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Abstract 1. Introduction

Digital Elevation Models (DEMs) are essential tools in

hydrological and  geomorphological  studies, providing
topographic data for watershed analysis, streamflow simulation,
and flood modeling. This study evaluates the performance of
two global DEMs— Hydrological data and maps based on
SHuttle Elevation Derivatives at multiple Scales (HydroSHEDS)
and Multi-Error-Removed Improved-Terrain Hydro (MERIT Hydro)
with spatial resolution of 500m by utilizing the Rainfall-Runoff-
Inundation (RRI) model to simulate daily discharge in the
upstream area of Bang Pakong River basin, Thailand The
differences in elevation and flow accumulation were
investigated. Model calibration was performed using data from
2021, and validation was conducted with data from 2019,
assessing the accuracy of each DEM source in capturing
streamflow dynamics. Statistical metrics, including the Nash-
Sutcliffe Efficiency (NSE), coefficient of determination (R2), and
Root Mean Square Error (RMSE), are employed to evaluate
model performance. Results indicate that both DEMs effectively
capture the overall hydrograph pattern, but their effectiveness
varies across different stations. The prominent difference in the
elevation especially in mountainous areas. The difference in
flow accumulation demonstrates different river channel
position derived from each DEM. The findings provide insights
into the selection of appropriate DEMs for hydrological
modeling in the region, contributing to improved water

resources management and flood prediction capabilities.

Keywords: HydroSHEDS; MERIT-Hydro; Flow Accumulation;

Rainfall Runoff Inundation Model; Bang Pakong River Basin.

A digital elevation model (DEM) serves as a grid-based
depiction of the Earth's terrain and is utilized across various fields
of research and land management[1]. Digital Elevation Model
(DEM) is a crucial factor to evaluate in any procedure that
employs topographic analysis, along with its associated
characteristics such as slope, curvature, roughness, drainage area,
and network. It has been utilized in various scientific fields,
including hydrology, geology, geomorphology, development,
urban planning, and surveying[2-4]. The hydrogeomorphic
characteristics of a watershed, including flow directions, stream
networks, and catchment boundaries, are crucial inputs for
various hydrological applications and are often obtained from
these models [1, 5, 6].

Numerous initiatives have aimed to substitute conventional
topographic models, which depend on field surveys, with
remote-sensing methods like satellite imaging for gathering
elevation data to create Digital Elevation Models (DEMs). The
integration of remote-sensing techniques and sophisticated
computational approaches has transformed the process of
obtaining and accessing DEM datasets from spaceborne or
airborne Light Detection and Ranging (LIDAR), significantly
enhancing the available data resources [7-9]. Additionally, the
travel time of surface flow, groundwater movement, and runoff
properties are significantly influenced by the geomorphological
features of the terrain

[10]. Consequently, effective and

dependable hydrological modeling requires a thorough

understanding of the surface topography [11].

The automated calculation of hydrological and
morphometric parameters for any watershed is influenced not
only by the resolution of the Digital Elevation Model (DEM) but

also by the sources from which the data is derived [12].
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Numerous hydrological and hydraulic models, including SWAT
(Soil MIKE  SHE
HEC-RAS (Hydrologic  Engineering
and RRI  (Rainfall-Runoff

and Water Assessment Tool), (System
Hydrologique European),
Center’s-River  Analysis  System)
Inundation Model), have been developed to assess different
geomorphological and hydrological parameters within a
watershed [13-15]. Many of these models utilize Digital Elevation
Models (DEMs) as their main input, which can be accessed for
free from various online platforms offering different spatial
resolutions. Consequently, selecting an appropriate DEM from
the numerous available sources has become a challenging task
[12].

DEMs have progressed significantly, integrating advanced
technologies and methodologies to improve both accuracy and
coverage. This study analyzes two widely utilized and freely
accessible global DEMs. Which are HydroSHEDS and MERIT-
Hydro. HydroSHEDS was developed in 2009 using elevation data
from the Shuttle Radar Topography Mission (SRTM), which
operates at a resolution of 3 arc-seconds. The primary process
involved hydrological conditioning, which includes techniques
for void-filling, filtering, stream burning, and upscaling [16]. MERIT
Hydro, launched in 2019, is a hydrologically refined Digital
Elevation Model (DEM) that was created by eliminating several
Advanced Land

Observing Satellite ALOS World 3D - 30m (AW3D30) DEMs [18].

error components from the SRTM3 [17] and

This model integrates various surface water datasets and
corrections to enhance the accuracy of hydrological information
[19]. This study aims to evaluate the effects of these two
different DEM sources on stream flow simulation using Rainfall

Runoff Inundation (RRI) model.
2. Study Area

The Bang Pakong River basin is one of Thailand's key river
systems, situated in the eastern part of the country between
latitudes  13°05-14°30'N  and longitudes 100°57'-102°00'E,
covering an area of around (7417) km2 and connected to the Gulf
of Thailand Fig 1. The River Basin is comprised of four sub-basins:
the Main Bang Pakong River, Nakhon Nayok River, Khlong Tha Lat,
and part of Khlong Luang while the Prachinburi River Basin is
made up of four sub-basins: Khlong Phra Sathung, Khlong Phra
Prong, Mae Nam Hanuman, and the Main Prachinburi sub-basin
[20]. The main river stretches about 240 km in length and is

divided into the upper Prachinburi River basin and the lower Bang

Pakong River basin. The upper Prachinburi River flows through
hilly terrain, while the lower areas feature flat, low-lying alluvial
plains, ideal for rice cultivation and other agricultural activities.
This study will focus the upper catchment which provides

abundant water during the wet season [21].
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Fig. 1 Location of the Upstream area of Bang Pakong River Basin.

The Bang Pakong basin has a tropical monsoon climate,
characterized by a north-easterly monsoon during the dry season
from November to April, and a south-westerly monsoon during
the wet season from May to October [22]. Rainfall in the Bang
Pakong basin generally ranges between 1,000 and 2,000 mm,
with the majority of runoff (8.6 billion cubic meters or Bm3)
produced in the northern subbasins, including Nakhon Nayok,
main Prachin Buri, and Hanuman, accounting for 60% of the total.
Only 10% of the runoff occurs during the dry season [23]. During
the wet season, flood-prone areas in the Bang Pakong basin are
primarily located in the lower part of the Nakhon Nayok River
sub-basin [20].

3. Data and Methodology

3.1 Data Description

In this study, various datasets were required for processing
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and calibrating the RRI model. The dataset used was  Fig. 2 DEM maps of the Upstream area of Bang Pakong River Basin

downloaded from and provided by related sources, as shown in 101°28'0"E _ 101°44'0"E__ 102°0'0"E__102°16'0"E 102032'0"1‘:2
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Table 1. The study utilized daily rainfall data from 6 stations of = il =
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Thai Meteorological Department (TMD) and 12 stations of Hydro- & h | : ‘ §
Informatics Institute (HIl) in the flood event years of 2019 and
Z
2021. To simulate the RRI model, six observed runoff stations z ]
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- |
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Fig. 4 Schematic diagram of Rainfall-Runoff-Inundation (RRI)
Model [24]

The river channel is situated within a grid cell, and the model
presumes that both the slope and the river are contained within
this same grid cell. The channel is represented as a single vector
that runs along the centerline of the slope grid cell above it. This
channel serves as an additional flow pathway connecting the grid
cells that follow the actual course of the river, as illustrated in
Fig. 4. Lateral flows are simulated for slope cells on a two-
The

computation are derived based on the following mass balance

dimensional  basis. governing equations of slope

Eg. (1) and momentum Egs. (2) and (3) for gradually varied

unsteady flow:

oh , dax oy _

5 ox dy r— f (0
dgx |, dugx , dvqy __ doH >
at ax t ay =79 ax  pw @
dqy , duqx |, ovqy __ OH ™
at t dx + ay - gh ay pw )

where h is the height of water from the local surface, gx and
qy are unit width discharge in the x and y directions, u and v are
flow velocities in the x and y directions, r is rainfall intensity, H is
the height of water from a datum, Pw is the density of water, g
is gravitational acceleration, and Tx and Ty are shear stress in the
x and y directions. Second terms on the right side of Egs. (2) and
(3) are calculated using Manning’s equation. To solve the two-
dimensional equation, the RRI model adopts diffusive wave
approximation.

The RRI model calculates stream flow at river grid cells with
one-dimensional diffusive wave. The river geometry is assumed
to be rectangle, whose shapes are noted by width W (m) and
depth D (m) as the following equations:

W =cwaAsw ©)

D = CDASP (6)

where D is the depth [m], W is the width [m], A is the area
[km2], Cd and Sd are the depth parameters, and Cw and Sw are

the width parameters.

The vertical infiltration term is more important for
mountainous areas and is related to the relationship between
the discharge and hydraulic gradient, which is sensitive to

generating both surface and subsurface flows. Vertical infiltration

can be treated as infiltration loss with the Green-Ampt
infiltration model [25].

f=kv [1 + W] @)

where fis infiltration loss [mm/h], kv is the vertical hydraulic

conductivity [m/s], ¢ is soil porosity, 0 i is the initial water

volume content, F is the cumulative infiltration depth [m], and

Sf is the wetting front suction head [m].

3.2.2 RRI Model Setup

The input datasets for the RRI model consist of five
categories: rainfall data, topographical information (including
digital elevation model, flow direction, and flow accumulation),
land use, river geometry and reservoir outflow. After setting up
the model with the required data, the flood event years of 2021
and 2019 are selected for calibration and validation resulting in
the output of river discharge to evaluate the performance of

HydroSHEDS and MERIT-Hydro DEMs. Model parameters were

adjusted and sensitive parameters were identified. The
comprehensive procedures for the setup and execution of RRI

modeling are illustrated in Fig 5.

[ Rainfall ] [ Land Use/Land ]

Reservoir
Out Flow

________ T ___.
i I
1 “-DEM DIR ACC |
L& U

RRI Model

Calibration
. (2021)
Validation
(2019)
Model Performance
Evaluation

River Discharge

Fig. 5 Flow chart of RRI model set up

Observed
Discharge
(2019 & 2021)

4. Results and Discussion

4.1 Comparative Analysis of DEM and Flow Accumulation

between HydroSHEDS and MERIT-Hydro DEMs

Most of the areas show good agreement within +10 m
between the two DEMs as shown in Fig 6. Significant
discrepancies are found mostly in mountainous and hilly regions
and along river channels where HydroSHEDS has higher elevation
than MERIT-Hydro. For the flow accumulation, the primary

distinctions between the two DEMs are predominantly located
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along the main river channels as shown in Fig 7. The difference
of the flow accumulation demonstrates the different river

channel position derived from each DEM. The light dark green

channel position derived from MERIT-Hydro.

colour indicates the river channel position derived from

HydroSHEDS and the yellow and red colours indicate the river
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Figure. 7 Comparison of Flow Accumulation between HydroSHEDS and MERIT-Hydro DEM

4.2 Effect of River Thresholds

In this study, the effect of river threshold was also

more tributary network. The most prominent differences occur

investigated. Three river thresholds of 20, 50, and 100 were

analyzed. It was found that the effect of the river threshold is on

peak flow as shown in Fig 8. The example of the simulated

discharge of station Kgt-43A using regression equations for river

cross section demonstrates that the higher the river threshold,

the lower the peak flow since the higher river threshold captures
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Fig. 8 Comparison of Different River Thresholds at Kgt-43 station

in 2021
4.3 Model Calibration

The results of model calibration for 2021 are presented in
Fig 8. In the calibration process, it is found that the sensitive

parameters are the hydraulic conductivity, the Manning’s
roughness coefficient (n) and the soil depth. The calibrated
hydraulic conductivity (ksv) ranges from 2.78x107 to 1.67x10°
according to the five land use types, the Manning’s roughness
coefficient (n) is 0.04 and the soil depth is 2.2 m. According to

the hydrograph results, the simulation discharge at each station
for both DEMs shows good correlation with the observed data
in the dry season except for station Kgt-42 for MERIT-Hydro DEM.
Although the general shape of the hydrograph at each station
is captured well by the model, it struggles to simulate the timing
and magnitude of the multiple peaks and fluctuations of the
2021 events. The simulated results at station Kgt-3, Ket-13A and
Kgt-15B are overestimated than the observed discharge at the
peak discharge during the rainy season for both DEMs while that
of station Kgt-14A and Kgt-43A are underestimated. Although
station Kgt-42 has good correlation with the observed discharge
in the rainy season, it also shows the temporal fluctuations for

both DEMs.
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A
g
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z
bt Iy droSENDS
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Fig. 9 Comparison of observed and simulated discharges using
HydroSHEDS and MERIT-Hydro DEMs for the calibration process
in 2021.

Based on the statistical performance shown in Table 2,
MERIT-Hydro outperforms HydroSHEDS at some stations (Kgt-3
and Kgt-43A), while HydroSHEDS performs better at others (Kgt-
13A, Kgt-15B, Kgt-42). At Kgt-14A the models show similar
performance.

Table 2 Summary of model performance from the calibration
process in 2021. Variables: NSE(Nash-Sutcliffe Efficiency Index), R2
(Coefficient of Determination) and RMSE(Root Mean Square Error)

HydroSHEDS MERIT-Hydro
Station
NSE | R? RMSE (m3/s) | NSE | R? RMSE (m?3/s)
Kgt-3 0.57 | 0.67 147.68 0.65 | 0.75 132.49
Kgt-13A 0.63 | 0.70 68.19 0.53 [ 0.76 76.53
Kgt-14A 0.41 | 0.57 14.45 0.40  0.48 14.46
Kgt-15B 0.53 1 0.79 15.33 0.42 | 0.77 16.98
Ket-42 0.55 | 0.58 32.51 0.53 | 0.58 33.23
Kgt-43A 0.51 | 0.59 59.95 0.66 | 0.70 49.96

WRE-03-6



i
N' v -'E ’f:

N15Us2YNAvINTIAINTINTESMNIYIA ATSR 30

¥

The 30™ National Convention on Civil Engineering

Fuit 28-30 wgwnAY 2568 2.Us2AUATIUS May 28-30, 2025, Prachuap Khiri Khan, THAILAND
4.4  Model Validation - Kgt-43A
Fé 300 'I‘l

The streamflow simulations using HydroSHEDS and MERIT-
Hydro DEMs show a general ability to capture the seasonal
patterns of discharge across the with both models demonstrating
varying degrees of success in matching observed peak flows and
baseflow levels; HydroSHEDS tends to overestimate peak
Kgt-3 and Kgt-13A, while both models
underestimate peak flows at Ket-14A, whereas for Kgt-15B, Kgt-

discharge at

42, and Ket-43A, the models performed relatively well with slight
overestimations and underestimations shown in Fig 9.
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Fig. 9 Comparison of Observed and simulated discharge using
HydroSHEDS and MERIT-Hydro DEMs for the validation process in
2019

5. Conclusion

The study aims to evaluate the impact of the two widely
used DEMs which are HydroSHEDS and MERIT-Hydro on
streamflow simulation using the Rainfall-Runoff-Inundation (RRI)
model within the Bang Pakong River Basin. HydroSHEDS tends
to show higher elevations than MERIT-Hydro, particularly in the
mountainous areas. The difference of the flow accumulation
demonstrates the difference of the river channel position
derived from each DEM. The effect of the river threshold is on
the peak flow. The higher the river threshold results in the lower
the peak flow since the higher river threshold captures more
tributary network. From the calibration, it is found that the
sensitive parameters are the hydraulic conductivity, the
Manning’s roughness coefficient (n) and the soil depth. Based
on the simulation results, it reveals that both HydroSHEDS and
MERIT-Hydro DEMs exhibit varying performance in simulating
streamflow across different stations; HydroSHEDS generally
overestimates peak discharge at Kgt-3 and Kgt-13A while both
DEMs underestimate peak flow at Ket-14A yet demonstrate
reasonable performance with = slight
underestimations at stations Kgt-15B, Kgt-42, and Kgt-43A. These
findings underscore the importance of considering local terrain

overestimations or

characteristics and data quality when choosing a DEM for
hydrological modeling. Additionally, further research should
investigate effect of DEM resolution with different hydrological
models and spatial and temporal contribution of flood peaks to

identify appropriate mitigation measures.
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