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Abstract

This paper presents the generation of unstructured triangular grids based on the sediment data obtained
from the erosion and sedimentation map of the Dez Dam watershed, covering an area of 17,320 km?. The
proposed grid generation algorithm starts the refinement process with a coarse initial grid. The grid
refinement is an iterative process that simultaneously employs both point insertion and cell subdivision
methods. Edge-based and cell-based connectivity matrices have been employed to accelerate the retrieval of
grid information. An advantage of using these matrices is the minimal number of computations required to
extract information for each grid element (vertex, edge, and cell). For instance, the database can identify the
cells adjacent to an edge using only two computational operations. The improvement of the final grid quality
is another aspect addressed in the proposed grid generation algorithm. The novelty of this paper lies in the
use of erosion and sedimentation data for the adaptive distribution of grid vertices. In this study, erosion
distribution data obtained from the PSIAC model were utilized to define edge sources. From a performance
standpoint, the proposed algorithm produces unstructured grids in less than one second. More than 70% of
the grid cells exhibit shapes close to equilateral triangles.

Introduction

Water resources are of fundamental importance to the socio-economic and environmental
sustainability of Iran. Protecting these resources, particularly natural freshwater reservoirs such as
dams, is a strategic necessity given the country’s high dependence on surface water for agriculture,
domestic use, and energy production. One of the most critical challenges threatening water
reservoirs is sedimentation, primarily caused by soil erosion processes in upstream watersheds.
Sediment transport leads to numerous environmental and operational problems: reduction in
reservoir storage capacity, obstruction of irrigation networks and waterways, degradation of
agricultural soils, increased river turbidity, and deterioration of water quality downstream. In
addition, sediments act as carriers of nutrients and pollutants, intensifying ecological risks and
drawing the attention of earth scientists and environmental engineers.

Mitigating these challenges requires implementing targeted soil conservation and watershed
management strategies. A crucial prerequisite is the accurate quantification of soil erosion and
sediment yield across watersheds and the identification of high-priority areas for intervention. To
support effective modeling and decision-making, computational approaches such as grid



34
Daneh-Dezfuli and Bahrainian,, 49 (2) 2026 DOI: 10.22055/jise.2025.45666.2112

generation are widely employed. However, conventional grid generation often neglects the spatial
variability of sediment distribution, which can limit its applicability in erosion and sediment
transport modeling. The present study addresses this gap by developing an adaptive grid generation
approach that incorporates sediment yield data as a controlling parameter. Specifically, the Dez
Dam watershed, one of Iran’s most important water reservoirs, is selected as a case study. The
method involves generating unstructured triangular grids whose refinement is driven by
sedimentation maps derived from the PSIAC model (Pourali et al., 2008). The novelty of the
proposed approach lies in introducing the concept of edge sources to control both the distribution
of vertices and the termination of the refinement process. By linking vertex density directly to
sediment yield, the resulting grid provides an efficient and accurate foundation for hydrological
and sediment transport simulations.

Methodology

The grid generation algorithm begins with an initial coarse triangular grid covering the study
domain. Refinement is then carried out iteratively through point insertion and cell subdivision
techniques (Bahrainian et al., 2015). To achieve computational efficiency, the algorithm employs
edge-based and cell-based matrix data structures. These data structures reduce memory
requirements and enable rapid access to grid elements. Once the main refinement steps are
complete, a final grid quality enhancement phase is applied to improve geometric properties such
as angle distribution and aspect ratio.

A central feature of the methodology is the use of grid adaptation to regulate vertex distribution
across the computational domain. To implement this, edge sources are defined. These sources act
as control agents that manage the desired edge lengths of cells during refinement. They also govern
the continuation and automatic termination of the refinement process.

The operational procedure of edge sources can be summarized as follows. Prior to inserting a
new vertex on an edge, the source measures the current edge length. If this length exceeds the target
value defined for the corresponding region, vertex insertion is permitted. A critical aspect of this
approach is the definition of desired edge lengths across different regions of the watershed.

As a case in point, for demonstration of the presented grid generation application, the Dez Dam
watershed domain is divided into four regions with varying specific sediment yields: Region I (550
m?/km?yr), Region II (750 m3/km?/yr), Region III (1150 m?*km?/yr), and Region IV (1550
m3/km?/yr).

To operationalize this setup, six edge sources (S1, S2, ..., S6) are defined on the initial grid.

Each source is represented as a vector with two spatial coordinates. For the placement of a new
vertex along an edge, the vertical distance d of the midpoint of the longest edge from each edge
source is calculated. The nearest source is then identified, and the orientation of vertex placement
is determined by evaluating the sign of the dot product (S x r), where r is the vector from the edge
midpoint to the corresponding edge source. This ensures that each new vertex is associated with
one of the four sediment yield regions.
The desired edge length in each region, denoted as d/, is defined as a function of sediment yield
according to the following equation: di=a;X(Qsmin/Os.), i = L, 11, 111, and IV, where 0 < o; < 1. Here,
Qs min denotes the minimum sediment yield across all regions, while Qs; represents the sediment
yield in the ith region. The coefficient a; can be uniformly applied to all regions or individually
adjusted depending on model requirements. Finally, if the maximum selected edge length exceeds
the desired value, the algorithm triggers the refinement process until the grid meets the specified
resolution criteria.

Results and Discussion

Sediment yield data from the PSIAC model (Pourali et al., 2008) were integrated into the
adaptive refinement procedure to generate the final grid for the Dez Dam watershed. The algorithm
proved computationally efficient, producing refined grids in less than one second on standard
computing hardware. The resulting grids exhibited several favorable characteristics. First, no
skewed or degenerate cells were observed, confirming the robustness of the refinement strategy.
Second, more than 70% of the triangular elements were close to equilateral in shape, reflecting
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high geometric quality. Such quality is essential for ensuring numerical stability and accuracy in
subsequent hydrological and sediment transport simulations. Third, the adaptive refinement
successfully captured the spatial variability of sediment yield. Areas with higher sedimentation
rates were represented by denser vertex distributions and smaller edge lengths, while regions with
lower sedimentation rates retained coarser resolution. This adaptive representation ensures that
computational resources are focused on critical regions without unnecessarily increasing grid
complexity in low-priority areas.

The results highlight the effectiveness of edge sources in dynamically managing grid density.
By linking vertex distribution directly to sediment yield data, the method produces grids that are
both computationally efficient and hydrologically meaningful. This integration of sedimentological
information into the grid generation process represents a significant improvement over traditional
approaches that treat refinement as a purely geometric or uniform process.

Conclusions

This study presents a novel approach for generating unstructured triangular grids that integrate
sediment yield data into the refinement process. Using the Dez Dam watershed as a case study, the
method demonstrates how vertex distribution can be adaptively controlled through the concept of
edge sources. These sources govern both the initiation and termination of refinement, ensuring that
the resulting grid aligns with the spatial variability of sediment yield across the watershed.

In conclusion, the integration of erosion and sedimentation data into unstructured grid
generation represents a promising advancement for computational watershed studies. The adaptive
refinement guided by edge sources ensures that grid structures are not only computationally
optimized but also environmentally relevant, thereby offering a practical pathway toward improved
water resource management in sediment-sensitive regions such as the Dez Dam watershed.
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Table 1- Area of different provinces located in Dez dam watershed (Pourali et al., 2008)

Province name Area (km2) Relative Area (%)
Khozestan 2305 13.3
Esfehan 1864 10.76
Markazi 1259 7.27
Hamadan 14 0.08
Chahar-o-Bakhtiyari 735 4.24
Lorestan 11143 64.35
Whole Watershed 17320 100
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Fig 1- Location of different six provinces in Dez dam watershed (Pourali et al., 2008)
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Fig. 5- Final grid output in Dez dam watershed without grid adaptation
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Table 2- Information of Fig. 5’s output grids

Grid name No. of Vertices No. of Edges No. of Cells AR <0.3 (%)
Output grid without 5550 15375 9845 215
quality improvment

Output grid with 5618 15701 10103 ZERO

quality improvment
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Table 3- Erosion value and sediment in PSIAC technique (Pourali et al., 2008)

Sediment Class Intensity of Sedimentation R-score of PSIAC
Sedimentation M3/km?2 Technique
v Very High 1429> 100>
v High 1429 - 476 100 -75
11T Average 476 - 238 75-50
11 Low 238 -95 50-25
I Very Low (Little) 95< 25-0
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Table 4- Information of Fig. 11’s output grids

No. of No. of No. of .
¢ Vertices Edges Cells CPU Time (s)
0.03 2963 8305 5362 0.93
0.05 1445 3753 2328 0.88
0.07 1022 2484 1482 0.81
0.09 856 1986 1150 0.74
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