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The study examined the impacts of agriculture, forests, and built-up areas on the water
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to determine the relationship between land use and land cover (LULC) and the water quality
Published: June 08, 2026 parameters using a 500-m buffer zone around the sampling station. Data used in the study
include focus group discussions (FGD), on-site visits, LULC from ESRI Sentinel-2 imagery
with a 10-m resolution, and water quality monitoring results from the Environmental
Management Bureau (EMB) Regional Office 2. The Kappa coefficient verified the
accuracy of the processed LULC maps, ranging from 89% to 94%, indicating reliability for
subsequent analyses. Built-up areas were directly associated with temperature, TSS, nitrate,
and fecal coliform, while negatively correlated with DO. Observations on the ground, such
as drainage and sewage systems directly discharging wastewater into the river, quarrying
activities, poor waste management, and other anthropogenic activities, negatively affect the
water quality of the river. Conversely, riparian vegetation was negatively correlated with
temperature, nitrate, TSS, BOD, and fecal coliform, while positively correlated with DO.
Unexpectedly, agricultural areas had an inverse relationship with temperature and nitrate,
while there was a positive correlation with DO. Correlation results of forest and agriculture
highlight the critical role of riparian vegetation in maintaining the ecological condition of
the PdT River. Further studies may consider a multi-buffer zone analysis to capture the
cumulative effects of land uses at broader spatial scales.
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INTRODUCTION

Water pollution is one of the most pressing environmental
issues globally due to declining water quality while the
need for clean water continues to increase (Land use
and land cover (LULC) changes significantly affect
water quality and ecosystem health. Human activities
such as urbanization, agriculture, and deforestation
can increase pollution and alter hydrological processes.
Several studies have highlighted the strong relationship
between LULC changes and water quality degradation
(Wortld Bank, 2019; Tahiru et al., 2020; Kumar et al.,
2024). Every nation is dealing with the effects of water
quality degradation, including the gradual decline of
aquatic ecosystems, reduced agricultural productivity, and
increased healthcare costs (WB, 2019; WWE, 2023). In
Southeast Asia, surface water bodies continue to degrade
(ASEAN, 2017), which stresses sectors that depend
heavily on clean water (USGS, 2018). Likewise, poorer
water quality increases the spread of waterborne diseases
(Lin ez al., 2022), especially in areas with low economic
profiles (Assegide ez al., 2022). The continued degradation
of water quality slows down the economic growth of a
country and can cause a loss of up to one-third (WB,
2019).

One of the primary sources of the decreased surface water
quality is land uses, which alter the runoff patterns, volume
of pollutants, and the ability of the surface water body to
filter the contaminants from vatious sources (Huang ¢ a/,

2020; Clark ez al., 2022). Camara e/ al. (2019) presents the
influence of urban, agricultural, and forest land use on
surface water body conditions. Poorly managed effluents
from settlements and agricultural runoff discharging into
water bodies increase nutrient, pathogen, and chemical
contaminant levels (UNESCO, 2018; Chen ¢# al., 2018;
Namaalwa e/ al., 2020). Poor management in agricultural
areas tends to increase the level of sediments and nutrient
concentrations in nearby waters due to surface runoff
carrying soil particles and excess fertilizers (Carpenter ef
al., 1998; Zhang et al., 2022). Similatly, urban land uses
increase the concentration of pollutants (Meyer & Paul,
2001; Walsh ez al., 2005; Gan et al., 2021), which are mainly
from untreated domestic and industrial wastewater (Giao,
2022). In contrast, maintaining vegetation contribute to
a healthy ecological condition of surface waters (Uriarte
et al., 2011) by filtering runoff carrying pollutants before
discharging into the streams (Tong & Chen, 2002; Bu ef
al., 2014; Allan, 2004).

The quality of surface water continues to suffer with
the increasing pressure on land resources (Camara ef al.,
2019). According to the Global Environment Facility
(2019), the increasing population and rapid development
put so much pressure on land resources, which are
associated with weak land use planning and unsustainable
land management practices. This scenario continues
largely considering that rural areas depend heavily on
natural resources for employment and other sources of
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livelihood (Ramirez e/ al, 2019). In the Philippines, 33
million of its population are affected by the reduction of
forest cover from around 90% in the 16th century to only
about 23% at present, due to extensive resource use and
land conversions (Camara ¢/ al., 2019).

One of the water bodies that was observed to be
contaminated already is the PdT River, a Water Quality
Management Area and a tributary of the Cagayan
River in the northern Philippines (DENR-EMB, n.d.).
Fecal coliform counts across 15 sampling stations were
above the water quality guidelines (EMB, 2020), thereby
declaring the PAT River as unsafe for recreation (PIA,
2022). Also, the PdT River recorded a high concentration
of sediments (TSS), which can be linked to unsustainable
agricultural and construction activities surrounding the
water body (Calder, 2000; Newson, 1992).

Therefore, the study investigated the effects of agriculture,
forests, and built-up areas on the primary water quality
parameters of the PdT River, based on a riparian scale
analysis. The outcome of the study is vital to making
reasonable decisions and long-term management of the
PdT River (Akram e al, 2006). It informs and advises
the PdT-WQMA Governing Board, agencies, local

Table 1: Water quality guidelines for freshwater

government units, communities, and institutions, which
have a role in ensuring the ecological status of the PdT
River is maintained. Similarly, the study is significant
considering that the Metro Tuguegarao Water District
(MTWD) will be utilizing the surface water of the PdT
River in order to increase its supply of domestic water.
Furthermore, the study provides an assessment to the
current programs, projects, and other initiatives of
agencies, LGUs, and communities in the PdT River.

LITERATURE REVIEW

Water Quality Indicators

In assessing the ecological condition of the river,
physicochemical and biological parameters are used to see
how natural processes as well as human influences affect
surface water. Such indicators provide a clearer picture
of how water quality is being affected by land cover
changes such as deforestation associated with agricultural
expansion and rapid urbanization (Meybeck & Helmer,
1989). In the Philippines, primary parameters that include
TSS, temperature, color, BOD, DO, chloride, nitrate,
phosphate, pH, and fecal coliform are used to assess
the pollutant concentration of water bodies (DENR,
2016). Said parameters are included in the Water Quality
Guidelines (WQG) and General Effluents, which were

Water Body Classification
Parameter Unit
AA A B C D
BOD mg/L 1 3 5 7 15
Chloride mg/L 250 250 250 350 400
Color TCU 5 50 50 75 150
DO (minimum) mg/L 5 5 5 5 2
Fecal Coliform | MPN/100mL <11 <11 100 200 400
Nitrate mg/L 7 7 7 7 15
pH 6.5-8.5 6.5-8.5 6.5-8.5 6.5-9.0 6.0-9.0
Phosphate mg/L <0.003 0.5 0.5 0.5 5
Temperature °C 26-30 26-30 26-30 25-31 25-32
TSS mg/L 25 50 65 80 110

Source: (DENR, 2016)

established to monitor the ecological condition of surface
waters, especially for the Water Quality Management
Areas. The WQG for freshwater, is presented in Table 1.
Additionally, DENR (2016) provided a classification of
water bodies by beneficial use, with Classes AA to D
for freshwater. The PdT River was classified as Class B
in Peflablanca and Class C in Tuguegarao City (DENR-
EMB, n.d.). Said classification is used to monitor if these
water bodies exceed the limit set by the DENR (2010), as
shown in Table 1. Moreover, the PdT River’s midstream
and upstream sections are intended for primary contact
recreation (Class B), while the downstream portion (Class

C) is being used for fishery propagation, no-contact
recreation activities, and other uses such as irrigation and
livestock watering (DENR, 2016).

Influence of Land Use on Different Spatial Scales
Multiple studies indicate that riparian land uses provide a
clearer pattern of water quality conditions as compared
to the entire area of the watershed (de Mello et al,
2018). Assessment within 100 m and 200 m of the river
substantially affects water quality indices (Tran e# al, 2010;
Shen e al, 2015). A concrete example is that nutrient
levels, BOD, and TSS from agricultural and built-up areas
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influence water quality more strongly (Tran ez al, 2010;
Shen et al., 2015) as compared to larger spatial scales.
On the other hand, other scales (sub-watershed and
watershed scales) are employed to describe the process
of washing away and storing pollutants (Zhou ef al., 2012;
Ding ef al., 2016). For instance, turbidity and DO may be
well observed on the watershed level, while nitrogen and
fecal coliform were more sensitive on the sub-watershed
scale (Uriarte e/ al., 2011).

The correlation between land use and water quality is
different at various spatial scales (Tanaka es al, 2016;
Wang e# al., 2013). These observations suggest that one
needs to study both spatial scales in detail, which entail
watershed, sub-watershed, and riparian buffer at all, to
gain a comprehensive understanding of how water quality
responds to land uses.

Statistical Approaches Linking Land Use and Water
Quality

Several geostatistical methods are used to examine the
relationship between water quality and land use (Cheng e#
al., 2022). These methods include the redundancy analysis
that is capable of linking the seasonal variations, the land
use features, and the water quality behavior (Chen e a/,
2016). The other tool is the correspondence analysis
(CA), used to display the spatial trends and group the
sampling stations with similar observations (Damanik-
Ambarita ez al., 2016). Such an approach is significant in
establishing the sources of pollution (Tanriverdi e/ al,
2010). Conversely, correlation analysis is used to assess
the linear relationship between land use and water quality,
with higher absolute values indicating stronger correlation
(Cheng ¢ al., 2022).

Two highly effective techniques for regression and
complex analysis are Geographically Weighted Regression
(GWR) and Bayesian hierarchical linear regression
(BHLR). Both methods are useful in cases when the
study is characterized by a complex correlation between
land use and water quality, whereby different locations
and periods exist (Huang ef al, 2015; Wan et al., 2014,
Ullah ef al, 2018). The GWR and BHLR eliminate the
challenge of the complexity of the spatial difference and
interactions of different geographic extents that cannot
be determined with basic methods (Wan ez a/., 2014).
However, in cases of data scarcity, say when the study is
narrowed to a limited number of sampling stations, then
the complex processes are not practical as compared to
the Pearson correlation (Schober ez al., 2018). Correlation
analysis provides simpler and less expensive approaches
over the complex ones. In the article by Panda ez a/. (2018),
the correlation technique was utilized to determine the
relationship between water quality and land use with few
sampling stations.

MATERIALS AND METHODS

Study Area

The (PdT) River passes through the province of Cagayan
and flows through the municipalities of Pefiablanca and
Tuguegarao City (17°36’16.85”N, 121°43°47.90”E). The
river is one of the tributaries of the Cagayan River and
was proclaimed as a WQMA will suffice in 2013 (DENR-
EMB, n.d.). Likewise, EMB RO2 regularly monitors the
water quality of the PdT River as a designated WQMA.
Monitoring stations are found on the downstream part
of the river in Tuguegarao City (Stations 1 to 4) and the
midstream and upstream parts in Pefiablanca (Stations 5
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Figure 1: Location of the Pinacanauan de Tuguegarao River

to 15). Figure 1 shows the location of the study area.

Data Collection
The DENR-EMB RO2 provided the water quality records
between 2017 and 2024, where the agency constantly

examine the water quality of the PdT River. Such datasets
consist of the measurements of physical parameters
(color, temperature, and TSS), chemical parameters
(pH, DO, BOD, nitrate, phosphate, and chloride), and
microbiological fecal coliform data. Sampling stations
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were also provided with geographic coordinates. In
relation to the LULC component, the raster images of
Sentinel-2 with a 10-m resolution were accessed through
ESRI over the same 8-year span. Focus group discussions
(FGD) were conducted in the upstream, midstream, and
downstream of the river to have a clearer view of local
experiences and practices. The monitoring stations were
also visited to complement and confirm the numerical
findings.

Data Processing and Analysis

For each water quality parameter, the average and
coefficient of variation (CV) of the 8-year period at each
station were analyzed. The 8-year mean was calculated to
identify which stations displayed relatively high or low
pollution rates, along with the CV values to determine
the extent to which the parameters varied between 2017
and 2024, as suggested by Gomez and Gomez (1984).

The Quantum Geographic Information System (QGIS)
was used to process LULC maps. The raster datasets were
categorized into five LULC classes that comprise water
bodies, agricultural zones, forested zones, built-up zones,
and barren land (Encisa-Garcia ef al., 2020). To test the
validity of the classification that has been conducted, 100
random points were created every year between 2017
and 2024 within the watershed. The Kappa coefficients
were calculated using these points each year according to
the principles of Landis and Koch (1977). Subsequently,
spatial analyses were performed using only those maps
that had a Kappa of greater than 81%. FEach sampling
station was then used to create a 500-meter buffer (Figure
2) following the natural flow of the water (Bo ez al., 2017,
Zhang et al., 2021; Huang et al., 2019; Yao et al., 2024).
The established buffers provide the LULC composition
necessary in the correlation analysis.

Figure 2: Delineation of the 500-m buffer zone

Correlation Analysis

The Pearson’s correlation was used in the study to
correlate land use and water quality. The strength and
direction of the relationship were measured using
the coefficient (7). Relatively, the significance of the
relationship was determined using p-values that are below
0.05. A significant relationship indicates that the pattern
could not have occurred out of random variation (Cohen,
1988). Using this method helps pinpoint the type of
LULC with the strongest impact on water quality changes
(Kadir ez al., 2022; Cheng et al., 2022; Kibena e/ al., 2014).
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Information gathered during the FGD and ground
observations supplemented the correlation findings.
RESULTS AND DISCUSSION

Study Area

The PdT River, a WQMA, is being monitored by the
EMB RO2 on a regular basis through its 15 sampling
stations. These are situated at the downstream within
Tuguegarao City (Stations 1-4), midstream (Stations 5-10),
and upstream (Stations 11-15) located in Pefiablanca. The
established 15 sampling stations are shown in Figure 3.
The downstream section of the PdT River, comprising
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Figure 3: Locations of the sampling stations
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the barangays Centro 10, Capatan, Tanza, and Caggay in
Tuguegarao City, is a mixture of residential, vegetation,
and agricultural land. The riverbanks have vegetation,
which is predominantly grasslands and bamboo stands.
The farmland is located on the east, and the settlements
are located on the western side. Additionally, fishing
activities are present around the mouth of the river,
and this implies that the community relied on the river
resources.

The midstream is characterized by agricultural land and
quarry areas with sparse riparian vegetation. Farmlands
are found on both sides of the river. The riverbank is
covered with grasses and few trees, being thicker at
the end of Station 10 (Tawi Bridge). There are several
quarrying operations (Stations 5 and 7-9) that may result
in an increase in sediments. Other observations include
drainage directly discharging wastewater into the river,
bathing of carabaos, and washing of laundry.

The wupstream section is composed of forested,
agricultural, and residential land uses, where forest cover is
predominant in Stations 11 and 13 and farmlands occupy
the large part of Stations 12, 14, and 15. Settlements are
located distant from the river, except for Station 11, where
houscholds directly discharge domestic wastewater into

the river. In contrast, Stations 12-15 (Barangays Manga,
Buyun, and Lapi), on the other hand, have settlements
more distant along the river. Drainage flows out through
creeks, which drain into the river.

Water Quality Parameters

The variation in the physical water quality parameters
across the PAT River seems to have a strong correlation
with the nature of land use around each sampling
station (Figure 4). Stations 1-6 recorded the highest TSS
and temperature. Such trends are probably driven by
increased surface runoff, soil erosion due to paved and
impervious surfaces, and streams of domestic effluents
into the river (Meyer & Paul, 2001; Akram ef al., 2006). At
midstream stations (7-9), located in the peri-urban area,
TSS was moderate, which can be attributed to quarrying,
surrounding farms, and mixed residential development
(Huang et al, 2020). At the same time, the upstream
stations (10-15), which are mostly rural with agricultural
land and forest cover, recorded relatively lower TSS and
temperature levels. Additionally, water temperature and
color are within the set standards of 25-32°C and 50-75
TCU, respectively.

The result of the coefficient of variation (CV) indicates
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Figure 4: Average of the physical water quality parameters from 2017-2024

that TSS had high variability, with the majority of the
stations registering CV values up to 120% to 140%
(Station 15). The high variability of TSS may be explained
by differences in land use pressures, erosion, and supply
of sediments due to agricultural or construction activities
(Akram ez al, 2006; Giri & Qiu, 2016). Color and
temperature, on the other hand, have CV values ranging
from 9% to 22% and 2% to 4%, respectively. Low-to-

moderate CV values indicate the inherent stability of the
river shaped by climate and hydrological patterns (Meyer
& Paul, 2001).

All the chemical parameters are below or within the
water quality guidelines (Figure 5). The chloride levels are
between 5.51 and 8.29 mg/L, which is below the watet
quality guidelines (250 mg/L for Class B and 350 mg/L
for Class C). In addition, the chloride levels are a little
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higher in downstream stations (5.99-8.29 mg/L), which
is natural in any urban area where drainage and domestic
discharges directly to the river introduce small but
measurable amounts of dissolved ions, including chloride
(Meyer & Paul, 2001; Giri & Qiu, 2016). A downward
trend can be observed, suggesting lesser influences in

the upstream area. Furthermore, the concentrations of
chloride exhibit high variability over time, with a range of
coefficient of variation (CV) ranging between 46% and
63% across all stations due to low baseline levels.

Biochemical oxygen demand ranges from 1.34 to 2.04
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Figure 5: Average of the chemical water quality parameters from 2017-2024

mg/L, which is significantly lower than the water quality
standards of 5 and 7 mg/L for Class B and C, respectively.
The concentrations are slightly higher (1.65-2.04 mg/L)
in the downstream urban stations, probably due to the
urban runoff and drainage releases (Meyer & Paul,
2001; Giri & Qiu, 2016). The midstream and upstream
stations exhibit lower BOD (1.54-1.73 mg/1. and 1.34-
1.53 mg/L), reflecting lesser human activities and the
buffering effect of riparian vegetation (Akram ez al., 2006;
Bu ez al., 2014). Meanwhile, the CV values (16-42%) show
low-to-high variability over the 8-year period. Low-to-
moderate variability is observed in downstream stations
sustained by a consistent supply of organic matter
through domestic wastewater. High variability is recorded
in midstream stations and upstream stations, which may
be affected by changes in agricultural practices, infrequent
runoff, and change of seasons.

The concentration of DO is between 7.15 and 8.47
mg/L, higher than the standard of 5 mg/L, indicating
normal levels of oxygen in the river. The decreased

DO levels downstream (7.26-7.56 mg/L) can be linked
to urban and residential impacts (Meyer & Paul, 2001;
Giri & Qiu, 20106). Sources such as domestic wastewater
and agricultural runoff increase the index of microbial
activity and oxygen use in the decomposition process
(Rice ez al., 2011). Urban and densely populated areas are
likely to have lower levels of DO as the BOD is higher
and because of low re-aeration when channels are altered
or slowed down. Mid stations related to agriculture (7.34-
8.00 mg/1L) and upstream forested stations (7.98-8.47
mg/L) exhibit a little higher DO, probably because of
decreased organic loading, riparian shading, and forested
catchment effects, which improved oxygen retention
(Akram ez al., 2006; Bu ef al., 2014). On the other hand,
the variability of DO is very low (CV = 4.20-8.10%) at
all stations, which means stable oxygen conditions over
the years.

The levels of nitrate are between 0.09 and 0.23 mg/L,
which is far less than the water quality standard of 7 mg/L,
implying that there is minimal concentration of nutrients
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along the river. Nitrate levels are somewhat higher in the
downstream utban stations (0.19-0.23 mg/L), probably
due to urban runoff and drainage discharges (Meyer &
Paul, 2001; Giri & Qiu, 2016). There is a slight increase
in the levels in midstream agricultural stations (0.12-0.19
mg/L), probably because of fertilizer use and domestic
sources. The lowest concentration of nitrate is in the
upstream forested stations (0.09-0.11 mg/L) because
of the natural forested catchments and intact riparian
buffers that restrict the runoff of the nutrient (Akram e#
al., 2006; Bu et al., 2014). Additionally, the concentrations
of nitrate exhibit high-to-moderate variability over time,
with a range of coefficient of variation (CV) ranging
between 21% and 63% across all stations due to low
baseline levels.

Phosphate levels (0.02-0.06 mg/L) are below the limit of
0.5 mg/L. Downstream stations recorded little bit higher
levels (0.04-0.06 mg/L), which can probably be attributed
to urban runoff and drainage releases (Meyer & Paul,
2001; Giri & Qiu, 2016). Midstream agricultural stations
show the slight contributions (0.03-0.05 mg/L) from
fertilizer use and residential sources. Upstream forested
stations have the lowest levels of phosphate (0.02-0.03
mg/L), implying a small anthropogenic contribution
and strong nutrient retention by forested catchment and
riparian vegetation (Akram e# al, 2006; Bu e al., 2014).
Moreover, there is a high variation of the phosphate
levels (CV = 42-162%), which represents the effect of
hydrological changes and low baseline concentrations.
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The pH readings within the 8-year period are between
7.41 and 7.81, which falls within the WQG of 6.5t0 9.0 in
the downstream stations and 6.5 to 8.5 at the midstream
and upstream stations. The values of pH (7.62-7.73) at
downstream urban stations are slightly higher, possibly
due to urban runoffs and small amounts of effluents.
Besides, the relative variability of all monitoring stations
is very low (CV = 2.18-5.56%), which means that the pH
conditions are highly stable.

Figure 6 shows that all stations recorded fecal coliform
above the water quality guidelines (Class B = 100
MPN/100 mIL and Class C = 200 MPN/100 mlL).
The highest levels of fecal coliform were recorded at
the downstream and certain midstream sites (Stations
1-4 and 06). These are highly populated with domestic
discharges, likely to be the cause of enhanced microbial
contamination (Meyer & Paul, 2001; Akram e al., 2000).
Lower levels, as compared to downstream, were noted at
the midstream peri-urban stations (Stations 5 and 7-10)
in Pefiablanca, possibly influenced because of mixed land
uses. Livestock and domestic wastewater discharges and
inadequate sanitation systems can all contribute to the
concentration levels in the midstream (Bu e a/., 2014; Giri
& Qiu, 20106). The lowest levels of fecal coliform were
recorded in Stations 11-15, as compared to downstream
and midstream, due to lesser human activities at the
upstream part of the river (Olilo ez a/, 2016).

High CV values vary between 41% and 85% in the

Fecal Coliform (MPN/100 mL)
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Figure 6: Average of fecal coliform from 2017-2024

settlement-dominated stations (1-0), indicating that the
levels of fecal coliform are quite stable due to the relative
consistency of domestic sources in these areas. The CV
increases drastically in the midstream peri-urban section
of Pefiablanca (71-188%), particularly in agricultural
zones with residential zones. The significant changes in
bacterial levels, which are probably caused by agricultural
activities, varied surface runoff, and human activities.
High variability (CV = 75-122%) is also observed at the
upstream rural stations (11-15) with agricultural lands,
forests, and scattered residences.

Land Use and Land Cover

The values of Kappa coefficients were between 89% and
94% (Figure 7), which implies that the multi-year LULC
maps are reliable and can be used in the subsequent

spatial analyses. Equivalent results have been documented
in tropical and subtropical watershed studies, with Kappa
values above 85% being typical of high-resolution
classifications, indicating the robustness and consistency
of the method employed (Seto ez al., 2012).

The LULC pattern of the PdT Watershed remained
relatively the same between 2017 and 2024. The largest
portion is dominated by forest areas with 65%-67%, and
agricultural lands occupy about 28%-31% of the total
areas (Figure 8). Notable changes were only observed in
water bodies, while built-up areas and barren land had
almost similar sizes, indicating that minimal conversion
of land uses took place within the study period.

The 500-m buffer zone comprises mostly agricultural
lands, approximately 28% to 81% of the total land
area of the buffer (Figures 9 and 10). This dominance
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indicates exposure of the river to nutrient, sediment,
and agrochemical concentrations, which can cause
cutrophication and high turbidity (Allan, 2004; Meyer &
Paul, 2001). Buffer zones 2 and 9, with agricultural cover
of 80% and 81%, are more susceptible to such effects

121°450°E 121°500°E

due to the lack of vegetative buffers to assist in filtering
runoff.

Forest cover is mostly minimal in all buffer zones. Large
areas of forest can only be observed in Buffers 10 and
12, with 35% and 25% composition, respectively. Such
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a small area of vegetation decreases the capacity of the
riverbank to filter runoff, resulting in increased sediment
enrichment, enhanced nutrient contributions, and mote

121°550°F

17°300°N

122°00°8 12250

pronounced temperature shifts within the river (Burt ez
al., 2002). Conversely, areas with a greater percentage of
forest cover contribute to the moderation of water quality
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through shading, enriching of soil, and organic material.
The density of built-up areas also differs across the
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and Buffer 5 (40%). Such high percentages can be linked
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Figure 10: Land use and land cover composition at 500-m buffer zone

to increased imperviousness, more runoff, and potential
sewage or industrial contributions (Walsh ez @/, 2005).
These areas can be hotspots of water quality problems,
especially in areas where there are small vegetation
buffers or none at all.

Community Perceptions on the Effect of Land Uses
on Water Quality

The findings of the field observations and the community
perceptions indicate a definite association between land
use and water quality conditions along the PdT River.
Three themes were noted during the conduct of FGD
at the downstream, midstream, and upstream sections of
the river. These include the impacts of built-up and urban
areas, agricultural land use, and deforestation.

Across all streams of the river, residents always linked the
worsening of the water quality with the growth of built-
up areas. The settlements that were common in both the
downstream and midstream sections wetre associated
with a higher amount of wastewater discharges and other
human activities, such as quarry activities along the river
stretch and improper waste disposal. These observations
coincide with literature indicating that urbanization tends
to increase surface runoff, which transport pollutants
like nutrients, sediments, and organic materials into
the water bodies (Tong & Chen, 2002). The increased
areas of impervious surfaces in developed or urbanized
areas decreases infiltration levels and increases the flow
of contaminants to rivers which leads to an increase in
the level of pollutants like nitrate, TSS, and BOD. In
addition, field observations show that there exist drainage
and sewage systems (Figure 12) that drain into the river
across all streams, with most of these are found at the
downstream section of the river.

Agricultural activities also contribute to water pollution,
wherein residents have pointed out its adverse effect,
especially The

observation coincides with the expansion of agricultural

during rainy season. community
lands at the upstream section of the river. Other
agriculture-related activities like washing of agricultural

equipment (i.e., spray) and bathing of carabaos in the river

contributed to increased nutrient, chemical, and microbial
contamination. Other studies have also reported similar
results, wherein higher nutrient loading was caused by
agricultural runoff, which led to eutrophication and poor
water quality (Carpenter e al., 1998).

Likewise, the continuous deforestation of the upstream
region was characterized as a contributor to sedimentation
and water turbidity. The communities noticed that during
a rainy season muddy water runs down the river, and
during hot seasons the river is clear. Such observation
means that the conversion of forests to agricultural
land use increases the transportation of the sediments,
especially during rainy season. Giri and Qiu (2016) argue
that forested lands are significant in stabilizing soil,
sediment filtration, and general water clarity.

The above observations demonstrate how agricultural
development, urbanization, and deforestation influenced
the water quality of the PdT River. Agricultural expansion
leads to deforestation that increases erosion and turbidity
and built-up areas that increase nutrient, chemical, and
microbial contamination. On the other hand, vegetated
areas are linked with purer and cleaner water.

Community-Perceived Solutions

The result of the FGD shows the community’s clear
understanding of the effect of different land uses on
the ecological condition of the river, wherein residents
enumerated several solutions to reduce the pollution
of the PdT River. Upstream, the community supports
strategies that include proper solid waste management,
reforestation, and sustainable farming in order to mitigate
pollution and erosion along the river. The suggested
tree-planting initiative reflects the clear understanding
of the function of vegetation (i.c., trees and grasses) to
ensure soil stability and sediment filtration (Giri & Qiu,
2016). Upland farmers also underscored the necessity to
preserve vegetation in the riverbanks and farmlands to
prevent further scouring and erosion.

In the midstream, residents identified the importance of
increasing the awareness of the communities residing near
the river through clean-up drives along the river stretch
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and information and education campaigns (IEC). These
interventions ensure the participation of the community,
which is consistent with the suggestion of Ongley
(1996) that local action was important in managing water
pollution.

Meanwhile, the downstream communities pointed out
the necessity of having different drainage and sewage
systems and proper waste disposal along the river stretch.
The awareness of the urban population depicts that
there is a clear understanding of urban-related pollution.
Similarly, to reduce the discharge of wastewater into the
river, infrastructure planning has to be done in a collective
manner (Zhou & Qiangian, 2014).

The outcomes of the FGD indicated the role of both
infrastructure (i.e., separate drainage and sewage systems)

and non-infrastructure (i.e., proper waste management,
reforestation, and forest conservation) as central in
maintaining the ecological state of the PdT River.

Pearson’s Correlation Analysis

The Pearson correlation analysis (n = 112) indicated
that the correlation between LULC types (agriculture,
forest, and built-up areas) and water quality parameters
varied in the 500-m buffer zone (Table 2). The significant
correlation (p < 0.05) between land use and the water
quality indicates that the effect is substantial, which is
consistent with similar research findings (Bu e a/, 2014,
Ding ez al., 2016).

Agriculture Land Use and Water Quality

Table 2: Results of the Pearson’s correlation analysis at 500-m buffer zone (2017-2024) Pearson
r-value
Water Quality Parameter | Agriculture Forest Built-Up
Color -0.08 0.1 0.07
Temp. -0.29% -0.32% 0.36*
TSS -0.18 -0.23* 0.2%
BOD 0.06 019+ 0.05 0.4
Chloride -0.03 -0.02 0.03 0.2
0
DO 0.19* 0.24* -0.3*
-0.2
pH -0.16 -0.07 0.17
-0.4
Phosphate -0.12 -0.17 0.15
Nitrate -0.21* -0.3* 0.38*
Fecal Coliform -0.14 -0.21* 0.3*
*Significant at p<0.05

Agricultural areas showed negative correlations with
temperature (r = -0.29) and nitrate (r = -0.21), along with
a positive correlation with dissolved oxygen (r = 0.19).
The negative correlations may appear unexpected since
agriculture is often linked to water quality degradation
through nutrient and sediment runoff (Rey-Romero ez al.,
2022; Crasswell & Singh, 2021). Nevertheless, the riparian
vegetation and other conservation strategies can mitigate

these effects by filtering sediments and nutrients and
covering the water to avoid warming (Mayer ef al., 2007,
Fuller e al., 2025). The results are consistent with field
observations such as the presence of vegetation along
the riverbanks and trees subdividing parcels of farmland
found at the upstream section of the river (Figure 11).

Built-Up Land Use and Water Quality

- :-"-.-'.=-=E.-

Figure 11: Vegetation along riverbank and trees as lot boundary in the upstream area
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Built-up areas were found to be positively correlated with
temperature (r = 0.36), TSS (r = 0.2), nitrate (r = 0.38),
and fecal coliform (r = 0.3), while negatively correlated
with DO (r = -0.3). The results of the correlation
indicate that impervious surfaces, urban runoff, and
sewage discharge increase nutrient levels, microbial
contamination, and reduced oxygen levels (Walsh e#
al., 2005; Meyer & Paul, 2001). Field and community

observations showed sources of contamination from
direct drainage and sewage systems discharging into the
river (Figure 12), quarry operations, and other human
activities (i.c., washing clothes and vehicles and bathing
carabaos) along the river stretch.

Riparian Vegetation and Water Quality
Riparian vegetation is inversely associated with major

Figure 12: Drainage directly discharging wastewater beside Station 6

pollutants, highlighting its critical role in controlling the
water temperature, reducing nutrient and sediment load,
and decreasing microbial contamination. Correlation
results indicated that riparian vegetation is negatively
correlated with temperature (r = -0.32), TSS (r = -0.23),

.

Figure 13: Buffer vegetation at Stations 5 and 14

Walsh ez al., 2005). Figure 13 shows the riparian vegetation
along the riverbank

CONCLUSIONS

Correlation analysis (n = 112) within the 500-m buffer
zone displayed the relationship of agriculture, forest,
and built-up areas with the water quality conditions of
the PdT River. Agricultural areas showed weak negative
relationships with temperature and nitrate and a very
weak positive relationship with DO, which indicates
that the riparian vegetation and conservation efforts are
possibly counteracting the typical effects of agriculture
on water quality degradation. Such observations are
reinforced by vegetation along the riverbanks and trees
serving as lot boundaries, particulatly in the upper

nitrate (r = -0.3), BOD (r = -0.19), and fecal coliform (r
= -0.21). The positive relationship with DO (r = 0.24)
underscores the importance of riparian vegetation for
oxygenation of the river, bank stabilization, and pollutant
filtration (Sweeney ef al., 2004; Allan & Castillo, 2007,

segments of the river. Built-up areas were positively
correlated with the increase in temperature, TSS, nitrate,
and fecal coliform, accompanied by low levels of DO.
These adverse relationships were attributed to direct
drainage and sewage outflows, quarry activities, poor
waste management practices, and other anthropogenic
activities. Conversely, forest zones were negatively
correlated with temperature, nitrate, TSS, BOD, and
fecal coliform, while increasing DO. The small portion
of forest within the 500-m landscape demonstrates the
critical role of riparian vegetation in filtering runoff
and in maintaining the ecological health of the river in
general. Such results confirm that even in a limited 500-
m riparian buffer analysis, LULC significantly affects the

https:
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quality of water. For future assessments, larger scales can
be considered to analyze the cumulative effect and the
upstream contribution of land uses (i.e., 1 km, 2 km, or
even the entire watershed). Resting on these findings,
efforts to protect and improve the water quality of the
PdT River are suggested through promotion of more
sustainable agricultural practices, expansion of riparian
vegetation, and better management of urban wastewater
in settlement areas.

REFERENCES

Akram, M., Qian, Z., & Wenjun, L. (20006). Policy Analysis
in Grassland Management of Xilingol Perfecture,
Inner Mongolia. In The Future of Drylands. Springer.

Allan, J. D. (2004). Landscapes and Riverscapes: The
Influence of ILand Use on Stream FEcosystems.
Annnal Review of Ecology, Evolution, and Systematics,
35, 257-284.  https://doi.otg/10.1146/annutev.
ecolsys.35.120202.110122

Allan, J. D, & Castillo, M. M. (2007). Stream Ecology:
Structure and Function of Running Waters (2nd ed.).
Springer.

ANZECC-ARMCANZ. (2000). National Water Quality
Management. Autralian and New Zealand Environment
and Conservation, Agriculture and Resource
Management Council of Australia and New Zealand.

ASEAN. (2017). Fifth ASEAN State of the Environment
Report. Association of Southeast Asian Nations .

Assegide, E., Alamirew, T., & Bayabil, H. (2022). Impacts
of Surface Water Quality in the Awash River Basin,
Ethiopia: A systematic Review. Frontiers in Water, 3, 1-15.

Bo, W, Wang, X., Zhang, Q., Xiao, Y., & Ouyang, Z.
(2017). Influence of ILand Use and Point Source
Pollution on Water Quality in a Developed Region:
A Case Study in Shunde, China. Infernational Journal of
Environmental Research and Public Health, 15(1). https://
doi.org/10.3390/ijerph15010051

Bu,H.,Meng, W,, Zhang, Y., & Wan, J. (2014). Relationships
between land use patterns and water quality in the
Taizi River basin, China. Ecological Indzicators, 41, 187-
197. https://doi.otg/10.1016/j.ecolind.2014.02.003

Burt, T. P, Pinay, G., Matheson, F. E., Haycock, N.,
Butturini, A., Clement, J. C., ... Maitre, V. (2002). Water
table fluctuations in the riparian zone: comparative
results from a pan-European experiment. Journal of
Hydrology, 129-148.

Calder, 1. (2000). Land Use Impacts on Water Resources.
Rome: Food and Agriculture Organization.

Camara, M., Jamil, N. R., & Abdulla, A. F (2019).
Impact of land uses on water quality in Malaysia: a
review. Ecological Processes, 8(10), 1-10. https://doi.
org/10.1186/s13717-019-0164-x

Carpenter, S. R., Caraco, N., Correl, D., Howarth, R,
Sharpley, A., & Smith, V. (1998). Nonpoint Pollution
of Surface Waters with Phosphorus and Nitrogen.
Ecological  Applications, 8(3), 559-568. https://doi.
org/10.1890/1051-0761

Chen, ], Wu, H., Qian, H., & Zhang, Q. (2018).

Challeneges and  Prospect of  Groundwater
Management in Agricultural in an Agricultural Plain
along the Silk Road Economic Belt. International of
Water Source Development, 354-368.

Chen, X., Zhou, W,, Pickett, S. T., Li, W,, & Han, L. (2016).
Spatial-Temporal Variations of Water Quality and Its
Relationship to Land Use and Land Cover in Beijing,
China. International Journal of Environmental Research and
Public Health, 13(5), 1-17. https://doi.otg/10.3390/
ijerph13050449

Cheng, C., Zhang, I, Shi, ., & Kung, H.-T. (2022). What
is the relationship between land use and surface water
quality? A review and prospects from remote sensing
perspective. Environmental Science and Pollution Research,
29, 56887-56907.

Clark, K. E., Bravo, V. D., Giddings, S. N., Davis, K. A,,
Pawlak, G., & Torres, M. A. (2022). Land Use and Land
Cover Shape River Water Quality at a Continental
Caribbean Land-Ocean Interface. Frontiers in Water,
1-19. https://doi.org/10.3389/ frwa.2022.737920

Cohen, J. (1988). Statistical Power Analysis for the Bebavioral
Sciences. Taylor and Francis Group. https://doi.
org/10.4324 /9780203771587

Crasswell, E., & Singh, B. (2021). Fertilizers and nitrate
pollution of surface and ground water: an increasingly
pervasive global problem. Springer Nature Applied
Sciences, 3(518). https:/ /doi.otg/10.1007 /s42452-021-
04521-8

CWP. (1999). Watershed Protection Technigues: Microbes and
Urban Watershed. Center for Watershed Protection.

Damanik-Ambarita, M. N,, Lock, K., Boets, P, Everaert,
G., Nguyen, T. H., Forio, M. A., . . . Goethals,
P. L. (2016). Ecological Water Quality Analysis
of the Guayas River Basin (FEcuador) Based on
Macroinvertebrates Indices. Limnologica, 57, 27-59.
https://doi.otg/10.1016/j.limno.2016.01.001

de Mello, K., Valente, R. A., Randhir, T. O., dos Santos,
A. C., & Vettorazzi, C. A. (2018). Effects of Land
use and LLand Cover on Water Quality of Low-Order
Streams in Southeastern Brazil: Watershed versus
Ripatian Zone. Catena, 167, 130-138. https://doi.
org/10.1016/j.catena.2018.04.027

DENR. (2016). Water Quality Guidelines and General
Effluent Standards (DAO 2016-08).

DENR-EMB. (n.d.). Region 2, List of Waterbodies. Retrieved
from Environmental Management Bureau: https://
watet.emb.gov.ph/Ppage_id=753

DENR-EMB. (n.d.). Water Quality Management Area.
Retrieved from Environmental Management Bureau:
https:/ /watet.emb.gov.ph/?page_id=12

Ding, ], Jiang, Y., Liu, Q., Hou, Z., Liao, J., Fu, L., &
Peng, Q. (2016). Influences of the Land Use Pattern
on Water Quality in Low-Otrder Streams of the
Dongjiang River Basin, China: A Multi-Scale Analysis.
Science of the Total Environment, 551-552, 2015-216.
https://doi.otg/10.1016/j.scitotenv.2016.01.162

EMB. (2020). Pinacananan de Tugnegarao Water Quality
Data. Tuguegarao City, Cagayan: Environmental




Am. ]. Environ. Clim. 5(2) 26-40, 2026

@oalli

Management Bureau.

Encisa-Garcia, J., Pulhin, J. M., Cruz, R. V., Simondac-
Peria, A. C., Ramirez, M. A., & De Luna, C. C.
(2020). Land Use/Land Cover Changes Assessment
and Forest Fragmentation Analysis in the Baroro
River Watershed, I.a Union, Philippines. Journal of
Environmental Science and Management(2), 14-28. https://
doi.org/10.47125/jesam/2020_sp2/02

ESRI. (n.d.). Esri Land Cover. Rettieved from esti: https://
livingatlas.arcgis.com/landcover/

Fuller, M. R., Leinenbach, P., Detenbeck, N. E., Labiosa,
R., & Isaak, D. J. (2025). Riparian vegetation shade
restoration and loss effects on recent and future
stream temperatures. Restoration Ecology, 30(7). https:/ /
doi.org/10.1111/rec.13626

Gan, Y., Zhang, .., & Zhang, S. (2021). The suitability
of titanium salts in coagulation removal of
micropollutants and in alleviation of membrane
fouling. WaterResearch, 205. https:/ /doi.org/10.1016/j.
watres.2021.117692

GEF (2019, September 4). Sustainable Iand Management
Enhances  Soil - Productivity —and ~ Profitability in  the
Philippines. Retrieved from Global Environmental
Facility:  https://www.thegef.org/news/sustainable-
land-management-enhances-soil-productivity-and-
profitability-philippines

Giao, N. T. (2022). Surface Water Quality Influenced by
Industrial Wastewater Effluent in an Giang Province,
Vietnam. Journal of Science and Technology Research, 51-
58. https://doi.org/10.37933 /nipes/4.1.2022.4

Giri, S., & Qiu, Z. (2016). Understanding the Relationship
of Land Uses and Water Quality in Twenty First
Century: A Review. Journal of Environmental Management,
41-48.

Gomez, K. A., & Gomez, A. A. (1984). Statistical Procedures
Sor Agricultural Research, Second Edition. John Wiley &
Sons.

Greenpeace. (2007). The state of water resources in the
Philippines. Quezon City, Philippines: Greenpeace
Southeast Asi.

Huang, W., Mao, ., Zhu, D., & Lin, C. (2020). Impacts
of Land Use and Land Cover on Water Quality at
Multiple Buffer-Zone Scales in a Lakeside City. Water,
12(1). https://doi.org/10.3390/w12010047

Huang, 7., Han, .., Zeng, L., Xiao, W,, & Tian, Y. (2015).
Effects of Land Use Patterns on Stream Water
Quality: A Case Study of a Small-Scale Watershed in
the Three Gorges Reservoir Area, China. Environmental
Science and Pollution Research, 23, 3943-3955. https://
doi.org/10.1007/s11356-015-5874-8

Hussain, F, Ahmed, S., Naqv, S. M., Zang, Y., Zhao,
G., & Hu, J. (2025). Agricultural Non-Point Source
Pollution: Comprehensive Analysis of Sources and
Assessment Methods. Agriculture, 5(5). https://doi.
org/10.3390/agriculture15050531

Kadir, A., Ahmed, Z., Uddin, M. M., Xie, Z., & Kumar, P.
(2022). Integrated Approach to Quantify the Impact
of Land Use and Land Cover Changes on Water

Quality of Surma River, Sylhet, Bangladesh. Warer,
14(1). https://doi.org/10.3390/w14010017

Kakore, B. G., Sang-Jae Lee, M. M., & An, K.-G. (2022).
Land-Use Pattern as a Key Factor Determining the
Water Quality, Fish Guilds, and Ecological Health
in Lotic Ecosystems of the Asian Monsoon Region.
Water,  14(17), 2765. https://doi.otg/10.3390/
w14172765

Kibena, J., Nhapi, I., & Gumindoga, W. (2014). Assessing
the Relationship Between Water Quality Parameters
and Changes in ILanduse Patterns in the Upper
Manyame River, Zimbabwe. Physics and Chemistry of
the Earth, 6769, 153-163. https:/ /doi.otg/10.1016/].
pce.2013.09.017

Kumar, M., Khamis, K., Stevens, R., Hannah, D. M.,
& Bradley, C. (2024). In-situ optical water quality
monitoring  sensors-applications, and
future opportunities. Frontiers in Water, 1-13. https://
doi.org/10.3389/frwa.2024.1380133

Landis, J. R., & Koch, G. G. (1977). The Measurement of
Observer Agreement for Categorical Data. Biometrics,
159-174.

Li, S., Gu, S, Liu, W,, Han, H., & Zhang, Q. (2008). Water
Quality in Relation to Land Use and Land Cover in
the Upper Han River Basin, China. Catena, 75(2), 216-
222. https://doi.org/10.1016/j.catena.2008.06.005

Li, S, Zhang, J., Jiang, & Zhang, L. (2022). Linking
land use with riverine water quality: A multi-spatial

challenges,

scale analysis relating to various riparian strips.
Frontiers in Environmental Science, 10, 1-15. https://doi.
org/10.3389/fenvs.2022.1013318

Likens, G. E., & Bormann, F. H. (1995). Biggeochenzistry of
a Forested Ecosystem. Springer.

Lin, L., Yang, H., & Xu, X. (2022). Effects of
Water Pollution on Human Health and Disease
Heterogeneity: A Review. Frontiers in Environmental
Science, 1-16.

Liu, C., Qu, L., Clausen, J., Lei, T., & Yang, X. (2023).
Impact of Riparian Buffer Zone Design on Surface
Water Quality at the Watershed Scale, a Case Study in
the Jinghe Watershed in China. Water, 15(5). https://
doi.org/10.3390/w15152696

Mayer, P. M., Reynolds Jr., S. K., McCutchen, M. D, &
Canfield, T. J. (2007). Meta-Analysis of Nitrogen
Removal in Riparian Buffers. Journal of Environmental
Ounality, 36(4), 1172-1180. https://doi.org/10.2134/
jeq2006.0462

Meybeck, M., & Helmer, R. (1989). The quality of rivers:
From pristine stage to global pollution. Palaeogeography,
Palacoclimatology, Palaeoecology, 75(4), 283-309. https://
doi.org/10.1016/0031-0182(89)90191-0

Meyer, J. L., & Paul, M. ]. (2001). Streams in the Urban
Landscape. Annual Review of Ecology, Evolution, and
Systematics, 32, 333-365. https://doi.org/10.1146/
annurev.ecolsys.32.081501.114040

Naha, S., Rico-Ramirez, M. A., & Rosolem, R. (2021).
Quantifying the impacts of land cover change on
hydrological responses in the Mahanadi river basin in




Am. ]. Environ. Clim. 5(2) 26-40, 2026

@oalli

India. Hydrology of Earth System Sciences, 25(12), 6339—
6357. https://doi.org/10.5194/hess-25-6339-2021

Namaalwa, S., van Dam, A. A., Gettel, G. M., Kaggwa,
R. C,, Zsuffa, 1., & Irvine, K. (2020). The Impact
of Wastewater Discharge and Agriculture on
Water Quality and Nutrient Retention of Namatala
Wetland, Eastern Uganda. Frontiers in Environmental
Science,  8(148), 1-16.  https://doi.otg/10.3389/
fenvs.2020.00148

Newson, M. (1992). Land, Water and Development:
River Basin Systems and their Sustainable Management.
London: Progress in PhysicalGeography: Earth and
Environment.

Ngoye, E., & Machiwa, J. F (2004). The influence of
land-use patterns in the Ruvu river watershed on
water quality in the river system. Physics and Chemistry
of the Earth, 29(15-18), 1161-1166. https://doi.
org/10.1016/j.pce.2004.09.002

Olilo, C. O., Onyando, ]. O., Moturi, W. N., Muia, A.
W, Ombui, P, Shivoga, W. A., & Roegner, A. I
(2016). Effect of vegetated filter strips on transport
and deposition rates of Escherichia coli in overland
flow in the eastern escarpments of the Mau Forest,
Njoro River Watershed, Kenya. Energy, Ecology and
Environment, 1, 157-182. https://doi.otg/10.1007/
s40974-016-0006-y

Ongley, E. O. (1996). Control of water pollution from
agriculture. Food and Agriculture Organization.

Panda, P. K., Dash, P. K., & Panda, R. B. (2018). The
Study of Water Quality and Pearson’s Correlation
Coefficients among Different Physico-chemical
Parameters of River Salandi, Bhadrak, Odisha, India.
American Journal of Water Resources , 6(4), 146-155.
https://doi.otg/10.12691 /ajwt-6-4-1

PIA. (2022, June 9). Pinacananan de Tuguegarao remains
Unsafe  for Purposes.  Retrieved  from
Philippine Information Agency: https://pia.gov.
ph/news/2022/06/09/pinacanauan-de-tuguegarao-
remains-unsafe-for-recreation-purposes

Ramirez, M. A., Pulhin, ]J. M., Garcia, ]. E., Tapia, M.
A., Pulhin, E B, Cruz, R. V,, . . . Inoue, M. (2019).
Landscape Fragmentation, Ecosystem Services and
Local Knowledge in the Baroro River Watershed,
Notthern Philippines. Resources, 8(4), 1-29. https://
doi.org/10.3390/resources8040164

Rey-Romero, D. C., Dominguez, 1., & Oviedo-Ocana, E.
R. (2022). Effect of agricultural activities on surface
water quality from paramo ecosystems. Environmental
Science and Reserach Pollution, 29(55), 83169-83190.
https://doi.otg/10.1007/511356-022-21709-6

Rice, J. S., Anderson, W. P, & Thaxton, C. S. (2011).
Utbanization influences

Recreation

on stream temperature
behavior within low-discharge. Hydrological Research
Letters, 5, 27-31. https://doi.org/10.3178 /HRL.5.27
Rodriguez-Romero, A. J., Rico-Sanchez, A. E., Mendoza-
Martinez, E., Gomez-Ruiz, A., Sedefo-Diaz, J. E.,
& Lopez-Lopez, E. (2018). Impact of Changes of
Land Use on Water Quality, from Tropical Forest

to Anthropogenic Occupation: A Multivariate
Approach. Water, 10(11). https://doi.org/10.3390/
wl0111518

Schober, P, Boer, C., & Schwarte, L. A. (2018). Correlation
Coefficients: Appropriate Use and Interpretation.
Abnesthesia and Analgesia, 126(5), 1763-1768. https://
doi.org/10.1213/ANE.0000000000002864

Sertel, E., Imamoglu, M. Z., Cuceloglu, G., & Ertuk,
A. (2019). Impacts of Land Cover/Use Changes
on Hydrological Processes in a Rapidly Urbanizing
Mid-latitude Water Supply Catchment. Warer, 11(5).
https://doi.org/10.3390/w11051075

Seto, K. C., Gineralp, B, & Hutyra, L. R. (2012).
Global forecasts of urban expansion to 2030 and
direct impacts on biodiversity and carbon pools.
Sustainability Science, 109(40), 16083-16088. https://
doi.org/10.1073/pnas.1211658109

Shen, Z., Hou, X., Li, W,, Aini, G., Chen, L., & Gong,
Y. (2015). Impact of Landscape Pattern at Multiple
Spatial Scales on Water Quality: A Case Study in a
typical Urbanised Watershed in China. Ecological
Indicators, 48, 417-427. https://doi.otg/10.1016/].
ecolind.2014.08.019

Shi, P, Zhang, Y., Li, Z., Li, P, & Xu, G. (2017). Influence
of Land Use and Land Cover Patterns on Seasonal
Water Quality at Multi-Spatial Scales. Catena, 157, 182-
190. https://doi.otg/10.1016/j.catena.2016.12.017

Sweeney, B. W,, Bott, T. L., & Jackson, ]. K. (2004).
Riparian deforestation, stream narrowing, and loss of
stream ecosystem services. Fcology, 101(39), 14132-
14137. https://doi.otg/10.1073 /pnas.0405895101

Tahiru, A. A., Doke, A., Dzigbodi, & Baatuuwie, B. N.
(2020). Effect of land use and land cover changes on
water quality in the Nawuni Catchment of the White
Volta Basin, Northern Region, Ghana. Applied Water
Science, 1-14. https://doi.otg/10.1007/s13201-020-
01272-6

Tanaka, M. O., de Souza, A. L., Moschini, .. E., & de
Oliveira, A. K. (2016). Influence of Watershed
Land Use and Riparian Characteristics on Biological
Indicators of Stream Water Quality in Southeastern
Brazil. Agriculture, Ecosystems & Environment, 333-339.

Tanriverdi, C., Alp, A., Demirkiran, A. R., & Uckardes,
F (2010). Assessment of Surface Water Quality
of the Ceyhan River Basin, Turkey. Environmental
Monitoring Assessment, 167(1-4), 175-184. https://doi.
org/10.1007/s10661-009-1040-4

Timm, A., Ouellet, V., & Daniels, M. (2021). Riparian
Land Cover, Water Temperature Variability, and
Thermal Stress for Aquatic Species in Urban Streams.
Water, 13(19). https://doi.otg/10.3390/w13192732

Tong, S. T., & Chen, W. (2002). Modeling the relationship
between land use and surface water quality. Journal of
Environmental Management, 66(4), 377-393. https:/ /doi.
org/10.1006/jema.2002.0593

Tran, C. P, Bode, R. W, Smith, A. J., & Kleppel, G. S.
(2010). Land-Use Proximity as a Basis for Assessing
Stream Water Quality in New York State (USA).




Am. ]. Environ. Clim. 5(2) 26-40, 2026

@oalli

Ecological  Indicators, 10(3), 727-733. https://doi.
org/10.1016/j.ecolind.2009.12.002

Tu, J. (2011). Spatially varying relationships between land
use and water quality across an urbanization gradient
explored by geographically weighted regression.
Applied  Geography, 31(1), 376-392. https://doi.
org/10.1016/j.apge0g;2010.08.001

Ullah, A., Jiang, J., & Wang, P. (2018). Land use impacts
on surface water quality by statistical approaches.
Global Jonrnal of Environmental Science and Management,
42), 231-250. https://doi.otg/10.22034/
gjesm.2018.04.02.010

UNERP. (2014). Regional Research in Support of the Second Phase
of the High-Level Panel on Global Assessment of Resonrces
Jor Implementing the Strategic Plan for Biodiversity 2011-
2020. United Nations Environment Programme.

UNESCO. (2018). Nature-Based ~Solutions for Water.
United Nations Educational, Scientific and Cultural
Organization.

Uriarte, M., Yackulic, C. B,, Lim, Y., & Arce-Nazario, J. A.
(2011). Influence of LLand Use on Water Quality in a
Tropical Landscape: A Multi-Scale. Landscape Ecology,
1151-1164.

USGS. (1996). Water-Quality Assessment of Part of the
Upper Mississippi River Basin, Minnesota and W isconsin-
Environmental Setting and Study Design. United States
Geological Survey.

USGS. (2018, June 18). Surface Water Use in the United
States. Rettieved from USGS: https://www.usgs.
gov/special-topics/watet-science-school/science/
surface-water-use-united-states#:~:text=The%20
main%20uses%200f%20surface,to%20co00l%20
electricity”%2Dgenerating%20equipment.

USGS. (n.d.). Fecal-coliform bacteria concentrations in streams
of the Chattahoochee River National Recreation Area,
Metropolitan Atlanta, Georgia, May—October 1994 and
7995. United States Geological Survey.

Ustaogle, F, Tepe, Y., Tas, B., & Pag, N. (2020). Assessment
of Stream Quality and Health Risk in a Subtropical
Turkey River System: A Combined Approach Using
Statistical Analysis and Water Quality Index. Ecological
Indicators.

Walsh, C. J., Roy, A. H., Feminella, ]. W, Cottingham,
P. D, Groffman, P. M., & Morgan 1I, R. P. (2005).
The urban stream syndrome: current knowledge and
the search for a cure. Journal of the North American
Benthological -~ Society, 24(3), 706-723. https://doi.
org/10.1899/04-028.1

Wan, R., Cai, S., Li, H., Yang, G, Li, Z., & Nie, X. (2014).
Inferring Tand Use and Land Cover Impact on
Stream Water Quality Using a Bayesian Hierarchical

Modeling Approach in the Xitiaoxi River Watershed,
China. Journal of Environmental Management, 133, 1-11.
https://doi.otg/10.1016/j.jenvman.2013.11.035

Wang, R., Xu, T., Yu, L., Zhu, J., & Li, X. (2013). Effects
of Land Use Types on Surface Water Quality Across
an Anthropogenic Disturbance Gradient in the
Upper Reach of the Hun River, Northeast China.
Environmental Monitoring Assessment, 4141-4151.

WB. (2019, August 20). Quality Unknown: The Invisible
Water Crisis. Retrieved from Wotld Bank: https://
www.wotldbank.org/en/news/feature/2019/08/20/
quality-unknown?rutm_source=chatgpt.com

Weng, M., Zhang, X., Li, P, Liu, H., Liu, Q., & Wang, Y.
(2024). Exploring the Impact of Land Use Scales on
Water Quality Based on the Random Forest Model: A
Case Study of the Shaying River Basin, China. MPDI-
Water, 16(3). https:/ /doi.otg/10.3390/w16030420

WWE. (2023, October 16). Water crisis threatens $58 trillion
in economic value, food security and sustainability. Retrieved
from World Wild Life: https://www.worldwildlife.
org/news/press-releases/watetr-crisis-threatens-
58-trillion-in-economic-value-food-security-and-
sustainability/Putm_source=chatgpt.com

Yao, X., Zeng, C.,, Duan, X., & Wang, Y. (2024). Effects
of land use patterns on seasonal water quality in
Chinese basins at multiple temporal and spatial scales.
Ecological Indicators, 166. https://doi.otg/10.1016/].
ecolind.2024.112423

You, Q., Liu, L., Yang, W, Zhang, L., & Wang, Y. (2019).
Effects of land use, topography, climate and socio-
economic factors on geographical variation pattern
of inland surface water quality in China. PL.OS ONE,
1-14.

Zhang, X., Chen, X., Zhang, W,, Peng, H., Xu, G., Zhao,
Y., & Shen, Z. (2022). Impact of Land Use Changes
on the Surface Runoff and Nutrient Load in the
Three Gorges Reservoir Area, China. Sustainability,
14(4). https://doi.org/10.3390/su14042023

Zhang, 7., Zhang, F, Du, ], Chen, D., & Zhang, W.
(2021). Impacts of land use at multiple buffer scales
on seasonal water quality in a reticular river network
area. PLOS ONE, 16(1). https://doi.org/10.1371/
journal.pone.0244606

Zhou, & Qiangian. (2014). A Review of Sustainable
Urban Drainage Systems Considering the Climate
Change and Urbanization Impacts. Water, 6(4), 976-
992. https://doi.org/10.3390/w6040976

Zhou, T., Wu, J., & Peng, S. (2012). Assessing the Effects
of Landscape Pattern on River Water Quality at
Multiple Scales: A Case Study of the Dongjiang River
Watershed, China. Ecological Indicators, 166-175.




