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Abstract  

Introduction:  Understanding hydrological phenomena is essential for the optimal use of 

water resources. Surface runoff is an important part of the hydrological cycle. Accurate 

runoff estimation can make a significant role in water engineering and the proper utilization  

of resources for the various uses of agriculture, drinking, hydropower and the environment. 

Therefore, the use and development of accurate and reliable methods for runoff modeling of 

the catchments is essential. One of the new methods of runoff calculations is cellular 

automata. Cellular automata is a fundamental method for simulating complex systems.  

Methodology:  In cellular automata, the lattice space is divided into a number of cells and 

create a cellular space (Fig2). A set of cells adjacent to the central cell is called a 

neighborhood (Fig1).  In the runoff production process, the cell state is the water level, which 

is the sum of the cell height and water depth. The height of the cell is determined from the 

digital elevation model and the determinatio n of water depth is controlled by the effective 

precipitation at the present time step and the balance between inlet and outlet flow at the last 

time step. The transition rules in the cellular automata model determine the behavior of cells 

at different tim e steps, and define the future state of the cell. The first transition rule 

determines that which neighboring cell can get water from central cell at each time step 

(Fig3). The second transition rule is used to calculate the amount of flow to neighboring cells, 

in which the Manning equation is used. The first and second transition rule apply to all cells 

at each time step and as a result the output flow from each central cell to its neighbors is 

calculated. In the general view, each central cell is a neighbor of other cells, as a result a third 

rule must be used for calculation the total flow for each cell. The evaluation of the cellular 

automata model is performed using the statistical indicators of correlation coefficient and 

root mean square error and Nash-Sutcliffe efficiency coefficient. 

Results and Discussion:  First, the runoff is simulated on a uniform rectangular surface and 

the results of the cellular automata model are compared with the results of the Akan 

analytical solution. In order to evaluate the efficiency and accuracy of the cellular automata, 

the statistical parameters of the models calculated. The results showed that the cellular 

automata model has high accuracy and efficiency (Fig 5). Then runoff in the Con catchment 

is simulated. This catchment is located in the northwest of Spain. (Fig 6). The results showed 

that the cellular automata model has been able to simulate runoff well in the catchment 

surface (Fig 7). At the outlet, the discharge is calculated based on the cellular automata and 

compared with the observed discharge. The results of the cellular automata model are shown
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with three different time steps (Fig 8). So far, various mathematical models for rainfall -runoff 

estimation have been proposed. In integrated models, the whole catchment is considered as a 

unit. These models have a simple structure and appropriate computation time, but are 

accompanied by many assumptions and the spatial distribution of variables is not 

considered. Therefore, integrated models are not suitable for large catchments. In semi-

distributed models, the catchment is divided into a number of sub -catchments. In these 

models, important features of the catchment are shown, but for each sub-basin, moderate 

data is considered and the exact spatial distribution of data is not considered. In distribution 

models, spatial distribution data is considered, but the time required for computation and 

modeling is high. Therefore, it seems necessary to develop methods that have a simple 

structure and high accuracy at the same time. Due to the accuracy of the results and the 

ability to access the required information anywhere in the catchment, the cellular automata 

model can be used to predict runoff.  

Conclusion:  The results showed that the cellular automata model has a high accuracy 

compared to Akan analytical solution. Also, in simulating the runoff of the con catchment, 

the runoff network at the catchment surface was well simulated. Comparing the 

computational discharge results from the  cellular automata model and observational data, 

the values of correlation coefficient, mean square root of error and Nash-Sutcliffe coefficient 

were 0.99, 0.11 and 0.97. As the result, due to the accuracy of the results and the ease of 

implementation, the  cellular automation model can be used to predict runoff in catchment 

without data and reliable results can be achieved. 
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 yLĊí¾£ ¿v ÈăÿÂL~ üLĉv ½¹ )ºLý¹¾í ĈÅ½¾z v½ ºÅ ¢ÆîÉ

 ÿ ĈõĀöÅ ćw£wùĀ£v óºùGIS  óºLù ¢LĊözwé ÿ ºLÉ ā¹wæ¤LÅv

ĂĊ{LÉ ½¹ ĈõĀöLÅ ćwL£wùĀ£v )ºLLÉ Ì¸LÊù xĒĊLÅ ć¿wLLÅ

)Antonio et al. (2017  ĈõĀöÅ ćw£wùĀ£v Çÿ½ ¿v ā¹wæ¤Åv wz

ÑĀ³ ½¹ xĀÅ½ ÿ ûwĉ¾«  ĂSoana   üĉv ½¹ )ºý¹¾í ĈÅ½¾z v½

  Ăùwý¾z wz èĊê´£CAESAR   ĈõĀöLÅ ćwL£wùĀ£v ¾z Ĉþ¤{ù Ăí

 ¹½ÿj¾LLz ĂLLÑĀ³ ½¹ xĀLLÅ½ ĈLLz¹ ÿ ûwLLĉ¾« ĈLLz¹ ¢LLÅv

https://www.sciencedirect.com/science/article/pii/S1364815216303243#!
https://www.sciencedirect.com/science/article/pii/S1364815216303243#!
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)ºÉJozefik et al. (2015)    ćwL£wùĀ£v óºLù ¿v ā¹wæ¤LÅv wz

ĂĊ{LLÉ v½ Ĉ´ÖLLÅ ûwLLĉ¾« ĈõĀöLLÅ üLLĉv ½¹ )ºLLý¹¾í ć¿wLLÅ

wLÒå ½¹ ĈõĀöLÅ ćwL£wùĀ£v óºù ìĉ ¿v ÈăÿÂ~ ćºLÞzÿ¹ ć

ĂĊ{É »Āæý ÿ Ç½wz ÿ ā¹wæ¤Åv Ăí ¹v¹ ûwÊý ªĉw¤ý )ºÉ ć¿wÅ

¹½v¹ Ĉ{Åwþù ¢Ċözwé óºù. )Liu et al. (2015  óºLù ìĉ ¿v

ĂĊ{É ćv¾z ĈõĀöÅ ćw£wùĀ£v ćºÞz ÿ¹ ā¹wæ¤Åv xĒĊÅ ć¿wÅ

óºLLù üLLĉv ½¹ )ºLLý¹¾í ¾ĄLLÉ ½¹ ôĊLLÅ ¹vºLL·½ ÿ¹ ¿v ć¿wLLÅ

Guangzhou  ù ¢Ċözwé Ĉzwĉ¿½v ćv¾z )ºÉ ā¹wæ¤Åv ªĉw¤ý Ióº

 ćºLÞz ÿ¹ óºLù ªĉw¤ý wz ĈõĀöÅ ćw£wùĀ£v óºùFloodMAP 

ºÉ ĂÆĉwêù.  ôùwÉ È¸z ½wĄ¯ ¿v ĈõĀöÅ ćw£wùĀ£v óºù ìĉ

ûĀýwLé ÿ óĀöLÅ ¢Lõw³ IĈòĉwLÆúă ÛĀý IĂî{É ćwÒå ćwLă

ÈăÿÂ~ ½¹ )¢Åv āºÉ ôĊîÊ£ ówê¤ýv Çÿ½ ¿v āºÉ ¹wĉ ćwă

óºù Ĉõÿ ¢Åv āºÉ ā¹wæ¤Åv ĈõĀöÅ ćw£wùĀ£vćwL£wùĀ£v ćwă 

 ¾Lòĉ¹ ¡½wL{Ý ĂLz )¢Åv ā¹Āz ¡ÿwæ¤ù ā¹wæ¤Åv ¹½Āù ĈõĀöÅ

óºù üĉv ¢Lõw³ IĈòĉwLÆúă ÛĀLý IĂî{LÉ ćwLÒå ćv½v¹ wLă

ûĀýwé ÿ óĀöÅ  )ºþ¤Æă Ĉ£ÿwæ¤ù ówê¤ýv ćwă 

óºù ûĀþíw£Ç½wLz ¹½ÿj¾Lz ćv¾Lz ĈýĀñwLýĀñ ĈLÑwĉ½ ćwă(

óºù ½¹ )¢Åv āºÉ Ătv½v xwývÿ½ Ăz ĂÑĀ³ ôí Ă¯½w îĉ ćwă

  ½¹ º³vÿ ìĉ ¡½ĀÍĈù Ă¤å¾ñ ¾Úýóºù üĉv )¹ĀÉ ćv½v¹ wLă

Ă{Åw´ù ûwù¿ ÿ ā¹wÅ ½w¤·wÅ wLz āv¾úă Ĉõÿ ¢Åv yÅwþù wă

ĂĊÑ¾å ¾LÚý ½¹ wLă¾Ċâ¤ù Ĉýwîù Èþív¾~ ÿ ā¹Āz ć¹wĉ¿ ćwă

Ĉúý Ă¤å¾ñóºù üĉv¾zwþz )¹ĀÉĂLÑĀ³ ćv¾Lz Ă¯½w îĉ ćwă(

óºLù ½¹ )¢LÆĊý yLÅwþù ï½Àz ćwă ĈÞĉ¿ĀL£ ĂLúĊý ćwLă

ê£ ĂÑĀ³¾ĉ¿ ć½wúÉ Ăz ĂÑĀ³Ĉù øĊÆóºù üĉv ½¹ )¹ĀÉ wă

ĈñÂĉÿĈù ā¹v¹ ûwÊý ĂÑĀ³ øĄù ćwă ¾Lă ćv¾Lz ĈLõÿ ¹ĀÉ

ĂÑĀ³¾ĉ¿ ā¹v¹ĈLù ĂL¤å¾ñ ¾LÚý ½¹ ĈÖLÅĀ¤ù ćwă ÿ ¹ĀLÉ

ā¹v¹ èĊé¹ Ĉýwîù Èþív¾~ĈLúý ĂL¤å¾ñ ¾Úý ½¹ wă ½¹ )¹ĀLÉ

óºùā¹v¹ ½¹ ĈýwLîù Èþív¾L~ ĈÞĉ¿Ā£ ćwă ½¹ ć¹ÿ½ÿ ćwLă

ĈLù Ă¤å¾ñ ¾Úýćv¾Lz ÷¿đ ûwLù¿ ĈLõÿ ¹ĀLÉ Ă{LÅw´ù ÿ wLă

óºù¢LÅv ¹wLĉ¿ ć¿wÅ $Sitterson et al., 2018# üĉv¾zwLþz )

Çÿ½ ĂÞÅĀ£  ½w¤·wÅ ćv½v¹ ûwùÀúă Ăí Ĉĉwă ¢Lé¹ ÿ ā¹wLÅ

Ĉù ¾Úý Ăz ć½ÿ¾Ñ ºÉwz đwz ĈõĀöLÅ ćw£wùĀ£v óºù ½¹ )ºÅ½

ĈLñÂĉÿ ÈăÿÂL~ üLĉv óºLù ÿ ĂLÑĀ³ ĈîĉÁĀõÿ½ºLĊă ćwLă

¹wæ¤Åv óºù øĊê¤Æù ć¹ÿ½ÿ ûvĀþÝ Ăz Ûwæ£½v ĈùĀé½ āºLÉ ā

ĈLù ¦LÝwz ĂLí ¢Åv Ĉñ¹wLÅ ĂLz ÿ ¢Lé¹ wLz ĂLÑĀ³ ¹ĀLÉ

Ĉù ÈĉvÀåv v½ óºù ¿v ā¹wæ¤Åv ¢Ċözwé ÿ āºÉ ć¿wÆõºù )ºă¹

óĀöÅ Ăúă ¢ĊÞÑÿ Ĉýwù¿ ÷wñ ¾ă ½¹ Ăîþĉv Ăz Ă«Ā£ wz ćwLă

ĈLù ĈýwÅ½¿ÿ½ Ăz ûwùÀúă Ăî{É ¡½ĀLÍ ĂLz xwLývÿ½ I¹ĀLÉ

ĈLù äĊLÍĀ£ ĈýwLîù ÿ Ĉýwù¿ ¾Ċâ¤ùĂĊ{LÉ wLz )¹ĀLÉ ć¿wLÅ

Çÿ½ wLLz ĂLÆĉwêù ½¹ ºLLÞz ÿ¹ ½¹ xwLývÿ½ ©ĀLLù ºLLþýwù ĈĉwLă

ć¾ĉ¼~¾ĊĊâ£ ìĊ£wúþĊÅ ÈĉwLúý ¾L¤Ąz xwLývÿ½ ĈýwLîù ćwă

Ĉù ā¹v¹ûĀýwLé Ăz Ă«Ā£ wz ¾òĉ¹ ćĀÅ ¿v )¹ĀÉ ówLê¤ýv ćwLă

Ă{Åw´ù ĈñºĊ°Ċ~ Iā¹wÅ wLz ĂLÆĉwêù ½¹ ÿ ĂL¤åwĉ Èăwí wă

Çÿ½Ăõ¹wÞù ô³ Ăz ć¿wĊý ć¹ºÝ ćwă )¢LÆĊý āºĊ°Ċ~ ćwă

  üĊþ°úăûĀýwé ½¹ĈñÂĉÿ ¿v ówê¤ýv ćwă ĈîĉÁĀõÿ½ºLĊă ćwă

ø¤ĉ½ĀLòõv wLz ĂÆĉwêù ½¹ Ăí ¢Åv āºÉ ā¹wæ¤Åv ĂÑĀ³ ćwLă

  ¾z Ĉþ¤{ù Ĉzwĉ¾ĊÆùDEM   ćwLþ{ù ¾z wĄþ£ ûwĉ¾« Èþív¾~$

ìĉ¹Àý ¢ĊÞévÿ Ăz #xj ²ÖÅ ãĒ¤·v)¢Åv ¾£ 

½¹    üĉv  ¿v ôÍw³ xwývÿ½ ÈăÿÂ~Ç½wLz   ćwL£wùĀ£v Çÿ½ ĂLz

ĂĊ{É ĈõĀöÅ¢Åv āºÉ ć¿wÅ)   ¾Lz Ĉ´ÖLÅ xwLývÿ½ ¿wáj ½¹

 ćwL£wùĀ£v Çÿ½ ¿v ā¹wæ¤LÅv wLz ĈöĊÖ¤LÆù óºLù ºþ¯ ćÿ½

óºù ĈõĀöÅĈLù ć¿wÅĈ¤LÅ½¹ ćv¾Lz )¹ĀLÉ IÇÿ½ Ĉ¬þLÅ

Çÿ½ wLz ĈõĀöÅ ćw£wùĀ£v óºù ªĉw¤ý ¹ĀL«Āù ĈLöĊö´£ ćwLă

Ĉù ĂÆĉwêù ćwL£wùĀ£v óºLù ¿v ā¹wæ¤LÅv wLz ĂLùv¹v ½¹ )¹ĀLÉ

  Àĉ¾zj ĂÑĀ³ ½¹ xwývÿ½ ĈõĀöÅCon   ½¹ Üévÿ wĊýw LÅv ½ĀLÊí

ĂĊ{Éā¹v¹ wLz ĈõĀöÅ ćw£wùĀ£v óºù ªĉw¤ý )¢Åv āºÉ ć¿wÅ(

āºăwÊù ćwăĈù ĂÆĉwêù ćv óºLù ¢LĊözwé ÿ Ĉĉv½wí w£ ¹ĀÉ

)¹ĀÉ Ĉzwĉ¿½v  

-(  óºLù ½¹ ĈõĀöLÅ ćwL£wùĀ£v óºù ć¿wLÅ

Ĉ´ÖÅ xwývÿ½ 
 óºLù ¢úÆé üĉv ½¹ćwL£wùĀ£v ĂĊ{LÉ ćv¾Lz ĈõĀöLÅ ć¿wLÅ

)¹ĀÉ Ĉå¾Þù xwývÿ½ 

,--(  ćwÒå Ăî{É ÿ  óĀöÅwă 

  ćwÒå IĈõĀöÅ ćw£wùĀ£v ½¹¹½ĀLù   óĀöLÅ ć½wúLÉ ĂLz ¾LÚý

Ĉù øĊÆê£ĂÝĀú¬ù )¹ĀÉóĀöÅ ¿v ćv óĀöLÅ wLz ½ÿwL¬ù ćwă

Ĉù āºĊùwý ĈòĉwÆúă ¾Úý ¹½ĀùóĀöLÅ ¢ĊÞLÑÿ )¹ĀLÉ ćwLă

 óĀöLÅ ĈL£j ÿ ĈýĀLþí ¢ĊÞLÑÿ ¾Lz ôL{é ûwù¿ ½¹ ĂĉwÆúă

 IĂLL¤å½½wí ĂLLz ĈòĉwLLÆúă ÛĀLLý )¢LLÅv ½v¼LLñ¾Ċ§m£ ćÀLLí¾ù

üĊĊÞ£í¢í¾É ûwòĉwÆúă ½wúÉ āºþþûĀýwLé ½¹ āºþþí ćwLă

 óºLù ªĉwL¤ý ¾Lz ĈòĉwLÆúă ÛĀý )¢Åv ówê¤ýv§mL£Ċ¾  ûwĉwLÉ



óºùć¿wÅ xwývÿ½ Ĉ´ÖÅ wz ā¹wæ¤Åv ¿v ćw£wùĀ£v ĈõĀöÅ  )))  ÿ Ĉ¤·ºĊz ĂÞú«ûv½wîúă I,/+, 
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LL£Ą«Ā ¹½v¹ Ĉ)Kocabas et al., 2007(.  ¿vøĄù¾LL£ĉü 

ĈòĉwÆúă  ćwÒå ½¹ wăºÞzÿ¹  üùĀĊý ûÿ ĈòĉwÆúă Ić¢Åv 

 ÿ đwz I¢Åv½ I}¯ ¢úÅ ½¹ ĂĉwÆúă óĀöÅ ½wĄ¯ ûj ½¹ Ăí

vÿ ćÀí¾ù óĀöÅ üĊĉw~Ĉù Üé ĈòĉwÆúă ½¹ üĊþ°úă )ºýĀÉ

Ĉù ĂÕw³v v½ ćÀí¾ù óĀöÅ I½ÿw¬ù óĀöÅ ¢Êă I½Āù )ºLþþí

  ôîÉ ½¹,   āºLÉ ā¹v¹ ûwLÊý ½ĀLù ÿ üùĀLĊý ûÿ ĈòĉwÆúă

)¢Åv 
 

 
Fig. 1 Neighborhood of Von Neumann and Moore in the 

model of cellular automata (Cirbus et al., 2013) 

 ôîÉ,    ĈòĉwÆúăüùĀĊý ûÿ    ÿ½Āù  ĈõĀöÅ ćw£wùĀ£v óºù ½¹  
(Cirbus et al., 2013) 

óĀöLLÅćwă ÜLLévÿ ½¹ ćwLLă¿¾ù Ăî{LLÉ ćwLLă¿¾ù  v½ ĂLLÑĀ³

ĂĊ{ÉĈù ć¿wÅºþþí  )óĀöÅćwă  Üévÿ  ½¹  Ĉ«ÿ¾·  Ăz  ûvĀLþÝ 

óĀöÅćwă  x¼«Ĉù ôúÝ āºþþíÿ ºþþí  ûwĉ¾«  xj  Ăz  ûjwă 

x¼«  Ĉù ā¾Ċ·» ÿ¹ĀÉ)  üĉv  ûvÀĊùćwă  ā¾Ċ·»  āºLÉ  ćv¾Lz 

Ă{LÅw´ù øL¬³ ĂLêÖþù ¿v ĂLLí ĈLzj ¹½ĀLù ĈLÅ½¾z  ©½wLL·

ĈùI¹ĀÉ ā¹wæ¤Åv ÿ Ă¬Ċ¤ý½¹ xwývÿ½ ûvÀĊù Ĉù üĊĊÞ£¹ĀLÉ 

$Shao et al., 2015 ôîÉ ½¹ )#-  ā¹v¹ ûwLÊý Ăî{É ćwÒå

)¢Åv āºÉ 

 
Fig. 2 Lattice space and spatial cells in the cellular 

automata model (Shao et al., 2015) 

 ôîÉ-   óĀöÅ ÿ Ăî{É ćwÒå  ćw£wùĀ£v óºù ½¹ ĈĉwÒå ćwă

 ĈõĀöÅ )Shao et al., 2015 ( 

óĀöÅ ā¿vºýv¢é¹ ½¹ ć¹wĉ¿ ¾Ċ§w£ wă  ĂĊ{Éć¿wÅ   )¹½v¹ óºLù

Ăz½ĀÕ  ¢é¹ óĀúÞù  ÿ  Ĉ¤Å½¹  ªĉw¤ý  v½  ĈùûvĀL£  wLz  ÈăwLí 

ā¿vºýv  I¹v¹ ¹ĀL{Ąz óĀöÅ  Iûj ĈL~ ½¹ ĂLí   ÈĉvÀLåv ºLþù¿wĊý

IĂþĉÀă  ûwù¿  ÿ  Ü{þùĂ{LÅw´ù ćwLăćv   óºLù ćv¾L«v ćv¾Lz

)¢Åv 

---( üĊLLĊÞ£ ¢LLõw³ ½¹ óĀöLLÅ ºLLþĉv¾å ºLLĊõĀ£ 

xwývÿ½ 

½¹ óĀöÅ ¢õw³ ºþĉv¾å Ixwývÿ½ ÛĀLú¬ù ĂLí ¢LÅv xj ¿v¾£ 

Ûwæ£½v  óĀöÅ  ÿ  èúÝ  xj  ¢Åv  )Ûwæ£½v  óĀöÅ  ¿v   ĈùĀLé½ óºù

Ĉù üĊĊÞ£ ĂÑĀ³ Ûwæ£½vüĊĊÞ£ )¹ĀÉ  èúÝ  xj  ÔÅĀ£  Ç½wz 

¾§où  ½¹  ÷wñ  Ĉýwù¿ ¾Ñw³ ÿ ó¹wLÞ£ üĊLz ć¹ÿ½ÿ ÿ ĈL«ÿ¾· 

½¹  üĉ¾·j  ÷wñ  Ĉù ó¾¤þí üĊÊĊ~ Ĉýwù¿Ç½wLz )¹ĀLÉ  ¾§oLù 

$Re#  ¿v ā¹wæ¤Åv wz Ăõ¹wÞù ,  üĊĊÞ£ Ĉù5¹ĀÉ 

$,# Re=Ri ïI 

Ăí ½¹ ûj iR  Ç½wz ÿ ć¹ÿ½ÿ  I »Āæý ¢Åv ) 

.--(  ûĀýwéćwă xwývÿ½ Èþív¾~ ćv¾z ówê¤ýv 

ûĀýwéćwă  ówê¤ýv  ćv¾z  ¾ĊĊâ£  óĀöÅwă  ¿v  ìĉ  ¢õw³  Ăz  ¢õw³ 

¾òĉ¹  ¢É¼ñ wz  ûwù¿  ĈùºþÉwz  )ûĀýwé óºLù ½¹ ówLê¤ýv ćwă

  ½w¤å½ ĈõĀöÅ ćw£wùĀ£vóĀöLÅwă   ½¹ IôLùwî£ ºLþĉj¾å ĈLÕ v½

Ăö³¾ù āºLþĉj ¢ĊÞLÑÿ ÿ ā¹¾í Ì¸Êù Iäö¤¸ù Ĉýwù¿ ćwă

 äLLĉ¾Þ£ v½ óĀöLLÅùĈºLLþþí )Wolfram, 1984(.  ½¹ ûwLLù¿

ĈõĀöÅ ćw£wùĀ£v   ~wýĊĂ¤ÅĀ  ûĀýwé )¢Åv  ówê¤ýv ćwăĂz¡½ĀLÍ 

 ĂLúă ½¹ ûwÆîĉóĀöLÅwă  ½wLí ĂLzùĈºLýÿ½  ÿóĀöLÅwă  ĂLz

  ¡½ĀÍăÀúûwù  z  Ă¿ÿ½  ùĈºýĀÉ½¹ )  ÷wñćwă  Ĉýwù¿  ĈõvĀL¤ù 

¢õw³  ¾ă  óĀöÅ  wz  Ă«Ā£  Ăz  ¢õw³ćwă  óĀöLÅćwă  ĂĉwLÆúă 

¾zv¾z ûĀýwéćwă  ówê¤ýv ¾ĊĊâ£ Ĉùºþí  ) 

,-.--(  ûĀýwé  óÿv  ćv¾LLz ówê¤ýv  ĈĉwLLÅwþÉ    ûwLLĉ¾«

ĂĉwÆúă 

óÿv ûĀýwé  ówê¤ýv  Ĉù üĊĊÞ£½¹ ºþí  ¾ă  Ăö³¾ù  Ĉýwù¿   ½¹ xj

¢Év¹ ºăvĀ· ûwĉ¾« ĂĉwÆúă óĀöÅ ÷vºí Ăz ćÀí¾ù óĀöÅ )

üLLĉv ø¤ĉ½ĀLLòõv  ÔLLÅĀ£Serra and Gregorio. (1999) 

¹wĄþÊĊ~  ºÉ.   ½¹ ÛwLæ£½v ãĒ¤L·v ûºýwLÅ½ ĂLþĊúí Ăz ćv¾z

óĀöÅ üĊzIó¹wÞ£ Ôĉv¾É Ăz ûºĊÅ½ ćv¾z wă  xj  ĂLÊĊúă  ¿v 

óĀöÅ  ćÀí¾ù  Ăz  óĀöÅćwă  ĂĉwÆúă  wz  Ûwæ£½v  ¾¤úí   ûwLĉ¾«

Ĉù  ôîÉ )ºzwĉ.    ćÀLí¾ù óĀöLÅ ¿v ûwĉ¾« ówê¤ýv ĈòýĀò¯

óĀöÅ ĂzĈù ûwÊý v½ ĂĉwÆúă ćwă ûj ½¹ ĂLí ºLă¹h  èLúÝ
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 Ixjz  ÿ óĀöLLÅ ÛwLLæ£½vH  ¢LLõw³$ óĀöLLÅ xj ²ÖLLÅ ¿v¾LL£

 ¢Åv óĀöÅ xj èúÝ ÿ Ûwæ£½v ÛĀú¬ù ¾zv¾z Ăí ¢Åv #óĀöÅ

)H=z+h(  ÿὃὠὉ  ÿ ćÀLLí¾ù óĀöLLÅ xj ¿v¾LL£ üĊòýwLLĊù

ĂĉwÆúă  ôîÉ ½¹ )¢Åwă.   ćÀí¾ù óĀöÅ ½¹ xj ²ÖÅ ¿v¾£

  ¾zv¾z,2  óĀöÅ ½¹ ÿ   ĂĉwÆúă ćwă.  I,.  I2    ÿ.+  Ĉù )ºÉwz

  üĊòýwĊù ûvÀĊù Ă¬Ċ¤ý ½¹H  ĂĉwLÆúă ÿ ćÀí¾ù óĀöÅ ½¹ wă

  ¾zv¾z,/   ¿v¾L£ wLz ĂĉwLÆúă óĀöLÅ üĉv¾zwLþz )¹ĀLÉ ĈLù.+ 

  üĊòýwĊù ¿v ¾¤ÊĊz$,/ ÿ ºLÉwz ûwLĉ¾« ĂĉwÆúă ºývĀ£ Ĉúý #

Ă{LÅw´ù ¿v ÿ ºLþí ¢åwĉ½¹ xj ćÀí¾ù óĀöÅ ¿v ã¼L³ wLă

Ĉù  üĊòýwĊù ºÞz Ăö³¾ù ½¹ )¹ĀÉH  $ ćÀLí¾ù óĀöÅ ½¹,2 #

ÿ  $ āºýwù Ĉéwz ćwă ĂĉwÆúă.  I,.    ÿ2Ĉù üĊĊÞ£ # ĂLí ¹ĀÉ

  ¾zv¾z,+  Ĉù  ¿v¾L£ wLz ĂĉwLÆúă óĀöLÅ ĂL¬Ċ¤ý ½¹ )¹ĀLÉ,. 

Ĉúý xj ćÀLLí¾ù óĀöLLÅ ¿v ÿ ºLLÉwz ûwLLĉ¾« ĂĉwLLÆúă ºLLývĀ£

Ă{LÅw´ù ¿v ÿ ºLþí ¢åwĉ½¹ĈLù ã¼L³ wLă ĂLùv¹v ½¹ )¹ĀLÉ

$ ćÀLí¾ù óĀöLÅ ¿v¾£ üĊòýwĊù,2 ĈéwLz ćwLă ĂĉwLÆúă ÿ #

$ āºýwù.    ÿ2  # ¾zv¾z4 Ĉù āºăwÊù ÿ ºÉwz Ĉù ®ĊLă Ăí ¹ĀÉ

ĂĉwÆúă ®Ċă Ă¬Ċ¤ý ½¹ ÿ Ă¤Évºý üĊòýwĊù ¿v ¾£đwz ć¿v¾£ ćv

ĂĉwÆúăóĀöÅ üĉv¾zwþz )¹ĀÉ Ĉúý ã¼³ ćv āºLýwù Ĉéwz ćwă

 ćÀí¾ù óĀöÅ ¿v Ăí āºÉ Ă¤·wþÉ ûwĉ¾« ĂĉwÆúă ûvĀþÝ Ăz

 ½¹ xj èLúÝ ¾Lñv ówL¨ù ¡½ĀLÍ ĂLz )ºþþí Ĉù ¢åwĉ½¹ xj

¾z ćÀLLí¾ù óĀöLLÅ ¾LLzv,+  ºLLÉwz)z=7, h=10, H=17( I
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Fig. 3 Flow transfer algorithm from central cell to neighboring cells (Shao et al., 2014) 
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Fig. 4 Exchange of flow from the central cell to 

neighboring cells 
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Fig. 5 Outflow hydrograph downstream of the rectangular surface (a) M1, (b) M2, (c) M3, (d) M4 
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Fig. 6 Location of the Con catchment 

ôîÉ1   Àĉ¾zj ĂÑĀ³ Ĉýwîù ¢ĊÞéĀùCon 

  ôîÉ ½¹2   ĂĊ{É ªĉw¤ý  ½¹ ĂÑĀ³ ²ÖÅ ½¹ xwývÿ½ ć¿wÅ

 ûwù¿  ćwă/0  I4+  I,.0   ÿ,3+    ûwÊý Ç½wz ¿wáj ¿v Ä~ ĂêĊé¹

  )¢Åv āºÉ ā¹v¹ ôîÉ 2  Ĉù ûwÊý  xwývÿ½ IÇ½wz ¿wáj wz Ăí ºă¹

  ½¹ Ĉù ć½w« ĂÑĀ³ ²ÖÅ xwývÿ½ Ăî{É Iûwù¿ ¢É¼ñ wz ÿ ¹ĀÉ  

 ù Ç¾¤Æñ ĂÑĀ³ ²ÖÅ ½¹ Ĉ ĉ ºzw w~ ¿v Ä~ ) ĉ ûw    ûwù¿ ÿ Ç½wz

 ~ Èăwí ĂÑĀ³ ²ÖÅ ½¹ xwývÿ½ IĂÑĀ³ Àí¾ú£ Ċ vº   ù Ĉ ºþí )  

 ôîÉ  2   Ĉù ûwÊý  ĈzĀ· Ăz ĈõĀöÅ ćw£wùĀ£v óºù Ăí ºă¹

 ĂĊ{É ĂÑĀ³ ²ÖÅ ½¹ v½ xwývÿ½ ¢Åv Ă¤ÆývĀ£ )ºþí ć¿wÅ 


