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ABSTRACT Hydrological studies often rely on physical-based modelling approaches to simulate water cycles. However, such an approach requires
extensive basin physical data inputs, including features, attributes, and properties that are quantifiable, which often are lacking in data-scarce areas.
Therefore, this study explores an alternative viewpoint by using simple statistical analysis to assess the dynamic basin’s hydrological characteristics.
We collate and divide the rainfall and discharge observation data in the Upper Citarum River basin into three periods: period 1 (2000–2005), period 2
(2000–2010), and period 3 (2000–2015). After defining baseflow separation, we quantify the basin’s baseflow using simple statistical analysis. The 5-year
average of the baseflow fluctuations (33.15m3s-1, 12.88m3s-1, and 27.59m3s-1 during each period) agrees with previous studies’ physical-based results.
The subsequent frequency analysis indicates a trend of increasing rainfall, although it is not followed by the trend in the river discharge variable. Due to
the stochastic nature of extreme events occurrence and available data length, we evaluate the dynamic basin’s runoff generation using quasi-synthetic
rainfall instead of conventional design storm to equalize the stimuli (rainfall) in evaluating the target system (basin’s hydrological characteristics). Under
identical sets of forcing input, the quasi-synthetic river discharge consistently increases in each period in both the median (15.39% and 25.34%) and
extreme (21.86% and 29.46%) values. The results reveal the basin’s evolving hydrological responses, which are mostly influenced by anthropogenic
factors. This simple statistical approach enables the evaluation of basin characteristics’ dynamics in data-limited areas, bypassing extensive data
collection and random event occurrences while still providing consistent results.

KEYWORDS Hydrological characteristics; Statistic-based assessment; Baseflow; Runoff generation; Upper Citarum River basin

© The Author(s) 2025. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1 INTRODUCTION

In many hydrological studies, physical-based models
are often relied upon for basin assessment due to their
nature of real-world representation (Al-Areeq et al.,
2021; Gelete et al., 2023). Such an approach is estab-
lished on the concept of translating basin features and
properties into model parameters, leading to more in-
tuitive model setup. With the recent advancements in
remote-sensing technologies and open sciences, many
global datasets on basin physical characteristics be-
come easily accessible, positively contributing to the
growing the popularity of physical-based hydrological
models’ applications. Some of the online datasets, for
example, are Digital Elevation Model (DEM) (Yamazaki
et al., 2017a; Abrams et al., 2020), soil type (Shangguan
et al., 2014; Poggio et al., 2021), land use (Potapov et al.,
2022), river network (Munier and Decharme, 2022; Yan
et al., 2022), and more.

However, physical-based modelling also presents sev-
eral drawbacks. The heterogeneous nature of most
basin’s attributes often propagates to demands of spa-
tially high- resolution models, further lead to sub-grid
scale integration and problems of dimensionality in pa-
rameter calibration (Beven, 1989). Even in situations
where the the study area is relatively homogeneous,

it still requires an extensive amount of basin physical
data. Physical-based models are also dominantly regu-
lated by the model structure (Muhammad et al., 2019;
van Kempen et al., 2021), therefore selecting an appro-
priate model for each case is crucially important.

In response to these limitations, parsimonious mod-
elling approach (Paniconi and Putti, 2015; Newman
et al., 2017; Rusli et al., 2023) become favored in data-
limited areas. Simple models capable of represent-
ing hydrological processes are preferable over complex
models with insufficient justification in their setup and
parameterization. In the midst of balancing between
model representation and model complexity, a statis-
tical approach emerges. In general, statistic-based
analysis requires fewer data inputs yet produces still
reliable performances (Wang et al., 2021; Sun et al.,
2023). In data-scarce areas with limited data availabil-
ity, statistic-based analysis has the potential to unravel
the hydrological processes of the associated study area.

In this study, we apply the simple yet reliable statisti-
cal approach to unravel and quantify the dynamic hy-
drological characteristics in the test basin of the Up-
per Citarum River basin. Using exclusively the rain-
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