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The unit hydrograph for a watershed plays a significant role in predicting the flood 

hydrographs of any duration precipitation event, which can be used to calculate the peak 

flow for designing hydraulic structure to save the area from flooding. The main objective of 

this study was to obtain an optimal unit hydrograph from twenty field data-based unit 

hydrographs for the Harpeth River watershed. To attain this objective, field flow data for 

three years was collected, and twenty random events were drawn to get the flood 

hydrographs. The flood hydrographs were converted into direct runoff hydrographs and then 

unit hydrographs. The gamma distribution function was used to get the optimal unit 

hydrograph through the genetic algorithm for getting optimized values of shift and scale 

parameters of the distribution. Applying the genetic algorithm, the obtained values of these 

parameters were 6.86 and 4.03, using the objective function to minimize the root mean 

square error of peak flow values between filed data-based unit hydrographs and optimal unit 

hydrographs. To sum up, heuristic optimization, like a genetic algorithm (GA), can be used 

to optimize gamma distribution parameters due to the difficulty in optimizing it using 

traditional methods like maximum likelihood and method of moments. 

 

1. Introduction 

Forecast of flow hydrographs is vital for water crisis actions 

and control procedures [1]. A considerable number of 

techniques have been presented for flow projection. The unit 

hydrograph (UH) is a widely used technique proposed by 

Sherman et al. [2], particularly in developing nations. It is a 

direct runoff hydrograph from one unit (one inch or one cm) 

of steady uniform precipitation over the whole basin [3]. The 

unit hydrograph idea proposed for evaluating the runoff 

hydrograph at the weather station compares to a precipitation 

hyetograph. This was one of the foremost implements known 

to the hydrologic society to choose the complete form of the 

hydrographs rather than the extreme flow simply [4, 5]. 

Moreover, Sherman et al. [2] paved the path to expanding 

watershed rainfall-runoff research with his UH approach. He 
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created hypotheses that are the motivation of current 

hydrology. These assumptions can be rephrased: The 

hydrologic method is linear and time-invariant. In contrast, 

it fails to describe the runoff distribution accurately because 

of its limitations. Furthermore, the UH clarifies the basin 

response features to all the precipitation events [6]. Many 

studies were conducted using a unit hydrograph for the 

estimation of a flood. [7]used the unit hydrograph to 

calculate overflow hydrographs for ungauged urban 

watersheds. Sorman et al. [8] used the unit hydrograph for 

the prediction of the peak flood for the ungauged station. Jain 

et al. [9] used the unit hydrograph for a complex drainage 

system examination for the Himalayan River to spotlight its 

importance in the overflow control schedule. Khaleghi et al. 

[10] used several models, including the unit hydrograph, to 

specify the formation and measurements of outlet runoff 
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hydrographs for a selected Basin. Sule et al. [11] used the 

unit hydrograph method for a basin. They found that this 

approach can provide valuable information on runoff, such 

as height discharge velocities and duration of the height 

flow. Eizeldin et al. [12]used the unit hydrograph integrated 

with the basin’s geomorphological characteristics and 

kinematic-wave equations to predict the rainfall-runoff 

hydrograph within ungauged arid drainage basin used the 

unit hydrograph model to forecast the surface runoff in 

hillslopes. They revealed that the model predicted the 

subsurface flow accurately, and they verified the results 

based on the laboratory data. Pratama et al. [13] used the unit 

hydrograph to estimate flood volume and peak flow and 

showed that the results were accurate [14]. Wang et al.[15] 

used an improved unit hodograph to estimate flood for an 

area with fewer data. They demonstrated that the model is 

applicable for estimating the spatial distribution of flow, and 

the results can be used for stream network discharge 

concentration. Bahrami et al. [16] used a unit hydrograph 

approach to estimate flood hydrograph for a basin located in 

the mountains. They showed that the model predicts the 

flood hydrograph precisely. Shatnawi et al. [17] employed 

the synthetic unit hydrograph method to predict the flood 

from a hurricane event for an ungauged area. They indicated 

that the unit hydrograph model could be an efficient 

approach for estimating floods. The UH, acquired from a 

separate thunderstorm occurrence, can be distinguishable for 

a basin [18]. Hence, it is essential to specify the variables of 

optimal UH, which can decrease the mistakes in the 

calculation of UHs. Many methods can be used to get an 

optimal UH from numerous thunderstorm events for a 

typical basin [19]. Moreover, researchers have used the 

probability distribution procedure to specify the unit 

hydrograph by assuming that the number of unexplored 

parameters is equivalent to the number of probability 

distribution variables. 

The unit hydrographs obtained using various rainfall events 

are different. Thus, it was crucial to select the most suitable 

unit hydrograph that anticipates the real precipitation events 

with insignificant mistakes. The optimization methods like 

genetic algorithms can convert the different unit hydrographs 

to an optimal unit hydrograph using the probability 

distribution. Therefore, the aim of this study was to obtain 

the optimal unit hydrograph for the watershed using a 

gamma distribution. 

2. Study Area, Climate, and Significance 

2.1. Study Area 

      Harpeth watershed is in Middle Tennessee, US. It drains 

its water into the Harpeth River. This watershed consists of 

many sub-watersheds. For this study, a sub-watershed of this 

big watershed was considered, which drains its water in 

Harpeth River at Bellevue, located at 36°03'13.7" N, and 

86°55'43.7" W. The area of this watershed is approximately 

430 square miles. 

2.2. Climate 

      The study area has an average annual precipitation of 4.6 

inches. However, the temperature was varied. For example, 

January is the coldest month with a low temperature of 26 

degrees, while July and August are the hottest months, with 

temperatures reaching 89 degrees. 

2.3. Significance 

     The purpose of using this watershed for the study was its 

significance because due to the urban development of this 

watershed, the response to each precipitation event may be 

different and will cause flooding. So, it was essential to 

optimize the unit hydrograph study to better understand and 

predict the flows for future development projects and 

structures design. 

3. Methodology 

     The following steps were followed to obtain the 

optimized unit hydrograph for the watershed. 

3.1. Data Acquisition 

      The flow in cubic feet per second (cfs) and precipitation 

in inches (in) data of the study area were obtained from U.S. 

Geological Survey (USGS). The data length was from 

January 01, 2018, to December 31, 2021. There were many 

flood hydrographs from various precipitation events. Twenty 

events were selected randomly to represent the watershed's 

response after a precipitation event.  

3.2. Flood Hydrograph to Unit hydrograph 

      The flood hydrographs for these twenty events were 

drawn. Then, the base flow for each event was selected as 

the minimum flow value before the rising limb of the flood 

hydrograph. Next, the base flow was separated from each 

event to get the direct runoff hydrograph. Finally, the direct 

runoff hydrographs were converted to the unit hydrographs 

using the watershed area and effective unit precipitation. The 

obtained unit hydrograph from direct runoff and flood 

hydrographs of the event 14 is shown in Figure 1. 

 

 
Figure 1. Conversion of flood hydrograph to unit hydrograph 

 

The unit hydrographs for all the twenty events obtained from 

field data are shown in the figure given below. 
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Figure 2. Unit hydrographs obtained from flood 

hydrographs of twenty events 

3.3. Gamma Distribution  

      The gamma distribution benefits from holding solely 

positive outcomes in hydrology since hydrological 

parameters like precipitation are consistently positive, more 

significant, or equivalent to 0 as a lower boundary [20]. The 

gamma distribution is a particular subject of the Pearson 

Type III distribution where the locus variable is 0. Fisher 

[21] was the first who gave the maximum likelihood 

approach for this distribution; nevertheless, the formula did 

not conveniently handle a frequent assessment. Besides, the 

gamma distribution is a two-variables commonness 

distribution presented as Eqs. (1) and (2) [22]. 

 𝑓(𝑥) =
1

𝛽𝛼(𝛼)
(𝑥)𝛼−1𝑒

−
𝑥

𝛽,    𝑥 ≥ 0                                      (1) 

  (𝛼) = ∫(𝑥)𝛼−1𝑒−𝑥 𝑑𝑥

∞

0

                                                      (2) 

where x is the randomly distributed variable, α is the shift 

parameter, β is the scale parameter, and f(x) is the standard 

gamma function. 

3.4. Genetic Algorithm  

       Recently metaheuristic algorithms and machine learning 

models have been employed to fix complicated concerns 

originating from various domains [23-30]. Most 

metaheuristic algorithms are introduced by natural growth, 

swarm manners, and physics[31]. A genetic algorithm is an 

investigation heuristic motivated by Charles Darwin's idea of 

biological development. This algorithm images the natural 

preference approach, where the best someone is chosen for 

duplication to create descendants for the following era [32]. 

For example, if parents have more good wellness, their 

descendants will be more promising and have a reasonable 

chance of enduring. This methodology maintains repeating, 

then a generation with the most qualified people's willpower 

is discovered. 

The steps of the genetic algorithm (GA) are as follows. First, 

a sample (Y) of chromosomes is created unsystematically. 

Then, the wellness of separate chromosomes in 'Y' is 

calculated. According to the wellness value, two 

chromosomes, 'C1' and 'C2', are chosen from the sample. 

Then, the crossover operator with crossover likelihood (Cp) 

is involved with 'C1' and 'C2' to create descendants, 

assuming it is O'. After that, a constant modification operator 

is used to create descendants (O) with modification 

possibility (Mp) to develop 'O'. Finally, the new descendant's 

"O" is recognized in the latest sample. The choice, crossover, 

and modification procedures will be replicated on the 

existing sample until the recent sample is done [32]. 

Besides, the crossover formula is defined as Eq.(3) [34] 

𝑅 =
(𝐺+2√𝑔)

3𝐺
                                                                                (3) 

where 'G' is the number of generations and 'g' is the whole 

number of developed generations set by sample. 

3.5. Optimization of Unit Hydrograph  

      Using gamma distribution, the primary goal was to locate 

the optimal weight of shape parameter 'α' and shift parameter 

'β' for the most suitable unit hydrograph solution with 

gamma distribution. Besides, the optimized peak unit 

hydrograph and required duration for peak and time to peak 

were compared to the field unit hydrographs obtained 

straight from precipitation events [35-36]. Finally, the 

objective function with constraints and decision variables 

was defined as follows which is root mean square error 

(RMSE). As shown in Eqs. (4)-(7) 

  𝑀𝑖𝑛 √
1

𝑛
∑ (𝑔𝑎𝑚𝑚𝑎 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑝𝑒𝑎𝑘 –  𝑈𝐻 𝑝𝑒𝑎𝑘)2     𝑛

𝑖=1   (4) 

 𝐺(𝑎) ≥ 𝐿(𝑎)                                                                             (5) 

 𝐺(𝑏) ≥ 𝐿(𝑏)                                                                             (6) 

G (time to peak) = L (time to peak        (                           (7) 

 

     Decision variables G(a) and G(b) are the ‘α' the shift 

parameter, and 'β' is the scale parameter for the gamma 

distribution process that can be described as the function of 

the unit hydrograph. Index 'I' describes the number of various 

unit hydrographs utilized for optimization and 'n' is the total 

number per basin, and 'UH peak' is the maximum value of 

the UH obtained from the optimized 'α' and 'β' of the gamma 

distribution approach. L(a) and L(b) is the lower boundaries 

of G(a) and G(b) for each of the unit hydrographs obtained 

from field data. In the genetic algorithm, 2 genes, 6 

chromosomes, 25% of the population for crossover rate, two 

as mutation rate, and 5% of the population as elitism size in 

each generation were used. 

4. Results and Discussion 

     The shift and scale parameters of the gamma distribution 

were optimized using the genetic algorithm by minimizing 

the root mean square error defined as the objective function. 

After 633 Generations, the genetic algorithm found the 

optimal values of the scale and shift parameters of the 

gamma distribution which are 6.86 and 4.03. The 

corresponding lowest mean square error was 1213.93. These 
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values were used to get the unit hydrograph which represents 

the optimized response of the watershed considering the 

twenty events of the field data. The plot for fitness vs. 

generation is given in Figure 3. 

 
Figure 3. Fitness vs. generation plot obtained through genetic 

algorithm. 

     After this fitness, the resultant values of scale and shift 

parameters of the gamma distribution were used in the 

gamma distribution function to get the optimal unit 

hydrograph which is presented as follows: 

 

 
Figure 4. Optimal unit hydrograph obtained through genetic 

algorithm. 

The optimal unit hydrograph showed the peak flow value 

of around 11000 cfs, which is well optimized between the 

lowest and highest flow values of the twenty events about 

3000 and 22000 cfs, respectively. Similarly, another 

important parameter of the unit of the hydrograph is time to 

peak, around 25 hours which is in the range of unit 

hydrographs of all the twenty events. The following figure 

gives the comparison of the optimal unit hydrograph with the 

twenty field data unit hydrographs. 

 
Figure 5 Comparison of optimal unit hydrograph with field 

data-based unit hydrographs. 

5. Conclusions 

    The conclusion drawn from this study is presented below.  

• The conversion of field flood hydrographs into the unit 

hydrographs resulted in various unit hydrographs 

instead of one hydrograph, which may be due to the 

variations of precipitation intensity over the area and 

some climatic factors. 

• The gamma distribution was influential in getting the 

optimal unit hydrograph using the genetic algorithm 

from twenty events of unit hydrographs obtained from 

the field flow data. 

• The optimal unit hydrograph showed a good, optimized 

agreement with the field data-based unit hydrographs 

with a mean square error was 1213.93. This calculated 

unit hydrograph had a better relationship with the 

minimum and peak flow values and the time to reach the 

peak flow with the twenty events of the field unit 

hydrographs. 

• Generally, maximum likelihood and method of 

moments are used for the parameter estimation of 

distributions in statistical theory. Both of these methods 

are very difficult due to the density operation form of 

the gamma distribution [37]. Hence, in this study, we are 

showing the capability of heuristic optimization like 

genetic algorithm can be used to optimize gamma 

distribution parameters. 
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