda.

2. Data and Methods
2.1. Study Area

San Fernando is a coastal city located at 16°37'N latitude and 120°19'E longitude (Figure 1), rising
to 500 m above mean sea level [36]. Covering 10,688 ha [37], it is about 60 km from the city of
Baguio and 270 km north of Metro Manila. It is bounded by the municipalities of San Juan to the
north, Bauang to the south, Bagulin and Naguilian to the east, and the South China Sea to the west.
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Figure 1. (a) Map of the Philippines. (b) Map of the Province of La Union. (¢) Map of the
City of San Fernando showing the 2007 population density per barangay. Note: The
National Statistics Office (NSO), the Philippines, classifies the 59 barangays that compose
the city into urban barangays (24) and rural barangays (35). Sources: Barangay boundary
(2001 Base Map of the City of San Fernando); 2007 Population data [38].
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San Fernando is a component city of the Province of La Union. According to the National
Statistical Coordination Board of the Philippines, a component city is one that does not belong to the
categories of highly urbanised and independent component cities. San Fernando, known as the gateway
to Ilocandia, is also the centre of the Ilocos region (Region 1), being the seat of national government
offices for Region I and the centre of trade, commerce, financial, and educational institutions. The city,
comprising 59 barangays, has a population of 114,813 and exhibited an average annual growth rate of
about 2% from 1995 to 2007 [38—40]. The literacy and employment rates are 97.77% and 94.73%,
respectively [37]. The main source of livelihood is agriculture; most of the arable lands are planted
with rice, legumes, leafy vegetables, root crops, fruit trees, corn and tobacco [37]. Some people living
along the coastline are engaged in fishing activities. The city is also known for its tourist trade. The
climate of San Fernando belongs to the Philippine Atmospheric, Geophysical and Astronomical
Services Administration (PAGASA)—Climate Type I, being characterised by two pronounced seasons:
dry from November to April, and wet for the rest of the year. The temperature may rise above 27 °C,
but seldom falls below 26 °C except during the night [41]. The vegetation cover in the city comprises
Molave forests and mangrove areas, with a sparse distribution of arboreal species such as rain trees
(Samanea saman), and Narra (Pterocarpus spp.) in the city core. Molave forest is a dry, monsoonal
forest, which is found only in parts of western Philippines [14]. It occurs in regions where there are
distinct wet and dry seasons, each of several months duration. Some of the most important species are
Molave (Vitex parviflora), Narra (Pterocarpus spp.), and Ipil (Intsia bijuga), amongst others [42].
Other vegetation includes bushes, shrubs, vines and bamboos in the shrub lands and all of these
contribute to the greenery of the city. In general, San Fernando was selected as the study area because
it has been active in environmental protection and rehabilitation activities.

2.2. Data Acquisition and Pre-Processing

The two cloud-free images captured during the dry season (8 January 1989 and 9 December 2009)
were downloaded from http://glovis.usgs.gov/. The decision was taken to compare vegetation cover
during the dry season, so that the effect of rainfall on vegetation phenology would be minimal. Table 1
presents the details of the data used.

In this study, pixels that contained reference features in both time periods were checked to verify
that they appeared in the same geographic locations in both images. Although the two images were
already orthorectified, upon close examination, a deviation was still observed. Thus, a geometric
correction was carried out to minimise the discrepancies using the 1989 image as reference. A total of
26 ground control points and six check points, well distributed across the entire image, were used to
geometrically correct the 2009 image in ERDAS IMAGINE® software, following the second order
polynomial equations. Both images were resampled to a pixel size of 30 x 30 m, using the nearest
neighbour method, in order to maintain the radiometric properties of the original data [31] and this
resulted in an RMS error of less than half of a pixel. The images were not radiometrically enhanced
before the unsupervised classification was performed to avoid interfering with the original spectral
information [43]. The other maps; the previous land use map, topographic map, base map and GeoEye-1
high-resolution satellite images, were all georeferenced based on the two georectified Landsat images
with geometric characteristics such as; Projection—UTM, Zone 51N, Spheroid and Datum—WGS 84.
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The georeferenced base map of San Fernando was digitised on-screen using ArcGIS® software in order
to produce a barangay boundary map.

Table 1. Data used and their details.

Data Source/Date Scale/Resolution Description
NASA Landsat Program/
Landsat 5 TM 30 m Number of bands: 7
8 January 1989
NASA Landsat Program/
Landsat 7 ETM+ 30 m Number of bands: 8
9 December 2009
Land use of San Reference image in the classification
San Fernando, Philippines/1990s  1:20,000
Fernando of the 1989 land cover map
Topographic map of San o Reference image in the classification
NAMRIA, Philippines/1977 1:50,000
Fernando of the 1989 land cover map
GeoEye-1 satellite Google Earth/15 December 2009; 50 Reference image in the classification
cm
images of San Fernando 4 March 2010; 11 April 2010 of the 2009 land cover map
Base Map of San San Fernando, Philippines/30 1:20.000 Reference in digitising the polygon
Fernando May 2001 o boundary of the city and the barangays
Socio-economic o Reference in the analysis and
San Fernando, Philippines N/A
information discussions

2.3. Land/Vegetation Cover Classification

In the context of this study, vegetation cover includes the commonly used cover classes in land
use/cover mapping and studies [17,36,44] such as brushland (shrubs, brushwood, bushes, scrubs,
grasses and geophytes) and woodland/forest. In some cases, sparsely distributed trees associated with
shrubs/bushes are classified under brushland [17], whilst woodland/forest is further classified into
primary, or secondary [20].

Dense vegetation exhibits different spectral characteristics compared with open vegetation. Other
land covers like water body and non-vegetated land also have different spectral values. However, a
close examination of the satellite images and their spectral information showed that built-up/residential
areas and croplands have relatively similar spectral characteristics causing mixed pixels and spectral
confusion. Thus, in this study, we only focused on vegetated and non-vegetated land, without further
subdividing non-vegetated areas. The four land cover classes; dense vegetation, open vegetation, water
body, and non-vegetated land (Table 2 and Figure 2), were adopted for image classification based on;
the modified Anderson land use/cover scheme levels I and II [44], the National Mapping and Resource
Information Authority (NAMRIA) of the Philippines, and the authors’ a priori knowledge of the
study area.
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Table 2. Land cover classification scheme for the City of San Fernando.

Land Cover * Descriptions

Open vegetation shrubs, brushwood, bushes, scrubs, grasses, geophytes, and
sparsely distributed trees

Dense vegetation woodland/forest °

Water body sea, creeks, swamps and other water bodies

Non-vegetated land built-up and residential areas, cropland/agricultural land, bare

land and other open areas

“The terms “open” and “dense” vegetation are used in the subsequent discussion; ° The forest in the study area is a

secondary or second growth forest. There is no primary or virgin forest in the study area.

Figure 2. Visual representation of the land cover classification scheme. The figure covers
a part of Barangay Canaoay (see Figure 1). This image is a 2010 GeoEye-1 satellite image
used as a reference. Source: Google Earth.
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We adopted the unsupervised classification method using the Iterative Self-Organizing Data
Analysis (ISODATA) algorithm, which uses a minimum distance to assign a pixel to a cluster. We
chose this classification method because it clusters the pixels with relatively similar spectral
characteristics with a high degree of objectivity [45]. This method is capable of discriminating the four
land cover classes adopted in this study. Unsupervised classification using ISODATA uses the original
cell value in clustering the pixels with similar spectral characteristics. Since this study focuses on the
classification of only a few land cover classes, which can be easily distinguished from each other based
on spectral values, ISODATA can be used. Using this method, potential errors due to human
limitations on digitising training sites, as in the case of supervised classification, may be avoided. Land
cover classification based on the spectral characteristics of the image pixels without training, or
forcing the pixels to be in a particular class, is what this study intends, as land cover classes with
relatively high spectral confusion (e.g., built, cropland, bare land) were not further distinguished.

In particular, the ISODATA algorithm is affected by the sampling technique and clustering
parameters such as the number of clusters [45,46]. A few and also many clusters produce outcomes that
are respectively too broad and too detailed, whereby the former may not necessarily reflect reality, whilst
the latter requires more computational and processing power and time. In recognition of these
considerations, ISODATA was run to generate 20 clusters for both images without assigning a
predefined signature set as initial clusters. This number of clusters was determined after several numbers
of clusters were empirically assessed in finding the optimum number of clusters for a four-class/category
land cover classification. The resultant clusters were assigned to one of the four classes (dense
vegetation, open vegetation, water body, and non-vegetated land), by visual interpretation of the original
image and reference data (see Table 1) and by using our local knowledge of the study area. Finally, the
clusters with the same land cover classes were merged together.

2.4. Accuracy Assessment

A standard overall accuracy for land use/cover maps is set between 85% [44] and 90% [47]. In this
study, the accuracy levels of the classified 1989 and 2009 land cover maps were assessed using the
georeferenced GeoEye-1 high-resolution satellite images, previous land use map, topographic map and
local knowledge of the study area as reference (Table 1). It is assumed that these reference maps are the
most accurate maps available for the particular time-periods, so they serve as the basis by which to
measure the accuracy of the classification. With a minimum representation threshold of 30 for each land
cover category, a total of 250 points were generated for each of the two land cover maps (1989 and 2009)
using the stratified random sampling design (unaligned) in ERDAS IMAGINE® software. In this
sampling method, the points are stratified based on the distribution of land cover classes [28,31,60]. The
possibility of bias is also lessened because it allows the points, or pixels to be randomly selected [48].
Subsequently, the 1989 land cover map was checked with reference to the topographic map and
previous land use map, whilst for the 2009 land cover map, the GeoEye-1 high-resolution satellite
images were used as reference. The original Landsat image was used as reference for the points, or
pixels located in areas covered with clouds in the GeoEye-1 high-resolution satellite images.

The proportion correct and the standard Kappa index of agreement [48,49] have been the most
commonly reported parameters for accuracy assessment for a classified land use/cover map. Whilst
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proportion correct is relatively easy to calculate and understand [50], the standard Kappa index of
agreement has been criticised by many authors (e.g., [S1-54]), for giving information that is redundant
to proportion correct and misleading for practical decision making [50]. However, proportion correct
alone does not give a clear understanding of the errors of the classification. Pontius and Millones [50]
proposed the use of two other parameters, or components for accuracy assessment; quantity
disagreement, and allocation disagreement. Quantity disagreement is defined as; ‘the amount of
difference between the reference map and a comparison map that is due to the less than perfect match
in the proportion of the categories (land cover classes)’, whilst allocation disagreement is defined as;
‘the amount of difference between the reference map and a comparison map that is due to less than the
optimal match in the spatial allocation of the categories, given the proportions of the categories in the
reference and comparison maps [50]. We opted to present all of the four parameters mentioned and we
interpreted their respective meanings in relation to the present study.

2.5. Detection of Barangay-Based Vegetation Cover Changes

A post-classification comparison technique using the ‘CROSSTAB’ module in IDRISI® [55] was
employed to detect the changes in vegetation cover from 1989 to 2009. By cross-tabulating the 1989
and 2009 land cover maps, we traced the extent of a particular cover class (e.g., how many pixels) that
transitioned to other cover classes from 1989 or time 1 (T;), to 2009 or time 2 (T,). The process of
cross-tabulating the two images produced a statistical table, which was used to calculate the extent of
change of one cover class to another from T; to T, and a map that showed the spatial location of the
changes, including the non-change areas. The post-classification comparison technique was extended,
and a GIS zonal analysis was employed using the 59 barangays in San Fernando as units of analysis.
The zonal analysis, which was accomplished using ArcGIS® software, allowed us to summarise the
area of each land cover class, and to detect the extent of transition from a particular land cover class to
another, in each barangay. The observed changes in vegetation cover for all the 59 barangays in San
Fernando, including the ‘gained from’ and °‘lost to’ information, were calculated and the top 15
barangays that gained and lost ‘dense’ vegetation cover were determined. The correlation coefficients
between the annual population growth rates (APGR) of these barangays and their respective net gains
and losses of ‘dense’ vegetation cover were calculated.

3. Results
3.1. Accuracy Assessment

The results of the accuracy assessment revealed overall classification accuracy levels of 85% and
88%, and kappa statistics of 0.80 and 0.84 for the 1989 and 2009 land cover maps, respectively
(Table 3). Based on these parameters (i.e., proportion correct and Kappa), the accuracy levels are
within the range reported by some other LUCC studies that used medium-resolution satellite images
(i.e., Landsat TM and ETM+) [17-32] like the ones used in this study. The reported overall accuracies
of these studies [17-32] range from 82% to 99% with an average of 89%. The number of land cover
classes ranges from three to nine with an average of six. Those that used an unsupervised classification
method [27,31,61] have an overall accuracy ranging from 85% to 90% with an average overall
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accuracy of 88%, and the number of land cover classes ranges from three to eight with an average of
six. In this study, the number of land cover classes (4) influenced the accuracy of the land cover maps,
rendering relatively high classification accuracy.

Table 3. Error matrix of the land cover maps derived from Landsat images.

(a) 1989
Reference Data
Water Non-Vegetated Classified Producer’s User’s
Classified Data Open Dense Body Land Totals Accuracy (%) Accuracy (%)
Open 54 6 0 6 66 72 82
Dense 11 55 1 0 67 89 82
Water body 0 0 28 2 30 97 93
Non-vegetated land 10 1 0 76 87 90 87
Reference totals 75 62 29 84
Overall classification accuracy = 85%, Overall kappa statistics = 0.80
(b) 2009
Reference Data
Water Non-Vegetated Classified Producer’s User’s
Classified Data Open Dense Body Land Totals Accuracy (%) Accuracy (%)
Open 60 4 0 2 66 76 91
Dense 13 64 0 1 78 93 82
Water body 0 0 29 1 30 97 97
Non-vegetated land 6 1 1 68 76 94 89
Reference totals 79 69 30 72 250

Overall classification accuracy = 88%, Overall kappa statistics = 0.84

Figure 3 presents the details of the allocation and quantity disagreements including the commission,
agreement and omission for each land cover class. Allocation disagreement ‘is always an even number
of pixels because allocation disagreement always occurs in pairs of misallocated pixels’ [50]. A single
pair consists of one pixel of omission for a particular land cover class and one pixel of commission for
the same class. An omission pixel is defined as a pixel for a particular land cover class that appears on
the reference map, but not on the comparison map (e.g., the pixel is ‘dense’ vegetation in the reference
map, but not in the comparison map). A commission pixel is the opposite; where a pixel for a
particular land cover class appears on the comparison map and not on the reference map. In calculating
the omission and commission, including the agreement for each land cover class relative to the whole
study area, Table 3, which contains the sample matrix, had to be converted into a population matrix in
order to compute the unbiased summary statistics [50]. The results show that the ‘open’ vegetation
cover class had the highest omissions of 9% and 8% in 1989 and 2009, respectively (Figure 3(a,b)).
This class had the same commission of 5% with the ‘dense’ vegetation cover and ‘non-vegetated’ land
classes in 1989, whilst in 2009 the ‘dense’ vegetation cover class had the highest commission of 6%.
In terms of agreement, the ‘non-vegetated’ land class had the highest with 34% and 28% in 1989 and
2009. The ‘dense’ vegetation cover class had an agreement of 23% and 27%, whilst the ‘open’
vegetation cover class had an agreement of 22% and 25% in 1989 and 2009. Thus, the results show
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that the proportion correct of the ‘non-vegetated’ land class to the whole study area, was relatively
lower in 2009 than in 1989, whilst the proportion correct of the ‘dense’ and ‘open’ vegetation cover
classes were relatively higher in 2009, compared with 1989. Furthermore, the results revealed that the
relative ranking of Kappa is similar to the relative ranking of proportion correct of the two matrices,
which means that here, as in other studies (e.g., [17,18,20,22,26,32]), the Kappa indices express
information that is superfluous to proportion correct.

The separation of the overall disagreement into components of quantity and allocation, revealed a
4% and 6% quantity disagreement (out of 15% and 12% overall disagreement relative to the whole
study area) for the 1989 and 2009 land cover maps, respectively (Figure 3(c,d)), and this allowed some
degree of confidence in proceeding with the change detection analysis. This is important because the
main purpose of this study focuses on the detection of the net quantity of land cover change between
two-time periods, in which allocation disagreement is less important than quantity disagreement [50].

Figure 3. Accuracy assessment. (a) 1989 commission, agreement and omission; (b) 2009
commission, agreement and omission; (¢) 1989 allocation and quantity disagreements; and
(d) 2009 allocation and quantity disagreements
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3.2. Land Cover of the City of San Fernando

The source RS satellite images are shown as true colour composites in Figures 4(a) and 5(a).
Figures 4(b) and 5(b) show the classified land cover maps of San Fernando for 1989 and 2009,
respectively. Table 4 summarises the generated statistics of the different land cover classes and their
respective changes from 1989 to 2009. The results showed that the vegetated area of the city was about
54%, whilst the non-vegetated area was about 46% in 1989. Of the vegetated area, 27% was ‘dense’
and 27% was ‘open’ vegetation cover. Of the non-vegetated areas in 1989, 39% was ‘non-vegetated
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land’, which included built-up and residential areas, cropland/agricultural land, bare land and other
open areas, whilst the remaining 7% comprised bodies of water. In 2009, the vegetated area made up
60% of the city, this being broken down into ‘dense’ (33%) and ‘open’ (27%) classifications. The
non-vegetated area made up about 40%, of which 32% was ‘non-vegetated land’, with water bodies
making up the remaining 8%. Therefore, over a period of 20 years, between 1989 and 2009, the
vegetated area in the city increased by about 6% of the whole landscape, or 11% (625 ha) of its
original extent in 1989, matched by a corresponding decrease in the non-vegetated area. Of this
increase in vegetated area from 1989 to 2009, most (594 out of 625 ha, representing 20% increase of
the original area) can be attributed to the increase in ‘dense’ vegetation cover.

The major conversions that occurred on the vegetation cover are given in Figure 6 and Table 5. The
results revealed that of the 1,333 ha (gross gain) that transitioned to ‘dense’ vegetation cover; 76.1%
was from ‘open’ vegetation cover, 23.8% was from ’non-vegetated land’, and the remaining 0.1% was
from water bodies. In the case of the 1,650 ha (gross gain) newly formed ‘open’ vegetation cover;
66.0% was from ‘non-vegetated land’, 33.8% was from ‘dense’ vegetation cover, and the remaining
0.2% was from water bodies.

Hence, whilst ‘dense’ vegetation cover had a gross gain of over a thousand hectares during the
transition process it ended up with a net gain of around 600 ha, because some erstwhile ‘dense’
vegetation was lost over this period. In fact, of the total loss of 739 ha; 75.5% was due to conversion to
‘open’ vegetation, 21.5% was lost to ‘non-vegetated land’, and the remaining was lost to water bodies.
In the case of the ‘open’ vegetation cover, the results show that whilst it had a relatively high gross
gain (1,650 ha) during the process, it ended up with a net gain of around 31 ha. Of the 1,619 ha loss;
62.6% was due to conversion to ‘dense’ vegetation cover (a beneficial development), 36.9% was due
to conversion to ‘non-vegetated land’, and the remaining was lost to water bodies.

The change detection analysis revealed that the rate of ‘dense’ vegetation cover loss from 1989 to
2009 was 1.2% per year (36 ha/year), whilst the rate of ‘dense’ vegetation cover gain was 2.3% per
year (67 ha/year), giving a net conversion rate to ‘dense’ vegetation cover of around 1.1% per year (30
ha/year) (Tables 4 and 5). In comparison with other studies that have used medium-resolution RS
satellite images, the rate of ‘dense’ vegetation cover loss in San Fernando is much lower than the rate
of forest cover loss in the rapidly growing city of Baguio in the Philippines, which was around 3% per
year, or 75 ha/year based on the net change from 1988 to 2009 [17]. In County Centre in Pennsylvania,
the rate of forest loss at county level from 1993 to 2000 was 0.07% per year (140 ha/year), whilst the
rate of forest gain was around 0.12% per year (248 ha/year), giving a net conversion rate fo forest of
0.05% per year (109 ha/year) [23]. In Lao PDR, the rate of “current forest” loss from 1993 to 2007 was
2.4% per year (437,400 ha/year), whilst the rate of “current forest” gain was 0.7% per year (129,800
ha/year), giving a net conversion rate from “current forest” of 1.7% per year (307,600 ha/year) [61].
Based on the net change, the rate of primary forest loss in Tam Dao National Park in Vietnam from
1993 to 2007 was 2.4% per year (912 ha/year) [20], whilst the rate of forest loss in Kathmandu valley
in Nepal from 1978 to 2000 was around 1% per year (137 ha/year) [24]. Also based on the net change,
the rate of conversion fo dense forest in the Birahi Ganga sub-watershed of the Garhwal Himalaya in
India, from 1976 to 2005 was about 0.1% per year (2 ha/year) [56]. Thus, in comparison with other
studies that have used medium-resolution RS satellite images, this study shows that the rate of ‘dense’
vegetation cover loss in San Fernando is within the range of other reported rates. However, although it
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has a relatively higher percentage rate per year than the others, it has the lowest rate in terms of extent
(ha/year). Moreover, although it has the highest percentage rate of gain per year of ‘dense’ vegetation
cover, the rate in terms of extent (ha/year) is in the mid-range.

Figure 4. (a) The 1989 Landsat image displayed in its “true colour” composite (RGB:321).
(b) The 1989 classified land cover map of the City of San Fernando, La Union,
Philippines. Note: See Table 2 for the detailed descriptions of the land cover classes.
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Figure 5. (a) The 2009 Landsat image displayed in its “true colour” composite (RGB:321).
(b) The 2009 classified land cover map of the City of San Fernando, La Union,
Philippines. Note: See Table 2 for the detailed descriptions of the land cover classes.
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Table 4. Statistics of the land cover classes in the City of San Fernando.

Land cover *

Land Cover Statistics (ha)

Gain/Loss (ha)

1989 2009 1989-2009
Open 2,815 2,846 31
Dense 2,899 3,493 594
Water body 759 866 107
Non-vegetated land 4,086 3,354 —732
Total ° 10,559 10,559

* See Table 2 for the descriptions of the land cover classes; ® The total land area may not be equal to the land area

published by [37].

Figure 6. Major vegetation covers conversions, 1989-2009.
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Table 5. Major vegetation covers conversions, 1989-2009.

‘From Class’ ‘To Class’ Area (ha)
Open vegetation Dense vegetation 1,014
Open vegetation Non-vegetated land 598
Dense vegetation Open vegetation 558
Dense vegetation Non-vegetated land 159
Non-vegetated land Open vegetation 1,089
Non-vegetated land Dense vegetation 317

Other conversions

161
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Our results showed that there were gains and losses in all of the land cover classes. Whilst some
gains in vegetation cover could be due to natural regeneration, reforestation activities largely
contributed in the improvement of vegetation cover in the study area. On the other hand, in a study on
deforestation in the province of La Union, Mehaffy [57] found that the main causes of deforestation
were due to fuel wood and charcoal production. Tobacco curing (Variety: Virginia) requires fuel and
this is primarily wood that is obtained locally. Consequently, this contributed to the changes in
vegetation cover from ‘dense’, to ‘open’ and ‘non-vegetated land’, and from ‘open’ vegetation cover,
to ‘non-vegetated land’, observed in this study. However, there is a diminishing supply of fuel wood as
the government has enforced more stringent policies that prohibit illegal felling of trees and timber
poaching within forested lands. There is also greater public awareness of the adverse consequences of
forest denudation. Another reason for the decline of tobacco cultivation is that many farmers have
switched to other crops such as; corn, peanuts, and vegetables, amongst others.

3.3. Monitoring the Barangay-Based Vegetation Cover Changes

We highlighted in Tables 6 and 7 the top 15 barangays that gained, and the 15 barangays that lost
‘dense’ vegetation cover from 1989 to 2009. Around 75.7% of the total gains of the top 15 barangays
that gained ‘dense’ vegetation cover came from the conversion of ‘open’ vegetation cover, whilst
around 24.2% came from the conversion of ‘non-vegetated land’ and the remainder was gained from
water bodies (Table 6). On the other hand, around 63.2% of the total losses of the 15 barangays that
lost ‘dense’ vegetation cover were due to conversion to ‘open’ vegetation cover, whilst around 27.4%
were due to conversion to ‘non-vegetated land’ and the remainder was lost to water bodies (Table 7).

Table 6. Top 15 barangays that gained ‘dense’ vegetation (1989-2009) (ha).

‘Dense’

Vegetation ‘Gain from’ ‘Loss to’ Net APGR?
‘Non- ‘Non- Change in (%)

Water “Open” Vegetated Water “Open” Vegetated “Dense”

Barangay " 1989 2009  Body Vegetation Land’ Body Vegetation Land’ Vegetation
1. Pao Norte 136 194 0 76 22 0.1 32 7 58 -0.2
2.Nagyubuyuban 182 240 0 90 31 0.2 52 11 58 3
3. Cadaclan 187 239 0 58 18 0 22 3 52 2
4. Baraoas 120 170 0 60 18 0 24 3 51 2
5. Bangbangolan 87 123 0.4 34 14 0 11 1 36 2
6. Bacsil 55 88 0 30 10 0 6 1 33 2
7. Calabugao 71 99 0 30 7 0 8 1 28 1
8. Abut 79 107 0.4 27 13 0 11 2 27 2
9. Apaleng 155 180 0.5 40 14 0 28 2 25 0.4
10. Puspus 78 99 0 28 10 0 14 3 21 -0.5
11. Bangcusay 10 31 0 16 9 0 3 1 21 2
12. Pacpaco 77 97 0 32 0 15 2 20 1
13. Birunget 32 50 0 17 5 0 3 1 18 1
14. Pao Sur 124 142 0.3 41 10 0 29 4 18 -0.2
15. Sacyud 181 199 0 48 12 0.3 29 12 18 0.2
Total 1574 2058 1 625 200 0.5 287 54 484 18
Average 105 137 0.1 42 13 0.04 19 4 32 1

* Annual Population Growth Rate (1990-2007); ® All of the top 15 barangays that gained “dense” vegetation are “rural barangays” (see Figure 1).
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Table 7. The 15 barangays that lost ‘dense’ vegetation (1989-2009) (ha).

“Dense”

Vegetation ‘Loss to’ ‘Gain from’ Net APGR?
‘Non- ‘Non- Change In (%)

Water “Open” Vegetated Water “Open” Vegetated “Dense”

Barangay 1989 2009 Body Vegetation Land’ Body Vegetation Land’ Vegetation
1. Cabarsican 167 144 0 47 6 0 24 6 =23 4
2. Masicong 118 101 0 37 9 0 22 6 =17 3
3. Catbangen b 9 3 1 3 5 0.2 1 1 -6 1
4. Biday 37 33 6 6 11 0.1 14 5 -4 3
5. Poro ° 4 0.2 4 0 0.1 0 0 0.2 -4 2
6. Santiago Norte 3 0 2 2 0 0.5 0.3 -3 4
7. Pagudpud ° 3 1 0.2 1 2 0 0.4 0.2 -3 4
8. Lingsat ° 3 1 3 0 0.3 0 0.3 1 -2 2
9. Sevilla ® 85 84 0 19 9 0 22 4 -1 3
10. Camansi 6 5 0 2 2 0 2 -1 3
11. Dalumpinas Oeste ° 2 1 1 0.1 1 0 1 1 -1 6
12. Pagdalagan ° 2 1 0 0.4 1 0 1 0.5 -1 4
13. Barangay 11 ° 1 0.1 0 0.2 0.3 0 0 0 -0.5 -2
14. Dallangayan Este 4 4 0 2 1 0 1 1 -0.3 3
15. Canaoay b 9 9 3 2 3 0 4 4 -0.3 2
Total 454 387 18 120 52 0.3 94 30 —67 41
Average 30 26 1 8 3 0.02 6 2 —4 3

* Annual Population Growth Rate (1990-2007); ® Urban barangays: Ten (10) of the 15 barangays that showed lost in “dense” vegetation are “urban

barangays” (see Figure 1).

The results further revealed that the top 15 barangays that gained ‘dense’ vegetation cover were all
rural barangays, whereas 10 of the 15 barangays that lost ‘dense’ vegetation cover were urban
barangays. These results showed that most of the areas with improved vegetation cover were found to
be in the rural areas. Conversely, most of the areas with degraded vegetation cover were found to be in
the urban region, reflecting the conversion of vegetated areas. The finding was also supported by the
calculated annual population growth rates (APGR) of these barangays. The APGR of the top
15 barangays that lost “dense” vegetation cover was generally higher, with an average of 3%, as
compared with the 1% of the 15 barangays that gained ‘more dense’ vegetation cover. Nevertheless, a
direct overall causal correlation between APGR and vegetation cover gain (r = 0.43) or loss
(r=—-0.16) was not prominent.

4. Discussion and Conclusions

This study has used medium-resolution RS satellite images and GIS techniques to examine changes
in vegetation cover from 1989 to 2009 in the barangays of the city of San Fernando, La Union, the
Philippines, as input in planning vegetation rehabilitation. The vegetation cover change detection and
analysis revealed that there were gains and losses of vegetation cover in most of the barangays in San
Fernando during the said period. However, despite a decrease in vegetation, especially in ‘dense’
vegetation cover, in some of the urban barangays, there was an overall increase during the 20-year
period. This is largely due to the reforestation efforts of both the barangays and the city government of
San Fernando. Unfortunately, as there is no report on the survival rates of the planted trees, it is difficult
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to ascertain the degree of success of the reforestation activities, especially in the rural barangays.
Nevertheless, the initiatives taken seem to have paid off, as shown by the results of this study.

The current initiatives of the city government are aimed at ensuring substantial protection and
conservation of its entire natural environment amidst the critical challenges of sustainable urbanisation.
The management of forested and degraded areas has been one of the current environmental
rehabilitation, protection and conservation programs of the city. Other programs include management
of the coastal areas and solid wastes, the clean air program, and the water and sanitation program,
amongst others [37]. San Fernando has also enacted ordinances in relation to environmental protection
and conservation. The most comprehensive was the City Ordinance No. 2006-013, otherwise known
as the Environment Code of the City of San Fernando. In fact, San Fernando has been a recipient of
numerous awards related to its initiatives in environmental rehabilitation, protection and conservation.
For taking steps to conserve the environment, especially its vegetation cover, the city was the 2nd
Runner-up in the Award for the Cleanest and Greenest City in the Philippines in 2003. In 2007, it won
the Likas Yaman Award for Environmental Excellence by the Department of Environment and Natural
Resources, Region 1 [37]. The numerous other awards received by the city in recent years, reflects the
success of the city in delivering quality service to its people and in responding to the challenges of
urbanisation. The success achieved by San Fernando city may persuade other municipalities in the
province, and other cities in the region, to consider undertaking similar projects that would have a
positive impact on the environment.

However, the loss of vegetation cover, especially in urban areas, is one problem that the city still
has to resolve. In a city like San Fernando, urban forestry and urban greening, which focus on the
management of urban green spaces comprising tree stands and individual trees [58], may be adopted
and implemented. The barangays that showed losses of ‘dense’ and ‘open’ vegetation cover due to
conversion to ‘non-vegetated land’, as well as those that showed substantial net losses in vegetation
cover need to be prioritised in the rehabilitation planning. With the passing of Executive Order No. 26
on 24 February 2011 by the national government, which was created to implement the National
Greening Program—to plant 1.5 billion trees in 1.5 million ha by 2016 [59], it is also expected that
more reforestation projects will be undertaken by the barangays and the city government of San
Fernando. In principle, the barangay officials, headed by their respective Captains, identify the areas
for vegetation rehabilitation. This information is input during the strategic planning by the city
government in which the barangay officials are involved. With support from the provincial government,
the Department of Environment and Natural Resources (DENR), and other government agencies,
including non-government organisations, the city government, who subsidises the rehabilitation
programs by providing tree-planting materials, supervision and technical expertise, prioritises those
barangays that require immediate attention. In this instance, the RS/GIS-generated information would
be useful to the government at both city and barangay levels.

The RS/GIS methodologies used in this case study have demonstrated their usefulness and
applicability in the monitoring of barangay-based vegetation cover changes. The classification method
using a relatively small number and more general land cover classes, which did not require the pixels
to be trained, but allowed the pixels to be classified based on their original spectral values, performed
relatively well. The two parameters used in the accuracy assessment of the land cover maps; namely
quantity disagreement and allocation disagreement, provide additional important information that the
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proportions correct and the standard Kappa index of agreement cannot offer. For example, the relative
proportions of the two parameters can be used as a basis in determining whether the achieved
accuracy levels of the land cover maps strongly support, and/or are appropriate for quantity-based or
spatially-based analysis. However, a more specific baseline, particularly on what proportion of quantity
or allocation disagreement is acceptable for a particular type of analysis, is yet to be established.

Extending the analysis down to the lowest level of the administrative hierarchy shows an indirect
and a modest recognition of the significant role of these units in the rehabilitation, protection and
conservation of the environment. The barangays hold very important, first-hand information on how
changes in the vegetation cover occur and thus, these barangays, if explicitly involved, may give
significant input in the rehabilitation, protection and conservation planning activities. In general, this
study has contributed to the understanding of the vegetation cover changes in San Fernando, and will
form the basis of the spatial decision-making processes for the environmental rehabilitation, protection
and conservation efforts of the city and its barangays. We recommend, however, that the results of this
study should be interpreted and used with careful consideration of the accuracy/inaccuracy levels of
the classified land cover maps. This is because a part of the land cover change presented could be due
to the time difference of the two RS satellite images used. In addition, the different spatial
characteristics (e.g., scale/resolution) of the reference data used could also be one source of error
affecting the accuracy of the results. Furthermore, it should not be forgotten that the changes in
vegetation cover were analysed using land cover maps classified from images captured during the dry
season. Land/vegetation cover mapping and change detection using images captured during the wet
season should be one of the important concerns for future studies.

Nonetheless, this study has shown the suitability of the application of medium-resolution satellite
images in obtaining information about the past and present vegetation cover in the study area. The
approach implemented in this study can be used for similar studies in areas where up-to-date
information on vegetation cover and cover conversions is as yet unavailable. Such information is
extremely valuable for decision making at the lower administrative level, such as the barangay level.
However, because in the Philippines most RS/GIS technologies are not yet accessible to the public,
and the associated databases are yet to be developed for public use, the city government of San
Fernando and its barangays, have to work hand-in-hand with the agencies that are already using these
technologies, like the National Mapping and Resource Information Authority (NAMRIA), National
Economic and Development Authority (NEDA), and Department of Environment and Natural Resources
(DENR). Investment on RS/GIS software, database and technical staff development is needed.
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