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Abstract: The objective of this study is to determine the trend of rainfall observed from the three stations within the Magat
River Basin and the trends of inflow, outflow, and water level for the Magat Reservoir situated in Ramon, Isabela,
Philippines. The MK-test and Sen's Slope estimator were employed to determine a trend in a data series obtained from
1991 to 2023. The results reveal that annual or seasonal trends in inflow, outflow, or water level are not statistically
significant which suggest a dominance of interannual variability. However, significant monthly trends were detected such
as an increasing inflow in March and increasing outflows in February and June. Among the three rainfall stations, only
Dumayup exhibited a statistically significant increasing trend. These findings underscore the variability of rainfall and
reservoir behavior which could be driven by climate variability and operational adjustments. This study also accentuates
the importance of trend analysis to develop sustainable and adaptive water resource management strategies for the Magat

Reservoir.

Keywords: Hydrometeorological Variables; Magat River Basin and Reservoir; Mann-Kendall Test; Sen’s Slope
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1. INTRODUCTION

The global hydrological cycles are affected by climate
resulting in higher occurrence of extreme weather events
and changes to rainfall patterns [1,2,3]. These changes
affect the management of water resource such as in areas
that depend on reservoirs for water and flood control [4].
The key to understand the possible impacts of climate
change on water supply, flooding, and reservoir
management, is to examine the historic trends of the
hydrometeorological parameters [1]. Such analyses are
essential to be able to develop adaptive management
strategies for long-term sustainability of water resources
[5] for the provision of water for irrigation, domestic and
commercial use [6]. An example is the study conducted
in the Pampanga River Basin in the Philippines [7] which
explored the rapid hydrological response to intense
tropical cyclones over time and the implications of
extreme intensity rainfall in terms of reservoir
management.

Trend analysis techniques have been used to study the
behavior of hydrometeorological variables in various
regions [1,8,9]. The most commonly used statistical
methods in detecting and measuring trends in time series
data are the Mann-Kendall test and Sen's slope estimator
[8,10,11]. These methods can be used to analyze rainfall
trends [12,13], river discharge patterns, and reservoir
water levels, which are useful to water resources
planning and management [14,15,16]. In addition, the
relationship between rainfall and reservoir behavior is
vital to predict the water that can be conveyed in the
future and to optimize reservoir operations [17,18,19].

The Magat watershed and reservoir covers portions of
Ifugao, Nueva Vizcaya, and Isabela provinces [20]. The
dam is located in Isabela province and serves as an
essential element of the water resource infrastructure in
the region. The reservoir, on the other hand, serves
several  functions, including irrigation, flood
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management, and hydropower production. Recognizing
the long-term patterns of hydrometeorological factors
related to the reservoir enhances the water resources

management, flood mitigation strategies, and the
sustainability of reservoir operations.
This study examines the trends of essential

hydrometeorological parameters in the Magat River
Basin and Reservoir over a 30-year span from 1992 to
2022. The main focus is to analyze the patterns of
precipitation in the river basin, along with the inflow,
outflow, and water levels of the reservoir. The outcomes
will offer essential perceptions into the long-term
dynamics of the Magat Reservoir system and aid in
formulating sustainable water management strategies.
This will also aid mitigating climate change-induced
challenges by enhancing the long-term sustainability of
this vital water resource.

2. MATERIALS AND METHODS

2.1 Description of the Study Area and Data

The Magat Watershed and Reservoir (Fig. 1), spanning
the provinces of Nueva Vizcaya, Ifugao and Isabela in
the Philippines, is a critical resource for the region. The
watershed spans approximately 4,150 square kilometers
and is a vital tributary of the Cagayan River Basin
[1,21,22]. The Magat Dam is a rock-fill dam that
impounds the Magat River. The dam is constructed
between 1975 and 1982 and serves multiple purposes
which includes irrigation, flood control, and
hydroelectric power generation [20]. The reservoir
created by the dam has a surface area of about 11.7 square
kilometers and a maximum water depth of 193 meters.
This reservoir supplies water for agricultural activities,
particularly for irrigating approximately 85,000 hectares
of farmland in the region [15,22,23]. The Magat
watershed is characterized by diverse topography and
land use, including forested areas, agricultural lands, and
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settlements. This diversity makes it an ideal study area
for analyzing various hydrometeorological parameters,
such as rainfall, inflow, outflow and reservoir water
levels [1,15,21].

This research utilized a 33-year dataset covering the
period from 1991 to 2023 obtained from the National
Irrigation Administration. This dataset includes rainfall
(Fig. 2) data collected from various rain gauge stations
situated within the Magat River Basin, specifically
Halong, Dumayup and Magat rain gauges. This extensive
dataset will enable a detailed analysis of
hydrometeorological trends and patterns, including the
inflow, outflow and water level in the Magat reservoir

(Fig. 3).

LOCATION MAP OF THE MAGAT
RIVER BASIN AND RESERVOIR
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Fig. 1. Map showing the location of the study area.
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Fig. 2. Total annual rainfall data obtained from Halong,
Dumayup and Magat rain gauge stations.
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Fig. 3. Annual data on water level, inflow and outflow at
the Magat Reservoir.

2.2 Statistical Analyses

The two statistical tests, as presented in the next sections,
were utilized in analyzing the trend of the
hydrometeorological variables at Magat River Basin and
Reservoir.
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2.2.1 Mann-Kendall Test

This test is a non-parametric statistical method, employed
to identify monotonic trends in the hydrometeorological
parameters of the Magat River Basin and Reservoir. This
test is particularly suitable for non-normally distributed
data and is robust against the influence of outliers [27]. It
detects the presence and magnitude of a monotonic trend
within a time series, without imposing assumptions
regarding the linearity of said trend [28]. The test statistic,
S, is calculated as follows:

S = nz_:l zn: sgn(x; — x;)

k=1 j=k+1

Where x; and xjrepresent the data values at times i and j,
respectively, and n is the length of the time series [29].
The function sgn (x) is defined as

+1,L'fxi —x]' >0

0, lf X; — x]' =0

-Lif x;—x <0

sgn(x) =

The variance of S, Var(S) is calculated as,

n(n—1)2n+5) — Xi, te(ty — D2t + 5)

Var(S) = 18

Where n represents the data points number in the sample,
m denotes the quantity of tied groups (sets of
observations sharing identical value) and tx specifies the
count of data points in the k™ tied group. When the
sample size (n) is exceeds 10, the standard normal test
statistic Zs is calculated accordingly to assess the
significance of trends in the dataset.

S—-1
——— forS>0
JVar(s)
Zs = 0 for§=0
S+1
forS<O0

JVar(S)

When the value of Z is positive, then the trend is
increasing, while negative Zs value indicates a decreasing
trend. A presence of monotonic trend in a series of data
indicates acceptance of the alternative hypothesis and
rejects the null hypothesis. To determine if the calculated
Z are significant, they will be compared to a Z-value
obtained from the standard normal distribution with
significance levels of a =0.01 and o = 0.5. If the absolute
value of the calculated Z-score exceeds the critical Z-
value of 1.96 and 2.576 at 5% and 1% level of
significance, then rejects null hypothesis. This indicates
a presence of a significant trend.

2.2.2 Sen’s Slope Estimator

Sen’s Slope estimator is used to estimate the slope of a
trend in time series data. The method outlined in the study
of Gocic and Trajkovic [30] was employed, which is
defined as [31],

X
Q: =

j
t=1,..,N
- for
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where x; and x; are the values of data at i and k™ (i>])
times, respectively. The value for N can be obtained
using this equation, N = @, for 1 datum in each time

nn-1)

period and N < - for multiple observations in one

or more time periods, where n indicates the number of
time periods and total number of observations,
respectively. The N values of Q; were ranked from
smallest to largest, then the Sen’s slope is computed as
follows,

Qmea = 4Qm, + Q n+2
[2] [ 2 ] . .
> ,if Nis even

A confidence interval for the slope was also determined
to assess the significance of the trend. The equation
below is used to determine the confidence interval,

Ca = ZI—a/ZV Var(S)

where Var(S) is the standard error for the Mann-Kendall
test and Zi» is taken from the standard normal
distribution table. The level of significance at 5% was
employed in this test. After computing the confidence
interval, the result is used to determine the lower and
upper limits of the confidence interval as follows,
M, = N_zﬁand M, = N+ZC“

where M;'" largest and (My+1)" largest of the N ordered
slope estimates are the lower and upper limits,
respectively [32]. When the two limits have the same
sign, then the Sen’s Slope is statistically different than
zero. This approach is widely used in environmental and
climate studies, as well as in economics and hydrology,
where detecting subtle trends in data is crucial for
informed decision-making.

3. RESULTS AND DISCUSSION

3.1 Trends in Hydrometeorological Variables

3.1.1 Hydrological Variables

Tables 1, and 2-4 show the result of the MK-test and
Sen’s Slope estimator for the hydrological variables
(reservoir water level, inflow and outflow) for annual,
seasonal and monthly basis, respectively. It can be noted
that both annual and seasonal analysis revealed a non-
significant result using MK-test, which can be infer that
the series has no significant trend or variability on the
hydrological variables. This may suggest that short-term
variability dominates over long-term directional change
which is consistent with the findings of Kahya & Kalayci
[34] that such parameters are influenced by interannual
climate variability in tropical basins. The positive or
negative signs of the values denote an increasing or
decreasing trend of the series, respectively. For the
annual basis and dry season, the water level, inflow and
outflow have increasing trend. While for wet season,
water level and outflow are both increasing, and the
inflow has decreasing trend. This can be attributed to the
decreasing amount of rainfall that affects the amount of
inflow to the reservoir.

For the monthly basis as depicted in Fig. 4, no significant
trend is recorded for the reservoir’s water level as well as
for inflow and outflow data, except for the month of
March for inflow with 5% level of significance, and
months of February and June for outflow data with 1%
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and 5% level of significance, respectively. It can also be
noted that most of the decreasing trends are observed in
the later months of the year, while most of the increasing
trends were obtained during the early months. This is
notable for the trend of the water level, where the
increasing trends are persistent from February to August,
and the decreasing trends are notable from September to
January. On the other hand, the trend for the outflow from
the reservoir are mostly increasing, specifically from the
months of April to September, having significant trends
where the Sen’s Slope estimator, further revealed that the
significant values have increasing trends. The magnitude
of increase in the outflow for the month of February is
1.19cms and 2.44cms for the month of June, while for the
inflow is 1.89cms for the month of March. Furthermore,
the confidence interval at 95% level validates a
significant rise in reservoir releases for the month of June,
and a significant increasing inflow during March. These
significant increases in monthly inflow and outflows
during March, and February and June, respectively, can
be linked to a changing or varying operational
management or rainfall events during these months. Also,
the significant increase in the outflows during February
and June could be attributed to the increased in irrigation
releases during the vegetative stage of rice production in
the service area of Magat Reservoir.

Table 1. Trend analysis of the different hydrological
variables (water level, inflow and outflow).

Water Level Inflow Outflow

Annual Basis 0.42ns 1.26" 1.38"
Seasonal Basis

Dry Season 0.74nrs 0.96™ 1.36™
Wet Season 0.46" -0.46™ 0.65™
Monthly Basis

January -0.31m 1.95m™ 1.86™
February 0.12" 1.46" 2.63™
March 0.93m 2.53" -0.48™
April 1.67™ 1.30m 1.84m
May 1.39m 0.62m 0.79m
June 1.33m 1.29m 2.18"
July 0.22m -0.40ms 0.59m
August 0.56™ -0.34"s 0.99"
September -0.43m -0.68™ 0.22"
October -1.83m -0.25ms -0.09m
November -1.89ns 0.40"s 0.22ns
December -1.58™ -0.09"s -0.23m

Zvalue: 5% =1.96; 1% =2.58

ns = not significant, * = significant at 5%, ** = significant at 1%

Table 2. Sen’s slope and the lower and upper limit of the
reservoir water level.

, 95% Confidence
Sen's Slope
Interval
\E]gzlr Lower Upper

Annual 0.05 -0.16 0.26
Basis

Seasonal Basis

Dry Season 0.06 -0.13 0.30
Wet Season 0.05 -0.16 0.31
Monthly Basis

January -0.01 -0.12 0.11
February 0.02 -0.30 0.30
March 0.20 -0.27 0.51



April 0.35 -0.04 0.83
May 0.30 -0.11 0.80
June 0.20 -0.11 0.55
July 0.03 -0.25 0.42
August 0.08 -0.23 0.35
September -0.02 -0.21 0.09
October -0.09 -0.17 0.01
November -0.05 -0.12 0.002
December -0.08 -0.21 0.01

Table 3. Sen’s slope and the lower and upper limit of the
reservoir inflow.

Sen's 95% Confidence

Slope Interval

Inflow Lower Upper
Annual 1.30 -0.87 311
Basis
Seasonal Basis
Dry Season 1.02 -1.06 2.90
Wet Season -0.72 -2.51 2.12
Monthly Basis
January 2.11 0.00 4.95
February 1.18 -0.38 2.73
March 1.89 0.40 4.22
April 1.11 -0.92 2.73
May 0.76 -2.14 3.32
June 1.05 -0.90 3.05
July -0.78 -5.24 3.06
August -0.44 -3.32 3.67
September -1.89 -6.45 3.02
October -1.00 -8.47 6.45
November -1.09 -7.22 4.98
December -0.34 -6.45 5.17

Table 4. Sen’s slope and the lower an upper limit of the
reservoir outflow.

Sen's 95% Confidence

Slope Interval

Inflow Lower Upper
Annual
Basis 1.39 -0.39 2.95
Seasonal Basis
Dry Season 0.78 -0.64 2.51
Wet Season 0.86 -1.07 3.32
Monthly Basis
January 1.86 -0.03 2.75
February 1.19 0.33 2.16
March -0.23 -1.34 1.01
April 1.66 -0.05 3.34
May 0.94 -1.55 4.24
June 2.44 0.22 4.84
July 1.26 -0.92 3.15
August 2.09 -0.41 6.05
September 0.94 -2.85 5.07
October 1.45 -5.08 6.77
November 2.18 -3.04 6.79
December 0.44 -3.2 4.41
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Fig. 4. MK trend analysis of the monthly water level,
inflow and outflow.

3.1.2 Rainfall

There are three (3) stations within the Magat River Basin
that were considered in this study, namely Dumayup,
Halong and Magat, as presented in Table 3. The result
reveals that among these stations, only Dumayup station
exhibits a statistically significant increasing trend with a
Z-value of 2.77 as compared to the 1% critical value of
2.58, indicating a strong upward trend in rainfall over the
analysis period. The Sen’s slope further revealed an
increasing magnitude of 27.57mm/year with lower and
upper value of 7.09 and 43.00, respectively, at 95%
confidence interval. While Halong and Magat stations
show a non-significant increasing (Z-value: 0.82) and
decreasing (-0.29) trends, respectively, as denoted by the
positive and negative signs. This suggests that any
observed rise or fall in rainfall is not statistically robust.
In addition, the Sen’s slope for Halong and Magat
Stations of 12.32mm/year and -3.17mm/year,
respectively, with a confidence interval that includes zero,
indicates that the uncertainty at these stations is high, and
further confirms that the trend is not statistically
significant. The variation in the magnitude of the trend
across these stations suggests that the uneven rainfall
distribution within the basin is affected by climate
variability [35].

Table 3. Rainfall data trend analysis from the 3 rain
gauges within the Magat River Basin.

. MK Sen's 95% Confidence
Stations Test Slope Interval
Lower  Upper
Dumayup 277 27.57 7.09 43.00
Halong 0.82m 12.32  -20.09 50.38
Magat -0.29™ -3.17  -17.50 14.39

+) means increasing; (-) means decreasing; Zvalue: o = 1.906] 0= Z.
i ing d ing; Zvalue: 5% = 1.96; 1% = 2.58

ns = not significant, * = significant at 5%, ** = significant at 1%

4. CONCLUSION AND RECOMMENDATIONS

This study carried out a comprehensive analysis of
critical hydrometeorological variables—specifically
rainfall, reservoir inflow and outflow, and water levels—
throughout a 33-year period in the Magat River Basin
located in Ramon, Isabela, Philippines. The Mann-
Kendall test and Sen’s slope estimator were used to
examine patterns over annual, seasonal, and monthly
basis. The analysis indicated statistically insignificant
trends in inflow, outflow, and water levels on both annual
and seasonal timeframes, which imply that long-term



hydrological patterns are predominantly influenced by
short-term variability and interannual climate changes.

There were notable upward monthly trends observed, for
example, inflow in March climbed by 1.89cms, whereas
outflows rose by 1.19cms and 2.44cms in February and
June, respectively. The significance of these parameters
indicates the necessity for operational modifications or
concentrated precipitation during these months, possibly
associated  with  irrigation  schedules or the
commencement of seasonal rains. The prevalence of
significant trends at the monthly level highlights the
susceptibility of reservoir management to variability over
these timescales—insight essential for enhancing
operating protocols and forecasting water supply for
agricultural and energy purposes.

The rainfall trends analysis demonstrated geographic
variation within the basin. Among the three stations
considered, only the Dumayup station had a statistically
significant upward trend in precipitation, increasing by
27.57mm per annum. The Halong and Magat stations
exhibited negligible trends, underscoring the effect of
localized meteorological and landscape factors on
rainfall patterns. Substantial increases in rainfall at
Dumayup may affect upstream runoff contributions and
inflow predictions, requiring more localized hydrological
assessments in reservoir models.

Although long-term trends in the Magat Reservoir
system appear stable, the developing monthly patterns
indicate changing dynamics which can be attributed to
climate variability and utilization demands. These
findings can be used to explore on how monthly trend
variability can be integrated into hydrological models
and reservoir operational guidelines to improve water
allocation precision, enhance flood risk management
strategies, and support adaptive, climate-resilient
reservoir governance in the face of future hydrological
uncertainties.
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