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Abstract: Hydrographs are used in hydrological studies to illustrate the fluctuation of the stream 

during rainfall. A hydrograph's total flow includes runoff and base flow. The unit hydrograph (UH) 

only measures direct surface runoff. Modeling rain events by using unit hydrograph theory has 

the advantage of being easier to determine than hydraulic distributed modeling and can yield 

desirable outcomes for objectives of applied hydrology.  The purpose of this research is to 

generate a unit hydrograph for a section of the Tazlău River Basin by utilizing the physical 

properties of its basin. For this purpose, parameters such as peak discharge, time to peak 

discharge and the base width of the unit hydrograph were determined. This research explored 

the use of Geographic Information System (GIS) and Digital Elevation Model (DEM) in the 

development of unit hydrograph. This research explored the use of GIS and Digital Elevation 

Model in the development of unit hydrograph for uses in streamflow predictions and rainfall runoff 

modeling. The most common uses after creating a unit hydrograph are designing flood prediction, 

which estimates flood flows in real time based on rainfall records, runoff assessment from 

ungauged watersheds and supplement the incomplete archives. 

1. Introduction 

Hydrology is the science focused on processes that occur on the surface of the earth. 

A hydrograph’s total flow includes direct runoff and base flow (Gunal et al., 2016). Direct 

runoff consists of surface runoff, lateral runoff through the top ground and intermediate 

runoff. Base flow is the result of a combination of sluggish groundwater movement and 

postponed intermediate flow. For most basins, the capacity of Geographic Information 

System (GIS) to map spatial variables like land use and cover, precipitation, soil types, 

and so on to any amount of precision is unmatched by current hydrologic data gathering 

technologies. The use of GIS enhances unit hydrograph (UT) estimation by utilizing any 

spatial information accessible for the basin (Singh et al., 1996). 

A watershed’s unit hydrograph is described as a direct runoff hydrograph produced 

by a unit depth of surplus rainfall distributed evenly over the drainage region at a steady 

rate for an effective period (Clow et al., 1988). A unit hydrograph represents the 

collective linear model of a basin. Assuming linear basin behavior, two fundamental 

concepts can be used in hydrograph estimations: the ratio of outflow to inflow, and the 

overlap of outputs given by consecutive individual inputs. 

Hydrographs are used in hydrological studies to illustrate the fluctuation of stream 

discharge during rainfall (Giurma, 2009; Giurma et al., 1987). The rising limb illustrates 

the amount of time to reach the peak discharge and the lag period, that represents the 

interval between the precipitation’s center of mass and the stormflow. Smooth surfaces 

such as pavements have faster storm outflows, shorter lags, and steeper and higher 
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ascending limbs than natural vegetation areas. The combination of these factors makes 

the catchment area more vulnerable to flooding (Hill et al., 1998). 

In the broadest sense, rainfall runoff modeling may be traced back to the mid-19th 

century, addressing three different engineering issues: urban sanitation, design of land 

reclamation drainage systems, reservoir overflow design.  

Flood modeling often includes a rough description of the storm water runoff 

conversion process, based on empirical, physical-based, or mixed representations of the 

relevant physical processes (Dawod et al., 2011). The developed models are highly 

effective in practice because they are simple and produce appropriate flood hydrograph 

estimations. 

Sherman (1932) developed the notion of the unit hydrograph and caught the 

attention of hydrologists, who were now able to develop hydrograph estimators caused 

by complex storms, not only peak discharges. However, there were some problems with 

the unit hydrograph, such as effective measurement of precipitation, separating surface 

runoff from base flow and deriving the unit hydrograph (Todini, 1988). 

From the late 1930s to the 1940s, many methods were proposed and statistical 

analysis methods were adopted to increase the objectivity of procedures and outcomes. 

A true breakthrough occurred in the 1950s when hydrologists became acquainted of 

system engineering approach used to analyze complicated dynamic systems. In the end, 

they derived a response function from the analysis of input and output data using 

mathematical techniques, where the unit hydrograph is a causal and linear solution of a 

time-invariant system.  

The unit hydrograph is a popular technique that can be used in evaluating rainfall 

runoff (Sarangi et al., 2007). Due to advancements in the use of GIS and elevation data, 

the unit hydrograph can be easily developed even for catchments that have no flow data 

available.  

The purpose of this research is to generate a unit hydrograph for a section of the 

Tazlău River Basin by utilizing the physical properties of its basin. For this purpose, 

parameters such as peak discharge, time to peak discharge and the base width of the 

unit hydrograph were determined from the Digital Elevation Model (DEM). 

2. Materials and Methods  

2.1. Study area 

 
Figure 1. Study area 
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The Tazlău River Basin (figure 1) is situated in the eastern part of Romania, in the 

external area of the Oriental Carpathian Mountains. 

It is a left tributary of Trotuș river and it springs from Tarcău Mountains. It is mostly 

developed on the right side, with numerous mountainous tributaries. The confluence with 

the Trotuș river lies near Onești city, close to Gura Văii village, upstream of which the 

greatest hydrotechnical accident in the history of Romania occurred (Belci Dam failure). 

It has a total length of 89 km and the total basin size is 1104 km2. The topographical 

elevation of the basin ranges from 1438 m near its source to 183 m at the confluence 

with the Trotuș river. 

2.2. Data  

Based on the Digital Elevation Model with a resolution of about 30 m downloaded 

from the United Stated Geological Survey (USGS), that uses Shuttle Radar Topography, 

the unit hydrograph for this case study was generated.  

2.3. Methodology  

In order to obtain a unit hydrograph the next steps, as illustrated in figure 2, were 

followed using the GIS platform, ArcGIS Pro: preparing the Digital Elevation Model by 

filling the sinks to remove small imperfections in the data; determining the flow direction 

and flow accumulation in order to delineate the catchment; create a velocity field, that 

determines how fast water flows; create an isochrone map, that calculates how long it 

takes the water to follow the flow path; derive the unit hydrograph. 

      
Figure 2. Methodology flowchart 

3. Results and discussion 

A DEM’s area must be hydrologically bounded to run analysis with it (Da Ros et al., 

1997). Sinks can easily disrupt the DEM’s connectivity. The sinks are low-altitude spots 

surrounded by higher ground that disrupts the flow pattern. The goal of filling sinks is to 

create a DEM that is hydrologically bounded for catchment assessments. The simplest 

approach for removing sinks is to raise their heights and the ‘Fill sinks’ function is 

probably the most popular method (figure 3). 

From the filled DEM, the flow direction across the basin may be calculated. The ‘Flow 

Direction’ feature in ArcGIS was employed in the present study. One way for identifying 

the flow direction is the eight-direction technique (Greenlee, 1987), which is a 

neighborhood operation in a 3x3 grid where every cell has an assigned number ranging 

from 1 to 128 that indicates the direction. The direction rating of the steepest descent’s 
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neighbor is allocated to the center cell. Because the input DEM has already been filled, 

the flow direction will create a spanning tree linked by the basin pour point (figure 4). 

 

 
Figure 3. Filled sinks 

 
Figure 4. Flow direction 

The flow direction will be used in the estimation of the flow accumulation with the 

help of the ‘Flow Accumulation’ tool. The tool determines the value of accumulating cells 

of every cell, this indicates that the total upstream cells connected by flow direction 

generates the flow accumulation value, and the value of flow accumulation increases 

downstream of the catchment raster (figure 5). In GIS terminology, the exit of a basin 
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is sometimes referred to as the pour point and it should be a location of substantial flow 

accumulation. Flow accumulation can be used in the process of deriving a stream since 

it can give the number of cells that drain into a given cell. A stream is believed to form 

when a specific area (threshold) is drained to a point, in this case the threshold is set to 

15000. 

 
Figure 5. Flow accumulation 

Basin boundaries are defined by lines that cross the contour that connect the highest 

elevations in the basin (Lenander, 2021). Watershed delineation can be done manually 

using a paper map or digitally using GIS. Before running the ‘Watershed’ tool, the pour 

point is snapped to identify the location with the highest value of flow accumulation. The 

outlet can be viewed as a single cell or a group of cells. The basin area is represented 

mainly by all cells discharged to the outlet through the direction of flow. The ‘Watershed’ 

tool identifies all cells that contribute to the outlet (figure 6). 

 

Figure 6. Tazlău river basin 
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Following that, a velocity field has been created for all cells in the catchment (figure 

7). To estimate how long it takes for the water to flow anywhere, first we need to 

establish how quickly water flows. The velocity field comprised a velocity value for each 

cell in the catchment and was used to calculate the transit time between each cell in the 

basin and its pour point. In this research paper the method proposed by Maidment et al. 

(1996) was used. This approach assigns a velocity to each cell in the velocity field 

depending on the local slope and the upstream contributing zone (the total of cells 

entering that cell, or the flow accumulation). 

 

Figure 7. Velocity map 

Flow time is estimated using a simple equation: the length of water that needs to 

flow divided by flow velocity. Flow length is calculated based on the flow direction and 

weight (Noto et al., 2007). Weight, in terms of flow, reflects resistance. For example, 

because of the environment, water running through forested area takes much longer 

than water that flows across smooth rock. While estimating weight without precise 

topography data may appear challenging, a general expression was developed and the 

weight can be calculated by dividing 1 to the velocity field.  

Using the layers weight grid raster, velocity raster and flow length, the isochrone 

map was determined. Isochrone curves are lines that link points in a catchment that 

have the same concentration time. The required time for water out of a uniform rainfall 

to attain the outflow from the total catchment surface is represented by the isochrone 

furthest from the outflow. They plot the amount of time it takes for water to travel one 

spot to another in a certain region.  

The isochrone map in figure 8 illustrates the spatial pattern of the catchment 

response. In this figure, the flow ranges for the cells have been separated into 9 areas, 

each with an equal flow time limit. 

The unit hydrograph is essentially a multiplier that transforms rainfall to runoff. 

Since the unit hydrograph represents a hydrograph, its multiplication impact changes 

over time, resulting in a temporal distribution of runoff from rainfall. The unit 

hydrographs only measure direct surface runoff. As a result, in order to achieve total 

runoff, the base flow should be extracted from the stream flow hydrograph in the 

calculation of a unit hydrograph and joined to surface runoff obtained using unit 

hydrograph approaches. If rainfall fluctuates over time, the unit hydrograph may be 

implemented to every rainfall unit (Cleveland et al., 2008).  

Morphometric characteristics obtained from Digital Elevation Model data can be used 

to determine watershed hydrological response under the framework of the unit 

hydrograph. A typical approach for determining the extent of a stream network from a 
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DEM is to determine the threshold area, which is the minimal area necessary to drain to 

a site for a stream to form.   

 

Figure 8. Isochrone map 

To create a unit hydrograph for this research area, it was essential to construct an 

independent table from the isochrone map’s feature. This table evaluates the area of 

each isochrone. The unit hydrograph of the studied catchment was created relying on 

the isochrones feature table and is illustrated in figure 9. 

 

Figure 9. Unit Hydrograph 

4. Conclusions 

This study presented and tested the method of deriving the unit hydrograph from 

topographic information by exploring the use of GIS and Digital Elevation Model. This 

method uses a variety of GIS techniques such as Flow Direction, Flow Accumulation, 

Raster-to-vector, Watershed delineation. This method yielded a unit hydrograph similar 
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to those obtained from conventional analysis, making it a practical approach towards the 

unit hydrograph. Figure 9 shows that this watershed has a flow of 24 m3/s. 

The most common uses after creating a unit hydrograph are designing flood 

prediction, runoff assessment from ungauged watersheds, supplement the incomplete 

archives, flood prediction. 

The analysis of this watershed and the application of the unit hydrograph might 

make a substantial contribution to the flood management program. 
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