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ABSTRACT:

Forest disturbances contribute to the decrease in carbon sequestration potential and ecosystem services in a watershed. One of the
important watersheds that is affected by land use changes and disturbances is the Pantabangan-Carranglan Watershed. The ability of
the watershed to provide ecosystem services is affected by the existing land use and land cover (LULC) and its future trends. Therefore,
this study aims to assess the changes in the LULC, forest disturbances, and potential carbon stock in the watershed using satellite
images. The LULC types and indices used in detecting forest disturbances were classified and generated from the Landsat 8 satellite
images covering two different years. The potential carbon storage in the watershed was estimated using the Integrated Valuation of
Ecosystem Services and Tradeoffs (INVEST) Carbon model. The information generated can be used in the conduct of valuation studies

and land use planning in the watershed.

1. INTRODUCTION

In the Philippines, changes in the watershed land use and land
cover (LULC) are affected by several factors. In the case of the
country's forest cover, shifting cultivation and migration led to
its downward trend (Macandog et al., 2006). The disturbances in
the forest, which may also include harvesting and construction
activities, contribute to the decrease in carbon sequestration
potential and ecosystem services. The conversion of a natural
system like the forest into a managed system results to carbon
imbalance (Toru and Kibret, 2019). Furthermore, these
disturbances will impact the forest cover, components, and
biodiversity (Hu and Hu, 2020). Changes in the forest cover has
been observed in several areas in the Philippines. From 2001 to
2010, the Sierra Madre Forest experienced forest losses (Perez et
al., 2020). The province Zamboanga del Norte has been
identified as a deforestation hotspot based on LULC models
(Jardeleza, Gotangco, and Guzman, 2019). The forest cover of
Mount Pulag National Park decreased from 1990 to 2020 due to
human interventions (Doyog, Lumbres and Baoanan, 2021).

One of the important watershed forest reservations affected by
land use changes and disturbances in the Philippines is the
Pantabangan-Carranglan Watershed. Not only because it is
adjacent to the Sierra Madre Mountain Range, but the watershed
is also one of the protected areas under the National Integrated
Protected Areas System. The ability of the watershed to provide
ecosystem services is very much affected by the current LULC
and its future trends. Land use dynamics including land use
future trends are major factors affecting terrestrial carbon (Fitts
et al,, 2021). Changes in land use can affect the residual
vegetation, soil organic carbon, and the other carbon pools of an
ecosystem.

The evaluation of carbon is necessary since there is an increasing
demand for countries to assess their contributions. It also serves
as an indicator for reducing carbon emissions. Potential carbon
storage and sequestration can be computed using software and

models. One of the models that is suited for understanding
carbon dynamics as a function of possible LULC changes is the
Integrated Valuation of Ecosystem Services and Tradeoffs
(INVEST) Carbon model (Sadat, Zoghi, and Malekmohammadi,
2019). Given the role of the watershed in providing ecosystem
services, the monitoring of LULC changes, forest disturbance,
and potential carbon stock changes in the Pantabangan-
Carranglan Watershed becomes an important activity.

Earth observation technology such as satellite images can be
used to evaluate changes in vegetation (Hladky et al., 2020).
Remote sensing is cost effective and a rapid way of acquiring
information over a large geographical area. It also offers accurate
data for analysis and serves as a large archive of historical data.
This technology has been utilized already in some watersheds in
the Philippines. Satellite images, like Landsat 8 multispectral
images, were used to assess the LULC changes in the Mount
Makiling Forest Reserve from 1992 to 2015 (Soriano et al.,
2019). The data is easy to manipulate and combine with other
geographic datasets. Landsat 8 is currently the latest satellite that
has been launched into orbit. It has been utilized in various fields
like forestry and agriculture. Furthermore, satellite images have
the capability to delineate the spatial arrangement of different
LULC classes (Gupta et al., 2017).

It is also possible to generate spectral indices from Landsat
satellite images that can detect forest disturbances. Different
indices using Landsat time series data were incorporated in the
multispectral ensemble to detect forest disturbances in Argentine
Dry Chaco (De Marzo et al., 2021). Studies have already
demonstrated the normalized difference moisture index (NDMI)
as a good index in detecting forest disturbances. The NDMI from
Landsat bands was able to identify forest disturbances in Maine
(Jin and Sader, 2005), Polish Tatra Mountains (Ochtyra, 2020),
and South Florida (Zhang et al., 2016). Other authors have noted
the sensitivity of water content indices to upper plant canopy
changes which is a good indicator for disturbances (Ochtyra,
2020).
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In Pantabangan-Carranglan Watershed, the estimation of carbon
storage and detection of forest disturbances on a watershed scale
has not been explored yet. The study investigated the LULC
changes and forest disturbances in the watershed and their effects
on the potential carbon stock.

2. MATERIALS AND METHODS

The Pantabangan-Carranglan Watershed is part of the towns of
Pantabangan and Carranglan in the province of Nueva Ecija
(Figure 1). Some areas of the watershed are in within the
provinces of Nueva Vizcaya and Aurora. The vegetation of the
area is predominantly second growth with patches of primary
forests (Peras et al., 2008).
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Figure 1. Location of the Study Area. Base map:
© OpenStreetMap contributors.

The watershed covers a total land area of 97,318 hectares and
supports a multi-purpose dam for irrigation and hydroelectric
generation. It also provides water for domestic and industrial
uses.

2.1 Image Classification and Change Detection

Land use/land cover (LULC) types were classified from the
Landsat 8 Operational Land Imager (OLI) satellite images. To
capture the changes in the area over time, the Google Earth
Engine Platform was used to generate stacked images covering
the years 2014 and 2020 (Figure 2).
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Figure 2. Landsat 8 OLI mosaicked multispectral imagery of
Pantabangan-Carranglan Watershed for 2014 and 2020.

The atmospheric correction and cloud masking process were
incorporated in the Google Earth Engine processing. The
Landsat 8 acquisition dates for the mosaicking of cloudless
pixels were set to one year range. The regions of interests (ROI)
representing the different LULC types (Built up, Agriculture,
Open/Barren, Grassland, Forest, Water) were obtained from the
Google Earth Pro through visual interpretation. The Spectral
Angle Mapper (SAM) algorithm of the QGIS Semi-Automatic
Classification Plugin (SCP) was used in the supervised
classification. This algorithm is based on identifying pixel
spectra through its angular information where the length of the
vector increases or decreases according to the overall
illumination, but its angular orientation will remain constant
(Riad et al., 2020). The SCP plugin and SAM algorithm were
also used to generate the LULC in Silang-Santa Rosa and
Pagsanjan-Lumban watersheds (Dida et al., 2021). An accuracy
assessment using the confusion matrix was used to determine the
quality of the map produced from the remotely sensed images.
Random points for each LULC class were obtained from Google
Earth Pro and set as the reference image.

2.2 Disturbance Detection

Indices based on the satellite image bands were generated and
used in detecting forest disturbances in the watershed.
Specifically, the Near Infrared (NIR) and Shortwave Infrared
(SWIR) bands were used as inputs to generate the normalized
difference moisture indices (NDMI). The ratio of NIR and SWIR
bands and ground observations of forest damage shows a good
correlation (Jin and Sader, 2005). Several studies have also
highlighted the performance of NDMI in documenting
disturbance on forests (Zhang et al., 2016). The NDMI index
used in the study is derived from the NIR and SWIR bands of the
Landsat 8 OLI sensor (Gao, 1996).

NIR (5) — SWIR(6)

NDMI =40 (5) + SWIR(6)

@

The NDMI images for 2014 and 2020 were generated using the
Band Calculator tool of the SCP plugin. Pixels with negative
NDMI values were extracted from the resulting image to identify
the areas with disturbance.

2.3 Estimation of Potential Carbon

The potential carbon stock of the watershed was estimated using
the Integrated Valuation of Ecosystem Services and Tradeoffs
(InVEST) Carbon model developed by the Natural Capital
Project of Stanford University. The Carbon model estimated the
total carbon stock based on assigned carbon pool stocks
(aboveground biomass, belowground biomass, soil carbon, and
dead organic matter) of different LULC classes. The INVEST
Carbon model required carbon pool estimates for each LULC
type (Sharp et al., 2020).

Cotal = Cabove + Chelow + Cdead + Csoil 2)

It is assumed in the model that the carbon density of all LULC
types is constant, and the carbon changes are only caused by
changes in the LULC (Zhao et al., 2018). Previous studies,
including available literature, were used as the basis in assigning
carbon pool values to each LULC. The aboveground biomass
estimates of Macandog et al. (2006) for Philippine forests were
used in the model. For the belowground biomass and soil carbon
values, the 2006 IPCC report was used as a reference for the root-
shoot ratio and regional soil carbon estimates. The computed
carbon pool values for agriculture and grassland LULC classes
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were taken from the estimated values in Wahig-Inabanga
Watershed in Bohol, Philippines (Reyes and Ludevese, 2015).
The dead matter carbon pool values used in the model were from
the estimates in Mount Makiling Forest Reserve (Lasco et al.
2004). The built-up, barren, and water LULC classes were
assigned zero for the carbon pool values. These values were
previously used in the estimation of potential carbon stock in
Silang-Santa Rosa and Pagsanjan-Lumban watersheds using
InvEST (Dida et al., 2021). The resulting maps of the model are
expressed in terms of Megagram (Mg) or Tons of carbon per grid
cell.

3. RESULTS AND DISCUSSIONS
3.1 Land Use/Land Cover Changes

The most dominant land use/land cover (LULC) for 2014 is
open/barren land followed by forest. On the other hand, the most
dominant LULC for 2020 is forest followed by grassland (Figure
3). Based on the change detection, there was an increase in the
grassland and forest areas from 2014 to 2020.

:
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Figure 3. Classified Land Use/Land Cover of Pantabangan-
Carranglan Watershed for 2014 and 2020.

The grassland and open/barren LULC types contributed the most
to the forest increment (Table 1). On the other hand, the
barren/open and agricultural areas contributed the most to the
increase in grassland areas.

2020
2014 1 2 3 4 5 6 Total
1 0 109.7 | 54 0 1.08 0 116.1
1 9
2 3389. | 34.92 | 111.7 | 76.14 | 153.7 | 225 3789
94 8 2
3 141.7 | 23071 | 737.0 | 4275 | 306.7 | 1359 | 24313
5 59 1 2 41
4 12.69 | 8640. | 6653. | 229.1 | 51.12 | 17.28 | 15605
99 88 4 1
5 1889. | 3741. | 13791 | 11362 | 2307. | 396.9 | 33488
55 03 24 41 6 9 .82
6 120.9 | 901.5 | 4490. | 1329. | 923.2 | 236.1 | 8001.
6 3 19 57 2 6 63
Total | 21.33 | 20.7 86.67 | 52.65 | 91.53 | 147.3 | 420.2
3 1

Table 1. Cross tabulation of LULC classes (1-water, 2-forest,
3-grassland, 4-open, 5-agriculture, 6-builtup) of Pantabangan-
Carranglan Watershed between 2014 and 2020.

Most of the increase in forest and grassland was observed in the
Municipality of Carranglan. The increase was also observed in
the southeastern portion of the Municipality of Pantabangan. The
forests in the towns of Alfonso Castaneda and Dupax Del Sur
remained intact. In a study conducted by Dolores et al. (2020),
around 22% of the watershed are suitable areas for reforestation
interventions. The increase in the reforestation areas may have
contributed to the changes in grassland and forest areas. Other
activities conducted by the Department of Environment and
Natural Resources (DENR) in the area through the years include
plantation and agroforestry establishment (Ancog, Florece and
Nicopior, 2016). The accuracy assessment yielded acceptable
overall accuracy values for both 2014 (87.38%) and 2020
(86.87%) LULC images.

3.2 Disturbances in the watershed

The normalized difference moisture index (NDMI) values for
2014 ranged from -0.59 to 0.57. For 2020, the NDMI values
ranged from -0.36 to 0.76 (Figure 4).
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Figure 4. NDMI in Pantangan-Carranglan Watershed based on
Landsat 8 for 2014 and 2020.

The high value of NDMI shows that the area has moist soil
surface and very good ground water potential (Sahu, 2014). On
the other hand, the values are expected to be negative for most
bare soils (Gao, 1996). Since NDMI is connected to the liquid
water molecules in vegetation canopies, areas with forest
disturbance will have low NDMI values. Most of these areas are
found in the Municipality of Carranglan, followed by
Pantabangan for both 2014 and 2020 images. (Figure 5).
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Figure 5. Number of negative NDMI pixels per town in
Pantangan-Carranglan Watershed for 2014 and 2020.
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Some of the disturbances that were noted in the area include slash
and burning, illegal logging, and livestock grazing (Pabico et al.,
2021). The areas with low NDMI decreased from 2014 to 2020,
agreeing to the observed increase in grassland and forest LULC
in the watershed. The decrease in the open/barren areas in the
northwestern part of the watershed contributed to the decrease in
NDMI values. Since NDMI is sensitive to defoliation and
damage (Zhang et al., 2016), the reforestation activities and
agroforestry establishment may have contributed to its decrease.
Interventions that improve the soil moisture and vegetation will
yield high positive NDMI values.

3.3 Potential Carbon Stock Changes

The estimated total carbon stock in Pantabangan-Carranglan
Watershed for 2014 is around 16,476,643.12 Tons of Carbon
while the estimated total carbon for 2020 is around
25,184,818.88 Tons of Carbon (Figure 6). Each raster pixel
shows the sum of all the carbon pools (Sharp et al., 2020). The
total carbon stock values were processed in the INVEST model
according to the pixel size of the input raster file.
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Figure 6. Estimated potential carbon stock in Pantangan-
Carranglan Watershed for years 2014 and 2020.

Among the different towns in the watershed, the Municipality of
Carranglan has the highest total estimated carbon stock, followed
by the Municipality of Pantabangan. Among the different LULC
types, the forest and grassland contributed to the high carbon
stock values in the watershed (Figure 7). On the contrary, water,
open/barren, and agriculture had very minimal contribution to
the total carbon stock.
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Figure 7. Estimated carbon stock contribution (percentage) of
each LULC type in Pantangan-Carranglan Watershed.

Based on the values generated by the carbon modeler and zonal
statistics, there was an increase in the estimated total carbon
stock from 2014 to 2020. The total carbon stock increase can be
attributed to the decrease in the total area of LULC classes with
low carbon pool values, such as open/barren areas. The increase
in total carbon stock was also noted in areas (northwestern areas)
where the NDMI values decreased. In the eastern side of the
watershed (Dupax Del Sur and Alfonso Castaneda), the high
carbon stock values did not change from 2014 to 2020. It shows
minimal to zero forest LULC changes in the areas (Alfonso
Castaneda, Dupax Del Sur, Carranglan) adjacent to the Sierra
Madre Mountain Range. Since the forest LULC class had high
carbon pool values in the INVEST model, these areas contributed
to the total carbon stock in the watershed. Consequently, the
reduction of forest and grassland will also lead to total carbon
stock loss. Forest disturbance caused by LULC changes may also
negatively affect the total carbon of the watershed. Even though
the model did not consider the ecological processes in estimating
the total carbon storage, the INVEST Carbon model provided a
carbon estimate for the watershed that can be used in future
valuation and planning activities.

4. CONCLUSION AND RECOMMENDATIONS

The study was able to show the potential changes in the carbon
dynamics as an effect of LULC changes and forest disturbances.
Based on the land use/land cover (LULC) classification process
of Landsat 8 images, there was an increase in the grassland and
forest areas in Pantabangan-Carranglan Watershed from 2014 to
2020. Reforestation, plantation, and agroforestry establishment,
and other human interventions may have contributed to the
increase. The LULC changes from 2014 to 2020 agreed to the
changes in the NDMI values. The decrease in open/barren areas
matched the decrease in forest disturbances. The INVEST model
showed that the contribution of forest and grassland areas to the
total carbon stock in the watershed. The increase in forest areas
from 2014 to 2020 resulted to the increase in total carbon stock.
The decrease in the NDMI, an indicator of forest disturbances,
matched the reduction of open/barren LULC classes from 2014
to 2020.

The use of other classification algorithm can be explored to
improve the LULC map. Likewise, field validation activities will
improve the accuracy of forest disturbance detection and LULC.
Due to the absence of actual carbon pool estimates in the area,
the study utilized regional carbon estimates. Thus, there is the
need to conduct actual biomass estimation in the watershed for
more precise carbon pool values. The NDMI maps need to be
validated on the ground to determine the threshold values that
represent actual forest disturbances. The frequency of forest
disturbance also depends on the existing physical factors and
protection activities (Ochtyra, 2020). The InVEST Carbon
model is dependent on the pixel size of input LULC raster file.
Using high-resolution satellite images will further refine the
NDMI and carbon stock values. It will show a better
representation of the LULC and total carbon storage. To have a
good estimate of the value of carbon in the watershed, the
valuation model can be processed in the INVEST Carbon model.
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