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Predicting the impact of land cover and climate change on hydrologic responses 
using modeling tools are essential in understanding the movement and pattern 
of hydrologic processes within the watershed. The paper provided potential 
implications of land conversions and climate change scenarios on the hydrologic 
processes of Muleta watershed using soil and water assessment tool model. 
Model inputs used include interferometric synthetic aperture radar-digital 
elevation model, 2016 land cover map, soil map, meteorological and hydrologic 
data. The model was calibrated using appropriate statistical parameters (R2=0.80, 
NS=0.80 and RSR=0.45). Model validation using observed streamflow with the 
same statistical parameters (R2 = 0.79, NS = 0.67 and RSR = 0.57) showed that the 
result was statistically acceptable. The model provided potential implications of 
land conversions and climate change adversely affecting hydrologic processes of 
critical watersheds. Climate change projections with a 13% decrease in rainfall 
directly influenced the decrease in hydrologic processes. Meanwhile, urbanization 
had influenced the increase in surface runoff, evapotranspiration, and baseflow. 
The increase of forest vegetation resulted in a minimal decrease in baseflow and 
surface runoff. The watershed hydrologic processes were influenced by changes 
in land cover and climate. Results of this study are useful by the localities and 
policy makers in coming up with a more informed decision relative to the issues 
and concern on hydrological responses in the uplands.
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ABSTRAC T

INTRODUCTION

It has been widely studied that climate change 
and anthropogenic activities, specifically extensive 
land cover change, are considered major factors 
influencing the shifting of hydrologic processes of 

the watershed (Petchprayoon et al., 2010; Khoi and 
Suetsugi, 2014; Li et al., 2015; Briones et al., 2016; 
Zhou et al., 2017). Climate change has influenced 
the recurrence of extreme rainfall events resulting 
to destructive soil erosion, flooding, and landslides 
triggered by poor land conservation practices and 
increasing urbanization within critical watersheds 
(Alibuyog et al., 2009; Trinh and Chui, 2013). These 
natural and anthropogenic environmental problems 
have been experienced in Muleta watershed, 
one of the major watersheds in the south-central 
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portion of Bukidnon province. The Muleta River is 
one of the major tributaries of the Pulangi River 
Basin, a major watershed in Mindanao (Dumago 
et al., 2018). It served as the source of irrigation 
and potable water in neighboring municipalities 
within Bukidnon. However, extensive expansion 
of agricultural activities in higher elevated areas 
increases native forest and grassland conversions into 
agricultural land. Moreover, rapid urbanization driven 
by the increasing population has become prevalent 
in Muleta watershed. With this, Muleta watershed 
is critically degraded and threatened from these 
anthropogenic and natural stressors affecting its 
hydrologic processes and water balance. Predicting 
hydrologic responses of watersheds using models 
applied with scenario analysis enable to study the 
effects of human interventions and the impacts of 
climate change on water quantity and quality (Li et 
al., 2015; Teshager et al., 2016; Michaud et al., 2007). 
Thus, hydrologic modeling is an essential tool and cost-
effective process in understanding the movement of 
water balance within a watershed (Combalicer et al., 
2010). This paper used the soil and water assessment 
tool (SWAT) model to simulate hydrologic processes 

influenced by land cover and climate change 
scenarios within the Muleta watershed. Several 
published studies used the SWAT model and provided 
significant impacts of land cover conversions and 
climate change on surface runoff, sediment yield, 
and other hydrologic processes in watersheds across 
the Philippines (Alibuyog et al., 2009; Palao et al., 
2013; Briones et al., 2016) Understanding the impact 
of land cover and climate change on the watershed 
hydrology enables to alleviate the occurrence of 
critical shifts on hydrologic processes. In addition, this 
will aid in assessing the water availability that could 
sustain the increasing demand of growing population, 
agricultural expansion, and industrialization, among 
others (Al-Bakri et al., 2013) Evaluating the impacts of 
land conversions and climate change are important in 
order for appropriate land use management practices 
and policy interventions to be implemented by local 
government units within the Muleta watershed. This 
paper aimed to determine the hydrologic responses 
to land cover and climate change of Muleta watershed 
using SWAT model. Specifically, this paper aimed to 
simulate the impact of land cover and climate change 
scenarios on evapotranspiration, surface runoff, and 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1:  Geographic location of the study area in Muleta Watershed 

   

Fig. 1:  Geographic location of the study area in Muleta Watershed
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baseflow. This study has been carried out in Muleta 
Watershed in Bukidnon, Philippines during 2017 to 
2018.

MATERIALS AND METHODS

Study area description
Muleta Watershed is located in the southwest 

part of Bukidnon province and northwest of 
North Cotabato province (Fig. 1). It lies between 
124°44’40.28” to 125°2’41.98” east longitude and 
7°58’14.17” to 7°17’36.63” north latitude. The river, 
stretching 100.85 kilometers (km) long, runs from 
the Mount Kalatungan Natural Range Park (MKaNPK) 
in Bukidnon and drains to Pulangi River in North 
Cotabato. It is comprised of 12 municipalities and one 
city namely: Talakag, Pangantucan, Maramag, Don 
Carlos, Kitaotao, Pangantucan, Kibawe, Kadingilan, 
Dangcagan and Damulog, and Valencia City of 
Bukidnon Province and the municipality of Carmen 
of North Cotabato Province. The Muleta watershed 
covers a drainage area of approximately 104,826 ha. 
The watershed has an average altitude of 435.67 masl 
and mean slope of 25.18%.

Land cover 
Land cover data used for the SWAT model 

simulation was generated using Sentinel-2 image 
acquired on July 2016. The Sentinel-2 satellite image 
is equipped with the state-of-the-art Multispectral 
Imager Instrument (MSI) that offers high-resolution, 
up to 10 meters (m), optical images (Addabbo et al., 
2016). The year of downloaded satellite image was 
subjected to the image availability with less cloud 

cover. The Sentinel-2 image was pre-processed for 
atmospheric correction using Sen2Cor processor 
version 6.0.2 in Sentinel-2 Toolbox (Djamai and 
Fernandes, 2018; Louis et al., 2016). This was 
processed through European Space Agency’s Sentinel 
Application Platform (SNAP) version 6.0 software 
prior to image land cover classification. The object-
based support vector machine (SVM) algorithm 
was performed in generating land cover data with 
91% overall accuracy using the eCognition version 
9.0.1 and Google Earth Pro image interpretation as 
the ground truth of reference (Briones et al., 2016; 
Santillan et al., 2011; Wessel et al., 2018). The Muleta 
watershed was mostly dominated with agricultural 
land having a total area of 59,385.00 ha (Table 1). 
The SWAT name for each land cover was assigned in 
reference to the SWAT database.

Soil 
Soil type map of Muleta watershed was based from 

the Philippine soil map produced by the Bureau of Soil 
and Water Management (BSWM) of the Philippines. 
Soil types and identification were collected from a 
series of soil survey dated 1964 with varying scale of 
1:50,000 to 1:10,000 (Briones et al., 2016). Muleta 
watershed was composed of 8 soil types and Macolod 
clay was the dominant soil type accounted for a total 
of 24,061.96 ha (Table 2).

SWAT model simulation
Watershed delineation 

The Arc-SWAT 2012.10.2.19 extension for ArcGIS 
version 10.2.2 was the graphical user interface utilized 

Table 1: Land cover classification of Muleta Watershed 
 

Land cover classification  SWAT name  Area (ha) 
Agricultural Land  AGRL  59385.00 
Forest  FRST  15113.80 
Fallow  AGRL  13075.7 
Perennial Plantation  ORCD  6528.54 
Shrubland  RNGB  6436.52 
Building  URBN  1428.56 
Pineapple  PINP  730.68 
Road  UTRN  521.34 
Water  WATR   431.16 
Grassland  RNGE  429.36 
Rice  RICE  379.34 
Banana  BANA  320.21 
Rubber  RUBR  56.57 
Total    104,836.78 

 
   

Table 1: Land cover classification of Muleta Watershed
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in the simulation of the SWAT model. This paper used 
the interferometric synthetic aperture radar-digital 
elevation model (IFSAR-DEM) with 5x5 m resolution 
to delineate the Muleta watershed boundary and its 
stream networks. During watershed delineation, the 
area was adjusted to 1000 as minimum threshold 
resulted in a total of 63 delineated subbasins and 
river networks (Fig. 2). 

Hydrological response units (HRUs) 
The SWAT divided the subwatersheds into smaller 

discrete hydrologic response units (HRUs) consist 
with homogenous biophysical properties of specific 

land cover, soil and slope class within the watershed. 
Slope map was generated using the IFSAR-DEM with 
multiple slopes of 5 classes ranging between 8, 18, 30 
and 50. The HRUs delineation was completed using 
the multiple HRUs resulting in a total of 724 HRUs. 

Weather data 
Historical weather data used for SWAT model 

simulation was obtained from Malaybalay-
PAGASA (Philippine Atmospheric, Geophysical, and 
Astronomical Services Administration). The weather 
station was located at 125°08’02.04” east longitude 
and 08°09’04.80” north latitude. The data included 
daily rainfall and temperature (minimum and 
maximum) from the year 1970 to 2015. 

SWAT set-up 
During the SWAT model simulation, the number 

of years skipped was set to 7 years as the warm-
up period. The output of reach and subbasin were 
imported to the database used for SWAT model 
calibration and validation.

SWAT model calibration and validation 
The historical streamflow data from the year 1985-

2004 measured by the Department of Public Works and 
Highways–Bureau of Design Water Projects Division 
(DPWH-BRWPD) was used for the calibration and 
validation of the model. The staff gauge instrument 
was installed at Omonay Bridge geographically located 
at 124°52’35” east longitude and 7͊°26’12” north 
latitude, along Cotabato-Bukidnon boundary road, in 
Omonay, Damulog, Bukidnon. The data collected was 
daily mean discharge and computed average monthly 
discharge was utilized for the calibration (1985-1994) 
as well as validation (1995-2004) of the model. SWAT-
CUP-SUFI2 was used for model calibration, validation, 
sensitivity and uncertainty analysis. The observed 

Table 2: Soil type of Muleta watershed 
 

Soil Classification  Area (ha) 
Faraon clay  5703.91 
La Castellana clay loam  5803.58 
Tacloban clay  7354.46 
Mountain soil  9444.53 
Aroman clay loam  11021.42 
Adtuyan clay  17685.39 
Kidapawan clay;  Kidapawan clay loam  23750.68 
Macolod clay  24061.96 

 

   

Table 2: Soil type of Muleta watershed

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 2: Delineated Subwatersheds of Muleta 
   

Fig. 2: Delineated Subwatersheds of Muleta
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streamflow data obtained from DPWH-BRWPD was 
specifically located within the subbasin 41 of the 
delineated Muleta subwatersheds. This is one of the 
inputs during model calibration and validation.

RESULTS AND DISCUSSION

Model calibration, validation, and sensitivity analysis
In SWAT simulation, 6 parameters (Table 3) were 

identified as sensitive for streamflow calibration and 
validation, and the final fitted values were derived 
from several iterations. The fitted values were then 
used to re-write the SWAT model inputs and simulate 
the land cover and climate change scenarios. The SCS 
runoff curve number for moisture condition II (CN2.
mgt) in this study was identified as the most sensitive 
parameter for estimating the surface runoff. Several 
published studies have reported the sensitivity of 
CN2.mgt in calibration for estimating the surface 
runoff (Can et al., 2015). The ALPHA_BF.gw was also 
observed to be sensitive in baseflow and groundwater 
calculation. In addition, GW_DELAY.gw, GWQMN.gw, 
and GW_REVAP.gw were sensitive in the calculation 
of groundwater. Meanwhile, ESCO.hru was sensitive 
to the actual evapotranspiration. These parameters 
were identified as sensitive in the calculation of 
surface runoff, evapotranspiration, and baseflow as 
investigated in this study (Hermassi and Khadhraoui, 

2017; Smarzyńska and Miatkowski, 2016).
Fig. 3 shows the calibration, validation and 

uncertainty statistical analysis of Muleta watershed. 
The SWAT model calibration obtained statistical 
results of R2 = 0.80, NS = 0.80, RSR = 0.45 and PBIAS 
= -4.0 between the observed and simulated data. 
The results were statistically very good based on 
the performance criteria provided by da Silva et al. 
(2015). In addition, the calibrated model obtained a 
p-factor of 0.74, this indicates that 74% of observed 
data is within the prediction uncertainty band. 
Meanwhile, the obtained r-factor value of 0.77 
indicates the degree of uncertainty based on the 
thickness of the band. The p-factor and r-factor are 
closely related wherein attaining larger p-factor 
would result in a higher r-factor value (Narsimlu et 
al., 2015)a semi distributed physically based model, 
was chosen and set up in the KRB for hydrologic 
modeling. SWAT-CUP (SWAT-Calibration and 
Uncertainty Programs. During the model validation, 
results obtained statistical values of R2 = 0.79, NS = 
0.67, RSR = 0.57 and PBIAS = -16.9, suggesting well 
(R2, NS and RSR), and satisfactory (PBIAS) agreement 
between observed and simulated data. The results 
confirmed with the SWAT model validation results of 
da Silva et al. (2015).The PBIAS value during validation 
obtained a large and a negative value, therefore, it 

Table 3. SWAT model parameters used to calibrate the Muleta watershed 
 

Parameter             Fitted value  Minimum value  Maximum value 
CN2.mgt              ‐0.3075  ‐0.4  ‐0.3 
ALPHA_BF.gw          0.000042  0  0.00008 
GW_DELAY.gw          206.024994  150  399 
GWQMN.gw             0.025584  0  0.113707 
GW_REVAP.gw          0.055782  0.024500  0.062417 
ESCO.hru             0.851062  0.832500  0.9 

 

   

Table 3. SWAT model parameters used to calibrate the Muleta watershed

 
 

Fig. 3: Discharge calibration (1985-1994) and validation (1995-2004) of Muleta watershed 
   

Fig. 3: Discharge calibration (1985-1994) and validation (1995-2004) of Muleta watershed
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indicated that the model was overestimated (da 
Silva et al., 2015; Moriasi et al., 2017) The possibility 
of the low performances during model calibration 
and validation may be attributed to the availability 
of rainfall data measured at only one gauge station, 
along with the complex environmental aspects that 
the model possibly had not account (Narsimlu et 
al., 2015; Puno, 2017)a semi distributed physically 
based model, was chosen and set up in the KRB for 
hydrologic modeling. SWAT-CUP (SWAT-Calibration 
and Uncertainty Programs. Therefore, these factors 
were considered as the major limitations of the study 
as carried out within a large watershed area such as 
the Muleta. 

The results of precipitation, evapotranspiration, 
surface runoff, and baseflow per subbasin in Muleta 
Watershed in the year 2015 are shown in Fig. 4. The 
year 2015 model output served as the current and 
baseline scenario of the hydrologic processes of 
Muleta watershed. This is dependent on the latest 
year of the weather data used as the model inputs 
in this study. It was observed that precipitation has 
minimal difference among subbasins across the 
watershed. Meanwhile, evapotranspiration was 
observed to be higher in forested subbasins due to 
the contribution of higher plant transpiration from 
canopy cover of forest to the soil evaporation (Gyamfi 
et al., 2016). Results of surface runoff were also 

 
 

Fig. 4: Precipitation, evapotranspiration, surface runoff and baseflow map of year 2015 per subbasin of Muleta 
watershed 

   

Fig. 4: Precipitation, evapotranspiration, surface runoff and baseflow map of year 2015 per subbasin of Muleta watershed

Table 4: Land cover and climate change scenarios for Muleta watershed 
 

Scenario  Forest (FRST)  Agricultural land (AGRL)  Shrubland (RNGB)  Rainfall 
1      50% to FRST  10% increase 
2      75% to FRST  10% increase 
3      100% to FRST  10% increase 
4  10% to AGRL    50% to FRST  10% increase 
5  10% to AGRL    75% to FRST  10% increase 
6        2050 projected rainfall 
7    50% to URBN  25% to URBN  2050 projected rainfall 
8    50% to URBN  100% to FRST  2050 projected rainfall 

 
 

Table 4: Land cover and climate change scenarios for Muleta watershed
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observed to be higher in urbanized and cultivated 
subbasins. According to Coutu and Vega (2007), 
impervious cover reduces infiltration resulting in 
higher surface runoff. The agricultural areas tend 
to produce more runoff due to compaction of 
lower soil horizons during land tilling (Githui et al., 
2009). In addition, infiltration decreases as the slope 
gradient increases thus resulted in higher runoff 
velocities within the sloped areas of the Muleta 
watershed. Lastly, the baseflow pattern within the 
watershed is conceptually dependent on climate, 
soils, topography, and land cover, among others. It 
was further observed that baseflow pattern tends 
to be higher in elevated areas as influenced by 
high rates of infiltration, recharge and groundwater 
storage (Rumsey et al., 2015). 

Hydrologic impacts of land cover and climate change
The simulated and calibrated hydrology was 

investigated under 8 different hypothetical 
scenarios to provide deeper insights into the 
impacts of land cover and climate change within 
the Muleta watershed (Table 4). The conversion 
of agriculture areas did not include the specific 
identified agricultural crops since those occupy only 
a small portion of the total land area of the entire 
watershed. The following scenarios were applied 
in watershed data under the edit SWAT inputs tab 
in Arc-SWAT from the calibrated and validated 

model of year 2015 as the baseline scenario. A 
certain percentage of shrubland converted into 
forest applied with 10% increase in rainfall was 
investigated (scenarios 1 to 3). Meanwhile, to 
investigate the impact of agricultural expansion, 
conversion of forest to agricultural land and 
percentage of shrubland converted into forest with 
10% increase in rainfall was simulated (scenarios 4 
and 5). The projected provincial change in rainfall 
generated by PAGASA for the year 2050 was adopted 
in simulating the impact of future climate change in 
Muleta watershed (scenario 6). By the year 2050, 
it is projected that rainfall will generally decrease 
by 13% in the Bukidnon province, where most of 
the watershed and headwater of Muleta river is 
situated. Scenarios applying the urbanization and 
forest rehabilitation along with the 2050 projected 
rainfall were included in the investigation (scenarios 
7 and 8). 

The results of the simulated scenarios on 
precipitation, evapotranspiration, surface runoff 
and baseflow for Muleta watershed were shown in 
Fig. 5. The calibrated and validated model output of 
the year 2015 served as the current scenario and 
basis of the impact analysis. 

Scenarios 1 to 5 showed no significant changes in 
the result of precipitation, however, the scenarios 
1 to 3 showed increasing evapotranspiration, 
decreasing surface runoff and steady baseflow. 

 
 

Fig. 5: Percentage change of land cover and climate change scenarios from current values on precipitation (mm/y), 
evapotranspiration (mm/y), surface runoff (mm/y), and baseflow (mm/y) within the Muleta watershed. 

 

Fig. 5: Percentage change of land cover and climate change scenarios from current values on precipitation (mm/y), evapotranspiration 
(mm/y), surface runoff (mm/y), and baseflow (mm/y) within the Muleta watershed.
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This implies that an increase in forest vegetation 
influence the increase in evapotranspiration and 
decrease in surface runoff. This confirms with the 
results of previous studies on land cover change 
scenario analysis, stating that with the expansion 
of forest vegetation cover, infiltration rates tend to 
improve, consequently decreases the rate of surface 
runoff (Briones et al., 2016; Li et al., 2015; Li et al., 
2009). The conversion of 100% shrubland into forest 
applied in scenario 3 was observed to be the optimal 
scenario without any other land conversions but 
with the impact of an increase in rainfall. Scenario 
3 showed that a higher increase in forest vegetation 
would lead to lesser surface runoff rates, therefore 
minimizes the possibility of soil erosion and flooding 
that could be triggered by increasing rainfall 
intensity within sloped and low-lying areas of Muleta 
watershed. Meanwhile, the conversion of 10% forest 
into agricultural land added with the conversion of 
50% shrubland to forest in scenario 4 resulted to an 
increase in surface runoff and evapotranspiration. In 
scenario 5, 10% forest is converted into agricultural 
land but 75% of shrubland is converted into forest 
areas. The results of scenario 5 have lesser surface 
runoff but have higher evapotranspiration rates as 
compared with scenario 4. However, the increase 
in evapotranspiration for scenarios 4 and 5 is much 
lesser than the result of scenarios 1 to 3. This is 
attributed to the presence of forest conversion to 
agricultural land wherein agricultural expansion 
influences the increase in surface runoff, meanwhile 
increase in forest cover increases the rate of 
evapotranspiration (Githui et al., 2009; Gyamfi et 
al., 2016). Presence of vegetation cover is one of the 
factors that increase the soil surface resistance to 
flow resulting in a decrease in runoff rates (Puno, 
2017). The results confirm with previous studies that 
surface runoff decreases as the forest vegetation 
cover increases (Can et al., 2015; Salsabilla and 
Kusratmoko, 2017). 

Scenario 6 simulated the PAGASA projected 
rainfall by the year 2050 within the Bukidnon 
province where rainfall will generally decrease by 
13%. This consequently influenced the decrease in 
precipitation, evapotranspiration, surface runoff 
and baseflow by -8.36%, -0.74%, -21.01%, and 
-14.77%, respectively. The results of this scenario 
showed that changes in climate such as a decrease 
in rainfall, without any land conversions, directly 

influence the decrease in hydrologic processes 
(Huang and Lo, 2015). Scenario 7 simulated the 
impact of urbanization and climate change on 
hydrologic processes. Conversion of 50% agricultural 
land and 25% shrubland into urban areas with a 
13% drop in rainfall resulted to the decrease in 
evapotranspiration, surface runoff, and baseflow 
by -0.63%, -19.15%, and -13.98%, respectively. 
However, the results of scenario 7 as compared with 
scenario 6 showed that evapotranspiration, surface 
runoff, and baseflow increases by 0.11%, 1.86%, and 
0.79%, respectively. The findings of this scenario are 
consistent with previous studies where increase in 
urbanization influence the increase in surface runoff 
due to reduced infiltration rates on the impervious 
surface (Boggs and Sun, 2011; Chithra et al., 2015; 
Kim et al. 2016). Moreover, the results of Pan et al. 
(2017) demonstrated that the impact of land cover 
changes significantly affect surface runoff as well 
as groundwater within an urbanized area. Lastly, in 
scenario 8, the conversion of 50% agricultural land 
to urban and 100% shrubland to forest with 13% 
decrease in rainfall resulted to a lesser decrease 
in evapotranspiration (-0.56%), further decrease 
in surface runoff (-19.25%) and minimal decrease 
in baseflow (-14.02%) as compared with the 
scenario 7. Therefore, scenario 5 and 8 displayed 
as the optimal scenarios in response to the rapid 
agricultural expansion and urbanization, wherein 
enhancing reforestation by converting idle lands 
such as shrubland into forested areas could minimize 
the negative impacts of land cover and climate 
change. The results of scenario 8 are associated 
with the impact of forest cover dissipating raindrop 
energy thus decelerates surface runoff velocity and 
increases evapotranspiration (Alibuyog et al., 2009). 
However, as the forest cover increases, there is a 
minimal decrease in baseflow that may be attributed 
to the higher evapotranspiration rates of forest 
vegetation along stream banks and throughout 
the watershed (Price, 2011). Further decrease of 
baseflow would as well be detrimental to flow 
dependable crops such as irrigated rice plantation 
during the dry season. Huang et al. (2016) reported 
similar conclusions, that baseflow was found to be 
negatively affected by land use changes mainly of 
the forest, followed by farmland and urban land. 
Generally, with the projected 13% drop in rainfall 
by 2050, the increasing agricultural expansion and 
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urbanization in Muleta watershed would yield to 
higher surface runoff. Based on the previous studies, 
an increase in surface runoff triggered by increasing 
urbanization would lead to destructive soil erosion, 
sedimentation and rain-induced flooding in low-lying 
areas within a watershed (Coutu and Vega, 2007; 
Githui et al., 2009; Kim et al., 2016; Li and Wang, 2009; 
Petchprayoon et al., 2010). Therefore, appropriate 
watershed management interventions are essential 
to alleviate such impacts influenced by land cover 
and climate change within the Muleta watershed.

CONCLUSION

This paper simulated the hydrologic responses 
to land cover and climate change scenarios applied 
in Muleta watershed using SWAT model. The model 
was calibrated and fitted to arrive at acceptable 
performance using appropriate statistical tests 
with R2, NS, and RSR values of 80, 0.80 and 0.45, 
respectively. Model validation using observed 
streamflow data obtained acceptable statistical 
results of R2 = 0.79, NS = 0.67 and RSR = 0.57.  The 
applied land cover and climate change scenarios 
influenced the hydrologic responses of Muleta 
watershed in precipitation, evapotranspiration, 
surface runoff, and baseflow. Based on the results, 
conversion of shrubland to forest vegetation 
with an increase in rainfall resulted in increased 
evapotranspiration and decreased surface runoff. 
Furthermore, the decrease of rainfall by 13% 
from 2050 PAGASA projection, without any land 
conversions, directly influenced the decrease in 
hydrologic processes. However, the projected 
decrease in rainfall applied with the conversion of 
agricultural land and shrubland into urban areas, 
tend to increase the rates of evapotranspiration, 
surface runoff, and baseflow. The increase of 
urbanization influenced the increase in surface 
runoff due to reduced infiltration rates on the 
impervious land surface. Meanwhile, an increase 
in forest vegetation resulted in the increase in 
evapotranspiration and a decrease in surface runoff 
and baseflow. The decrease in baseflow is attributed 
to the higher evapotranspiration rates of forest 
vegetation. These climate and land cover changes 
negatively affect dependent agricultural activities 
on the river flow as well as urbanized and low-lying 
areas within the Muleta watershed. Findings from 
this study also indicate that massive conversion of 

forest land into other land uses such as agriculture and 
urbanization suggests the propensity of higher surface 
runoff which would eventually lead to flash floods and 
landslides. Common to many land watersheds, Muleta 
is exposed to climate-related hazards, consequently, 
appropriate management decisions and actions by the 
local government unit focusing on the reforestation 
of idle land or shrubland areas has to be given into 
consideration. A science-based generated information 
enables local decision-makers and other stakeholders 
to address possible and site-specific control measures 
and strategies advantageous to attain water balance 
and sustainable development within watersheds.
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ABBREVIATIONS

% Percent

AGRL Agricultural land

AGRL Fallow

ALPHA_BF.gw        Baseflow alpha factor–groundwater 
file

ArcGIS Arc-geographic information system

ArcSWAT Arc-soil and water assessment Tool

BANA Banana

BSWM Bureau of soil and water 
management

CN2.mgt            SCS runoff curve number–manage-
ment file
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DPWH-BRWPD
Department of Public Works and 
Highways–Bureau of Design Water 
Projects Division

ESCO.hru           Soil evaporation compensation 
factor – hydrologic response unit file

Fig. Figure

FRST Forest

Geo-SAFER Geo-Informatics for the systematic 
assessment of flood effects and risks

GW_DELAY.gw        Groundwater delay – groundwater 
file

GW_REVAP.gw        Groundwater “revap” coefficient – 
groundwater file

GWQMN.gw           
Threshold depth of water in shallow 
aquifer required for return flow to 
occur – groundwater file

ha Hectare

HRUs Hydrological response units

IFSAR-DEM Interferometric synthetic aperture 
radar-digital elevation model

km Kilometers
m Meters

masl Meters above sea level

MKaNPK Mount Kalatungan Natural Range 
Park

mm/y Millimetre/year

MSI Multispectral imager instrument

NS Nash-Sutcliffe efficiency

ORCD Perennial plantation

PAGASA
Philippine Atmospheric, 
Geophysical, and Astronomical 
Services Administration

PBIAS Percent bias

PCIEERD
Philippine Council for Industry, 
Energy and Emerging Technology 
Research and Development

p-factor Percent of observations

PINP Pineapple

R2 Coefficient of determination

r-factor Thickness of the 95-ppu-no-
observed plot envelop

RICE Rice

RNGB Shrubland

RNGE Grassland

RSR Standard deviation ratio

RUBR Rubber

SCS Soil conservation service

Sen2Cor Processor for Sentinel-2 product 
generation and formatting

SNAP Sentinel Application Platform
SVM Support vector machine
SWAT Soil and water assessment tool

SWAT-CUP-SUFI2
Soil and water assessment 
tool–calibration and uncertainty 
procedures–SUFI2 algorithm

URBN Building
UTRN Road 
WATR Water
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