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ABSTRAK
Analisis resesi aliran sungai memiliki peran penting dalam memahami bagaimana daerah tangkapan air 
melepaskan air selama periode musim kering. Oleh karena itu, pemodelan resesi aliran dasar berkaitan erat 
dengan karakteristik akuifer bebas, penyimpanan, dan sifat debit DAS. Meskipun sudah terdapat beberapa teori 
tentang bagaimana memodelkan kurva resesi, namun penelitian yang membandingkan pendekatan berbeda terkait 
karakteristik resesi aliran baseflow masih terbatas. Penelitian ini bertujuan untuk memodelkan tujuh persamaan 
resesi aliran dasar pada DAS berpasangan di Kota Ambon. Metode penelitian melibatkan kalibrasi tujuh model 
resesi baseflow menggunakan perangkat lunak Recession Curve (RC) 4.0 HydroOffice. Model-model yang diuji 
meliputi Reservoir Linier, Reservoir Eksponensial, Eksponensial Ganda Horton, Penyimpanan Akuifer Dupuit-
Boussinesq, Penyimpanan Detensi Depresi, Model Aliran Turbulen, dan Model Fungsi Hiperbolik. Hasil 
kalibrasi menghasilkan kombinasi parameter resesi yang optimal. Urutan parameterisasi dari tertinggi hingga 
terendah adalah model Depresi Tampung-Tahanan Simpanan, diikuti oleh model Fungsi Hiperbolik, Reservoir 
Eksponensial, Model Aliran Turbulen, Eksponensial Ganda Horton, Reservoir Linier, dan Tampungan Akuifer 
Dupuit-Boussinesq. Kuantifikasi konstanta dan koefisien resesi baseflow sangat penting dalam penelitian aliran 
dasar, terutama dalam karakterisasi perilaku baseflow. Visualisasi kemiringan Kurva Resesi (MRC) menunjukkan 
bahwa model dengan konstanta resesi tinggi cenderung memiliki MRC yang landai, sedangkan konstanta 
resesi rendah menghasilkan MRC yang curam. Kemiringan MRC menggambarkan hubungan antara kondisi 
penyimpanan dan pelepasan aliran dari wilayah tangkapan air. Keuntungan pembuatan MRC dari segmen resesi 
yang terputus-putus adalah kemampuannya untuk mendeskripsikan proses MRC secara sesuai dan memberikan 
parameter kuantitatif yang relevan dengan mekanisme drainase. MRC juga berfungsi sebagai alat komputasi 
otomatis yang optimal.

Keywords: karakteristik akuifer; model resesi baseflow; DAS berpasangan; kapasitas simpanan.

ABSTRACT 
River flow recession analysis plays a crucial role in understanding how watersheds release water during dry 
periods. Consequently, modeling baseflow recession is closely related to the characteristics of unconfined aquifers, 
storage behavior, and the discharge properties of the watershed. While several theories exist on modeling recession 
curves, limited research has compared different approaches regarding baseflow recession characteristics. This 
study aims to model seven baseflow recession equations in paired watersheds in Ambon City. The research 
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methodology involves calibrating seven baseflow 
recession models using the Recession Curve (RC) 
4.0 Hydro Office software. The tested models include 
Linear Reservoir, Exponential Reservoir, Double 
Exponential Horton, Dupuit-Boussinesq Aquifer 
Storage, Depression Storage, Turbulent Flow Model, 
and Hyperbolic Function Model. The calibration 
results yield optimal combinations of recession 
parameters. The parameterization order from highest 
to lowest is as follows: Depression Storage, followed 
by the Hyperbolic Function, Exponential Reservoir, 
Turbulent Flow Model, Double Exponential Horton, 
Linear Reservoir, and Dupuit-Boussinesq Aquifer 
Storage. Quantifying baseflow recession constants 
and coefficients is essential for understanding baseflow 
behavior. Visualizing the slope of the Recession 
Curve (MRC) reveals that models with high recession 
constants tend to have gradual MRCs, while low 
recession constants result in steep MRCs. The MRC 
slope further describes the relationship between 
storage conditions and discharge from the watershed. 
The advantage of creating MRCs from discontinuous 
recession segments lies in their ability to appropriately 
describe the MRC process and provide quantitative 
parameters relevant to drainage mechanisms. MRCs 
also serve as an optimal automated computational tool.

Keywords: aquifer characteristics; baseflow recession 
model; paired watersheds; storage capacity.

INTRODUCTION 
Baseflow is a watershed hydrological 

process associated with the release of ground-
water into rivers and plays an essential role 
in the interactive activity between river flow 
and groundwater. The process is the primary 
source of river flow, mainly when there is no 
rainfall. A decrease in baseflow characteriz-
es baseflow recession in a watershed due to 
inadequate water supply and groundwater 
recharge (Latuamury et al., 2020). The explo-
ration of baseflow recession is essential for 
examining the properties of shallow aquifers 
in a catchment area. Understanding the dy-
namics of baseflow recession is crucial in wa-
ter resource management, flood prediction, 
sediment transport, and drought assessment.

The characteristics of the recession pro-
cess focused on spatial and temporal vari-
ability concerning hydrological behavior 
(Tashie et al., 2020). The baseflow reces-
sion curve contains information about the 

dynamic interactions between surface and 
groundwater and the hydraulic properties of 
unconfined aquifers. This curve also showed 
the observed rate of decline in streamflow be-
tween storm events, effectively representing 
the delay in streamflow storage within the 
catchment area.

However, analyzing a series of river 
flow recession periods is relatively com-
plicated due to their unique nature (Lee et 
al., 2014). For example, after a storm, the 
downward hydrograph recession curve is 
characterized by a steep slope influenced 
by surface and subsurface flows. When this 
is not utilized, the curve shows a relatively 
low recession rate, resulting in weaker out-
flows (Hammond & Han, 2006; Latuamury 
et al., 2022). Spatial and temporal variations 
in initial groundwater storage and moisture 
conditions before the storm imply multiple 
recession curves with varying slopes.

The availability of comprehensive reces-
sion curves provides valuable information 
for understanding discharge-storage rela-
tionships in a particular catchment area (Ak-
soy & Wittenberg, 2015). During periods of 
recession, river recharge is closely related to 
streamflow, referred to as a constant, while 
the shape of the baseflow curve for all events 
tends to vary significantly. Several analytical 
baseflow methods and conceptual models 
have been studied, particularly the recession 
equation (Boussinesq, 1877; Horton, 1933; 
Maillet, 1905), continually modified and 
complemented by computer software.

Recent developments in baseflow re-
cession models (Arciniega-Esparza et al., 
2017) include the hydro recession method, 
performed with a Matlab toolbox for river 
flow analysis. This software applied three 
methods to extract hydrographic recession 
segments and analyzed the data using four 
general models (Aksoy & Wittenberg, 2011). 
Hydro recession tools provided valuable 
capacity for estimating both linear and non-
linear flow-storage relationship parameters, 
addressing a variety of regional needs, in-
cluding catchment classification, baseflow 
separation, hydrological modelling, and low 
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flow predictions (Arciniega-Esparza et al., 
2017).

Understanding periods of river flow 
recession is fundamental for effective water 
resources management, as it controls the use 
of water supplies for human consumption, 
irrigation, and hydroelectric power genera-
tion. Baseflow must be considered in practice 
due to the ability to release groundwater into 
rivers during summer. The analysis of base-
flow recession is closely related to the char-
acteristics of unconfined aquifers, including 
the storage and discharge properties of the 
watershed flow. 

However, challenges such as low qual-
ity of baseflow data, high variability of reces-
sion curves, and limitations in mathematical 
methods can hinder the determination of wa-
tershed-scale characteristics. To tackle these 
challenges, three different methods, namely 
analytical expressions, graphical methods for 
determining master recession curve (MRC), 
and parameterization based on baseflow re-
cession rate as a function of flow, were ad-
opted (Sujono et al., 2004).

MRC is a graphical method that depends 
on overlapping recession curves, where indi-
vidual segments are plotted and adjusted to 
form a single representation of data (Latu-
amury et al., 2020; Latuamury et al., 2022). 
This method served as an alternative to ad-
dress the variability of each recession period 
by considering several curves extracted over 
a long period. However, MRC is limited in 
representing flow storage variations, making 
identifying transition points of fast and slow 
flow components difficult. To provide a com-
prehensive analysis, parameterization based 
on recession curves was conducted, consid-
ering flow variability. Several research had 
used least squares regression with different 
mean flow data for this purpose (Boughton, 
2015). Furthermore, Stoelzle et al. (2013) used 
different methods to improve the interpreta-
tion of recession behavior at the watershed 
scale and obtained significant variations in 
analyzing related characteristics.

Advances in computational resources 
have led to the development of toolboxes 

that combined various recession analysis 
methods, which enabled the consistent eval-
uation of watershed characteristics and facili-
tated the comparison of multiple parameter-
izations. Recent research (Arciniega-Esparza 
et al., 2017) developed a MATLAB toolbox 
containing standard methods for assessing 
recessions based on analytical expressions. 
Tashie, Pavelsky, and Emanuel (2020) used 
this toolbox to analyze baseflow recession. 
Rupp and Selker (2006) developed an auto-
mated method to separate MRC into two or 
three sections based on a defined flow dura-
tion curve. Subsequently, five different re-
gression models were adopted to formulate 
MRC and obtain parameters using the expo-
nential model. Carlotto & Chaffe (2019) con-
tributed to this field by developing the MAT-
LAB-based MRCPTool, which provided an 
automated resource for analyzing recession 
periods based on river flow data.

The tool compared recession analysis 
methods and parameterizations based on 
various analysis models. MRCPTool also 
has a graphical user interface (GUI) that of-
fers automated resources for performing hy-
drograph splitting using numerical filters, 
automatic extraction of recession periods, 
and developing MRC with appropriate strip 
methods for different flows determined from 
duration curves, and rate analysis. Gener-
ally, flow recession includes generating MRC 
from simulated recession curves using linear 
and nonlinear analysis methods.

In Ambon City, a small island, the grad-
ual decline in river discharge following run-
off or flow recession was studied to estimate 
the basin processes. The ability of watersheds 
to store and release runoff water is consid-
ered for reliable prediction of seven recession 
models and effective water resource manage-
ment. Hydro Office 12.0 software, specifical-
ly the Recession Curve (RC) 4.0 package, was 
used to estimate characteristic parameters 
for baseflow recession modelling and MRC 
visualization of the entire model (Gregor & 
Malík, 2012). Based on the superior working 
mechanism of the RC 4.0 package, this re-
search aimed to calibrate seven baseflow re-

BOKIRAIYA LATUAMURY, GUN MARDIATMOKO, AND AGUSTINUS KASTANYA   
MA STER RECESSI ON CURV E V I SUA LI ZATI ON USI N G SEV EN BA SEFLOW ...

3



cession models for paired watersheds in Am-
bon City. The objective was to assess storage 
relationships, and outflow discharge, respon-
sible for characterizing flow dynamics in the 
catchment area.

METHOD 
Research Area 

The research areas, namely Wae Batu 
Gajah and Wae Tomu, were in the paired 
watershed of Ambon City. The regional de-
scription of the two watersheds was based on 
morphometric characteristics such as area, 
average slope, river slope, main river length, 
circulation, and branching ratios, including 
flow patterns. These parameters show the 
relationship between morphometry and hy-
drological characteristics, including drainage 
density, branching and bifurcation ratios. 
Furthermore, morphometric parameters sig-

nificantly influence watershed management, 
specifically flood vulnerability and baseflow 
storage.

The morphometric and hydrological 
characteristics of Wae Batu Gajah and Wae 
Tomu have relatively similar drainage den-
sity parameters, ranging from one to five, 
showing good management. A less than one 
branching ratio depicts abnormal river basin 
conditions characterized by high flood peaks 
and short recession times. This condition 
tends to have heightened flood vulnerabil-
ity, including low permeability and infiltra-
tion due to high surface flow. Analysis of the 
branching ratio showed that the shape of the 
two paired watersheds is elongated, leading 
to slow peak discharge (Qp) and increased 
recession time (Latuamury et al., 2021). Ad-
ditionally, these morphometric characteris-
tics are shown in Table 1 and Figure 1. 

Table 1. 
Morphometric characteristics of Wae Batu Gajah and Wae Tomu watersheds

Watershed name
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(m
) River 

Gradient 
(m)

Length of 
main river 

(km)

Drainage 
Density 

(km/ km²)

Circulation 
Ratio (CR)

Bifurcation 
Ratio (BR)

Flow 
pattern

Wae Batu Gajah 6.35 0.49 324.98 6.58 2.91 12.56 0.95 Dendritic
Wae Tomu 5.62 4.89 349.98 6.14 3.16 5.47 0.93 Dendritic

Source: Image analysis, 2019

Figure 1.
Paired watershed morphometric map of Wae Batu Gajah (top) and  

Wae Tomu (bottom) of Ambon City
Source: Author (2023)
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Collected Data
River flow records with good temporal 

resolution provided valuable information 
for understanding catchment characteristics. 
This research used daily discharge from two 
river flow measurement stations in Pulau Ke-
cil Watershed of Ambon City to separate and 
select the recession segment. Furthermore, 
the availability of daily discharge from 2007 
to 2014 was sufficient to conduct baseflow re-
cession analysis.

Baseflow recession analysis
Recession analysis was used to examine 

parts of the flow hydrograph relating to the 
relationship between the aquifer structure 
and groundwater discharge into the river. 
The analysis was carried out using Hydro 
Office 12.0 software, specifically the RC.4.0 
package, by calibrating seven baseflow re-
cession models (Gregor & Malí k, 2012), as 
shown in Table 2.

Table 2.  
Baseflow recession models using Hydro Office 12.0 software, RC.4.0 package

Conceptual model Recession function Storage type

Linear reservoir (Joseph 
Boussinesq, 1877; Maillet, 1905)

General storage, Linearized Depuit-
Boussinesq equation, approximation 
for short time periods

Exponential reservoir Throughflow in soil, hydraulic 
conductivity assumed to exponentially 
decrease with depth

Horton double exponential 
model (Horton, 1933)

General storage, the transformation of 
the linear reservoir model

Dupuit-Boussinesq aquifer 
storage (J Boussinesq, 1877)

Shallow unconfined aquifer, a special 
case of power-law reservoir for 
Dupuit-Boussinesq aquifer model

Depression-detention storage 
(Griffiths & Clausen, 1997)

Surface depressions such as lakes 
and wetlands, a variant of power-low 
reservoir

Turbulent model (Kullman, E., 
1990)

Karstic aquifers

Hyperbolic function model 
(Kovács, 2003)

Karstic aquifers

Source: Gregor, M. and Mal ík  (2012)  
Note: Q= discharge, t= time since beginning of  recession, Q0= discharge for t =0, k , n, α, β, ϕ - parameters to be determined by cal ibration

The recession analysis of river flow data 
from observed hydrographs enabled the ex-
traction of information regarding the storage-
outflow relationship between the catchment 
and hydraulic properties of the groundwa-
ter. Hydro Office 12.0 software, specifically 
the RC.4.0 package with a graphical user 
interface, was used to conduct the analysis, 
facilitating the calibration of seven different 
baseflow recession models. The calibration 
results were used to obtain MRC from each 
model, which was then compared across the 

Wae Batu Gajah and Wae Tomu watersheds 
in Ambon City, Maluku, Indonesia.

RESULTS AND DISCUSSION
Calibration results of the linear 
reservoir model for master recession 
curve

The evaluation of recession characteris-
tics at the two river flow measurement sta-
tions included MRC and separation analysis 
using seven baseflow models. The process 
comprised identifying and isolating various 
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segments from the hydrograph data and cal-
culating baseflow recession characteristics 
for each watershed. Hydrograph data were 
interpreted to assess watershed flow storage 
conditions, and the shape of MRC was ana-
lyzed using seven recession models. The cali-
bration results provided a set of calculated 
recession parameters, as shown in Table 3.

The parameters of the two watersheds 
were calculated using seven recession mod-
els. Based on the results of storage depres-
sion-storage, the highest and lowest initial 
recession discharge was obtained in Wae 
Batu Gajah (4.85 m3/sec), and Wae Tomu wa-
tersheds (3.27 m3/sec), respectively.

Table 3.  
Calculation of recession parameters for the seven  

baseflow recession models in two paired watersheds

Baseflow recession 
model

Initial discharge 
of recession

Recession 
coefficient

Recession 
constant Q-obs Q-cal

Linear reservoir Wae Batu Gajah 4.65 0.065 0.9371 4.65 4.36

Wae Tomu 3.99 0.0799 0.9232 4.19 3.68

Exponential reservoir Wae Batu Gajah 4.65 0.016 0.9545 4.65 4.44

Wae Tomu 4.651 0.033 0.9535 4.45 4.99

Horton double 
exponential

Wae Batu Gajah 4.65 0.064 0.9380 4.61 4.36

Wae Tomu 3.99 0.0799 0.9036 4.00 3.74

Dupuit-Boussinesq 
aquifer storage

Wae Batu Gajah 4.65 0.035 0.9335 4.65 4.34

Wae Tomu 4.19 0.052 0.9335 4.10 3.92

Depresion storage-
Detention storage

Wae Batu Gajah 4.85 0.026 0.9771 4.85 4.77

Wae Tomu 3.27 0.0345 0.9800 4.33 3.53

Turbulent flow model Wae Batu Gajah 4.55 0.0491 0.9509 4.55 4.33

Wae Tomu 3.89 0.051 0.9490 3.88 3.70

Hyperbolic function 
model

Wae Batu Gajah 4.65 0.076 0.9747 4.65 4.53

Wae Tomu 4.23 0.099 0.9560 4.00 4.55

Source: Recession parameters using Hydro office 12.0 RC 4.0 (2023)

In Wae Tomu and Wae Batu Gajah 
watersheds, hyperbolic function and expo-
nential reservoir models obtained the high-
est (0.099), and lowest recession coefficients 
(0.016), respectively. Meanwhile, in Wae 
Tomu watershed, the storage depression-
storage detention and Horton double expo-
nential models obtained the highest values of 
0.9800, and 0.9036.

The average results of the statistical cal-
culations were dependent on the combina-

tion of the three baseflow recession parame-
ters for each model. For example, the highest 
average baseflow recession showed that the 
storage depression-storage detention model 
obtained 2,689 m3/sec in Wae Tomu water-
shed, while the Horton double exponential 
yielded a different value recorded in m3/
sec. The seven models varied significantly in 
combination with recession parameters and 
average baseflow values ​​for both watersheds, 
as shown in Table 4.
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Table 4. 
Descriptive statistics of baseflow recession mean for seven models

Baseflow 
recession model N
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K
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Linear reservoir Wae Batu Gajah 25 0.98 4.65 59.33 2.373 1.1124 1.237 0.586 -0.797
Wae Tomu 22 0.55 4.19 39.95 1.816 1.1023 1.216 0.765 0.953

Exponential 
reservoir

Wae Batu Gajah 25 1.67 4.65 67.22 2.689 .8671 0.752 0.810 -0.322
Wae Tomu 22 1.04 4.45 44.25 2.011 00.956 0.915 1.205 0.953

Horton double 
exponential

Wae Batu Gajah 25 0.99 4.61 59.36 2.375 1.0947 1.198 0.576 -0.807
Wae Tomu 22 0.67 4.00 41.48 1.886 1.0117 1.024 0.678 0.953

Dupuit-
Boussinesq 
aquifer storage

Wae Batu Gajah 25 1.37 4.65 63.69 2.548 .9715 0.944 0.709 -0.556

Wae Tomu 22 1.00 4.10 44.96 2.043 .9182 0.843 0.845 0.953
Depresion 
storage - 
Detention 
storage

Wae Batu Gajah 25 1.13 4.85 60.91 2.436 1.1024 1.215 0.750 -0.493
Wae Tomu

22 0.75 4.33 41.92 1.905 1.0587 1.121 0.924 0.953

Turbulent flow 
model

Wae Batu Gajah 25 0.08 4.55 48.64 2.316 1.3863 1.922 0.000 -1.200
Wae Tomu 22 0.12 3.88 41.48 1.885 1.1735 1.377 0.193 0.953

Hyperbolic 
function model

Wae Batu Gajah 25 1.65 4.65 66.69 2.668 0.8731 0.762 0.822 -0.304
Wae Tomu 22 1.33 4.00 48.82 2.219 0.778 0.605 0.887 0.953

Valid N 
(listwise)

Wae Batu Gajah 25
Wae Tomu 22

Source: Data analysis using SPSS (2007-2014)

Baseflow statistics are used to determine 
the annual average baseflow of a river dur-
ing a specific return period. When sufficient 
historical records exist for a particular catch-
ment area, these statistics can be obtained 
through the frequency analysis of observed 
river flow data. However, in cases where 
river flow records are insufficient, a regional 
method was applied for estimation purposes 
(Latuamury et al., 2022). Accurate estimates 
of the frequency of baseflow recession events 
and spatio-temporal evolution in water 
catchments are relevant to engineers and wa-
ter managers (Dewandel et al., 2006).

Estimation of baseflow recession 
parameters and MRC Visualization of 
Linear reservoir model

A linearized equation was formulated 
by Boussinesq (1877) to estimate baseflow 
recession periods using relatively short-flow 

data. This research used model calibration 
for paired watersheds to assess stream stor-
age capacity for daily discharge data from 
2007 to 2014. However, the graphical inter-
pretation of recession segments to separate 
MRC using a linear reservoir model showed 
that the segments were consistent with the 
model, appearing as straight lines parallel to 
the semi-log graph.

In the Wae Batu Gajah watershed, a com-
bination of recession parameters with initial 
recession discharge (Q0) and constant of 4.65 
m3/second and 0.9371, including α value of 
0.065, were obtained. Meanwhile, the values 
obtained in Wae Tomu were 3.99 m3/second, 
0.9232, and 0.79. The recession constant pa-
rameterization results showed that the MRC 
slope in the two paired watersheds was rela-
tively different. Specifically, the slope of MRC 
of the Wae Batu Gajah watershed (k= 0.9371) 
was relatively gentle compared to Wae Tomu 
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(k=0.9232). MRC slope was visualized using 
a linear reservoir model for the two relatively 
sloping watersheds, as shown in Figure 2.

The exponential relationship between 
storage and outflow is represented by a 
straight line parallel to the Q versus time 
plane, as shown in Figure 2. The paired wa-
tershed MRC has a relatively gentle slope, 
suggesting good storage characteristics in the 
aquifer. The linear reservoir model was used 
to determine baseflow characteristics, which 
function as a predictor in the regional reces-
sion model.

The predictors derived from linear and 
nonlinear models were used separately in re-
gional baseflow models, representing phys-

iographic and meteorological characteristics. 
These models were applied to the measured 
water catchment area. In the present research, 
the best performance estimation results were 
obtained from the recession parameters of the 
linear model. However, one disadvantage of 
using recession parameters to estimate the 
regional baseflow model is the need for riv-
er flow recording at the location of interest. 
This parameter can also be estimated from 
relatively short river flow records such as 
those which occurred in a year. Models with 
recession parameters from nonlinear mod-
els performed better than those with phys-
iographic and meteorological characteristics 
(Latuamury, 2018; Latuamury et al., 2022).

Figure 2.
MRC Visualization of Linear reservoir model for Wae Batu Gajah (left) & Wae Tomu (right)

Source: Model calibration using hydro office module RC.4.0 (2023)

(Q0 4.65; α 0.065; k  0.9371, Qcal  4.375) (Q0 3.99; α 0.079; k  0.9232, Qcal  3.668)

Esti mation of baseflow recession 
parameters and MRC Visualization of 
Exponential reservoir model

The results of the second recession cali-
bration obtained using an exponential res-
ervoir model had a different combination 
of parameters, including initial recession 
discharge (Q0), coefficient value ϕ, and con-
stant compared to the first model. The Wae 
Batu Gajah watershed results included initial 
recession discharge, ϕ value and constant of 
4.65 m3/second, 0.016, and 0.9545, respec-
tively. Meanwhile, Wae Tomu obtained ini-
tial recession discharge, ϕ value and constant 

of 4,651 m3/second, 0.033, and 0.9535. These 
results showed that the two paired water-
sheds had relatively similar MRC slopes, 
with recession constant (k) values   of 0.9545 
and 0.9535, respectively. Visualization of the 
MRC slope using an exponential reservoir 
model showed that the MRC of both water-
sheds was relatively gentle compared to the 
linear reservoir model, as shown in Figure 3.

The exponential reservoir model de-
scribed groundwater flow, assuming hydrau-
lic conductivity decreased gradually with in-
creasing depth. This method is widely applied 
in recession curve analysis as an approximate 
analytical solution to the diffusion equation 
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in porous media. However, the equation 
proposed by Boussinesq described baseflow 

recession in a quadratic form, providing ad-
equate qualitative data regarding the charac-
teristics of the aquifer (Botter et al., 2009).

(Q0 4.65; ϕ 0.016), k  0.9545; Qcal  4.44 (Q0 4.65; ϕ 0.033, k  0.9535; Qcal=4.99

Figure 3.
MRC Visualization of Exponential reservoir model for Wae Batu Gajah (left) & Wae Tomu

Source: model calibration using hydro office module RC.4.0 (2023)

Estimation of baseflow recession 
parameters and MRC Visualization of 
Hor ton double exponential

The calibration of the Horton double ex-
ponential model was a combination of reces-
sion parameters, including initial recession 
discharge (Q0), coefficient value α-2, and m, 
which functioned as a constant. This constant 
tends to be steeper compared to linear and 
exponential reservoir models. The initial re-
cession discharge, α-2 value, m and constant 
obtained from the Wae Batu Gajah watershed 

were 4.65 m3/second, 0.064, 1, and 0.9380, re-
spectively. Meanwhile, the values obtained 
at Wae Tomu were 3.99 m3/second, 0.079, 
1, and 0.9036. These results showed that the 
MRC slope was relatively different, with the 
Wae Batu Gajah watershed (k 0.9380) being 
steeper than the Wae Tomu (k 0.9232). The 
visualization of the MRC slope using the 
Horton double exponential model was rela-
tively steeper than those generated by the 
linear and exponential reservoir models, as 
shown in Figure 4.

Figure 4.
MRC Visualization of Horton double exponential for Wae Batu Gajah (left) & 

Wae Tomu (right)
Source: model calibration using hydro office module RC.4.0 (2023)

(Q0 4.65; α-2 0.064, m1; k  0.9380; Qcal  4.36 (Q0 3.99; α-2 0.079, m1; k  0.9232; Qcal  3.74
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The Horton double exponential model 
was used to describe the general storage of 
a catchment derived from the transformation 
of a linear reservoir model. The structure of 
the river flow system is in line with the Hor-
ton law regarding the number and length of 
flows. According to Horton (1933), the gen-
eral model represents the exponential rela-
tionship between hydraulic head and flow 
rate. Bartlett and Porporato (2018) stated that 
aquifer system discharge was characterized 
by nonlinear behaviour. Consequently, it is 
crucial to explore various linear and nonlin-
ear, including other models, to analyze reces-
sion curves in specific catchment areas effec-
tively.

Estimation of baseflow recession 
parameters and MRC Visualization of 
Depuit-Boussinesq Aquifer Storage 

The Depuit-Boussinesq aquifer storage 
model is a baseflow recession model used to 
describe shallow groundwater aquifers and 
confined zones. It applied the power-law 
reservoir equation to the Depuit–Boussinesq 
aquifer model (Latuamury et al., 2020; Şener 
et al., 2020). The hydrological characteristics 
of the watershed were described based on 
time and volume factors determined from 
the baseflow recession curve. Generally, the 
curves were generated by plotting flow mea-
surements against time based on the assump-
tion of no recharge to the groundwater reser-
voir after rainfall events. The volume factor 
on the recession curve, representing the total 
potential discharge, varies directly with the 
depth of the main channel and the relief of 
the basin and inversely with the maximum 
width. Deep drains tend to function as more 
efficient drainage outlets, particularly nar-
row drains. A high relief ratio also reflected 
an increase in peak volume, rainfall, filling, 
and discharge (Nurkholis et al., 2019).

The calibration results of the fourth re-
cession model using Dupuit-Boussinesq 
aquifer storage obtained a combination of 
parameters, including initial recession dis-

charge (Q0), α-3 coefficient value, and rela-
tive constants, which varied between the 
two paired watersheds. The initial recession 
discharge, α-3 value, and constant obtained 
at the Wae Batu Gajah watershed were 4.65 
m3/second, 0.035, and 0.9335, respectively. 
Meanwhile, Wae Tomu obtained initial re-
cession discharge, α-3 value, and constant 
of 4.19 m3/second, 0.052, and 0.9036, respec-
tively. These results showed that the two 
paired watersheds were relatively different.

MRC slope, with relatively varying re-
cession constant (k) values of 0.9335 and 
0.9036 for the respective watersheds. The vi-
sualization of the MRC slope using the Du-
puit-Boussinesq aquifer storage model was 
similar to the linear reservoir and Horton 
double exponential models. However, sig-
nificant differences were observed compared 
to the exponential reservoir model, as shown 
in Figure 5.

The simulation of a shallow aquifer 
with an impermeable layer at the outlet level 
showed that the recession curve was qua-
dratic. However, the Maillet solution sig-
nificantly overestimated the duration and 
volume of dynamic aquifers (Stoelzle et al., 
2013). The Boussinesq equation was used to 
estimate aquifer parameters accurately. Real-
istic numerical simulations of an aquifer with 
a deeper impermeable layer located at the 
outlet proved the reliability of the Boussinesq 
equation under certain conditions, deviating 
from the simplifying assumptions used to in-
tegrate the diffusion equation.

The quadratic recession equation re-
mained valid regardless of thickness (Latu-
amury et al., 2021). The aquifer beneath the 
outlet reasonably estimated the hydrody-
namic parameters, particularly for those with 
intense layers, yielding exponential recession 
curves. Following the Maillet equation, this 
configuration fit the recession curve, show-
ing exponential behaviour when vertical and 
horizontal flow components were significant 
and quadratic. Consequently, the aquifer’s 
permeability changed the recession curve’s 
shape (Şener et al., 2020).
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Figure 5.
MRC Visualization of Dupuit-Boussinesq aquifer storage untuk Wae Batu Gajah (left) & 

Wae Tomu (right)
Source: model calibration using hydro office module RC.4.0 (2023)

(Q0 4.65; α-3 0.035; k  0.9335; Qcal  4.34) (Q0 4.19; α-3 0.052; k  0.9036; Qcal  3.92)

Estimation of baseflow recession 
parameters and MRC Visualization of 
Dep ression storage-detention storage

The storage-detention depression stor-
age model, a variant of the power law equa-
tion, described surface water basins such as 
lakes and wetlands. These models are essen-
tial in hydrology, specifically for character-
izing and predicting baseflow rates during 
the dry season. Furthermore, the character-
ization was used to determine the possibility 
of storing and using surface water resources 
for drinking, irrigation, and industrial usage 
and the impact of pollution on downstream 
waste disposal areas. The final recession sec-
tion focused on aquifer discharge, providing 
data on the structure and function, particu-
larly concerning hydrodynamic parameters 
such as permeability and coefficients.

Calibration of the fifth recession model 
using depression storage-detention storage 
led to a combination of parameters, including 
initial recession discharge (Q0), α-2 coeffi-
cient value, and the same relative constant for 
both paired watersheds. The initial recession 
discharge, α-2 value, and constant obtained 
for the Wae Batu Gajah watershed were 4.85 
m3/second, 0.026, and 0.9771. Meanwhile, 
Wae Tomu had an initial recession discharge, 
α-2 value and constant of 3.27 m3/second, 
0.0345, and 0.9800, respectively. These re-
sults showed that the paired watersheds had 
MRC slopes with relatively similar recession 
constant values. The visualization of storage 
depressions revealed a pronounced sloping 
MRC shape with the highest recession con-
stant, followed by an exponential reservoir, 
Dupuit-Boussinesq aquifer storage, linear 
reservoir, and Horton double exponential 
models, as shown in Figure 6.
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Figure 6.
MRC Visualization of Depression Storage-Detention storage for Wae Batu Gajah (left) & 

Wae Tomu (right)
Source: model calibration using hydro office module RC.4.0 (2023)

charge, β value and constant of 3.89 m3/sec-
ond, 0.051, and 0.9490, respectively. These 
results showed that the paired watersheds 
had MRC slopes with relatively similar re-
cession constant values. Visualization of the 
MRC slope through the depression-detention 
storage showed a sloping MRC shape with a 
relatively high recession constant. Further-
more, the MRC slope generated with the tur-
bulent flow model was relatively similar to 
the exponential, Dupuit-Boussinesq aquifer 
storage, linear reservoir, and Horton double 
models. It differed from the Detention Stor-
age Depression storage, as shown in Figure 7.

Estimation of baseflow recession 
parameters and MRC Visualization of 
Turbulent flow model

MRC visualization carried out with the 
calibration of the sixth recession model, es-
pecially the turbulent flow model, obtained 
a similar combination of initial recession dis-
charge (Q0), β coefficient values, and relative 
constants for both paired watersheds. The ini-
tial recession discharge, β value and constant 
of the Wae Batu Gajah watershed were 4.55 
m3/second, 0.049, and 0.9509. Meanwhile, 
Wae Tomu obtained an initial recession dis-

(α-1 = 4.85; α-2 =0.026; k  0.9771; Qcal=4.77) (α-1 = 3.27; α-2 =0.026; k  0.9800Qcal=3.35)

(Q0 4.55; 0.091; k  0.9509; Qcal  4.33) (Q0 3.89; β 0.051; k  0.9490; Qcal  3.70)

Figure 7.
MRC Visualization of Turbulent flow model for Wae Batu Gajah (left) & Wae Tomu (right)

Source: model calibration using hydro office module RC.4.0 (2023)
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The turbulent flow model was designed 
for karst aquifers (Fatchurohman et al., 2018), 
characterized by the transition from an ini-
tially relatively homogeneous porous flow to 
a highly heterogeneous and controllable pat-
tern in the future. During the initial karsti-
fication phase, the flow was confined in the 
permeable rock matrix along interconnect-
ed fractures separating distinct blocks. The 
minimum initial fracture width played an 
essential role in determining the conductiv-
ity of a rock with a matrix of the same mag-
nitude. This was because fractures in karst 
aquifers enlarge over time due to chemical 
dissolution, causing more flow restrictions. 
Therefore, flow in karst aquifers character-
izes efficient drainage through fractures, 
which become cavernous and highly hetero-
geneous systems of considerable size (Gregor 
& Malík, 2012).

Estimation of baseflow recession 
parameters and MRC Visualization of 
Hyperbolic function model

Calibrating the seventh recession mod-
el using the Hyperbolic function model ob-
tained a combination of parameters, includ-
ing initial discharge (Q0), α coefficient value, 
and the same relative constant for both paired 
watersheds. The α value and constant as-
sociated with the initial recession discharge 
of the Wae Batu Gajah watershed were 4.65 
m3/second, 0.076, and 0.9747, respectively. 
Meanwhile, Wae Tomu α value and a con-
stant of 4.23 m3/second, 0.099, and 0.9560. 
These results showed that the paired water-
sheds had MRC slopes with relatively similar 
constants. Visualizing the Hyperbolic MRC 
function model, the slope appeared steep, 
ranking second after the Depression storage-
detention model. This was followed by the 
exponential reservoir model, turbulent flow, 
linear reservoir, Horton double exponential, 
and Dupuit-Boussinesq aquifer storage mod-
el, shown in Figure 8.

(Q0 4.65; α 0.076, n 1; k  0.9747 Qcal  4.53) (Q0 4.23; α 0.099, n 1; k  0.9560 Qcal  4.55)

Figure 8.
MRC Visualization of Hyperbolic function model for Wae Batu Gajah (left) & Wae Tomu (right)

Source: model calibration using hydro office module RC.4.0 (2023)

The hyperbolic function model was 
also used to describe the condition of karst 
aquifers. Additionally, recession analysis of 
karst springs is widely used to characterize 
aquifer types (Basha, 2020). The response of 

an aquifer to recharge was characterized and 
modelled using a transfer function, which 
determined the storage system’s peak re-
sponse time, distribution, and total duration. 
Determining groundwater recharge areas 
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for karst springs was necessary for estimat-
ing groundwater availability and identifying 
contaminant sources and movement (Endres 
et al., 2007). Baseflow recession analysis pro-
vided insight into the characteristics of MRC 
by examining each recession segment using 
adequate adjustments to obtain the optimal 
shape. Seven recession models were used to 
describe variations between segments, re-
flecting the differences in initial discharge 
from the catchment aquifer and flow losses 
due to evapotranspiration processes. Several 
research had contributed to improving the 
prediction of regional baseflow characteris-
tics by including recession parameters that 
describe the catchment area (Adji et al., 2017).

They calibrated these seven baseflow 
recession models to determine the most 
suitable model for the paired watersheds. 
In principle, these models generally fit the 
MRC recession curve with exponential and 
quadratic models rather than numerical 
simulations. MRC visualization was similar, 
characterized by a gradual decrease in flow 
rate over time. However, dissimilarities were 
also observed between water catchment ar-
eas such as aquifers or springs (Nurkholis et 
al., 2019). Hydrodynamic properties, such as 
hydraulic conductivity and gradient, includ-
ing storage coefficient, influenced the shape 
of the MRC curve.

CONCLUSION
In conclusion, the calibration results of 

the seven recession models based on param-
eters showed that the initial discharge val-
ues, constants, and coefficients for the paired 
watersheds were relatively similar. On opti-
mizing the best models based on recession 
constants, the rankings were as follows: De-
pression storage-detention storage, Hyper-
bolic function model, Exponential reservoir, 
Turbulent flow model, Horton double expo-
nential, Linear reservoir, and Dupuit-Bouss-
inesq aquifer storage. The calculated results 
of the highest baseflow recession volume for 
the seven models in the Wae Tom watershed 
was 4.99 m3/second. The results ​​obtained 
showed variations in the MRC slope of each 

model, with Depression Storage-Detention 
Storage showing a steep slope, followed by 
Hyperbolic function, Exponential Reservoir, 
Turbulent Flow Model, Horton Double Ex-
ponential, Linear Reservoir, and Dupuit-
Boussinesq Aquifer Reservoir. MRC slope 
visualization showed the relationship be-
tween storage conditions and outflow in the 
paired watersheds, showing optimal flow ab-
sorption, storage and channeling capabilities 
in both seasons. Due to the complex nature 
of the fractured rock aquifer system in the 
catchment area and the limited hydrogeo-
logical information available, the interpreted 
results regarding physical and hydrogeologi-
cal properties and the control of river flow 
and baseflow recession posed a complex 
problem. Therefore, further research was 
recommended to test and refine the baseflow 
recession model, address the implementation 
uncertainties and apply the model to several 
perennial and ephemeral rivers to compare 
the characteristics
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