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to various geological and geomorphological factors associated with
hydrometeorological hazards. The most recent significant earthquake in
Malaysia occurred in 2015 in Ranau, Sabah, with a magnitude of 6.0 on June 5th,
lasting for 30 seconds and impacting the quality of surface water. Environmental
hazards, such as earthquakes, can contribute to changes in water quality. This
study aims to identify the key water quality parameters affected by the
earthquake in Sabah, Malaysia. Data was collected before and after the
earthquake, using both ground-based and satellite-based methods. Satellite data
from Landsat 8, including Soil Adjusted Vegetation Index (SAVI), Normalized
Difference Vegetation Index (NDVI), and Normalized Difference Water Index
(NDWI), were analyzed before and after the earthquake. The Kruskal-Wallis test
was used to determine significant water quality parameters impacted by the
earthquake, focusing on physical and chemical parameters such as turbidity,
color, pH, electrical conductivity (EC), total dissolved solids (TDS), dissolved
oxygen (DO), nitrates (NOs), iron (Fe), manganese (Mn), aluminum (Al), alkalinity,
hardness, chloride (Cl), and sulfate (S0,2°) for the years 2014 and 2015. This
nonparametric method enables the comparison of multiple independent
samples without the need to assume normality. Ground data did not provide a
clear understanding of how changes in the surface of the river and its
surroundings affect the surface ground. The integration of satellite and ground
data showed that alterations in river surface features, such as vegetation, soil,
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and water availability, had a significant impact on water quality parameters.

1. Introduction

Human activities have a significant impact on water quality in oceans, ponds, lagoons, lakes, and
rivers. It is crucial to understand and address the challenges posed by this influence [13,19,52].
Currently, 2.2 billion people lack access to safe drinking water, with many unable to manage their
own water sources. In some developing countries, the situation is even more dire, with a lack of
sanitation facilities and basic hygiene practices. Additionally, approximately 3 billion people
worldwide do not have access to basic handwashing facilities with soap and water at home. This lack
of safe water, sanitation, and hygiene presents major public health challenges globally [55].
Monitoring water quality in countries facing water stress is crucial for identifying sources of pollution
and assessing the human, technical, and financial resources required to meet present and future
demands [7,90,92]. Hence, water quality remains a significant global challenge for the future, as even
countries with rich freshwater resources are vulnerable to water-related issues. Water monitoring
research indicates that the effects of global warming and world population growth over the next 50
years will lead to a 40% to 50% increase in water demand [87,91].This significant rise, along with
urbanization and industrialization, is projected to greatly alleviate the need for water. These factors
combined point to a threatening global water crisis [33,35].

Water quality is influenced by a variety of pollution sources, including human activities, social
structures, and natural hazards. Geological events like earthquakes, landslides, heavy rainfall, as well
as human actions such as mining, urbanization, agriculture, and industrialization can all impact water
quality [5,20,51]. Monitoring water quality is crucial as it can be affected by natural occurrences and
have repercussions on both humans and the environment [1]. Therefore, the emphasis of water
quality monitoring should be on understanding the causes of water pollution and identifying spatial
and temporal trends, rather than simply ranking water quality [65,105]. By addressing these
challenges, water quality monitoring can help mitigate the impacts on social, political, and economic
development [71,99]. It has been highlighted in numerous studies the importance of sustainable
practices to combat pollution and improve the overall health of river ecosystems in the midst of rapid
urban and industrial growth [21,95]. Human-induced water pollution arises from the clash between
socio-economic progress and ecological conservation, posing a significant obstacle to achieving
regional and urban sustainability. Thus, water quality fluctuates in relation to water resources,
market, and spatial temporal land use patterns change [47,50].

It is crucial to develop a solution that can effectively address natural and human activities and
interactions based on relevant data before and after significant changes in water quality, especially
geological hazards like earthquakes and landslides [11,17,24,27,48]. Changes in surface water quality,
such as rivers that support natural ecosystems, can be influenced by geological, morphological, and
hydrological alterations in the river [6,66,75,97].These changes may appear in different physical,
chemical, biological, microbiological parameters, and levels of turbidity. By gathering samples and
studying the causes of water quality fluctuations, researchers can understand the effects of these
changes and regulate water supply levels at a local or regional scale [12,28,32]. In developed
countries, advanced technology is required to effectively monitor water quality changes, while
developing countries face challenges due to limited resources and time-consuming monitoring
methods [2,34,49,94]. Utilizing satellite data time series with various methods can help overcome
these challenges and provide valuable information on water quality changes. Traditional methods
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often face constraints in assessing spatial and temporal trends in water quality, especially in the
aftermath of natural disasters like earthquakes [29,58,76]. Remote sensing satellites can capture
changes in rivers, riverbanks, vegetation, and soil before and after such events, offering a
comprehensive view of water quality changes at local and global scales [37,63,89]. Remote sensing
technology is a valuable tool for extracting water quality information from ungauged river areas that
are difficult for humans to access or where there are technological obstacles. This data can be
obtained using historical data and remote sensing technology and support the sample data [4,54,78].

Many studies use advanced space-based data collection methods to investigate earthquake
causes and indicators [10,46,62,80,83]. Monitoring the Earth's surface with various sensors and
historical data has improved environmental quality assessment, including vegetation, water, soil, and
pollutants changes [9,16,70]. Despite stakeholder involvement, there is still much to learn about the
facts and realities of earthquakes in Ranau, Sabah. Universities have successfully integrated various
methods and approaches, including satellite data products, to visualize the spatial and temporal
expansion of earthquakes by Richter scale and depth [14,15,31,39,45,61,68]. Numerous studies have
investigated water quality monitoring, focusing on water sources and the relationship between water
quality assessment and quantity. However, no single method comprehensively addresses all aspects
of water quality monitoring procedures. Current approaches seek to enhance water quality
monitoring tools and techniques, yet local knowledge on water quality monitoring and earthquakes
remains limited. This study aims to bridge the gap in data collection methods for effective water
quality monitoring by identifying and assessing various anomalies that have occurred in close
proximity to earthquakes, shortly before or during the earthquake, and only in years with earthquake
activity. Therefore, the research is positioned on detecting pre-earthquake and post-earthquake
deformations using data from space-based sensors and ground-based stations and their impact on
water quality. Understanding the underlying factors contributing to earthquakes and past seismic
events is essential for accurate water quality monitoring evaluations.

2. Methodology
2.1 Study Area

The Liwagu River is a vital water source in Malaysia, especially in the Sabah state, where it
provides water for a significant number of villages and cities. The domestic water supply in Ranau is
heavily dependent on the Liwagu River, and any changes in its quality can have an impact on food
security and human well-being by affecting water, food, and health conditions. In Ranau, the Liwagu
River and Mansahaban River are the main sources of water for agricultural, household, and
commercial use. Besides being a source of water for human consumption, the Liwagu River is also
ecologically important for natural resource management. This has led the government and various
universities to focus on monitoring the quality of water in the Liwagu River. Figure 1 illustrates the
main earthquakes that have occurred around the Liwagu River [42,77,79].
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Fig. 1. Study area

2.2 Analysis

Turbidity levels can be affected by sediment disturbance, soil erosion from riverbanks collapsing,
resulting in increased turbidity, which can have a significant impact on aquatic ecosystems and water
guality. Ground shaking and fractures can alter water chemistry, pH, EC, TDS, DO affecting pH levels,
electrical conductivity (EC), and dissolved oxygen (DO), potentially impacting water safety for
consumption and aquatic life. During earthquakes, heavy metals and nutrients (such as NOs, Fe, Mn,
Al) can be released into water systems through soil disturbances and fractured rock layers. Changes
in alkalinity, hardness, chloride (Cl), and sulfate (50427) levels may occur due to shifts in groundwater
flow or surface water mixing, indicating earthquake-induced changes in water composition.
Monitoring water bodies using NDWI can help detect alterations in water extent and assess changes
in water availability and quality post-earthquake. SAVI and NDVI indices can track vegetation health,
which may be impacted by changes in water quality. Changes in vegetation post-earthquake could
indicate issues like reduced water availability, contamination, or altered flow patterns.
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2.3 Satellite Data Collection

NDVI (Normalized Difference Vegetation Index): Earthquakes are recognized as environmental
hazards that can alter the vegetation cover on the Earth's surface. Historical satellite data can be
used to analyze the extent and intensity of these changes over various spatial and temporal scales.
The spatial characteristics of vegetation loss near rivers and the patterns of change should be
considered when monitoring water quality [100,102,104]. NDVI is a useful tool for evaluating the
health of vegetation before and after earthquakes. Healthy plants reflect more near-infrared (NIR)
light and absorb more red light, resulting in higher NDVI values. NDVI values typically range from -1
to +1, with positive values indicating healthy, green vegetation [81,103].

Bands Required:
NIR: Band 5 (Near-Infrared, 0.85—0.88 um)
Red: Band 4 (Red, 0.64-0.67 um)

SAVI (Soil Adjusted Vegetation Index): SAVI is similar to NDVI but includes a soil brightness correction
factor (L). It's particularly useful in areas where the vegetation is sparse or after some circumstances
the vegetation density has reduced. Different changes of soil influence the NDVI reading. The value
of L can be adjusted, with a common choice being 0.5.

Bands Required:

NIR: Band 5 (Near-Infrared, 0.85—0.88 um)
Red: Band 4 (Red, 0.64-0.67 um)

L: Soil adjustment factor (commonly set to 0.5)

NDWI (Normalized Difference Water Index): NDWI helps detect the water content in vegetation. It
highlights areas with higher water content by comparing green and near-infrared light reflectance. A
higher NDWI value usually indicates better or healthier vegetation.

Bands Required:
Green: Band 3 (Green, 0.53-0.59 um)
NIR: Band 5 (Near-Infrared, 0.85—0.88 um)

2.4 Ground Data Methods

This study applied the Kruskal-Wallis test to identify significant water quality parameters affected
by the earthquake, focusing on both physical and chemical parameters. The parameters assessed
included turbidity, color, pH, electrical conductivity (EC), total dissolved solids (TDS), dissolved oxygen
(DO), nitrates (NOs), iron (Fe), manganese (Mn), aluminum (Al), alkalinity, hardness, chloride (Cl), and
sulfate (SO4%7) for the years 2014 and 2015. This nonparametric method is suitable for comparing
multiple independent samples without the assumption of normality [23,44,82].The Kruskal-Wallis
test, highlighting its application in comparing multiple groups when assumptions of parametric tests
like ANOVA are not met. It explains the methodology, including the use of ranks, the significance of
the test statistic, and the possibility of further nonparametric multiple comparison tests [30]. The
Kruskal-Wallis test was specifically used in the study to analyze the effect of coating types on the
conductivity of cathode ray tubes, showing significant differences between treatment groups [56]. In
this study the null hypothesis (H) posited that water quality parameters are different before and after
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the earthquake, with a significance level (a) set at 0.05. If the p-value is greater than 0.05, it would
reject the null hypothesis, indicating no significant difference; conversely, if the p-value is less than
0.05, this study would accept the null hypothesis, suggesting significant differences in water quality
parameters. This approach aligns with standard hypothesis testing practices.

Figure 2 depicts the Liwagu River post-earthquake, highlighting the lush green vegetation
surrounding the river. The photo also illustrates the deformation of the river basin and levees caused
by the earthquake. Monitoring changes in river flood plains requires remotely sensed data, such as
satellite imagery, which enables the detection of pre- and post-earthquake changes on green land
cover, potential water around river, and soil expansions. The availability of historical satellite data
allows for the observation of these changes over time.
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Fig. 2. Eathuake incident in Sabah on 5"
3. Results
3.1 Satellite Data Analysis

3.1.1. SAVI changes

By analyzing changes in land surface, we were able to observe how earthquakes altered the soil
texture along the Liwagu River. The SAVI assessment results showed a decrease in values after the
earthquake compared to pre-earthquake 0.980854 (High) and -0.28682 (Low), and 0.957053 (High)
and -0.241909 (Low) post-earthquake. The higher SAVI values pre-earthquake indicated healthier
and denser vegetation and greenery. This period likely reflected the stable pre-earthquake state of
the ecosystem in the tropical riparian forest buffer zone. The decrease in SAVI values post-
earthquake suggested a reduction in vegetation density or changes in soil moisture, possibly due to
soil disruption or altered water flow patterns caused by the earthquake. The slight decrease in
vegetation health after the earthquake, particularly in areas near the river, indicated the immediate
impact of the earthquake on the surface, with some trees uprooted and stones displaced in unstable
soil areas. It is important to note that vegetation in tropical regions tends to recover quickly.
Therefore, these declines in the quality of vegetation health around rivers can affect different aspects
of water quality, which can be seen in turbidity and color (Figure 3 and 4).
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3.1.2 NDWI changes

The rise in minimum NDWI values after the earthquake indicates a decrease in water content in
certain areas, with pre-earthquake values at 0.152775 (High), -0.656157 (Low), and post-earthquake
at 0.154362 (High), -0.541339 (Low). This change could be attributed to alterations in river flow,
sediment deposition, or new formations like landslides obstructing water pathways. The slight uptick
in maximum NDWI values suggests that some areas maintained their water content. The local risk of
debris flow triggered by the earthquake, along with modifications in river morphology, slope changes,
and slope failure, can impact water quality by dissolving soil minerals and altering water turbidity and
color significantly. Pre-earthquake NDW!I values indicated drier conditions in areas near the river,
although some moisture was still present without water expansion and distribution. Tropical regions
experience fluctuating water content due to rainfall patterns, with Sabah state being one of the
highest recorded rainfall areas during the monsoon season, reflecting a slightly drier period. The post-
earthquake increase in NDWI implies a slight rise in water availability or moisture retention, likely
influenced by changes in water flow or soil displacement caused by the earthquake (Figures 5 and 6).
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3.1.3 NDVI changes

The pre-earthquake NDVI values show healthy vegetation, which is typical for tropical areas
during this time of year. pre-earthquake the NDVI values were 0.653914 (High) and -0.191218 (Low),
while post-earthquake, they were 0.638046 (High) and -0.161277 (Low). The decrease in NDVI aligns
with the SAVI results, indicating some stress on vegetation post-earthquake. Changes in NDVI values
are crucial for understanding the significant impacts of earthquakes on river surface coverage. The
high NDVI values pre-earthquake and post-earthquake (0.653914 to 0.638046) indicate that the
study area has a rich vegetation cover. Both values are in the positive range, suggesting that the
vegetation was relatively healthy and dense in parts of Sabah both pre-earthquake and post-
earthquake. However, there is a slight decrease in the maximum NDVI value after the quake,
indicating that vegetation has been slightly affected and the area around the river has lost some
green coverage. The low NDVI values pre-earthquake and post-earthquake (-0.191218 t0 -0.161277)
are negative but less so pre-earthquake and post-earthquake, suggesting that areas with sparse
vegetation or barren land might have been less impacted. The slight decrease in NDVI after the
earthquake indicates a mild reduction in vegetation health or density, possibly due to factors like soil
disruption, landslides, or direct damage to vegetation caused by the earthquake. This comparison
helps researchers and planners understand the environmental impact of earthquakes and guide
recovery efforts in affected regions (Figures 7 and 8).
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This analysis investigates the variations in vegetation, soil, and water content in a river area
before and after an earthquake. By comparing NDVI, SAVI, and NDW!I values before and after the
earthquake, we can observe changes that may be associated with differences in mineral, mud, and
chemical composition. These changes could potentially impact water quality post-earthquake.
Understanding post-earthquake water quality requires monitoring changes in water content and
sediment movement. The increase in water index values in the lower NDWI range indicates potential
sediment and chemical runoff into the water, which could degrade water quality. Monitoring
contaminants, such as heavy metals or chemicals released from soil disruption, may be necessary to
fully assess the impact. The slight decrease in vegetation indices (SAVI, NDVI) and the increase in the
water index (NDWI) suggest that the earthquake disrupted both the soil-vegetation system and water
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distribution. These findings may indicate changes in vegetation health and water content post-
earthquake, likely due to shifts in soil composition, flooding, and sediment redistribution. The
earthquake likely disturbed the soil structure in the river area, potentially increasing the mineral and
mud content in the water. This could be reflected in the NDWI changes, as increased water content
in previously dry areas may also lead to increased sedimentation. Similarly, chemical changes such
as altered pH or contamination from disturbed soil layers could impact vegetation, as evidenced by
the slight decreases in SAVI, NDWI and NDVI values (Table 1).

Table 1

The total surface area change detection
Index Height Low
SAVI pre-earthquake 0.980854 -0.28682
SAVI post-earthquake 0.957053 -0.241909
NDWI pre-earthquake 0.152775 -0.656157
NDWI post-earthquake 0.154362 -0.541339
NDVI pre-earthquake 0.653914 -0.191218
NDVI post-earthquake 0.638046 -0.161277

3.2 Ground Data Collection
3.2.1 Water quality variation before and after the earthquake

This section analyzes and compares each parameter with corresponding graphs to assess the
changes in water quality. The study observed fourteen parameters in 2015, divided into before the
earthquake (1st January to 4th June) and after the earthquake (6th June). Descriptive statistics,
including mean and standard deviation, were calculated to provide a comprehensive overview of
each parameter.

Table 2
Summary of statistic descriptive before and after the earthquake in Bambangan and Kimolohing
Bambangan Kimolohing
Parameter Before earthquake After earthquake Before earthquake After earthquake
Mean Std. Mean Std. Mean Std. Mean Std.

Turbidity 36.1 37.92 436.25 1416.86 17.28 19.23 309.6 954.49
Colour 91.54 79.72 760 2283.69 58.93 67.77 673 1896.9
pH 7.55 0.4 7.53 0.12 7.53 0.23 7.55 0.1
EC 130.72 33.33 122.98 21.86 124.89 34.99 118.6 22.11
TDS 62.23 16.05 58.68 10.49 59.42 16.86 55.87 11.08
DO 8.28 0.58 7.84 1.48 8.25 0.58 8.11 1.55
NOs~ 0.04 0.02 0.05 0.04 0.05 0.02 0.05 0.04
Fe 0.25 0.23 1.13 1.11 0.16 0.11 1.07 0.54
Mn 0.03 0.02 0.14 0.15 0.03 0.02 0.15 0.2
Al 0.03 0.01 0.06 0.05 0.05 0.07 0.04 0.04
Alkalinity 60.97 17.82 57.93 23.24 59.51 18.2 54.79 23.02
Hardness 62.14 19.37 64 15.53 55.59 18.52 59.83 125
cl 8.15 7.85 7.93 5.27 7 3.57 7.07 3.59
S0,* 4.92 2.72 5.33 3.5 5 2.77 4.73 4.2

Table 2 a summary profile of each parameter in 2015, highlighting the differences before and
after the earthquake. The mean concentrations of parameters in Bambangan and Kimolohing were
generally higher after the earthquake compared to before. For instance, the mean turbidity levels at
Bambangan and Kimolohing were 36.1 NTU and 436.25 NTU before the earthquake, and 17.28 NTU
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and 309.6 NTU after the earthquake. Similarly, the mean color levels before the earthquake were
91.54 and 58.93 at Bambangan and Kimolohing, while after the earthquake, they increased to 760
and 673, respectively. These significant changes indicate the impact of the earthquake on turbidity
and color levels.

Furthermore, the average concentration of Fe was higher before (0.25 mg/L; 0.16 mg/L) and after
the earthquake (1.13 mg/L; 1.07 mg/L) at Bambangan and Kimolohing, respectively. The average
concentration of Mn also increased (0.3 mg/L; 0.14 mg/L) at Bambangan and (0.03 mg/L; 0.15 mg/L)
at Kimolohing. The elevated levels of Fe and Mn after the earthquake may be attributed to the soil
mineralogy containing these elements, which were released into the water bodies due to soil erosion
and landslides induced by the seismic activity. The average hardness concentration also showed an
increase. However, the average concentrations of parameters such as dissolved oxygen (DO),
electrical conductivity (EC), total dissolved solids (TDS), and alkalinity decreased in both locations.
There were discrepancies in the average concentrations of certain parameters between Bambangan
and Kimolohing, such as pH, aluminum (Al), sulfate SO42- and chloride (Cl). For example, the pH
decreased from 7.55 to 7.53 at Bambangan but increased from 7.53 to 7.55 at Kimolohing. Nitrate
(NO3-) levels increased from 0.4 mg/L to 0.05 mg/L in Bambangan but remained stable at 0.05 mg/L
in Kimolohing.

Turbidity and Colour

Figure 9 shows the turbidity variation pattern before and after the earthquake in 2015, as detailed
in Appendices C and D. The turbidity levels peaked at 5550 NTU and 3750 NTU, with color levels at
9000 and 7500, on June 17 th, about two weeks post-earthquake, before returning to normal by
September 25th. Water color indicates clarity and was high on the same day as turbidity at both
stations compared to pre-earthquake levels in Figure. 10 The increased turbidity and color disruption
are attributed to sediment and suspended solids discharge, likely due to heavy rain causing debris
and mudflow in the stream. Elevated levels of suspended substances above 40 mg/L and turbidity
exceeding 55 NTU can cloud water colour, impacting river organisms by reducing light penetration
and slowing photosynthesis. Prolonged high levels can lead to eutrophication, releasing toxic
substances like carbon dioxide (CO2) harmful to humans and organisms, causing suffocation, fish
mortality, and reduced reproduction.

Electric Conductivity and Total Dissolved Solids

Following the earthquake, EC and TDS concentrations decreased as obtained in Figure 10.
Particularly, obtaining the earthquake as only an indicator. It might be significant to identify the
earthquake’s impact. However, it might be impacted by another factor such as dilution of rainwater
in the river. The highest concentration of TDS and EC were on 2nd April at Kimolohing and 30th April
at Bambangan. However, the mean concentration was equivalent to that of 2014. Moreover, the
mean concentration of TDS was lower than before the earthquake. The previous study showed that
these two parameters are reported as significant changes related to seismic activity in the
groundwater system [40,43]. The presence of EC in the stream is related to groundwater discharge
during the earthquake [41]. In addition, the debris flow triggered by the landslide upstream affects
the flow of the river [85], associated with the volume of a tremendous amount of rainwater in the
stream, causing dilution, which is the reason for the decrease of EC and TDS concentration in Liwagu
River. However, it is difficult to assume if the earthquake influenced the change of water quality
parameter in the Liwagu river.

10
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Dissolved Oxygen and pH

Based on Figure 11, the DO concentration reached its lowest point on June 17th, measuring
approximately 3.8 mg/L to 4 mg/L, despite the average value indicated in Table 2. Subsequently, it
returned to its normal pattern by August 14th, reaching around 8 mg/L. These decreases coincided
with the highest turbidity and color disturbance observed on the same day. Elevated turbidity levels
can hinder the absorption of oxygen from the atmosphere into the water. The pH levels remained
relatively stable between 7.2 and 7.8 following the earthquake, with an average value of 7.55. In
contrast, the pH levels fluctuated before the earthquake, unlike the post-earthquake period.

Alkalinity and Hardness

Figure 12 illustrates the changes in alkalinity concentration at the Bambangan station, showing a
decrease from April 30th to August 14th, followed by an increase on September 25th. The Kimolohing
station exhibited a similar decreasing trend, with a slight increase on June 17th, while maintaining a
comparable level to the Bambangan station. The average alkalinity levels decreased to 60.97 mg/L
and 57.93 mg/L before and after the earthquake, respectively. Hardness levels at both sites
decreased from May 14th to June 4th and then increased until June 17th, resulting in an overall
increase in average hardness levels. The sources of alkalinity and hardness are attributed to the
reaction of limestone in the rock type [57]. Additionally, previous research indicated that rocks
dislodged from Mount Kinabalu during the earthquake, potentially introducing limestone-containing
gravels and stones into the river, leading to a reduction in flow from upstream and subsequent
decreases in alkalinity and hardness levels. A study by Qian et al., [64] also observed a decrease in
hardness following the Wenchuan earthquake in China.

Light Metal Element and Cloride

Based on Figure 13, at Kimolohing, there were three peaks of Al concentration observed: on 15th
January (0.23 mg/L) and 26th February (0.2 mg/L) before the earthquake, and a third peak on 17th
June (0.18 mg/L), approximately two weeks after the earthquake. In Bambangan, a peak in Al
concentration was recorded on 17th June (0.18 mg/L) and another peak on 19th November (0.19
mg/L). The levels of Fe were notably high on 17th June, reaching 4.82 mg/L at Bambangan and 2.54
mg/L at Kimolohing. Post-earthquake, the average concentration of Fe increased. The literature
suggests that ultramafic soil in Ranau contains high levels of iron, which can be washed into water
sources through soil erosion and runoff. The discrepancy in iron concentration between the two
treatment plants is intriguing, with upstream (Bambangan) showing lower levels compared to
downstream (Kimolohing). This could be due to iron settling along the stream before reaching
downstream areas. Additionally, Mn concentration peaked on 17th June, with levels of 0.57 mg/L at
Bambangan and 0.42 mg/L at Kimolohing, and another peak was observed on 16th October (0.7
mg/L) at Kimolohing.

A previous study by Zuo et al., [106] found that the overall trends in primary metal contents
following the earthquake indicated a potential imbalance due to the mixing of diverse soil
compositions brought about by landslides triggered by the earthquake. Environmental conditions
and metal solubility are influenced by factors such as pH, temperature, and salinity, with metal
solubilities generally lower at near-neutral pH compared to acidic or highly alkaline conditions.
Following the earthquake, the pH likely remained around the neutral level of 7.5, leading to elevated
levels of Fe, Al, and Mn post-earthquake. Metals can enter water bodies through various processes,

11



Frontiers in Water and Environment
Volume 8, Issue 1 (2025) 1-29

including soil and rock weathering, atmospheric deposition, volcanic eruptions, and human activities
such as mining and industrial use [18,22,74]. A recent review by Rosly et al., [67] suggested that the
landslides and rockfalls during the earthquake in Ranau in June were linked to intense rainfall,
potentially contributing to the presence of metals in the Liwagu River. Additionally, minimal changes
in Cl levels indicate that the earthquake may not have had a significant impact (Figure 14).

Nitrate and Sulfate

Figure 15 showed that the highest concentration of NO3- was recorded on 17th June, with levels
reaching 0.18 mg/L at Bambangan and 0.15 mg/L at Kimolohing. Following this peak, the NO3- levels
exhibited a decreasing trend compared to the initial spike. In contrast, the concentration of SO42-
remained relatively stable, showing minor fluctuations with no significant overall increase or
decrease. A study conducted by Sato et al., [73] indicated that the rise in NO3- levels was attributed
to rainfall post-earthquake, which led to the transportation of NO3-from upstream and nearby
catchment areas into the river through sediment and material displacement. The earthquake-
induced ground shaking caused cracks in the soil, damaging plant roots and reducing nutrient uptake.
Ranau's main agricultural activities, including highland crops like fruits, rice, and tropical forests,
could also contribute to the elevated NO3-levels in the Liwagu river.

Additionally, the river in Ranau typically contains nutrient concentrations such as NO3-from
agricultural fertilizers and household products like soap and detergent. The shaking caused by the
Ranau earthquake could potentially harm the root systems of plants in forests and agricultural areas,
leading to reduced nutrient absorption. Subsequent heavy rainfall following the earthquake may
have contributed to the elevated levels of NO3- in the river. It is difficult to definitively differentiate
between non-point and point sources of pollution, but the earthquake may have exacerbated the
introduction of pollutants into the river or created new sources of pollution.

6000.00 (a) Turbidity %9 (b)Color

= Bambangan
Kimolohing
O Bambangan
Kimolohing

HU

100000 Before earthquake [ After earthquake 0 Before earthquake After earthquake

Fig. 9. Observation of parameter (a) turbidity, (b) color, the red vertical line is the earthquake on 5% June, and
the horizontal red line is the minimum, average, and maximum in 2014
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3.2.2 Comparing water quality to baseline

As shown in Table 3, the baseline for the average water quality in 2014 was selected based on
data from Appendix A and Appendix B, as there were no recorded landslides during that period [67].
Additionally, there was minimal change in land-use development and land-cover areas such as
industrial, urban, or vegetation areas within a one-year timeframe. This allowed for the
differentiation between pollution and earthquake impacts on the Liwagu River. Parameters such as
pH, DO, and NOs exhibited insignificant differences. In contrast, turbidity, color, EC, TDS, alkalinity,
Fe, Mn, Al, Cl, and SOs" levels were low in 2014 at the Bambangan station, except for hardness. Local
authorities noted that the water quality in the river was not consistent, particularly in terms of
turbidity, which increased rapidly after rainfall following the 2015 earthquake. Furthermore, the soil
condition in the Ranau area has yet to fully recover.

Table 3
Average concentration of parameters in 2014 and 2015
] Bambangan Kimolohing
Parameter Unit 2014 2015 2014 2015

Turbidity NTU 30.77 276.77 24.00 199.30
Colour HU 73.33 495.38 49.30 424.55
pH - 7.53 7.50 7.44 7.52
EC ps/cm 99.25 123.80 93.60 120.19
TDS mg/L 45.43 59.00 44.90 56.76
DO mg/L 8.05 7.84 8.07 8.04
NO;~ mg/L 0.04 0.05 0.05 0.05
Fe mg/L 0.26 0.88 0.21 0.73
Mn mg/L 0.03 0.14 0.03 0.12
Al mg/L 0.02 0.05 0.05 0.06
Alkalinity mg/L 43.85 56.19 52.15 55.59
Hardness mg/L 61.80 60.56 62.06 57.19
cl mg/L 5.51 8.53 10.29 7.74
S04%" mg/L 4.03 5.22 3.67 4.57

3.2.3 Water quality change during early earthquake

Before the main shock, the early impending of the earthquake and the seismic movement
happened underground, making the abnormal interaction between underground and surface water.
This phenomenon might somehow influence the water quality in the river. The statistics descriptive
of water quality before and during the early earthquake and the correlation explain the relationship
within a variable.

Comparing Before and Pre-earthquake

Table 4 presents the statistical descriptive parameters before and during the pre-earthquake
period. These tables aim to illustrate the impact of the early earthquake on water quality in the
Liwagu River. The mean values for turbidity, color, EC, NOs~, alkalinity, hardness, Cl, and SO4?"
increased at both sites before and during the pre-earthquake period. However, parameters such as
pH, Mn, and Al showed no significant difference in mean values before and after the pre-earthquake
period. Outliers were identified in the analysis, possibly due to the peak of parameters that could
indicate the earthquake's impact. The data may not fully explain the increase in these parameters,
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which could be influenced by the earthquake's vibrations. Furthermore, the available information is
limited in supporting the idea of using water quality indicators for predicting pre-earthquake events.

Table 4
Comparison of parameters (mean + standard deviation) before and early stage of earthquake

January - March April - 4June January - March April - 4June
Parameters
Bambangan Kimolohing
Turbidity 26.9+ 30.82 41.86142.71 6.72+3.94 23.14+22.01
Colour 64+56.28 108.75+90.58 1849.75 81.67+76.08
pH 7.48 £0.33 7.6+0.45 7.38+0.19 7.61+0.21
EC 120.3+23.01 137.24+38.41 113.82+21.52 131.03+40.48
TDS 57.22+11.08 65.36+18.51 54.06+10.36 62.4+19.5
DO 8.32+0.34 8.25+0.72 8.3+0.28 8.23+0.7
NO;~ 0.03+0.01 0.05+0.02 0.0310 0.06+0.02
Fe 0.17+0.1 0.29+0.28 0.11+0.02 0.18+0.12
Mn 0.03+0.02 0.04+0.02 0.02+0.01 0.03+0.02
Al 0.03+0.01 0.03+0.01 0.09+0.11 0.02+0.01
Alkalinity 52.3+12.61 66.39+19.14 52.72+11.75 63.29+20.6
Hardness 60.4+7.99 63.23+24.57 55.56+9.49 55.61+22.64
cl 7.216.22 8.75+9.08 8.8+5.63 6+1.32
S04*” 2.4+1.52 6.5£2.0 2.61£1.34 6.33+2.45

Spearman Correlation between Parameters

A correlation matrix was constructed before the earthquake for fourteen parameters: turbidity,
colour, pH, EC, TDS, DO, NOs~, Fe, Mn, Al, alkalinity, hardness, Cl, and SO427, as shown in Table 5 and
Table 6 The Spearman correlation analysis was used to identify potential influencing factors on these
parameters and the sources of pollution that could impact other water variables by determining the
strength of the relationships between them. A positive coefficient indicates that one parameter
increases or decreases as another parameter increases or decreases, while a negative coefficient
indicates that one parameter decreases as another parameter increases. Significant correlations
were identified based on p-values of 0.01 and 0.05, with coefficients close to 1.00. A p-value of 0.05
corresponds to a 5% error rate, while a p-value of 0.01 corresponds to a 1% error rate. A smaller error
rate indicates a more reliable result. The study identified all parameters with significant correlations
using both p-values of 0.05 and 0.01.

At Kimolohing in Table 5 with a p-value of 0.01, the pair of parameters show a strong association,
such as turbidity with color and Fe (r=0.844; r=678), pH with EC (r = 0.852), TDS (r = 0.852), EC with
TDS (r=1.00), alkalinity (r=0.917), and Cl (r=0.828), as their correlation coefficients are close to 1.
Interestingly, TDS has the same correlation coefficient as EC. Additionally, DO is positively correlated
with Fe (r = 0.833). At a p-value of 0.05, Fe shows a positive correlation (r = 0.678), pH has a positive
correlation with alkalinity (r = 0.7), EC and TDS have a positive correlation with Fe (r = -0.667) and
hardness (r = 0.750). DO has a negative correlation with Al (r = -0.759). Alkalinity has a positive
correlation with Cl (r = 0.794). Finally, Cl has a positive correlation with SO, (r = 0.723). According
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to Peinado-Guevara et al., [60], chlorides widely distributed in nature include sodium (NaCl),
potassium (KCl), and calcium (CaCl2) salts. Cl shows a significant correlation with EC, and also a high
correlation with EC that is not significant. This may explain the correlation between Cl and SO,*".

Table 6 outlines the correlations among the parameters at the Bambangan site. With a p-value of
less than 0.01, turbidity showed a strong positive correlation with Fe (r = 0.857), while colour was
positively correlated with Fe (r = 0.898). This suggests that sediment might be the source of pollution
leading to the presence of both parameters in the water. On the other hand, pH had a negative
correlation with NO3™ (r =-0.921). EC had a perfect positive relationship (r = 1.00) with TDS, and both
parameters were positively correlated with alkalinity and hardness (r = 0.905). DO had a negative
correlation with alkalinity (r = -0.857), while NO3™ had a positive relationship with Fe (r = 0.855).
Additionally, hardness was positively correlated with Cl (r = 0.913).

At a p-value less than 0.05, turbidity had a positive correlation with colour (r =0.802), while colour
had a negative correlation with pH (r = -765) and NOs™ (r = 0.709). pH showed positive correlations
with EC and TDS (r = 0.778) and hardness (r = 0.743), while it had a negative correlation with Fe (r = -
0.778). Interestingly, EC and TDS had the same coefficient in every significant or insignificant
correlation. Furthermore, DO had a positive correlation with NOs™ (r = 0.795) and Fe (r = 0.786). Fe
had a negative correlation with alkalinity and hardness (r = 0.762). Lastly, alkalinity was positively
correlated with hardness (r = 0.762).

At the Bambangan water intake point, most parameters show a significant correlation with a p-
value of 0.05 compared to Kimolohing. The most notable finding is that certain parameters, such as
alkalinity, hardness, EC, and TDS, have the same coefficient. In water quality analysis, EC and TDS are
known to have a significant impact on each other due to the K factor [69,93].Therefore, the
coefficient should only show the same result for pairs like alkalinity with EC and TDS or hardness with
EC and TDS. EC and TDS exhibit a strong relationship (r=1.00) at both water intake points, confirming
the consistency with the graph pattern of the pair.

Wilson [98] mentioned that alkalinity and hardness are linked to common ions found in aquatic
systems, with the principal cations responsible for hardness typically being Ca?* and Mg?* associated
with the bicarbonate and carbonate fractions of alkalinity. In contrast, Fe and NO3~ show significant
relationships with all parameters, unlike in Kimolohing. Therefore, this discussion may not fully
support the earlier result. The increase in EC in river water indicates groundwater discharge during
the lead-up to an earthquake, suggesting that TDS and EC could be potential variables to monitor as
earthquake precursors in the future. Additionally, alkalinity and hardness serve as indicators of
groundwater presence. Furthermore, parameters showing significant correlations with both
variables should be taken into consideration. Pre-earthquake signals typically do not manifest beyond
underground seismic activity, with elements from the earth's crust entering underground water. Mild
shaking may not significantly impact river water quality due to its distance from the mainshock.
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Table 5
Spearman correlation matrix of the parameter during pre-earthquake in Kimolohing water intake point
Parameter | Turbidity | Colour, | pH EC DS DO NO;~ | Fe Mn Al Alkalinity | Hardness | Cl S04
Turbidity |1
Galour, .844™ 1
pH -0.254 -0.502 |1
EC -0.159 -0.252 | .852" [ 1
DS -0.159 -0.252 | .852" | 1.000™ [ 1
DO 0.519 0.395 | cic | 0417 |00 |2
NO; 0.417 0.291 | gcey | 0509 [ cog [0:475 | 1
Fe 678" 0.647 |-.675" | -.667" [-667" [.833" [0.441] 1
Mn 0.235 0.136 |0273 | 0.147 |0.147 | o | o cco [ 0.098 |1
Al -0.104 0.165 |0.288 | 0.345 [0.345 [-~759" | o | (ci0[0.399 |1
Alkalinity | -0.184 -0.218 |.700° | .917 917" | 383 | 0542 | 0633 | 0393 | 0380 | 1
Hardness | 0.243 0.176 |0.464 | .750 750" | 0 083 | 0.051 | 0.267 | 0.282 | 0086 | 0.567 1
cl -0.398 -0.470 |0.664 | .828 828" | 04 | 0421 0518 | 0.076 | 0.071 | 794 0.552 1
2- . = = = .-
SO, 0.098 0.202 (0591 | 0.613 | 0.613 [0.264 | (1o | 0150|0323 | 550 | 0587 0.341 723° | 1
**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
Table 6
Spearman correlation matrix during pre-earthquake in Bambangan water intake point
Parameter | Turbidity | Colour | pH EC TDS DO NO;~ | Fe Mn Al Alkalinity | Hardness | Cl S0,%”
Turbidity 1
Galour, .802° 1
pH -0.551 765 |1
EC -0.429 0611 | .778" |1
TDS -0.429 -0.611 | .778° | 1.000™ |1
DO 0.595 0.599 | (0, | -833" |-833" |1
NO; 711 709" | gyqer | -783° |-783" | 795" |1
Fe 857" 898" [ -778" [ -.810" [-.810" |.786" | .855™ [ 1
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Table 6 (Continued)

Mn 0.663 0.309 6.205 -0.024 6‘ 024 | 0024 |0.421 | 04101

Al 0.062 -0.093 | 0.503 | 0.334 |0.334 64321 6_306 6‘062 0.206 | 1

Alkalinity | -0.405 -0.659 | 0.671 [ .905" | .905™ :857.. 0.627 :752' 0.253 | 0.272 | 1

Hardness | -0.405 -0.659 | .743° | 905" |.905" ;)_595 ;)_663 :752‘ 6_145 0.395 | .762" 1

cl -0.342 -0.517 | 0.459 | .812° | .812" 6.457 6.462 6.685 5.199 0.066 | 0.660 913" 1

S042" 0.247 0.006 | 3,5 0037 |0.037 [0.346 [ 0.406 | 0.037 [ 0.100 | ; 0, | 0.037 0.235 0.533 | 1

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

3.3 Significant Parameter
3.3.1 Output of Shapiro Wilk Test

Table 7 demonstrates p-value of each parameter by testing the hypothesis distribution’s variable
is normality distributed by using the Shapiro-Wilk test. The result shows that most of the p-value is
less than 0.05, whereby the dataset is non-normal distributed. Some parameters’ p-value appear to
be greater than 0.05 however, this did not affect the result of the test.

Table 7
Output of Sharpiro Wilk test (p-value<0.05)
Bambangan Kimolohing
No Parameter
Statistic df p-value  Statistic df p-value
1 Turbidity 0.37 12 0.000*  0.322 13 0.000*
2 Colour 0.364 12 0.000*  0.331 13 0.000*
3 pH 0.817 12 0.015*  0.870 13 0.053
4 EC 0.914 12 0.238 0.959 13 0.741
5 TDS 0.923 12 0.312 0.944 13 0.509
6 DO 0.74 12 0.002*  0.777 13 0.004*
7 NOs” 0.786 12 0.006* 0.670 13 0.000*
8 Fe 0.705 12 0.001*  0.774 13 0.003*
9 Mn 0.742 12 0.002*  0.534 13 0.000*
10 Al 0.741 12 0.002*  0.727 13 0.001*
11 Alkalinity 0.942 12 0.525 0.962 13 0.789
12 Hardness 0.961 12 0.796 0.907 13 0.168
13 0.67 12 o* 0.796 13 0.006*
14 S0 0.968 12 0.891 0.926 13 0.300

*Significant value <0.05
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3.3.2 Result of Kruskal Wallis Test

Table 8 demonstrated the output of the Kruskal-Wallis test that the hypothesis is water quality
parameters is significantly different. The parameters with the p-value less than 0.05 were Fe (0.001)
and Mn (0.001) at both stations, turbidity (0.001), colour (0.003) at the Kimolohing, and Al (0.027) at
Bambangan. Then, the null hypothesis is accepted, and it is assumed that there was significant
difference in the water quality parameter in term of earthquake’s impact (before and after the
earthquake). The parameters with the p-value greater than 0.05 were turbidity (0.093), colour (0.072)
at Bambangan, Al (0.162) at Kimolohing and pH (0.708; 0.703), EC (0.596; 0.896), TDS (0.596; 0.76),
NOs~ (0.889; 0.895), alkalinity (0.836, 0.777), hardness (0.908, 0.371), Cl (0.744; 0.808) and SO42~
(0.944; 0.613) at both stations. Then, the null hypothesis is rejected and there was no difference
between before and after the earthquake.

Table 8
Summary output of Kruskal-Wallis test (p-value<0.05)
Parameter Bambangan Kimolohing
Kruskal-Wallis H p-value Kruskal-Wallis H p-value

Turbidity 2.828 0.093 10.433 0.001*
Colour 3.244 0.072 9.129 0.003*
pH 0.14 0.708 0.145 0.703
EC 0.281 0.596 0.017 0.896
TDS 0.281 0.596 0.093 0.76
DO 1.074 0.3 0.373 0.541
NO;~ 0.02 0.889 0.017 0.895
Fe 12.585 0.001* 21.01 0.001*
Mn 14.099 0.001* 7.617 0.001*
Al 4.888 0.027* 1.954 0.162
Alkalinity 0.043 0.836 0.08 0.777
Hardness 0.013 0.908 0.801 0.371
cl 0.106 0.744 0.059 0.808
S04 0.005 0.944 0.255 0.613

The pollution source is highly exposed to the earthquake, which might be landslides and erosion
sweeping away the vegetation cover from upstream. These might cause the level of turbidity and
colour. On the other hand, metal elements such as Mn, Fe, and Al were introduced into the river by
erosion from urban areas and sediment. According to previous studies [84], the soil in Ranau
contained most light and heavy metal elements since the water was monitored in the urban area.
Urban land use is the leading source of water pollution, while agricultural land use, forest land use,
and other land use accounted for the remaining percentages. However, agricultural and forest-
related activities have significant positive correlation with physical and chemical indicators of water
quality. While urban development activities have greater impact on water quality by altering
hydrological processes such as runoff and erosion [8]. Therefore, the earthquake alone did not
dominate the impact on water quality in Liwagu River, even if the river is located at the epicenter.
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4. Discussion

To analyze the relationship between site data (water quality parameters) and satellite data
(indices like SAVI, NDWI, and NDVI), we can investigate how variations in water quality pre and post-
earthquake correspond with changes in vegetation and water content. Notable water quality shifts
between 2014 and 2015 include a significant increase in turbidity at both the Bambangan and
Kimolohing sites, indicating a rise in suspended particles, possibly due to soil erosion or sediment
displacement caused by the earthquake. Similarly, a marked uptick in color values suggests elevated
levels of dissolved organic and inorganic materials, potentially originating from disturbed soils or
increased runoff. Electrical conductivity (EC) and total dissolved solids (TDS) experienced slight
upticks, indicating higher dissolved ion content in the water, likely from mineral runoff. Despite these
alterations, pH levels remained relatively constant, indicating minimal changes in water acidity, and
while dissolved oxygen (DO) levels slightly decreased, they remained stable overall. However, there
were noticeable increases in metals like iron (Fe), manganese (Mn), and aluminum (Al), likely
stemming from soil erosion or weathering, while nitrate (NOs~) levels remained consistent.

When examining the satellite data, both the soil-adjusted vegetation index (SAVI) and the
normalized difference vegetation index (NDVI) showed a slight reduction after the earthquake,
pointing to a decline in vegetation health. This decline may be related to the increased turbidity and
color in the water, as sediment and pollutants from disturbed soils could have negatively impacted
plant life, especially near the river. The increased metal content and suspended particles in the water
likely contributed to the reduced SAVI and NDVI values. On the other hand, the normalized difference
water index (NDWI) remained relatively stable, with only a slight increase, suggesting that while the
earthquake may have increased water content through runoff or groundwater inflow, it did not
significantly alter the water surface area. This stability in NDWI aligns with the minor changes
observed in dissolved oxygen, TDS, and pH, which imply that while more suspended material was
present, the overall moisture content and chemical balance of the water remained largely
unchanged.

The significance of the satellite data for water quality monitoring has been neglected the previous
studies focus on water quality monitoring based on the surface water changes detection
[3,26,36,38,53,59,72,86,88,96,101,105].Moreover, according to the knowledge of scholar the
application of NDVI, NDWI, and SAVI for water quality change detection assessment have been
neglected and how the integration of these satellite data can shed light on the ground data collection
and show the spatial and temporal changes of surface land cover and associated with the water
quality. This study highlighted the correlation between satellite and water quality data indicates that
the earthquake led to increased sediment and metal content in the water, which in turn negatively
affected vegetation health along the river, as reflected in the lower SAVI and NDVI values. However,
the water body's extent and chemical stability, as suggested by NDWI, remained largely unaffected.
Additionally, the Shapiro-Wilk test highlighted those parameters such as turbidity, color, and metal
concentrations (Fe, Mn, Al) showed significant deviations from normal distribution, pointing to the
earthquake's uneven and pronounced impact on these factors. Conversely, parameters like EC, TDS,
and hardness did not show significant deviations, suggesting they were less impacted by the seismic
event.

5. Conclusion

The integration of water quality data and satellite indices provides a comprehensive
understanding of the earthquake's impact on the physical environment and ecosystems. Ground data
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from 2014 to 2015 showed notable increases in turbidity, color, and metal content (Fe, Mn, Al), likely
resulting from soil erosion and sediment displacement caused by seismic activity. This rise in
suspended particles and dissolved materials in the water corresponded with decreased vegetation
health, as evidenced by slight declines in satellite-based SAVI and NDVI indices, indicating that higher
sediment and pollutants may have negatively affected plant life along the river.

Remarkably, the NDWI, which measures water content, remained consistent, suggesting minor
changes in dissolved oxygen (DO), TDS, and pH. This stability implies that while the water body's
chemistry was altered by increased sediment and metals, its overall moisture content and surface
area were not significantly impacted. The Shapiro-Wilk test further supported these results, revealing
non-normal distributions in parameters such as turbidity, color, and metal concentrations, indicating
substantial variability and notable deviations from normal water quality post-earthquake. By
combining satellite and water quality data, a comprehensive view of the earthquake's effects
emerges. Although, water quality experienced significant disruptions in terms of turbidity and metal
content, vegetation health was moderately affected, and overall water content remained stable. This
integrated approach enables a more detailed assessment of both immediate and long-term
environmental impacts, aiding in identifying the areas most impacted by seismic events.

References

[1]  Adjovu, Godson Ebenezer, Haroon Stephen, David James, and Sajjad Ahmad. "Overview of the application of
remote sensing in effective monitoring of water quality parameters." Remote Sensing 15, no. 7 (2023): 1938.
https://doi.org/10.3390/rs15071938

[21  Adu-Manu, Kofi Sarpong, Cristiano Tapparello, Wendi Heinzelman, Ferdinand Apietu Katsriku, and Jamal-Deen
Abdulai. "Water quality monitoring using wireless sensor networks: Current trends and future research
directions." ACM Transactions on Sensor  Networks (TOSN) 13, no. 1 (2017): 1-41.
https://doi.org/10.1145/3005719

[31 Ahmed, Umair, Rafia Mumtaz, Hirra Anwar, Sadaf Mumtaz, and Ali Mustafa Qamar. "Water quality monitoring:
from  conventional to emerging technologies." Water  Supply20, no. 1 (2020): 28-45.
https://doi.org/10.2166/ws.2019.144

[4]  Amiri, Afshin, Keyvan Soltani, Isa Ebtehaj, and Hossein Bonakdari. "A novel machine learning tool for current and
future flood susceptibility mapping by integrating remote sensing and geographic information systems." Journal
of Hydrology 632 (2024): 130936. https://doi.org/10.1016/j.jhydrol.2024.130936

[51  Aranguren-Diaz, Yani, Nataly J. Galan-Freyle, Abraham Guerra, Anderson Manares-Romero, Leonardo C. Pacheco-
Londofio, Andrea Romero-Coronado, Natally Vidal-Figueroa, and Elwi Machado-Sierra. "Aquifers and
groundwater: Challenges and opportunities in water resource management in Colombia." Water 16, no. 5 (2024):
685. https://doi.org/10.3390/w16050685

[6] Barahona, José, Hernan Alcayaga, Diego Caamafio, Luca Mao, and Christian Gonzdlez. "Synergistic process
interactions and morphological change in a river reach subject to multiple disturbances, the Laja River,
Chile." Earth Surface Processes and Landforms 49, no. 8 (2024): 2348-2366. https://doi.org/10.1002/esp.5832

[71  Behmel, Sonja, Mathieu Damour, Ralf Ludwig, and M. J. Rodriguez. "Water quality monitoring strategies—A review
and future perspectives." Science of the Total Environment 571 (2016): 1312-1329.
https://doi.org/10.3389/fpls.2023.1240719

[8] Camara, Moriken, Nor Rohaizah Jamil, and Ahmad Fikri Bin Abdullah. "Impact of land uses on water quality in
Malaysia: a review." Ecological Processes 8, no. 1 (2019): 1-10. https://doi.org/10.1186/s13717-019-0164-x

[9] Chang, Ni-Bin, Sanaz Imen, and Benjamin Vannah. "Remote sensing for monitoring surface water quality status
and ecosystem state in relation to the nutrient cycle: a 40-year perspective." Critical Reviews in Environmental
Science and Technology 45, no. 2 (2015): 101-166. https://doi.org/10.1080/10643389.2013.829981

[10] Cheng, Gang, Haoyu Zhang, Ye Wang, Bin Shi, Lei Zhang, Jinghong Wu, Qinliang You, Youcai Li, and Peiwei Shi.
"Research trends and ‘space-sky-ground-underground’monitoring technology analysis of landslide
hazard." Water 16, no. 14 (2024): 2005. https://doi.org/10.3390/w16142005

[11] Daud, Muhammad, Francesca Maria Ugliotti, and Anna Osello. "Comprehensive analysis of the use of Web-GIS for
natural hazard management: A systematic review." Sustainability 16, no. 10 (2024): 4238.
https://doi.org/10.3390/su16104238

23


https://doi.org/10.3390/rs15071938
https://doi.org/10.1145/3005719
https://doi.org/10.2166/ws.2019.144
https://doi.org/10.1016/j.jhydrol.2024.130936
https://doi.org/10.3390/w16050685
https://doi.org/10.1002/esp.5832
https://doi.org/10.3389/fpls.2023.1240719
https://doi.org/10.1186/s13717-019-0164-x
https://doi.org/10.1080/10643389.2013.829981
https://doi.org/10.3390/w16142005
https://doi.org/10.3390/su16104238

Frontiers in Water and Environment
Volume 8, Issue 1 (2025) 1-29

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

Dippong, Thomas, Maria-Alexandra Resz, Claudiu Tdnaselia, and Oana Cadar. "Assessing microbiological and heavy
metal pollution in surface waters associated with potential human health risk assessment at fish ingestion
exposure." Journal of Hazardous Materials 476 (2024): 135187. https://doi.org/10.1016/j.jhazmat.2024.135187
Dubois, Nathalie, Emilie Saulnier-Talbot, Keely Mills, Peter Gell, Rick Battarbee, Helen Bennion, Sakonvan Chawchai
et al. "First human impacts and responses of aquatic systems: A review of palaeolimnological records from around
the world." The Anthropocene Review 5, no. 1 (2018): 28-68. https://doi.org/10.1177/2053019617740365
Dybing, Sydney N., William L. Yeck, Hank M. Cole, and Diego Melgar. "Rapid estimation of single-station earthquake
magnitudes with machine learning on a global scale." Bulletin of the Seismological Society of America 114, no. 3
(2024): 1523-1538. https://doi.org/10.1785/0120230171

Elliott, J. R, R. J. Walters, and T. J. Wright. "The role of space-based observation in understanding and responding
to active tectonics and earthquakes." Nature = communications7, no. 1 (2016): 13844.
https://doi.org/10.1038/ncomms13844

Engel-Cox, Jill, Nguyen Thi Kim Oanh, Aaron van Donkelaar, Randall V. Martin, and Erica Zell. "Toward the next
generation of air quality monitoring: particulate matter." Atmospheric Environment 80 (2013): 584-590.
https://doi.org/10.1016/j.atmosenv.2013.08.016

Fan, Xuanmei, Gianvito Scaringi, Oliver Korup, A. Joshua West, Cees J. van Westen, Hakan Tanyas, Niels Hovius et
al. "Earthquake-induced chains of geologic hazards: Patterns, mechanisms, and impacts." Reviews of
geophysics 57, no. 2 (2019): 421-503. https://doi.org/10.1029/2018RG000626

Farhan, Ahmad, Misbah Zulfigar, Samiah, Ehsan Ullah Rashid, Shahid Nawaz, Hafiz MN Igbal, Teofil Jesionowski,
Muhammad Bilal, and Jakub Zdarta. "Removal of toxic metals from water by nanocomposites through advanced
remediation processes and photocatalytic oxidation." Current Pollution Reports9, no. 3 (2023): 338-358.
https://doi.org/10.1007/s40726-023-00253-y

Freeman, Lauren A., D. Reide Corbett, Allison M. Fitzgerald, Daniel A. Lemley, Antonietta Quigg, and Cecily N.
Steppe. "Impacts of urbanization and development on estuarine ecosystems and water quality." Estuaries and
Coasts 42, no. 7 (2019): 1821-1838. https://doi.org/10.1007/s12237-019-00597-z

Ghalehteimouri, Kamran Jafarpour. "Evaluate the capacity of Japanese spatial planning system for hazards
integration realities and (f) acts: a pre-post the great east Japan Earthquake in Fukushima, 2011." Safety in Extreme
Environments 6, no. 3 (2024): 201-218. https://doi.org/10.1007/s42797-024-00102-1

Ghalehteimouri, Kamran Jafarpour, Faizah Che Ros, Shuib Rambat, and Tahereh Nasr. "Spatial and temporal water
pattern change detection through the normalized difference water index (NDWI) for initial flood assessment: a
case study of Kuala Lumpur 1990 and 2021." Journal of Advanced Research in Fluid Mechanics and Thermal
Sciences 114, no. 1 (2024): 178-187. https://doi.org/10.37934/arfmts.114.1.178187

Gonzalez, Aridane G., Oleg S. Pokrovsky, Yves Auda, Liudmila S. Shirokova, Jean-Luc Rols, Jean Christophe Auguet,
Alberto De Diego, and Luis Camarero. "Trace elements in the water column of high-altitude Pyrenean lakes: Impact
of local weathering and long-range atmospheric input." Environmental Pollution 342 (2024): 123098.
https://doi.org/10.1016/j.envpol.2023.123098

Gresina, Fruzsina, Beata Farkas, Szabolcs Akos Fabian, Zoltan Szalai, and Gyorgy Varga. "Morphological analysis of
mineral grains from different sedimentary environments using automated static image analysis." Sedimentary
Geology 455 (2023): 106479. https://doi.org/10.1016/j.sedge0.2023.106479

Gutiérrez, Francisco, Mario Parise, Jo De Waele, and Hervé Jourde. "A review on natural and human-induced
geohazards and impacts in karst." Earth-Science Reviews 138 (2014): 61-88.
https://doi.org/10.1016/].earscirev.2014.08.002

Halim, A. A,, Jawan, J. A,, Ismail, S. R., Othman, N., and Masnin, M. H. (2013) ‘Traditional knowledge and
environmental conservation among indigenous people in’. Global Journals Inc. (USA), 13(03).

Harmel, Robert Daren, Heather Elise Preisendanz, Kevin Wayne King, Dennis Busch, Francois Birgand, and
Debabrata Sahoo. "A review of data quality and cost considerations for water quality monitoring at the field scale
and in small watersheds." Water 15, no. 17 (2023): 3110. https://doi.org/10.3390/w15173110

Hill, Emma M., Jamie W. McCaughey, Adam D. Switzer, David Lallemant, Yu Wang, and Sharadha Sathiakumar.
"Human amplification of secondary earthquake hazards through environmental modifications." Nature Reviews
Earth & Environment 5, no. 6 (2024): 463-476. https://doi.org/10.1038/s43017-024-00551-z

Hoseinzadeh, Edris, Hassan Khorsandi, Chiang Wei, and Mahdi Alipour. "Evaluation of Aydughmush river water
quality using the national sanitation foundation water quality index (NSFWQI), river pollution index (RPI), and
forestry water quality index (FWAQI)." Desalination and water treatment 54, no. 11 (2015): 2994-3002.
https://doi.org/10.1080/19443994.2014.913206

Hu, Lei, Chenxiao Zhang, Mingda Zhang, Yuming Shi, Jiasheng Lu, and Zhe Fang. "Enhancing FAIR data services in
agricultural disaster: A review." Remote Sensing 15, no. 8 (2023): 2024. https://doi.org/10.3390/rs15082024

24


https://doi.org/10.1016/j.jhazmat.2024.135187
https://doi.org/10.1177/2053019617740365
https://doi.org/10.1785/0120230171
https://doi.org/10.1038/ncomms13844
https://doi.org/10.1016/j.atmosenv.2013.08.016
https://doi.org/10.1029/2018RG000626
https://doi.org/10.1007/s40726-023-00253-y
https://doi.org/10.1007/s12237-019-00597-z
https://doi.org/10.1007/s42797-024-00102-1
https://doi.org/10.37934/arfmts.114.1.178187
https://doi.org/10.1016/j.envpol.2023.123098
https://doi.org/10.1016/j.sedgeo.2023.106479
https://doi.org/10.1016/j.earscirev.2014.08.002
https://doi.org/10.3390/w15173110
https://doi.org/10.1038/s43017-024-00551-z
https://doi.org/10.1080/19443994.2014.913206
https://doi.org/10.3390/rs15082024

Frontiers in Water and Environment
Volume 8, Issue 1 (2025) 1-29

(30]

(31]

(32]
(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

llijevi¢, Konstantin, Marko Obradovi¢, Vesna Jevremovié, and Ivan GrZeti¢. "Statistical analysis of the influence of
major tributaries to the eco-chemical status of the Danube River." Environmental monitoring and assessment 187,
no. 9 (2015): 553. https://doi.org/10.1007/s10661-015-4740-y

Jafarpour, K., K. Leangkim, Aznah N. Anuar, Ali M. Yuzir, Faizah C. Ros, Nur F. Said, and Jun Asanuma. "Impact of
earthquake on river water quality based on combination of satellite data and groundwater analysis." Watershed
Ecology and the Environment 6 (2024): 114-124. https://doi.org/10.1016/j.wsee.2024.05.003

Jakovljevi¢, Dejana, and Zagorka Lozanov-Crvenkovi¢. "Water quality changes after Kraljevo earthquake in
2010." Natural Hazards 79, no. 3 (2015): 2033-2053. https://doi.org/10.1007/s11069-015-1943-z

Jan, Farmanullah, Nasro Min-Allah, and Dilek Diistegor. "lot based smart water quality monitoring: Recent
techniques, trends and challenges for domestic applications." Water 13, no. 13 (2021): 1729.

Japitana, Michelle V., Eleonor V. Palconit, Alexander T. Demetillo, Marlowe Edgar C. Burce, Evelyn B. Taboada, and
Michael Lochinvar S. Abundo. "Integrated technologies for low cost environmental monitoring in the water bodies
of the Philippines: A review." Nature Environment and Pollution Technology 17, no. 4 (2018): 1125-1137.
Khaneiki, Majid Labbaf, Zohreh Emamzadeh, Abdullah Saif Al-Ghafri, and Ali Torabi Haghighi. "Urbanization, proto-
industrialization, and virtual water in the medieval Middle East." Journal of Historical Geography 84 (2024): 139-
149. https://doi.org/10.1016/j.jhg.2024.05.006

Krishnamoorthy, N., R. Thirumalai, M. Lenin Sundar, M. Anusuya, P. Manoj Kumar, E. Hemalatha, M. Mohan Prasad,
and Neha Munjal. "Assessment of underground water quality and water quality index across the Noyyal River basin
of Tirupur District in South India." Urban Climate 49 (2023): 101436. https://doi.org/10.1016/j.uclim.2023.101436
Kuenzer, Claudia, Valentin Heimhuber, Juliane Huth, and Stefan Dech. "Remote sensing for the quantification of
land surface dynamics in large river delta regions—A review." Remote Sensing 11, no. 17 (2019): 1985.
https://doi.org/10.3390/rs11171985

Li, Li, Julia LA Knapp, Anna Lintern, G-H. Crystal Ng, Julia Perdrial, Pamela L. Sullivan, and Wei Zhi. "River water
quality shaped by land—river connectivity in a changing climate." Nature Climate Change 14, no. 3 (2024): 225-237.
https://doi.org/10.1038/s41558-023-01923-x

Lovery, B., M. Chlieh, E. Norabuena, Juan Carlos Villegas-Lanza, M. Radiguet, N. Cotte, A. Tsapong-Tsague et al.
"Heterogeneous locking and earthquake potential on the South Peru megathrust from dense GNSS
network." Journal of Geophysical Research: Solid Earth129, no. 2 (2024): e2023JB027114.
https://doi.org/10.1029/2023JB8027114

Malakootian, M., and J. Nouri. "Chemical variations of ground water affected by the earthquake in bam region
Malakootian, M." International Journal of Environmental Research 4, no. 3 (2010): 443-454.

Manga, M. and Wang, C. (2015) ‘4.12. Earthquake hydrology’. Treatise on geophysics, pp. 305-328.
https://doi.org/10.1016/B978-0-444-53802-4.00082-8

Mardie, Dorisin, Abdul Rauf Abdul Rasam, Mohd Shahmy Mohd Said, Nurhanisah Hashim, and Rosmadi Ghazali.
"ldentifying alternative safe routes during the landslide hazard using GIS-MCDM and network analysis in Ranau,
Sabah." InAIP Conference Proceedings, vol. 2881, no. 1, p. 080004. AIP Publishing LLC, 2023.
https://doi.org/10.1063/5.0171116

Barbieri, Maurizio, Stefania Franchini, Marino Domenico Barberio, Andrea Billi, Tiziano Boschetti, Livio Giansante,
Francesca Gori et al. "Changes in groundwater trace element concentrations before seismic and volcanic activities
in Iceland  during  2010-2018." Science of the Total = Environment793  (2021):  148635.
https://doi.org/10.1016/].scitotenv.2021.148635

Mia, Md Yousuf, Md Emdadul Haque, Abu Reza Md Towfiqul Islam, Jannatun Nahar Jannat, Most Mastura Munia
Farjana Jion, Md Saiful Islam, Md Abu Bakar Siddique et al. "Analysis of self-organizing maps and explainable
artificial intelligence to identify hydrochemical factors that drive drinking water quality in Haor region." Science of
the Total Environment 904 (2023): 166927. https://doi.org/10.1016/j.scitotenv.2023.166927

Michailos, Konstantinos, N. Seth Carpenter, and Gyorgy Hetényi. "Spatio-temporal evolution of intermediate-
depth seismicity beneath the Himalayas: Implications for metamorphism and tectonics." Frontiers in Earth
Science 9 (2021): 742700. https://doi.org/10.3389/feart.2021.742700

Milillo, Pietro, Giorgia Giardina, Daniele Perissin, Giovanni Milillo, Alessandro Coletta, and Carlo Terranova. "Pre-
collapse space geodetic observations of critical infrastructure: The Morandi Bridge, Genoa, Italy." Remote
Sensing 11, no. 12 (2019): 1403. https://doi.org/10.3390/rs11121403

Mohebbi, N., J. Nouri, N. Khorasani, and B. Riazi. "Environmental management for human communities around
wetlands adjacent urban region by ecological risk approach." International Journal of Human Capital in Urban
Management 7, no. 1 (2022): 1-16.

Montillet, J-P., Gaél Kermarrec, Ehsan Forootan, Margit Haberreiter, Xiaoxing He, Wolfgang Finsterle, Rui
Fernandes, and C. K. Shum. "How big data can help to monitor the environment and to mitigate risks due to climate

25


https://doi.org/10.1007/s10661-015-4740-y
https://doi.org/10.1016/j.wsee.2024.05.003
https://doi.org/10.1007/s11069-015-1943-z
https://doi.org/10.1016/j.jhg.2024.05.006
https://doi.org/10.1016/j.uclim.2023.101436
https://doi.org/10.3390/rs11171985
https://doi.org/10.1038/s41558-023-01923-x
https://doi.org/10.1029/2023JB027114
https://doi.org/10.1016/B978-0-444-53802-4.00082-8
https://doi.org/10.1063/5.0171116
https://doi.org/10.1016/j.scitotenv.2021.148635
https://doi.org/10.1016/j.scitotenv.2023.166927
https://doi.org/10.3389/feart.2021.742700
https://doi.org/10.3390/rs11121403

Frontiers in Water and Environment
Volume 8, Issue 1 (2025) 1-29

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

change: A review." [EEE Geoscience and Remote Sensing Magazine12, no. 2 (2024): 67-89.
https://doi.org/10.1109/MGRS.2024.3379108

Moretti, Alessandro, Heidi Lynn Ivan, and Jan Skvaril. "A review of the state-of-the-art wastewater quality
characterization and measurement technologies. Is the shift to real-time monitoring nowadays feasible?." Journal
of Water Process Engineering 60 (2024): 105061. https://doi.org/10.1016/j.jwpe.2024.105061

Mukherjee, Santanu, Arbind Kumar Patel, and Manish Kumar. "Water scarcity and land degradation nexus in the
anthropocene: reformations for advanced water management as per the sustainable development goals."
In Emerging Issues in the Water Environment during Anthropocene: A South East Asian Perspective, pp. 317-336.
Singapore: Springer Singapore, 2019. https://doi.org/10.1007/978-981-32-9771-5 17

Naki¢, Zoran, Marta Mileusni¢, KreSimir Pavli¢, and Zoran Kovac. "Environmental geology and hydrology." Physical
Sciences Reviews 2, no. 10 (2017): 20160119. https://doi.org/10.1515/psr-2016-0119

Newton, Alice, John Icely, Sonia Cristina, Gerardo ME Perillo, R. Eugene Turner, Dewan Ashan, Simon Cragg et al.
"Anthropogenic, direct pressures on coastal wetlands." Frontiers in Ecology and Evolution 8 (2020): 144.
https://doi.org/10.3389/fevo.2020.00144

Nikolaou, Anastasia D., Sureyya Meric, Demetris F. Lekkas, Vincenzo Naddeo, Vincenzo Belgiorno, Stoyan Groudev,
and Aysegul Tanik. "Multi-parametric water quality monitoring approach according to the WFD application in Evros
trans-boundary  river  basin:  priority  pollutants." Desalination 226, no. 1-3  (2008):  306-320.
https://doi.org/10.1016/j.desal.2007.02.113

Nikoo, Mohammad Reza, Mohammad G. Zamani, Mahshid Mohammad Zadeh, Ghazi Al-Rawas, Malik Al-Wardy,
and Amir H. Gandomi. "Mapping reservoir water quality from Sentinel-2 satellite data based on a new approach
of weighted averaging: Application of Bayesian maximum entropy." Scientific Reports 14, no. 1 (2024): 16438.
https://doi.org/10.1038/s41598-024-66699-2

Nischal, P. M. "Billions of people still lack safe drinking water, sanitation facilities and basic hygiene." The National
Medical Journal of India 32, no. 4 (2019): 255-256.

Okoye, Kingsley, and Samira Hosseini. "Mann—whitney U test and kruskal-wallis H test statistics in R." InR
programming: Statistical data analysis in research, pp. 225-246. Singapore: Springer Nature Singapore, 2024.
https://doi.org/10.1007/978-981-97-3385-9 11

Omer, N. Hassan. "Water Quality Parameters, Water Quality-Science, Assessments and Policy." Rijeka: IntechOpen.
https.//doi. org/10.5772/intechopen 89657 (2020).

Panda, S. S., V. Garg, and |. Chaubey. "Artificial neural networks application in lake water quality estimation using
satellite imagery." Journal of Environmental Informatics 4, no. 2 (2004): 65-74.
https://doi.org/10.3808/jei.200400038

Pasika, Sathish, and Sai Teja Gandla. "Smart water quality monitoring system with cost-effective using
loT." Heliyon 6, no. 7 (2020). https://doi.org/10.1016/j.heliyon.2020.e04096

Peinado-Guevara, Héctor, Carlos Green-Ruiz, Jaime Herrera-Barrientos, Oscar Escolero-Fuentes, Omar Delgado-
Rodriguez, Salvador Belmonte-Jiménez, and Maria Ladréon de Guevara. "Relationship between chloride
concentration and electrical conductivity in groundwater and its estimation from vertical electrical soundings
(VESs) in Guasave, Sinaloa, Mexico." Ciencia e investigacion agraria39, no. 1 (2012): 229-239.
https://doi.org/10.4067/50718-16202012000100020

Philibosian, Belle, and Aron J. Meltzner. "Segmentation and supercycles: A catalog of earthquake rupture patterns
from the Sumatran Sunda Megathrust and other well-studied faults worldwide." Quaternary Science Reviews 241
(2020): 106390. https://doi.org/10.1016/j.quascirev.2020.106390

Picozza, Piergiorgio, Livio Conti, and Alessandro Sotgiu. "Looking for earthquake precursors from space: A critical
review." Frontiers in Earth Science 9 (2021): 676775. https://doi.org/10.3389/feart.2021.676775

Piégay, Hervé, Fanny Arnaud, Barbara Belletti, Mélanie Bertrand, Simone Bizzi, Patrice Carbonneau, Simon Dufour,
Frédéric Liébault, Virginia Ruiz-Villanueva, and Louise Slater. "Remotely sensed rivers in the Anthropocene: State
of the art and prospects." Earth Surface Processes and Landforms45, no. 1 (2020): 157-188.
https://doi.org/10.1002/esp.4787

Qian, Feng, Bo Hu, Jing Jun Liu, Wei Lin, and Ming Biao Xiong. "Analysis of the Relationship between River Flow
and Water Quality before and after the Wenchuan Earthquake." Advanced Materials Research 664 (2013): 164-
168. https://doi.org/10.4028/www.scientific.net/AMR.664.164

Ramirez, Sara Blanco, llja van Meerveld, and Jan Seibert. "Citizen science approaches for water quality
measurements." Science of the Total Environment 897 (2023): 165436.
https://doi.org/10.1016/].scitotenv.2023.165436

Rinaldi, M., A. M. Gurnell, M. Gonzalez Del Tanago, M. Bussettini, and D. Hendriks. "Classification of river
morphology and hydrology to support management and restoration." Aquatic sciences 78, no. 1 (2016): 17-33.
https://doi.org/10.1007/s00027-015-0438-z

26


https://doi.org/10.1109/MGRS.2024.3379108
https://doi.org/10.1016/j.jwpe.2024.105061
https://doi.org/10.1007/978-981-32-9771-5_17
https://doi.org/10.1515/psr-2016-0119
https://doi.org/10.3389/fevo.2020.00144
https://doi.org/10.1016/j.desal.2007.02.113
https://doi.org/10.1038/s41598-024-66699-2
https://doi.org/10.1007/978-981-97-3385-9_11
https://doi.org/10.3808/jei.200400038
https://doi.org/10.1016/j.heliyon.2020.e04096
https://doi.org/10.4067/S0718-16202012000100020
https://doi.org/10.1016/j.quascirev.2020.106390
https://doi.org/10.3389/feart.2021.676775
https://doi.org/10.1002/esp.4787
https://doi.org/10.4028/www.scientific.net/AMR.664.164
https://doi.org/10.1016/j.scitotenv.2023.165436
https://doi.org/10.1007/s00027-015-0438-z

Frontiers in Water and Environment
Volume 8, Issue 1 (2025) 1-29

(67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

[77]

(78]

(79]

(80]

(81]

(82]

Rosly, Mohammad Haziq, Habib Musa Mohamad, Nurmin Bolong, and Noor Sheena Herayani Harith. "An overview:
relationship of geological condition and rainfall with landslide events at East Malaysia." Trends in Sciences 19, no.
8 (2022): 3464-3464. https://doi.org/10.48048/tis.2022.3464

Rundle, John B., Seth Stein, Andrea Donnellan, Donald L. Turcotte, William Klein, and Cameron Saylor. "The
complex dynamics of earthquake fault systems: New approaches to forecasting and nowecasting of
earthquakes." Reports on progress in physics 84, no. 7 (2021): 076801. https://doi.org/10.1088/1361-6633/abf893
Rusydi, Anna F. "Correlation between conductivity and total dissolved solid in various type of water: A review."
In IOP conference series: earth and environmental science, vol. 118, p. 012019. IOP publishing, 2018.
https://doi.org/10.1088/1755-1315/118/1/012019

Sagan, Vasit, Kyle T. Peterson, Maitiniyazi Maimaitijiang, Paheding Sidike, John Sloan, Benjamin A. Greeling, Samar
Maalouf, and Craig Adams. "Monitoring inland water quality using remote sensing: Potential and limitations of
spectral indices, bio-optical simulations, machine learning, and cloud computing." Earth-Science Reviews 205
(2020): 103187. ttps://doi.org/10.1016/j.earscirev.2020.103187

Sahoo, Sushil Kumar, and Shankha Shubhra Goswami. "Theoretical framework for assessing the economic and
environmental impact of water pollution: A detailed study on sustainable development of India." TIDEE: TERI
Information Digest on Energy and Environment 23, no. 1/2 (2024): 83-83. https://doi.org/10.5267/].ifs.2024.1.003
Satish, Nagalapalli, Jagadeesh Anmala, K. Rajitha, and Murari RR Varma. "A stacking ANN ensemble model of ML
models for stream water quality prediction of Godavari River Basin, India." Ecological Informatics 80 (2024):
102500. https://doi.org/10.1016/j.ecoinf.2024.102500

Sato, Tsutomu, Hiroshi A. Takahashi, Kuniyo Kawabata, Masaaki Takahashi, Akihiko Inamura, and Hiroko Handa.
"Changes in the nitrate concentration of spring water after the 2016 Kumamoto earthquake." Journal of
Hydrology 580 (2020): 124310. https://doi.org/10.1016/j.jhydrol.2019.124310

Schiavo, Benedetto, Diana Meza-Figueroa, Ofelia Morton-Bermea, Aracely Angulo-Molina, Belem Gonzélez-
Grijalva, Maria Aurora Armienta-Herndndez, Claudio Inguaggiato, Francisco Berrellez-Reyes, and Daisy Valera-
Fernandez. "Metal (loid) bioaccessibility and risk assessment of ashfall deposit from Popocatépetl volcano,
Mexico." Environmental Geochemistry and Health 46, no. 9 (2024): 354. https://doi.org/10.1007/s10653-024-
02135-8

Schirmer, Mario, Jérg Luster, Niklas Linde, Paolo Perona, Edward AD Mitchell, David Andrew Barry, Juliane
Hollender et al. "Morphological, hydrological, biogeochemical and ecological changes and challenges in river
restoration—the Thur River case study." Hydrology and Earth System Sciences 18, no. 6 (2014): 2449-2462.
https://doi.org/10.5194/hess-18-2449-2014

Schollaert Uz, Stephanie, Alex C. Ruane, Bryan N. Duncan, Compton J. Tucker, George J. Huffman, lliana E.
Mladenova, Batuhan Osmanoglu et al. "Earth observations and integrative models in support of food and water
security." Remote Sensing in Earth Systems Sciences 2, no. 1 (2019): 18-38. https://doi.org/10.1007/s41976-019-
0008-6

Shafie, M. S., A. Wong, Sahana Harun, and Arman Hadi Fikri. "The use of aquatic insects as bio-indicator to monitor
freshwater stream health of Liwagu River, Sabah, Malaysia." Journal of Entomology and Zoology Studies 5, no. 4
(2017): 1662-1666.

Sheffield, Justin, Eric F. Wood, Ming Pan, H. Beck, Gabriele Coccia, Aleix Serrat-Capdevila, and K. J. W. R. R. Verbist.
"Satellite remote sensing for water resources management: Potential for supporting sustainable development in
data-poor regions." Water Resources Research 54, no. 12 (2018): 9724-9758.
https://doi.org/10.1029/2017WR022437

Singh, M., A. Khan, V. Kumari, S. Meena, and R. K. Lata. "Biotic Indices Freshwater Ecosystems using Aquatic
Entomofauna as A  Bioindicator." Journal of Applied Bioscience 50, no. 1 (2024): 1-13.
https://doi.org/10.61081/joab/50v1i101

Smail, Tayeb, Mohamed Abed, Ahmed Mebarki, and Milan Lazecky. "Earthquake-induced landslides monitoring
and survey by means of InSAR." Natural Hazards and Earth System Sciences Discussions 2021 (2021): 1-16.
https://doi.org/10.5194/nhess-2021-208

Stamford, John D., Silvere Vialet-Chabrand, lain Cameron, and Tracy Lawson. "Development of an accurate low
cost NDVI imaging system for assessing plant health." Plant methods 19, no. 1 (2023): 9.
https://doi.org/10.1186/s13007-023-00981-8

Szopiniska, Matgorzata, Wojciech Artichowicz, Danuta Szumifska, Daniel Kasprowicz, Zaneta Polkowska, Sylwia
Fudala-Ksiazek, and Aneta Luczkiewicz. "Drinking water safety evaluation in the selected sub-saharan African
countries: a case study of Madagascar, Uganda and Rwanda." Science of The Total Environment 947 (2024):
174496. https://doi.org/10.1016/j.scitotenv.2024.174496

27


https://doi.org/10.48048/tis.2022.3464
https://doi.org/10.1088/1361-6633/abf893
https://doi.org/10.1088/1755-1315/118/1/012019
https://doi.org/10.1016/j.earscirev.2020.103187
https://doi.org/10.5267/j.jfs.2024.1.003
https://doi.org/10.1016/j.ecoinf.2024.102500
https://doi.org/10.1016/j.jhydrol.2019.124310
https://doi.org/10.1007/s10653-024-02135-8
https://doi.org/10.1007/s10653-024-02135-8
https://doi.org/10.5194/hess-18-2449-2014
https://doi.org/10.1007/s41976-019-0008-6
https://doi.org/10.1007/s41976-019-0008-6
https://doi.org/10.1029/2017WR022437
https://doi.org/10.61081/joab/50v1i101
https://doi.org/10.5194/nhess-2021-208
https://doi.org/10.1186/s13007-023-00981-8
https://doi.org/10.1016/j.scitotenv.2024.174496

Frontiers in Water and Environment
Volume 8, Issue 1 (2025) 1-29

(83]

(84]

(85]
(86]

(87]

(88]

(89]

(90]

[91]

[92]

(93]

(94]

(95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

Tachema, Abdennasser. "ldentifying pre-seismic ionospheric disturbances using space geodesy: A case study of
the 2011 Lorca earthquake (Mw 5.1), Spain." Earth Science Informatics 17, no. 3 (2024): 2055-2071.
https://doi.org/10.1007/s12145-024-01272-z

Tair, Rohana, and Sheyron Eduin. "Heavy metals in water and sediment from Liwagu River and Mansahaban River
at Ranau Sabah." Malaysian Journal of Geosciences 2, no. 2 (2018): 26-32.
https://doi.org/10.26480/mjg.02.2018.26.32

Tongkul, F. (2016) ‘The 2015 Ranau Earthquake: Cause and Impact’. Sabah Society Journal, 32, pp. 1-28.

Tufillaro, Nicholas, Bryan P. Piazza, Sheila Reddy, Joseph Baustian, Dan Sousa, Philipp Grétsch, Ivan Lalovi¢, Sara
De Moitié, and Omar Zurita. "Linking optical data and nitrates in the Lower Mississippi River to enable satellite-
based monitoring of nutrient  reduction  goals." Ecohydrology 17, no. 5 (2024): e2631.
https://doi.org/10.1002/eco0.2631

Tzanakakis, Vasileios A., Nikolaos V. Paranychianakis, and Andreas N. Angelakis. "Water supply and water
scarcity." Water 12, no. 9 (2020): 2347. https://doi.org/10.3390/w12092347

Uddin, Md Galal, Stephen Nash, and Agnieszka I. Olbert. "A review of water quality index models and their use for
assessing surface water quality." Ecological Indicators 122 (2021): 107218.
https://doi.org/10.1016/j.ecolind.2020.107218

Uereyen, Soner, and Claudia Kuenzer. "A review of earth observation-based analyses for major river
basins." Remote Sensing 11, no. 24 (2019): 2951. https://doi.org/10.3390/rs11242951

Van Vliet, Michelle TH, Edward R. Jones, Martina Florke, Wietse HP Franssen, Naota Hanasaki, Yoshihide Wada,
and John R. Yearsley. "Global water scarcity including surface water quality and expansions of clean water
technologies." Environmental Research Letters 16, no. 2 (2021): 024020. https://doi.org/10.1088/1748-
9326/abbfc3

Velmurugan, A., P. Swarnam, T. Subramani, B. Meena, and M. J. Kaledhonkar. "Water demand and salinity.
desalination-challenges and opportunities." Intech Open. https://doi. org/10.5772/intechopen 88095 (2020).
https://doi.org/10.5772/intechopen.88095

Vorésmarty, Charles J., Ellen M. Douglas, Pamela A. Green, and Carmen Revenga. "Geospatial indicators of
emerging water stress: an application to Africa." AMBIO: A journal of the Human Environment 34, no. 3 (2005):
230-236. https://doi.org/10.1579/0044-7447-34.3.230

Walton, N. R. G. "Electrical conductivity and total dissolved solids—what is their precise
relationship?." Desalination 72, no. 3 (1989): 275-292. https://doi.org/10.1016/0011-9164(89)80012-8

Wang, Wei, Sonali Srivastava, and Peter J. Vikesland. "Overcoming barriers and embracing advances: Nanosensor
implementation for practical water contaminant surveillance." One Earth7, no. 8 (2024): 1351-1361.
https://doi.org/10.1016/j.oneear.2024.07.006

Wear, Stephanie L., Viceng Acuiia, Rob McDonald, and Carme Font. "Sewage pollution, declining ecosystem health,
and cross-sector collaboration." Biological Conservation 255 (2021): 109010.
https://doi.org/10.1016/j.biocon.2021.109010

Wells, Naomi S., Tim J. Clough, Leo M. Condron, W. Troy Baisden, Jon S. Harding, Y. Dong, G. D. Lewis, and Gavin
Lear. "Biogeochemistry and community ecology in a spring-fed urban river following a major
earthquake." Environmental Pollution 182 (2013): 190-200. https://doi.org/10.1016/j.envpol.2013.07.017
Whitehead, Paul G., Robert L. Wilby, Richard W. Battarbee, Martin Kernan, and Andrew John Wade. "A review of
the potential impacts of climate change on surface water quality." Hydrological sciences journal 54, no. 1 (2009):
101-123. https://doi.org/10.1623/hysj.54.1.101

Wilson, P. (2011) Water  quality  notes:  alkalinity — and  hardness. Retrieved  from
https://edis.ifas.ufl.edu/publication/SS540

Yang, Jianxun, Jinling Li, Michelle TH van Vliet, Edward R. Jones, Zhongwei Huang, Miaomiao Liu, and Jun Bi.
"Economic risks hidden in local water pollution and global markets: A retrospective analysis (1995-2010) and
future perspectives on sustainable development goal 6." water research252 (2024): 121216.
https://doi.org/10.1016/j.watres.2024.121216

Yang, Wentao, Wenwen Qi, and Jinxing Zhou. "Decreased post-seismic landslides linked to vegetation recovery
after the 2008 Wenchuan earthquake." Ecological Indicators 89 (2018): 438-444,
https://doi.org/10.1016/j.ecolind.2017.12.006

Yaroshenko, Irina, Dmitry Kirsanov, Monika Marjanovic, Peter A. Lieberzeit, Olga Korostynska, Alex Mason, llaria
Frau, and Andrey Legin. "Real-time water quality monitoring with chemical sensors." Sensors 20, no. 12 (2020):
3432. https://doi.org/10.3390/s20123432

Yunus, Ali P., Xuanmei Fan, Xiaolu Tang, Dou Jie, Qiang Xu, and Rungiu Huang. "Decadal vegetation succession
from MODIS reveals the spatio-temporal evolution of post-seismic landsliding after the 2008 Wenchuan
earthquake." Remote Sensing of Environment 236 (2020): 111476. https://doi.org/10.1016/j.rse.2019.111476

28


https://doi.org/10.1007/s12145-024-01272-z
https://doi.org/10.26480/mjg.02.2018.26.32
https://doi.org/10.1002/eco.2631
https://doi.org/10.3390/w12092347
https://doi.org/10.1016/j.ecolind.2020.107218
https://doi.org/10.3390/rs11242951
https://doi.org/10.1088/1748-9326/abbfc3
https://doi.org/10.1088/1748-9326/abbfc3
https://doi.org/10.5772/intechopen.88095
https://doi.org/10.1579/0044-7447-34.3.230
https://doi.org/10.1016/0011-9164(89)80012-8
https://doi.org/10.1016/j.oneear.2024.07.006
https://doi.org/10.1016/j.biocon.2021.109010
https://doi.org/10.1016/j.envpol.2013.07.017
https://doi.org/10.1623/hysj.54.1.101
https://edis.ifas.ufl.edu/publication/SS540
https://doi.org/10.1016/j.watres.2024.121216
https://doi.org/10.1016/j.ecolind.2017.12.006
https://doi.org/10.3390/s20123432
https://doi.org/10.1016/j.rse.2019.111476

Frontiers in Water and Environment
Volume 8, Issue 1 (2025) 1-29

[103] Zeng, Yelu, Min Chen, Dalei Hao, Alexander Damm, Grayson Badgley, Uwe Rascher, Jennifer E. Johnson et al.
"Combining near-infrared radiance of vegetation and fluorescence spectroscopy to detect effects of abiotic
changes and stresses." Remote Sensing of Environment 270 (2022): 112856.
https://doi.org/10.1016/j.rse.2021.112856

[104] Zhang, Xuelei, Ming Wang, Kai Liu, Jun Xie, and Hong Xu. "Using NDVI time series to diagnose vegetation recovery
after major earthquake based on dynamic time warping and lower bound distance." Ecological indicators 94
(2018): 52-61. https://doi.org/10.1016/j.ecolind.2018.06.026

[105] Zzhi, Wei, Alison P. Appling, Heather E. Golden, Joel Podgorski, and Li Li. "Deep learning for water quality." Nature
water 2, no. 3 (2024): 228-241. https://doi.org/10.1038/s44221-024-00202-z

[106] Zuo, Hui, Hao Shen, Shikui Dong, Shengnan Wu, Fengcai He, Ran Zhang, Ziying Wang et al. "Potential short-term
effects of earthquake on the plant—soil interface in alpine grassland of the Qinghai-Tibetan Plateau." Frontiers in
Plant Science 14 (2023): 1240719. https://doi.org/10.3389/fpls.2023.1240719

29


https://doi.org/10.1016/j.rse.2021.112856
https://doi.org/10.1016/j.ecolind.2018.06.026
https://doi.org/10.1038/s44221-024-00202-z
https://doi.org/10.3389/fpls.2023.1240719

