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SUMMARY

This paper provides an overview of the functionality of Arc Hydro, one of the components within
ArcGIS. The purpose of using GIS, specifically the Arc Hydro component, is to prepare geospatial
data (e.g., preprocessing digital terrain models, identifying river networks and watershed areas,
etc.) during the pre-modeling phase within HEC-HMS. Arc Hydro provides a set of standardized
attributes and a toolset for implementing the data model. The Arc Hydro tools generate several
datasets that collectively describe the drainage pattern of a catchment. These tools are installed as
an Arc Hydro toolbar, which includes the Terrain Preprocessing menu. This menu provides
functions dealing with DEM processing and is mostly used once to prepare spatial information for
later use. Arc Hydro is not a hydrologic modelling software but an excellent free tool to facilitate
hydrologic modelling of watersheds. It is a unique GIS program that maintains the connectivity of
hydrologic features. Using the example of the Biostica River Basin, this paper will demonstrate the
pre-modeling steps utilizing Arc Hydro. Additionally, the results obtained during the pre-modeling
phase serve as the foundation for the watershed delineation method, using the Point Delineation
option (it allows interactive delineation of a watershed upstream of a user-specified point). In this
way, the study defines the watershed area for the Hydrological Station HS Biostica, BioStica River.
Compared to the manual subwatershed and stream network delineation approach, the Arc Hydro
toolbar offers significant time savings.

KEYWORDS:  ArcGIS; Arc Hydro; BioStica River Basin; Point Delineation; HS BioStica; river
Biostica.

1. INTRODUCTION

ArcGIS represents the software support for GIS (Geographic Information System) developed by
the company ESRI. It consists of several components, such as ArcReader, ArcView, ArcEditor,
Arclnfo, ArcMap, and ArcCatalog.

Arc Hydro is also one of the components of ArcGIS. This software is particularly useful in many
aspects, including water resource management, flood protection planning, water quality
analysis, and various other hydrological and water-related project tasks.

Arc Hydro was developed by the GIS Water Resources Consortium, a team of researchers led by
Prof. David R. Maidment at the Center for Research in Water Resources, University of Texas at

ENGINEERING MODELLING 37 (2024) 1, 45-61 45



M. Mujci¢, H. KalajdZisalihovi¢: Pre-modeling by Arc Hydro Tools

Austin and ESRI. The Arc Hydro design took three years of development from 1999-2002. It
represents a geospatial and temporal data model for water resources designed to operate within
ArcGIS. It's based on a state-of-the-art geospatial relational database management system
(RDBMS) technology for integrating hydrography and hydrology with GIS. A data model (Arc
Hydro) is distinct from a simulation model in that a data model provides a standardized
framework for storing information but contains no routines to simulate hydrologic processes. A
data model is a collection of objects, feature classes, and attributes defined for a type of system
(e.g., water, wastewater, stormwater). It is a generic template for geodatabase design called
schema. The generic model can be tailored to meet project-specific requirements. The goal of a
data model is to simplify the process of implementing projects and to promote and support
standards [1].

The Arc Hydro tools are used to derive several data sets that collectively describe the drainage
patterns of a catchment. Raster analysis is performed to generate data on flow direction, flow
accumulation, stream definition, stream segmentation, and watershed delineation. These data
are then used to develop a vector representation of catchments and drainage lines. Using this
information, a geometric network is constructed. The utility of Arc Hydro tools is demonstrated
by applying them to develop attributes that can be useful in hydrologic modeling. To accomplish
these objectives, the user is exposed to important features and functionality of Arc Hydro tools,
both in raster and vector environments [2].

Although Arc Hydro is not a simulation model, it does support hydrological simulation.
Simulations can be done by sharing data between Arc Hydro and a linked, independent
hydrological model (e.g., with the help of Dynamic Linked Libraries (DLL)). [3] An important key
component is the unique identification number that universally identifies each feature in the
geodatabase (HydrolD) [4].

Arc Hydro is based on ArcGis options (which have been applied, extended, and newly added).
The basis is the hydrological network based on the Geometric Network in ArcGis. From points
and lines, which are connected and may be from different Feature classes, a network can be
formed. Arc Hydro adds to this network links (relationships) between nodes and hydrological
features that can be connected with it (e.g., catchment area, monitoring points, etc.) [3] This
concept of permanently storing links between different features through the network and
relationships enables the flow of the water network, including watersheds, rivers, lakes,
monitoring points, etc. and understanding the interaction between features [3].

The ArcGIS Hydro Data Model stores data in four feature datasets [5], each corresponding to one
of the main domains of the UML (Unified Modeling Language) analysis diagram (see Figure 1):

- Drainage (drainage areas derived from digital elevation models or manually digitized),

- Hydrography (map hydrography and associated data inventories, such as dams, bridges,
monitoring points, etc.),

- Network (a geometric network representation of the connectivity of the surface water
features of the landscape),

- Channel (3-D profile and cross-section representation of stream channels).

Associated with these four feature datasets are a set of object tables for additional information,
such as events defined on the river network and time series of monitoring data.
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Fig. 1 4 main components of the Arc Hydro data model [6]

When using the data model, all feature classes are created but need not necessarily be used and
filled with data. This structure is more likely to be understood as a framework and used as such.
In addition, additional ones can easily be made by attaching attributes to the existing feature
classes and creating new ones. The creation of additional attribute tables not directly linked to
a feature class is also possible [6].

Arc Hydro provides a set of standardized attributes and a toolset for implementing the data
model. A detailed graphical representation of the Arc Hydro data model is presented in the
literature [1].

Arc Hydro enables users to efficiently perform watershed delineation, a key operation in
hydrological analyses, within the framework of water resource management, flood protection,
and ecosystem preservation.

During the watershed delineation, if one does not follow the proper sequence or makes an error
with one tool within the sequence, the Arc Hydro model fails to run the entire model and does
not delineate watersheds. The coding for the Arc-Hydro tools refers to a designated folder for
storing the output files (which are referred to by the following tool in the sequence) with a pre-
defined designated name. Once we make a mistake in one tool, next time, to correct it, we have
to delete the resultant wrong files from the folder, else proceeding to the folder, else proceeding
to the next step in the sequence would be a problem [7].

As previously stated, the use of GIS, namely Arc Hydro, provides a set of standardized attributes
and a set of tools for implementing data models. It populates various fields within an Arc Hydro
geodatabase for a river basin starting from a Digital Elevation Model (DEM). These tools are
installed as an Arc Hydro toolbar with the following menus:

- Terrain Preprocessing
- Terrain Morphology

- Watershed Processing
- Attribute Tools

- Network tools

- Ap Utilities

- Buttons

The functions of the Terrain Preprocessing of the Arc Hydro toolbar are the most important and
useful menu of the toolbar. This item represents a part of the pre-modeling phase within the
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framework of HEC-HMS, intended for the preparation of geospatial bases (e.g., pre-processing
of the digital terrain model, identification of the river network and catchment areas, etc.).

The input parameter is the digital elevation model DEM, a numerical representation of terrain
elevation. It stores the terrain data for coordinates and corresponding elevation values. DEM data
files contain information for the digital representation of elevation values in a raster form.
Regardless of the underlying data structure (Grid structures, Triangular Irregular Network (TIN)
structures, Contour-based structures), most DEMs can be defined in terms of (x,y,z) data values,
where (x,y) represents the location coordinates and z represents the elevation values [1].

DEM preprocessing (Preprocessing) consists of the following steps [8]:
Hydrological correction of DEM (Preprocessing/Fill Sinks) — Raster Fill
Creating a Raster
- Preprocessing / Flow Direction => Raster data Fdr
- Preprocessing / Flow Accumulation => Raster data Fac
- Preprocessing / Stream Definition => Rater data Str
- Preprocessing / Stream Segementation => Rater data StrLnk
- Preprocessing / Catchment Grid Delineation => Raster data Cat
Creating vector data (polylines
- Preprocessing / Catchment Polygon Processing => vector data - Catchment
- Preprocessing / Drainage Line Processing => vector data - Drainage Line
- Preprocessing / Adjoint Catchment Processing => vector data - Adjoint Catchment
Data specification - Project Setup / Data Management

In this paper, the studied example is the catchment area of the Biostica River (Hydrological
station BioStica, river BioStica) with all the options offered by Terrain Preprocessing shown.

1.1. BIOSTICA RIVER BASIN

The Biostica River originates under the Devetak mountain near the village of Knezine in the
municipality of Sokolac, with an average bed fall of 9.9% and a length of 28 km. Upstream above
Olovo (Zeleni vir), the river forms a large waterfall, and a large amount of water is brought into
the river by the left tributary Kaljina with Blatinica [9].

In the town of Olovo, the river BioStica meets Stupcanica and forms the Krivaja watercourse.

Far from Olovo, in the settlement of BioStica, approximately 1.5 Kilometers upstream from the
confluence of the BioStica River into Krivaja on the BioStica watercourse, there is a hydrological
station called HS Biostica (Figure 2). This station has a long history of systematic hydrological
observations of water levels and flow measurements [10].

The water gauge station BioStica is situated in the BioStica settlement, about 1.5 kilometers
upstream from the confluence of the Biostica River into Krivaja. It was established in October
1962 and has remained at this location throughout its operational history [11].
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Fig. 2 HS Biostica, r. Biostica

2. EXAMPLE - APPLICATION OF ARC HYDRO

As previously mentioned, the use of GIS, specifically the Arc Hydro components, is intended for
the preparation of geospatial datasets (e.g., preprocessing of digital elevation models,
identification of river networks, and watershed delineation, etc.) during the pre-modeling phase
within HEC-HMS. Through a practical example (HS BioStica) and with the theoretical foundation
[2], the pre-modeling process using Arc Hydro will be exemplified in the following sections.

2.1. HYDROLOGICAL TERRAIN ADJUSTMENT

The commands within this group are designed to adjust the Digital Terrain Model (DTM) to
facilitate the delineation of watershed sub-basins, the identification of the river network, and
the creation of a hydrological model. This group includes the following three commands:

- DEM Reconditioning
- Build Walls
- Fill Sinks

2.1.1 DEM RECONDITIONING

Option DEM Reconditioning (implementation of the AGREE method developed at the University
of Texas at Austin in 1997) allows for the adjustment of the Digital Terrain Model (DTM) based
on the existing river network (input data, vector-based). Specifically, the elevations of cells
intersecting with the river network and the elevations of neighboring cells are lowered to
mitigate abrupt changes in terrain elevations.

Input data: Original Digital Elevation Model (Raw DEM) and the river network to which the DEM
will be adjusted.
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Procedure: Preprocessing / DEM Reconditioning (Figure 3).
Three parameters need to be specified:

- Number of Cells for Stream Buffer - number of cells around the linear feature for which
the smoothing will occur,

- Drop in Z units - the elevation adjustment value,

- Sharp Drop in Z units - involves additional lowering of elevations only for those cells
belonging to the river network.

Result: Output AGREE DEM (raster dataset).

@ DEM Recenditioning l&]
Raw DEM [DEM_umanjenji i ']
AGREE Stream [\reci_\rodotoci_EiH V]
AGREE DEM AoreeDEM

Stream buffer (number of cells) s
Smocth drop'raise (DEM Z-unit) 10

Sharp dropiraise (DEM Z-unit) 10

[ DK][He|p][Canoe|]

Fig. 3 Input Parameters for the DEM Recondioting

Figure 4 ilustrates changes in Cross-Sectional Profile after DEM Reconditioning.
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Fig. 4 Change in Cross-Sectional Profile after DEM Reconditioning

2.1.2 BUILD WALLS

This optional command allows the correction of the DTM (Digital Terrain Model) according to
specified sub-watershed boundaries, which are input as vector layers (polylines). Specifically,
this command increases the elevation values of DTM cells that fall within the polygons (e.g.,
previously defined sub-watershed boundaries). In this way, the sub-watersheds delineated in
ArcMap will be consistent with the pre-defined sub-watersheds and watersheds - in this case,
the BioStica River Basin.

Input data: DTM (Digital Terrain Model) and vector layers are used to correct the elevation
values of the DTM. It is possible to specify the following vector layers (Figure 5):
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- Outer Wall Polygon: Elevation values of cells belonging to the 'outer' wall (watershed)
will be twice as high as those on the inner side of the wall, preventing the inclusion of
areas belonging to the sub-watersheds during the delineation process.

- Inner Wall Polygon: Existing sub-watershed boundaries.
- Breach Line: River network.

Optionally, zones (buffers) can be specified around these polylines, adjusting the elevation
values not only for DTM cells intersecting the polylines but also for a specified number of
adjacent cells.

Procedure: Preprocessing/ Build Walls.

Result: Corrected DTM (raster data) (Figure 6).

D Build Walls ' ' =5
DEM [AcreeDEM -]
Duter Wall Pohygon [F‘pligpn__S!i_\r v]
Inner Wall Feature [F‘cligor]_SIi\_r .V]
Breach Line [\rec:i_\rodoioci_BiH_ '_]
walled DEM WalledDEM

Inner Wall Height (DEM Z-unif) 500
Inner izl Buffer (number of cells) 0
Breach Line Buffer {(number of cells) 0
[ ok ] [ Heb ] [ Caneel |
g = E |

Fig. 5 Input parameters for the process: Build Walls
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Fig. 6 Change in the DEM (Digital Elevation Model) extent after using the 'Build Walls' option

An alternative to increasing the elevation values of DTM cells intersecting watersheds is to
extract the portion of the DTM that constitutes the watershed (using the 'Clip' command).

2.1.3 FILL SINKS

The Fill sinks command eliminates local depressions in a Digital Elevation Model (DEM).

Input data: Original DMT.
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Procedure: Preprocessing/Fill Sinks- The Fill Threshold field specifies the elevation below which
depressions to be filled are identified. Since all local terrain depressions are to be filled, the Fill
Threshold field must remain empty. The optional checkbox 'Use IsSink' should not be selected.

Result: Raster data with a predefined name 'Fil_' This raster background covers the same area

as the DTM (Figure 7).

£ Fill Sinks [t
DEM (WalledDEM -]
& Fill
Deranged Polygon [yl -] i
Lowr: 508
Hydro DEM Fll

Use IsSink Field

Fill Method

@ Fill All

(T Fill Threshold (DEM Z-Unit) ‘10

O] |

Help ][ Cancel ]

Fig. 7 Input parameters for the process Fill Sinks- Result after the Fill Sinks option

2.2. CREATING HYDROLOGICAL RASTER DATA

The commands in this group are intended for creating the following five raster data:

- Flow direction

- Flow Accumulation

- Stream Definition

- Stream Segmentation

- Catchment Grid Delineation

2.2.1 FLOW DIRECTION

The water flow direction is determined for each cell of the DTM. Water from a given cell flows

in the direction of the

steepest slope, with slopes determined based on the eight neighboring

cells. Water from a DTM cell flows only to one adjacent cell, and the flow direction is indicated
by a number (Figure 8).

1 = east, 2= southeast, 1 64 128
4 = south. 8 = southwest,

16= west, 32=northwest, b 1
64 = north, 128=northeast. 6 4 2

Fig. 8 The water flow directions from raster cells and their corresponding numbers [8]
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Fig. 9 Input parameters for the Flow Direction process- Result after the Flow Direction option
Input data: Hydrologically corrected DTM (Fil or Hydro DEM). Optionally, an outer wall can be
specified.
Procedure: Preprocessing/ Flow Direction.

Result: Raster data with a predefined name Fdr (Figure 9)

2.2.2 FLOW ACCUMULATION

This command identifies the watershed areas for each cell of the DTM, meaning all cells from
which water flows toward a given DTM cell

Input data: Raster data with water flow directions (Fdr).
Procedure: Preprocessing / Flow Accumulation.

Result: Raster data with a predefined name Fac. The cell values represent the number of
upstream cells constituting its watershed area (Figure 10).

 Fac
Value

0-25,000
125,000.00003-14,020 533

= T | i
g Flow Accumulation lihj

Flow Direction Grid Fdr -

Flow Accumulstion Grid Facl

[ ok |[ Help ][ Cancd]

s

Fig. 10 /Input parameters for the Flow Accumulation process- Result after the Flow Accumulation option

2.2.3 STREAM DEFINITION

This command allows the identification of DTM cells with a watershed area greater than the
specified threshold value, representing perennial streams:

Input data: Raster data Fac.

Procedure: Preprocessing / Stream Definition specify the number of cells required to define the
minimum watershed area needed to form a perennial stream (Number of cells to define
threshold). The default value for this parameter is 1% of the watershed area. Optionally, the
watershed area can be defined in square kilometers (Area Sgkm to define stream), and the cell
count value will automatically adjust to match the specified area.
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Result: Raster data Str. Cells that constitute perennial streams have a value of 1 (displayed in a
dark color), while other DTM cells are assigned a value of 0 (Figure 11).

@ Stream Definition ]
« Str
Flow fccumulation Grid o e

Eniter stream threshold to initiate a stream
Mumber of cells: 140204

Ares (square km): 35051
Stream Grid Istr | j P 4 Str

Value
m1l

[ ok | [[Help | [Caneel]

Fig. 11 Input parameters for the Stream Definition process- result after selecting the Stream Definition
option; enlarged view

2.2.4 STREAM SEGMENTATION

In the next preprocessing step, it is necessary to divide the river network into segments with
starting/ending points at the river mouth, watershed boundaries, or the outlet profile of the
catchment.

Input data: Raster data: Str and Fdr.

Procedure: Preprocessing / Stream Segmentation. The Input Sink Watershed Grid field should
remain empty for HEC-HMS projects.

Result: Raster data with a predefined name StrLnk. In this layer, river network segments are
labeled with different numbers and colors (Figure 12).

& Stream Segmentation lihj
= Strink
Value
o : wHigh: 78
Flow Direction Grid -
Stream Grid Sir =
Sink watershed Grid
Stream Link Grid Strink|
[ 0k |[ Help ][ Cancd |

Fig. 12 Input parameters for the Stream Segmentation process- Result after selecting the Stream
Segmentation option

2.2.5 CATCHMENT GRID DELINEATION

This command divides the watershed area into sub-watersheds based on the segmented river
network segments (Raster data StrLnk), assigning each segment its corresponding watershed area.

Input data: Raster data: Fdr and StrLnk.

Procedure: Preprocessing / Catchment Grid Delineation.
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Result: Raster data with a predefined name Cat, where sub-watersheds are labeled with different
numbers and colors. Since sub-watersheds are determined for each segment of the river
network, this command can result in a large number of sub-watersheds (Figure 13).

@ Car
Value v
W High: 78 4
- Lowd ¥ 3

4

@ Catchment Grid Delineation Iﬁ] B v ) f‘
Flow Direction Grid  [Fqr = :
Catchment Grid Cat] |
[ 0k |[ Help ][ Canece |

Fig. 13 Input parameters for the Catchment Grid Delineation process- Result after selecting the Catchment
Grid Delineation option

2.3. CREATING HYDROLOGICAL VECTOR DATA

The commands in this group are intended for creating the following vector datasets consisting
of linear features:

- Catchment Polygon Processing
- Drainage Line Processing

- Adjoint Catchment Processing

2.3.1 CATCHMENT POLYGON PROCESSING

The Preprocessing/ Catchment Polygon Processing command creates a vector dataset
representing boundaries of sub-watersheds created in the previous step (raster data Cat). In
other words, this command vectorizes the Cat dataset.

Input data: Raster data Cat.
Procedure: Preprocessing / Catchment Polygon Processing.

Result: The result is a vector dataset named Catchment consisting of polygons representing
boundaries of sub-watersheds (blue lines around sub-watersheds in the image). The attribute
table of this dataset includes polygon areas (Figure 14).

@ Catchment Polygon Processing lﬁ

Catchment Grid [ ~|
Catchment 5Catchmer_rt| |
[ 0K |[ Help || Cancel |

Fig. 14 Input parameters for the Catchment Polygon Processing process- Result after selecting the
Catchment Polygon Processing option
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2.3.2 DRAINAGE LINE PROCESSING

This command creates a vector dataset based on the raster dataset of river segments StrLnk.
Input data: Raster datasets of river segments StrLnk and water flow direction (Fdr) (Figure 15).
Procedure: Preprocessing / Drainage Line Processing.

Result: Vector dataset named DrainageLine. The attribute table includes identifiers for upstream
and downstream nodes of each segment, as well as its length (Figure 16).

@ Drainage Line Processing &J

Flow Direction Grid Fdr -

Drainage Lins DrainageLine

[ 0k |[ Help ][ Cancd |

Fig. 15 Input parameters for the Drainage Line Processing process
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OBJECTID® | Shape* | arcid | from_node* | to_node* | Shape_Length | Hydroid* | Grigin* | -

¥ 7| Falyiine 1 2 4 1767.774348 382 27
2|Falyine 2 3 4 189.926407 343 5
3|Polyline 3 7 1] 11636400064 343 2
4[Polyline 4 5 7 4005.545597 345 1
5 |Polyline 5 B 7 708406204 346 13
6| Folyline 5 ) E) 3408335485 347 6
7 |Folyiine 7 6 E] 4140211217 345 3
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9 Folyline E) 13 2 2623355698 350 18|z
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11 |Polyine 11 El 16 2868650071 352 2 © Drainagetine | - Y i
12 Palyline 1z 15 16 219.089026 353 2z 7 J \
13 |Palyline 13 12 7 7954087834 354 a1 # )
14 |Palyline i+ 1 18 306151064 355 B o~ Ly
15 |Polyiine 15 18 13 2704421715 356 20 r [ N
16 |Palyline 1% 20 13 2084450078 357 E] X
17 [Pabyiine 7 il ] 1164.177648 355 2z p e s,
13 Polyline 18 3 [E] 1771612408 359 23 e =y
18 |Palyline [E) 23 10 5857.561864 360 22 7 e /’
20| Polyine 20 18 22 4987.081968 361 (B £ 5
21 |Polyline 21 2 7 2333251622 362 35 { \
22 |Polyline 22 17 25 4743477631 363 [ } iy A
23 |Palyline 23 26 10| 10334.072504 364 7 ) = ; ; J
24| Polyine 24 25 27 1283111832 365 46 =3 = f o =~
25 |Polyline 25 16 28 2771015511 366 43 e \ 8
26 |Polyline 2% 77 28 130.7108678 367 45 o 2
27 |Palyline o7 28 26 13145707 368 29 < ~
28 |Palyline 28 25 a7 1000.581348 368 50 1 9
28 |Polyline 28 30 2 4020444622 B 25 g = {
30 |Palyline ) 3 21 4375523445 371 % r\\ £}
31 |Polyline 31 32 2 3525695885 372 27 \. g e,
32Polyline 32 33 32 321703102 373 28[|7 7y ™y T e L4

< i | v LWVVH o . L/

"o 1 o [E]= ] @ ot of 55 Selected) o Raais

Drainageline

Fig. 16 Attribute table- The result after selecting the Drainage Line Processing option

2.3.3 ADJOINT CATCHMENT PROCESSING

Creating watershed areas for river segments results in a relatively large number of sub-
watersheds, which can be impractical for hydrological modeling purposes. Therefore, it is
necessary to consolidate the initially created sub-watersheds achieved using the Adjoint
Catchment Processing command.

To execute the Adjoint Catchment Processing command, we need to provide vector datasets of
the river network (DrainageLine) and the boundaries of sub-watersheds (Catchment).

Input data: Vector datasets of the river network (DrainageLine) and sub-watershed boundaries
(Catchment).
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Procedure: Preprocessing / Adjoint Catchment Processing.

Result: Vector dataset of consolidated sub-watershed boundaries. In the example shown in the
image, there are 55 sub-watersheds, but by consolidating them using the Adjoint Catchment
Processing command, the number of sub-watersheds is reduced to 27 (green boundaries shown
in the image) (Figure 17).

© Adjointcatehmen

& Catehmant

@ Adjoint Catchment Processing lFLhJ
Drainags Line [DminageLine v]
Catchment [Catchment v] .

Adjoint Catchment AdigintCatchmet| i

[ ok ][ Help ][ Cancd ]

Fig. 17 Input parameters for the Adjoint Catchment Processing process- Result after selecting the Adjoint
Catchment Processing option

2.4. DATA MANAGEMENT

The Preprocessing/Data Management command opens a window for specifying the data
necessary for further development of the HEC-HMS model. Fields with unrecognized data have
Null values. Generally, the program distinguishes various data sources if named as predefined
(Figure 18).

We suggest verifying if each field corresponds to the proposed dataset and, if necessary,
assigning a different dataset by selecting from the list. Although this command is listed first in
the Preprocessing dropdown menu, it is executed after all the required datasets are created.

i & Data Management e [H&J i
Adjoint Catchment [AdontCatchment ~] Link Grid [StrLric -]
Bowled Flow Direction Grid (Nl <] Longest Flow Path Adjoint Catchment 11 =]
Catchment [Catchmem ,] Longest Flow Path Catchment [Nu" .]
Catchment Grid (ca ~] RawDEM [WalledDEM -]
Deranged Flow Direction Grid (Fat ~) Sink Link Grid [rat -]
Deranged Polygon (M <] Sink Paint [hu -]
Drainage Line [DrainageLine ~] Sink Point Grid [t -]
Drainiage Point [ +] Sink Polygon Grid [hi -]
Outer \Wall Polygon (hal <] Sink iatershed ] -]
Flow Accumulation Grid [Fe ~] Sink Watershed Grid [pa -]
Flow Direction Grid [Far <] Slope [hua -]
Stream Adjusted Flow Direction Grid [ +] Stream [hi -]
Hydro DEM [ 7] Stream Flow Direction Grid (Nal -]
Lake Polygon (N ~) Stream Grid (st -]

Stream Link Grid [strinic -]
[ ok ][ Help ][ Cancel

Fig. 18 Data Management Parameters
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Specification of datasets after preprocessing geospatial data in ArcMap (command
Preprocessing/Data Management).

The mentioned steps represent input data for further hydrological modeling in HEC-HMS.
These tools initiate the creation of a hydrological model, which must be completed in HEC-HMS.

It often happens that some commands in ArcMap cannot be executed (e.g, watershed
delineation based on some profiles) or even that the computational HEC-HMS watershed
structure created does not match the one aimed for during the model development in ArcMap.
Therefore, additional adjustments to the watershed model in HEC-HMS may be necessary.

2.5. ADDITIONAL OPTIONS

Within the Terrain Processing options, Arc Hydro offers two additional options that can be
defined in ArcMap, and those are:

- Drainage Point Processing,

- Longest Flow Path for Catchments and Longest Flow Path for Adjoint Catchments.

2.5.1 DRAINAGE POINT PROCESSING

This function allows for the generation of drainage points based on watersheds. It is initiated by
selecting the Drainage Point Processing option (Figure 19).

@ Drainage Point Processing L&J
Flow Accumulation Grid [Fac: v]
Catchment Grid [Ca{_ - ]
Catchment [Catchment - ]
Drainage Point _DminagePDil‘ﬂ|

[ ok ][ Help ][ Cancel]

Fig. 19 Input parameters for the Drainage Point Processing

Table O x
EREE- RN REN-TRE
DrainagePoint X
OBJECTID * Shape * DrajnlD GridlD | HYDROID -

4 1 {Paint 145 2 485 &

2 |Paint 146 4 487

3 |Point 147 5 488 =

4| Point 144 i 489

5 |Point 151 13 480

6 Point 154 16 451

7 | Paint 152 14 482

3| Paint 145 B 483

B | Paint 173 38 484

111 | Paint 160 24 485

11 |Paint 185 17 456

12 |Point 183 15 487

13 |Point 157 20 485

14 |Paint 174 40 489

15 |Point 176 42 500

16 | Point 175 41 5

17 | Point 179 45 502

18 |Paint 149 kil 503 ¥

M4

DrainagePoint

Fig. 20 Attribute table: The result after selecting the Drainage Point Processing option

58

1> n |[E]S| ©outof 55 Selected)

ENGINEERING MODELLING 37 (2024) 1, 45-61




M. Mujci¢, H. KalajdZisalihovi¢: Pre-modeling by Arc Hydro Tools

Figure 20 ilustrates the Attribute table and the result after selecting the Drainage Point
Processing option.

2.5.2 LONGEST FLOW PATH FOR CATCHMENT AND LONGEST FLOW PATH FOR ADJOINT CATCHMENT

There are two additional options, Longest Flow Path for Catchments and Longest Flow Path for
Adjoint Catchments, in Hydro ArcGIS (Figure 21).

@ Longest Flow Path for Catchments [_i_gﬂj & Longest Flow Path for Adjoint Catchments [&J
Catchment [Catchmert -] St Catchinen [ AdjointCatchment -]
R . Flow Direction Grid [ Fdr -]
Flow Direction Grid [Fdr ,]
Longest Flow Path Catchment {Longest FowPathCat v]

Longest Flow Path Catchment Longest FlowPathCat|

Longest Flow Path Adjcint Catchment LongestFlowPath AdiCat

[ ok ][ Help ][ Cancd ] [ ok ][ Help ][ Cancd ]

Fig. 21 Input parameters for the process: Longest Flow Path for Catchments; Longest Flow Path for Adjoint
Catchment

As a result, length values are obtained displayed in attribute tables (Figure 22):

[Table. O x |[Table o x
- %R D X - B e
LongestFlowPathCat X || LongestFlowPathAdjCat X
Shape * ollng Shape_Length HydrolD Drainll | LengthDown s Shape * oD * Shape_Length DrainlD HYDROID -
¥ [Polyline 1 4062.546174 547 147 | 38188.573568 ¥ |Polyling 1 5752165581 458|602 [
Polyling z T233.150605 548 173| 37530878041 Polyline 2 6650.013524 460|603
Polyling 3 5752165581 545 146| 38858.192575 Polyline 3 11648.141046 461|604
Polyling & 4572 BE2562 53l 148| 35570.720385 Polyline 4 83565151183 4562|605
Polyline & 6335.571786 551 175| 37455.858244 Polyline 5 B200.455543 453|606
Polyling ¥ TrH3.028676 532 178| 34174.8913057 Polyline L] 12168.115613 4564|607 =
Polyling & T385.044007 533 144 15031444071 Polyline F 6335.571786 465|608
Polyling B 1142 652416 554 151| 12780.088014 Polyline & 8213074845 466|609
Polyline 10 4550.713742 535 174 32275.791104 Polyline 5 5336.718792 467 |10
Polyline 11 4008.114716 556 176| 31737156544 Polyline 110 7606.165761 468|611
Polyling 12 12224 506665 557 153| 27193.704185 Polyline 11 55011 282464 469612 o
Polyline 13 14707.805474 538 145| 14707505474 Polyline 12 SBE2 734305 4710|613
Polyline 14 1828.0858205 528 152 14172.505474 Polyline 13 13084755762 471|614
Polyline 13 3235.378605 o6 154| 15585.220408 Polyline 14 14377 867584 472|815
Polyline 16 5571.01M3344 561 156| 25015.405435 Polyline 15 145840131124 473|616
Polyline 17 1686.058621 562 128| 19358677836 Polyline 18 &1909.038857 474|617
Polyline 18 3785.622252 563 157| 18783.784258 Polyline 17 16241.568154 475|618
| | Polyline 19 5450.718572 o64 179 36575.04543| = ||| |Polyline 18 5540.115434 476|619 )
o4 1+ M EE | (0 out of 55 Selected) 4 1 M |E | (0 out of 27 Selected)
LongestFlowPathCat l LongestFlowPathCat l LongestFlowPathAd|Cat ]

Fig. 22 Attribute table: Longest Flow Path for Catchment; Longest Flow Path for Adjoint Catchment

2.6. POINT DELINEATION

It should be noted that ArcGIS enables the option of extracting sub-basins based on hydrological
profiles defined by the user and the following:

- Batch Point located directly on the river network so that the appropriate layers (StrLnk
and Str) must be visible.

Using the option Point Delineation, where input parameters are defined (Figure 23):
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g Paint Delineatio

Flow Direction Grid [rg -]
Stream Grid [Stank X ]
Snap Stream Grid [Str - ]
Catchment [Catchment b5 ]
Adijoint Catchment [AdjoimCatchmel”ﬂ L4 ]
Sink Point Grid [t -
Sink Watershed [ Wl A ]
\Watershed Watershed

Watershed Point WatershedPoint

[ QK ][ Help ] [ Cancel ]

Fig. 23 Input parameters for the Point Delineation process

The corresponding watershed area is obtained for the specified profile, HS BioStica on the
Biostica River (Figure 24).

HS_Bio# HS_Biog

Fig. 24 Point Delineation: The specified profile HS Biostica on the Biostica River; the associated watershed area

3. CONCLUSION

Although Arc Hydro is not software for hydrological modeling, it is a valuable tool for facilitating
watershed hydrological modeling. Arc Hydro tools do not directly perform hydrologic modelling
but support it by identifying drainage areas and key landscape characteristics that are the
foundation for hydrologic models. Simple models, like rational methods, can be easily performed
within GIS after deriving the watershed and characteristics needed to support it. For complex
models, Arc Hydro prepares the input data to the extent possible and exports the data into the
hydrologic model. The hydrologic modelling is performed outside of the GIS. Data requirements
in this process will vary with the complexity of the implemented hydrologic techniques.

As demonstrated in the work, the necessary datasets used in HEC-HMS can be generated within
ArcMap using Arc Hydro commands - Terrain Processing.

The datasets obtained include:

- Hydro DEM: Hydrologically corrected Digital Elevation Model (raster dataset: Fil).
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- Flow Direction Grid: A raster dataset indicating the water flow directions (Fdr).

- Flow Accumulation Grid: A raster dataset representing the flow accumulation within
each cell, depicting watershed boundaries (Fac).

- Stream Grid: A raster dataset depicting the river network (Str).
- Stream Link Grid: A raster dataset defining segments within the river network (StrLNK).
- Catchment: A vector dataset containing the boundaries of sub-watersheds (Catchment).

- Adjoint Catchment: A vector dataset depicting the boundaries of aggregated sub-
watersheds (Adjoint Catchment).

The mentioned datasets are essential for the further development of an HEC-HMS project.

Additionally, these datasets serve as the foundation for watershed delineation methodology,
particularly through the Point Delineation option. The Batch Point Delineation command allows
the extraction of sub-basins based on hydrological profiles that the user defines independently,
such as profiles for hydrological stations or accumulations. Therefore, this watershed
delineation option is highly suitable for developing a hydrological model. Compared to the
manual subwatershed and stream network delineation approach, the Arc Hydro toolbar offers
significant time savings.
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