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The Qarah-Aghaj basin, as one of the most significant watersheds in Fars Province, 
has experienced numerous destructive flood events in recent decades, causing 
extensive damage to regional infrastructure. This study presents a comprehensive 
analysis of flood behavior in the Qarah-Aghaj basin through an integrated approach 
that evaluates four statistical distributions: Gumbel Type I, Generalized Extreme 
Value (GEV), Generalized Pareto (GPD), and log-normal. The distribution 
parameters were fitted using three distinct methods: Method of Moments (MOM), L-
moments, and Maximum Likelihood Estimation (MLE). The goodness-of-fit was 
rigorously assessed through multiple criteria, including the Kolmogorov-Smirnov 
test, Akaike Information Criterion (AIC), and Root Mean Square Error (RMSE). Key 
findings demonstrate the superior performance of the GEV distribution in flood 
modeling for this basin. The GEV distribution showed optimal agreement with 
observational data, as evidenced by the lowest Kolmogorov-Smirnov statistic (0.058) 
and AIC value (234.5). Furthermore, it provided the most accurate predictions with 
an RMSE of 112.3 m³/s and a positive bias of 2.1%. These results indicate heavy-
tailed behavior in the flood frequency distribution, primarily attributable to unique 
geomorphological characteristics, including steep slopes (mean 12.5%), high 
drainage density (1.8 km/km²), and extensive karst formations (covering 
approximately 60% of the basin area). The analysis underscores the necessity of 
employing advanced distributions like GEV for complex hydrological systems in 
arid basins such as Qarah-Aghaj, potentially reducing computational errors by up to 
20%. The study conclusively establishes that a single distribution cannot be 
universally applied across all arid basins, emphasizing the critical importance of 
considering basin-specific characteristics in flood frequency analysis. These findings 
provide a scientific basis for updating flood management standards in similar 
regions, with significant implications. 

 
How to Cite: Last Name, Initial., Last Name, Initial., & Last Name, Initial. (2021). Title of paper.  Journal of 
Natural Environmental Hazards, -- (--), ----.  

 

© The Author/Authors  

DOI: 0000000000000000000 
Publisher: University of Sistan and Baluchestan 

 
  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

EXTENDED  ABSTRACT 

INTRODUCTION 
The primary challenge in flood management of arid basins lies in the substantial uncertainty 
surrounding peak discharge predictions. The Qarah-Aghaj basin, as one of the most significant 
watersheds in Fars Province, has experienced numerous destructive flood events in recent decades, 
causing extensive damage to regional infrastructure. Field observations at the Tang Karzin station 
reveal that recorded floods, particularly the extreme 1986 event with a discharge of 6,409 m³/s, 
significantly exceeded values predicted by conventional distribution models. This study provides a 
comprehensive analysis of flood behavior in the Qarah-Aghaj basin, where recent catastrophic events 
have exposed critical limitations in traditional frequency analysis methods. By integrating advanced 
statistical approaches with detailed physical basin characterization, this research addresses existing 
knowledge gaps through systematic evaluation of GEV, Pareto, log-normal, and Gumbel distributions, 
while offering operational solutions for regional flood management based on statistical findings. 

 
DATA AND METHODOLOGY  

The Qarah-Aghaj watershed, located in the central portion of the Mond basin in Fars Province, was 
selected for this investigation. Four statistical distributions were employed for extreme flood 
frequency analysis: Gumbel Type I (Eq. 1), Generalized Extreme Value (GEV) (Eq. 2), Generalized 
Pareto (GPD) (Eq. 3), and log-normal (Eq. 4). Parameter estimation was performed using three distinct 
methods: Method of Moments (MOM), L-moments, and Maximum Likelihood Estimation (MLE), 
optimized through the log-likelihood function log-L(θ) = ∑ log f(x_i|θ). Specific parameter 
calculations included: 

(1)  F(x) = exp[-exp(-(x-μ)/σ)] 

(2)  F(x) = exp{-[1 + ξ((x-μ)/σ)]^(-1/ξ)} 

(3)  F(x) = 1 - [1 + ξ(x-μ)/σ]^(-1/ξ) 

(4)  F(x) = Φ[(ln(x)-μ)/σ] 

(5)  L(θ) = Π^{n}_{i=1} f(x_i| θ) 

Where x represents flood discharge random variable and θ denotes the parameter vector (location μ, 
scale σ, and shape ξ). Distribution fitting quality was assessed through multiple criteria including 
Kolmogorov-Smirnov test (α=0.05), Akaike Information Criterion (AIC), and Root Mean Square 
Error (RMSE). 
 
RESULTS AND DISCUSSION 

Analysis of 55-year instantaneous peak discharge records revealed significant flow variability within 
the basin. Comparative evaluation of GEV parameter estimation methods showed 5.3% variation in μ 
and 10.7% difference in critical ξ parameter estimates. For the 1000-year return period flood, 
substantial discrepancies emerged among distributions (Table 1): 
 

Table 1: Predicted discharges (m³/s) for the T=1000-year flood in Qarah-Aghaj basin 

Distribution Discharge Deviation from GEV 

GEV 11,098 - 

Gumbel 8,750 21.2% lower 

Pareto 12,450 12.1% higher 

Log-normal 10,530 5.1% lower 

The GEV distribution demonstrated superior performance with optimal goodness-of-fit (KS=0.058, 
AIC=234.5) and highest predictive accuracy (RMSE=112.3 m³/s, positive bias=2.1%). In contrast, the 
Gumbel distribution showed systematic underestimation (negative bias=12.4%, RMSE=185.6 m³/s), 
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while the Pareto distribution exhibited overestimation tendencies (positive bias=5.8%). These results 
unequivocally demonstrate that the GEV distribution's incorporation of the shape parameter (ξ) 
enables superior modeling of heavy-tailed flood behavior in complex arid basins like Qarah-Aghaj, 
potentially reducing computational errors by up to 20%. 
 
CONCLUSION  

This study establishes that the Generalized Extreme Value distribution with positive shape parameter 
(ξ=0.18, p<0.01) provides optimal flood frequency analysis for the Qarah-Aghaj basin. The heavy-
tailed behavior primarily stems from unique geomorphological characteristics, including steep slopes 
(mean=12.5%), high drainage density (1.8 km/km²), and extensive karst formations (≈60% basin area). 
Comparative analysis revealed that traditional Gumbel distribution may underestimate 1000-year flood 
risks by up to 40%, emphasizing the necessity of basin-specific approaches that account for: 

* Distinct geomorphological features 

* Nonlinear hydrological system behavior 

* Combined climate change and anthropogenic impacts 

These findings provide a scientific basis for updating flood management standards in similar arid 
regions, with particular implications for critical water infrastructure design and risk mitigation 
strategies. The methodological framework developed through this research significantly advances 
predictive accuracy in extreme flood estimation for water resource management applications in water-
scarce regions. 
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 L���A 35���  
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L���A -�,�5
���6  ����> ���
 -�,) �,�
�5�� Y
� 3� �>MOM�,�
�5�� �(- 0!� )L-moments �Z	��. 
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2��� �T��� )MLE .���� ���� Y���> (3�� > �> �,�5
���6 2��� L>�A -��� ���T� log-L(θ) = ∑ log f(x_i|θ)  ��
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.���� ���_T, L���A -�,�5
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 (��K�R �������
 �������
) 3��T� -�,�
�5�� �� ���[5�� �> �,�,�5
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 G��b 3> SQ
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σ = √6 s/π ��� 3Q��I
�� 2��� L>�A 
  -��> ���T�GEV  30>��) ��5 ���[5�� (

-�����) �����1  �����?T, 
2024-��TK k2  �����?T, 
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)1 (  F(x) = exp[-exp(-(x-μ)/σ)] 

)2 (  F(x) = exp{-[1 + ξ((x-μ)/σ)]^(-1/ξ)} 

)3 (  F(x) = 1 - [1 + ξ(x-μ)/σ]^(-1/ξ)  

)4 (  F(x) = Φ[(ln(x)-μ)/σ]  

)5 (  L(θ) = Π^{n}_{i=1} f(x_i|θ) 
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�b�� ��>- ξ nA 
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���>�\ .2�� *+�� �0! ���/A -��>  �> -�,

��
� �t�5E
 G��  �� 2����> -�,2  �A1000 L���A �� 7� �, -��> X��  ��� .�� 3Q��I
 ����> ���
 -�,

 ���� �> G�Q��I
)30>�� 6( �< �� 3	 2��� ��N�� F(x) 
 �/TNA L���A L>�A T_r 2�� �i� ���
 2����> ��
�.  

)6 (  T_r = 1/(1-F(x))   

S��IA < -�,m�I
 �� O,
P6 ��� -��
 ��� -�, ��� �� .�� ��N�� �[�5E
 -��B�� ��B�� R �eeEA 35F> �> extRemes 

L���A Y���> -��> �-�. -�,HEC-SSP  
MATLAB  S��IA -��> 
 �,  �� .����� ���[5�� �?�9�K
���, G�Q��I


S��IA ���  ��,x  ���� ����eA ��n5
 ����� 3> 
 *+�� �>� ���,� θ �>��?
 �5
���6 S
�� L���A -�,�5
���6 ��� (μ) �

���H
 �5
���6 (σ) S?� �5
���6 
 (ξ) �� 35��� �i� ��.  
 -��
 m���� c�1� �5��� �i� �� �> G�Q��I
 �
�TA

2��
�I
 @�T/A -�. ����H
 L���A -��> .2���w6 ��N�� -��
< L���A �, j�! -�, 5��� 3 (GEV) L>�A S
�	 30>�� ��

2��� T��
 �> �� �� L���A -�,�5
���6 ��TA 3	 ��� �� ���[5�� �����. Y
� ���  ��?
� �-�/>��R 
 L
�M �����

 3F��H
7�A�T5F�� L���A ��> a���
 *�E5�� 2�� � �� 
 -��
< t�5E
 -�, *+�� S��IA -��> L���A ���A  -�,

 �O,
P6 ��� �� ��� 35��� ��	 3> ��?�
� .��T� @,��� c�1� 
 �T�� G��b 3> �� 3/K�0
 ���
 3H0�
 �� -�.

Y
� �� �Q�	�A �
 S
�� �� -��
< ���� 
 7��+	 -�, �
 3	 ��� R ����� 3> ����A G�/K�0
 -��> �Q5/
 �>�R��

���� ���1 ���[5�� ���
 B�� cC��
 ���� �� 3>��
.   

  

�MH�� �0� O%E3&  

�>� ���
� -�� ����> 3iIK �Z	��. -�,  ��
� �� -�55 ���� 3K��  34�. �� ����M 3M�A S>�1 -��w6���nA ���,�

��1 �>� .2�� :�;< 2Q` -�,  ��
�I
 �� ���5/35  �A6409 �> a/?
�5
 ���� 3	 ����� ���1 3���`  ��M
 ���,�

2Q` �>� ���5��> .2�� 34�. ��� �� f�> G�� �> -�. -�,����
�  �>< X�� 3> ��>�
 ���66-65  ���H
 �>6409 

 �
�. 3	 ���> 3���` �> a/?
�5
7/6 ) G�
���> ������
 �>��>7/951 2�� (3���` �> a/?
�5
.  �> 30>�� ��� ��
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100  4564  4210, 4918  

200  6004 5520, 6488  

500  8566  7815, 9317  

1000  11098  10080, 12116  
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� �> -�,1000  2�T,� (3K��

�
 ���6 -�0! 3	 ��R ���	 35 �b�� �� ξ �
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σ  9/8 
ξ  7/34  
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 @��#3: �E���� �0�M��$�2� �
&�Z GEV K�$ �� *��!$�[�� �0� ��� P,M
�� *�� �U
: \�][  

!$�[�� K�$  μ (m³/s)  σ (m³/s)  �M��$�2ξ  

MOM  3/425  1/287  18/0  

MLE  7/438 4/295  21/0  

L-moments  9/415  8/279  16/0  
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�� L���A 3M�A (ξ) 34�. �� 3	 2�� ��1 ����
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