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Abstract

Al-Razzaza Lake is one of Iraq's most prominent water features, essential to the
region's ecosystems and economies. Evaluation of the hydrology of the lake and its
surrounding area by remote sensing and geographic information systems using
digital elevation model (DEM) imagery is necessary. Due to the lake's difficulties,
including climate change, agricultural activities, and human pressures, the
hydrological analysis provides a valuable way to describe the physical properties of
the Earth's surface. Twelve digital elevation model (STRM) images were used to
cover the study area, and a mosaic was created to obtain a single image. A
hydrological analysis was performed using DEM data, and projections were
converted from geographic to metric projections. A quantitative analysis and model
of water flow was performed. The waterways flowing into Al-Razzaza Lake were
obtained from the study area's hydrological analysis, including their quantity,
density, and connecting waterways. The steps of backfill excavation and calculation
of flow direction and flow accumulation were guided by hydrological analysis.
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1. Introduction
Applied hydrology, land use dynamics research, and other fields frequently use remote
sensing and GIS techniques, which are proven instruments. In hydrology, remote sensing may
measure spectral and spatiotemporal information and provide information on the condition of
the ground surface. It can track changes in hydrological conditions and monitor those changes
that vary across time and space. Sensors employed in hydrological applications cover a broad
band of electromagnetic radiation [1][2]. The data from remote sensing is essentially different
since it contains spatial information. A potent tool for process organization and spatial data
visualization is the quickly developing GIS technology. As a result, remote sensing and GIS
can work in tandem to make hydrological models more effective and physically grounded [3].
One of the most successful methods in hydrology nowadays is using GIS and remote sensing
tools. Remote sensing has recently produced valuable datasets for analyzing morphological
changes and hydrological factors across wide areas at various temporal and geographical
scales.

Over the past 20 years, many scholars have concentrated on using satellite images in
hydrology [4][5]. Safety, engineering, and ecological viewpoints can all benefit from
hydrological assessments, which are valuable tools for determining how a region's
topography interacts with water. Researchers and emergency officials can use hydrological
analysis to pinpoint the source and flow of groundwater, define watersheds, and pinpoint
towns vulnerable to flooding. Hydrological assessments can be performed using ArcGIS,
ILWIS (Integrated Land and Water Information System ), and SAGS GIS( System for
Automated Geoscientific Analyses) [6]. A geographic information system, or GIS, is a
computer system that includes hardware, software, data, and people. It allows data to be
entered, processed, analyzed, and displayed, providing information about a specific location
on the surface of the Earth. To assist in decision-making, a GIS is a computer system that
gathers, stores, manages, analyzes, and displays georeferenced data [7]. Every digital
elevation model (DEM) cell indicates a ground elevation above a predetermined datum. A
DEM is a continuous, spatially referenced gridded surface [8][9]. Fill pit procedures, flow
direction calculations, and flow accumulation calculations will all be guided by the
hydrologic study [10].

1.1 Fill sinks:

The process of correcting the DEM data by eliminating unrealistic low areas (sinks) that
could impede water flow is referred to by this concept. This process aims to create a
continuous surface that enables accurate flow simulation.

1.2 Flow direction:

The flow direction was established based on the DEM, which uses specific algorithms like
d8 to calculate the direction of water flow. This procedure is the foundation for analyzing
water networks in hydrological models.
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1.3 Flow accumulation:
It relates to how many cells make up a given surface runoff. It was used to locate rivers or
streams and to identify areas with the highest flow.

1.4 Stream order:

Based on their branches, valleys, and streams, they were classified using a system. To
determine the order of rivers based on their interference pattern with other streams,
techniques like the Strahler system were employed [11][12].

2. Study Area

The second-largest lake in Iraq, Al-Razzaza Lake, is a well-known fishery and floodwater
reservoir in southwest Iraq. The lake has experienced severe drought in recent years, which
threatens the fauna and biodiversity there [13][14]. A natural depression known as Al-
Razzaza Lake was created in the 1969s as a reservoir and an outlet to control floods in the
Euphrates River. The Sin al-dhiban canal feeds Al-Razzaza Lake, also called Salt Lake, from
Habbaniyah Lake, a small canal that runs parallel to a semi-desert region. Between the
governorates of Karbala and Anbar, Al-Razzaza Lake is 95 km southwest of Baghdad, the
Iraqi capital, 15 km northwest of Karbala, and 50 km southeast of Al-Ramadi. The unique
geographic location and environmental richness of Al-Razzaza Lake have made it a popular
tourist destination. Between latitudes 32° 30" and 32° 50" north and longitudes 43° 30  and 44°
50 east are its coordinates, with a total area of 1810 km?. Al-Razzaza was intended to be a
big, deep lake with a storage capacity of 26 billion cubic meters and a maximum storage
depth of 40 m. The extremely high salt levels that today define Al-Razzaza are a result of
evaporation and low water levels during Iraq’s hot and dry summers [15][16][17][18], Figure

(1)

4330 43°40"

Al-Razzaza Lake

Figure 1: Location of the study area of Iraq [16].

3. Implementation and results

A digital elevation model is required to conduct the hydrological analysis of the study
area. When downloading the digital elevation model from the geological survey authority, it
was found that no single digital elevation model covers the entire study area. Therefore,
twelve digital elevation models were downloaded to cover the study area. A mosaic was
created to obtain a single digital elevation model. Then, the projections were converted from
geographic coordinates (GCS) to metric coordinates (UTM) to facilitate their interpretation
on the ground. Finally, the hydrological analysis procedures were initiated. This was done
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through several tools, as the data was processed using geographic information systems
programs, Figure (2).

Legend
razazz4.tif
Value
- High : 647
[P 50 25 0 50 Kilometers

Figure 2: DEM for AL-Razzaza Lake and the surrounding area after applying the mosaic
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3.1 Fill sink

It was the first tool used to extract the hydrological network, as it works to correct
abnormal or incorrect values in the uploaded raster data, where it finds proportional heights,
and then comes a height that is much lower than those heights, or a height that is much higher
than those heights. These heights were found in the uploaded raster data, where the fill sink
tool corrects these values to give a better result for the flow direction process. It facilitates the
flow without obstacles. Figure 3) represents a digital elevation model of the study area after
applying the basin filling tool. This tool fills the basin and the existing holes, where the
digital model's height will equal ((4) m-647 m). It was observed that the values changed from
(-42 m) to (4 m). There is an unclear change in the shape of the digital elevation model, Table

(1)

Legend

Fillfinal_tif31.tif
Value
- High : 647

- Low : 4 50 25 0 50 Kilometers
I

Figure 3: DEM after applying the Fill sink tool
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Table 1: The heights of DEM after using the Fill method.

Color Value Representation
White 647 Highest height in meters
Black 4 Minimum height in meters

3.2 Flow direction

It was the second tool used to extract the hydrological network, as it is the most important
tool in hydrological analysis; the D8 method was chosen to determine the direction of water
flow by analyzing the values of the cell slope (pixel). It determines the direction of water
flow in the cell through the values of the pixels surrounding the cell in eight directions,
Figure (4). The program produces eight categories, each representing a specific direction
from the eight cardinal directions (north, northeast, east, southeast, south, southwest, west,
northwest). The direction of flow using the D8 method analyzes the degree of slope of each
cell with eight neighboring cells, thus determining the direction of water flow through this
analysis and limiting it to 8 directions represented by the values (1 to 128). where each
number represents a specific direction. 1= east; 2=southeast; 4=south; 8=southwest; 16=west;
32=northwest; 64=north; 128=northeast.
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Legend
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Figure 4: DEM after applying the flow direction tool.
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Table 2: The flow direction of waterways in the DEM of the study area.

Color Value Representation

Olive 1 The flow direction of waterways to the east
Blue 2 The flow direction of waterways is to the southeast

Light Green 4 The flow direction of waterways to the south

Red 8 The flow direction of waterways to the southwest
purple 16 The flow direction of waterways to the west

Yellow 32 The flow direction of waterways is to the northwest
Cyan 64 The flow direction of waterways to the north
Indigo 128 The flow direction of waterways to the northeast

3.3 Flow accumulation

This tool depends on the flow direction, as it calculates the number of cells that will pour
water into one cell, then connects them to create a network of connected cells, thus forming
only the main water courses and the main valleys, Figure (5). Then, the classification process

was performed to extract many other valleys, as shown in Figure (6).

Legend

flowaccu.tif

Value
High : 9.8346e+07

— Low : 0
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Figure 5: DEM after applying the flow accumulation tool.
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legend

flowaccu.tif

<VALUE> 50 256 0 50 Kilometers
I

" ]0-35,000

I 35,000.00001 - 98,346,024

Figure 6: Result after applying the classification to flow accumulation.

In Figure (5), notice that the main valleys are white, then gradually decrease to zero,
which is black. Figure (6) shows the classification process, where only two classes were
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selected, and the threshold of 35000 was chosen due to the large area. This means that the cell
values from 0-35000 appear in white, and from 35000 and above appear in black,
representing the entire valleys. The valley network extracted from the flow accumulation is
shown, and the result is in raster format. Also, re-defined the cell values using this Con to
obtain more accurate results and improve the flow accumulation results, which helps extract
the flow order. Then, the values of the valley cells that want to be extracted will be
determined to be greater than 35000 because the study area is relatively large. Valleys with an
order greater than 35000 will appear, representing only the valley class, Figure (7).

N

A

50 25 0 50 Kilometers
legend | . .|

-

Figure 7: The water streams after applying the con process for flow accumulation.
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3.4 Stream order

This tool classifies the unclassified watercourse network. Valleys were classified into
multiple categories, Table (3). They were classified into seven categories. The output will be
a watercourse network. Converted it to vector form so that the result shows the hydrological
network, Figure (9). Then, similar categories were merged using the dissolve and symbols
tools, and colors and thicknesses were selected so that the watercourse rows became clear.
The main watercourses are in a thick dark color, followed by the secondary watercourses,
which consist of two branches from the first row, and the third row consists of the two
branches combined from the second row, and so on.

legend

B

2

K]

Bl £ 50 25 0 50 Kilometers
‘:l 5 N T

Bl s

Figure 8: The result after applying the stream order tool on the raster; it was classified into
multiple categories.
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Table 3: Stream order raster was classified into multiple categories.

OBJECTID * Value Count
0 1 352510
1 2 182881
2 3 91188
3 4 50000
4 5 19106
5 6 13466

50 25 0 50 Kilometers
legend I

— vector35

Figure 9 : Result of stream order vector.
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legend

grid_code

<all other values>

50 25 0 50 Kilometers
N T

Figure 10 : The final stream order after applying the dissolve tool.
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4. Conclusion

By applying the hydrological analysis tools in the ArcMap program and relying on DEM
images, and after applying the first sink filling tool, which was to fill the holes and correct the
heights, the heights were (-42 m - 647 m), they were corrected with this tool and the heights
became (4 m - 647 m) and obtaining a digital elevation model without abnormal heights or
excavations to facilitate the calculation of the flow and its direction. The flow direction was
determined from the second tool for hydrological analysis. All flow directions were extracted.
There were eight flow directions represented by the values (1 to 128), where each number
represents a specific direction: 1 = east; 2 = southeast; 4 = south; 8 = southwest; 16 = west;
32 = northwest; 64 = north; 128 = northeast. The main waterway network was then extracted
from the flow aggregation tool, showing the locations of surface runoff accumulation. Then,
using the con tool, the threshold limit was set at 35,000, due to the large area. The areas with
a collection value higher than the threshold value were identified as waterways, and the
values lower than the threshold limit were dry lands. This classification helped in extracting
the precise water network. Through the Stream Order tool, the result appeared that there are
six rows of streams, the main one, which then branches out into secondary streams resulting
from the primary streams, third-degree streams resulting from the secondary streams, and so
on to the rest of the rows of streams. The first degree has very small branches. The sixth
degree is the main stream that leads to the lake. These findings increase the possibility of
accurately and successfully utilizing GIS in surface water studies, which is crucial for
planning the management of water resources, determining the best sites for water control
systems, or estimating the danger of flooding.
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