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Flow resistance in rivers with vegetation patches is one of the challenging 

parameters in river engineering. This study aimed to investigate the effect 

of vegetation patches on flow resistance in Shapur, Fahlian, and Dalaki 

rivers. The data measured in this study include velocity measurement, 

surveying, and bed sampling. In this study, considering the simplifying 

assumptions, the equation for the flow resistance due to vegetation 

patches was derivated. Accordingly, the flow resistance due to vegetation 

patches was obtained by the difference in the flow resistance due to bed 

from the value of the total flow resistance for each section. The results 

show that the average percentage of vegetation patches’ contribution from 

the total flow resistance is 44%, which shows the significant effect of 

vegetation patches on flow resistance. In addition, an investigation of 71 

measured velocity profiles showed the phenomenon of Dip in the velocity 

profiles near the vegetation patches, and by moving away from the 

vegetation patches, the effect of this phenomenon is reduced and the 

profiles become S-shaped. 
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Introduction  
Vegetation patch affects flow hydraulic 

parameters such as flow velocity and resistance, 

which can provide valuable environmental 

services in aquatic environments. Vegetation 

patches affect flow hydraulic parameters such as 

flow velocity and resistance, which can provide 

helpful environmental services in aquatic 

environments. On the other hand, these 

vegetation patches can increase the flow 

resistance in the flow path, which results in a 

decrease in water transfer capacity. Roughness 

coefficients for calculating the velocity and 

discharge in open channels such as rivers in 

various forms, such as Manning coefficient (n), 

Chezy coefficient (C), Darcy Weisbach 

coefficient (f), and dimensionless velocity 
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coefficient (U/U*) are defined, where U is the 

flow velocity and U* is the shear velocity. 

Among these roughness coefficients, the 

Manning coefficient (n) has been widely used in 

river and hydraulic engineering due to the 

propagation of tables and various experimental 

relationships, and many researchers have studied 

this coefficient for vegetated flow. The subject of 

this research covers two essential issues in the 

river and hydraulic engineering: a) Flow 

resistance, which due to its close relationship 

with the bed shear stress and sediment transport, 

its determination in open channels is of 

considerable importance; and b) Vegetation 

patch, which recognizing its effect on hydraulic 

parameters of flow in open channels is one of the 

challenging issues in river engineering. The 

objective of this research is to investigate the 

contribution of vegetation cover to the total flow 

resistance in coarse-bed rivers. Meanwhile, a 

relationship is presented to estimate the flow 

resistance due to vegetation patches using patch 

density.  

Material and Methods 

In this study, four almost straight reaches of 

rivers of Fars and Bushehr provinces in Iran were 

selected, including two reaches of 43 and 30 m 

from Shapur river (Fars province), one reach of 

35 meters from Fahlian river (Fars province), and 

one reach 28 meters from Dalaki River (Bushehr 

province). The data measured in this study 

include velocity measurement, surveying, and 

bed sampling. Velocity measurement in this 

study was performed using Butterfly Current 

Meter (BCM). The duration of velocity 

measurement in this study was 20 seconds, and 

the number of repetitions in velocity 

measurement was considered three to five times. 

Sampling of the riverbed was performed by the 

Wolman method, and gradation diagrams for 

each section were drawn. A Leica Total Station 

camera was used to survey the studied reaches in 

this study. surveying was done in selected 

reaches with networking 0.5 m in the cross-

section and 1 m in the longitudinal direction of 

the river. Considering the simplifying 

assumptions, the equation for the flow resistance 

due to vegetation patches was derivated. 

Accordingly, the flow resistance due to 

vegetation patches was obtained by the 

difference in the flow resistance due to bed from 

the value of the total flow resistance for each 

section. 

Results  

Investigating the gradation diagram of bed 

particles in selected reaches, it was found that the 

river is sandy and gravely with non-uniform 

distribution. In this study, 71 velocity profiles 

(19 points) were measured in 19 cross-sections. 

Investigation of these measured velocity profiles 

showed the phenomenon of Dip in the profiles 

near the vegetation patches, and by moving away 

from the vegetation patches, the effect of this 

phenomenon is reduced and the profiles become 

S-shaped. Table (1) shows the value of the total 

manning coefficient and manning coefficient due 

to vegetation patches in each measured cross-

section.  

Table 1 Total manning coefficient and manning coefficient due to vegetation in each of the measured sections 

ὲ ὲϳ ρππ ὲ ὲ ὲ  Ὓ Ὧ (m) ὥ section number Reach 

39 0.186 0.0294 0.048 0.0007 0.133 13.97 1 

Shpur1 

81 0.1209 0.0292 0.1501 0.0063 0.121 13.33 2 

79 0.1161 0.0309 0.1468 0.0091 0.139 13.28 3 

-9 -0.0025 0.0288 0.0072 0.0004 0.134 13.10 4 

58 0.0413 0.0301 0.0715 0.0031 0.118 13.12 5 

23 0.0089 0.0301 0.0391 0.0005 0.142 14.17 1 

Shpur2 
53 0.0333 0.0297 0.0630 0.0016 0.134 13.80 2 

20 0.0073 0.0283 0.0356 0.0004 0.112 13.49 3 

50 0.0351 0.0291 0.0643 0.0012 0.125 13.16 4 

78 0.1081 0.0297 0.1378 0.0036 0.114 13.14 1 

Fahlyan 

54 0.0345 0.0290 0.0635 0.0005 0.104 12.77 2 

77 0.0984 0.0286 0.1270 0.0016 0.102 13.03 3 

21 0.0080 0.0296 0.0376 0.0002 0.113 12.77 4 

-4 -0.0012 0.0294 0.0282 0.0001 0.106 12.74 5 

52 0.0306 0.0282 0.0587 0.0034 0.094 12.92 1 

Dalaki 

26 0.0106 0.0305 0.0412 0.0035 0.114 12.68 2 

26 0.0108 0.0312 0.0420 0.0064 0.114 12.97 3 

65 0.0564 0.0299 0.0863 0.0097 0.115 13.89 4 

34 0.0159 0.0307 0.0466 0.0085 0.118 14.41 5 

         

In Table (1), a is the shape factor, ks is the 

roughness height, Se is the slope of the energy 

line, ntot is the total maning coefficient (Eq. 1), n4 

is the Manning coefficient due to the vegetation 

patch (Eq. 2), n0 is the Manning coefficient due 
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to the bed (Eq. 3) and ρππ is percentage of 

vegetation patches contribution of the total 

manning coefficient. 

ὲ
ϳ ϳ

                                           (1) 

ὲ ὲ ὲ                                  (2) 

ὲ
ϳ

Ȣ  
                           (3) 

In the above equations R is the hydraulic radius. 

The negative values of n4 are either due to the 

oversimplicity of Eq. (2), measurement errors or 

the exaggeration of n0 by Eq. σ. According to 

this table, the average percentage of vegetation 

patches contribution was calculated from the 

total manning coefficient of 44%, which shows 

the importance of considering vegetation patches 

in calculating the Manning coefficient. 

Conclusion 

In the present study, the manning coefficient due 

to vegetation patches in 19 cross-sections in 

rivers of Iran was calculated. A relationship with 

the coefficient of determination R2=0.90 was 

obtained to calculate the manning coefficient due 

to the vegetation patches based on the cross-

sectional blockage factor (area of the cross-

section occupied by the vegetation patches). On 

average, the percentage of vegetation patches 

contribution was obtained from the total flow 

resistance of 44%. This indicates that the failure 

to consider the vegetation patch in the total flow 

resistance, leads to a significant error in the 

calculation of hydraulic parameters such as 

velocity and incorrect estimates in the prediction 

of hydraulic models.  By investigating the 

velocity profile in the selected reaches, two 

dominant forms of the velocity profile were 

identified: a) The dip phenomenon was observed 

near the vegetation patch, which can be 

attributed to the turbulence heterogeneity due to 

the presence of the vegetation patch near these 

profiles, which causes the development of 

secondary flow, and b) In profiles that were far 

from vegetation patches, S-shaped profile was 

observed due to fluctuations in bed sediment 

size, the presence of sand and gravel in the bed, 

the production of a positive pressure gradient 

around sediments larger than average, and the 

presence of vegetation patch. 
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,( Ăùºêù 
 ½¹ ĈăwĊñ ā¹Ā£ Ăí ¢Åv ā¹Āz üĉv ¾z ½ĀÎ£ Ă¤É¼ñ ½¹

´ùĊÔwăĈù ¢Ý¾Å Èăwí ¦Ýwz wĄþ£ Ĉzj ć ºùwĊ~ Ăí ¹ĀÉ

¢Åv xj ²ÖÅ ûºùj đwz ûj) wz vĉüów³ ¡wÞõwÖù ÷w¬ývāºÉ 

Ĉù ûwÊý Ă¤É¼ñ Ăă¹ ĂÅ ½¹ ÔĊ´ù ½w§j ĈăwĊñ ā¹Ā£ Ăí ºă¹

ôzwé Ĉ¤Æĉ¿ ûwêê´ù ÔÅĀ£ Ăí ¹½v¹ āv¾úă Ăz v½ ĈĄ«Ā£

 äö¤¸ù¹½Āù Å½¾z Ă¤å¾ñ ½v¾é Ĉ¢Åv(Marsooli et al. 

2017) .  ºþýwù ûwĉ¾« ĈîĊõÿ½ºĊă ćwă¾¤ùv½w~ ĈăwĊñ ā¹Ā£

Ĉù ½v¾é ¾Ċ§m£ ¢´£ v½ ûwĉ¾« ¢ùÿwêù ÿ ¢Ý¾Åºă¹ Ĉù Ăí-

āºý¿½v Ĉ¤Æĉ¿ ÔĊ´ù ¡wùº· ºývĀ£ÔĊ´ù ½¹ v½ ćv Ĉzj ćwă

xđw£ Iô³vĀÅ ºþýwùĂýw·¹ÿ½ ÿ wă üĉv Ĉå¾Õ ¿v )ºă¹ Ătv½v wă
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ā¹Ā£Ĉù ĈăwĊñ ćwă ¹w¬ĉv ¦Ýwz ûwĉ¾« ¾ĊÆù ½¹ ºývĀ£

 xj ówê¤ýv ¢Ċå¾Ù Èăwí ûj ºùwĊ~ Ăí ¹ĀÉ ûwĉ¾« ¢ùÿwêù

 )¢Åvv¿vĉüÿ½  w£ ºý½v¹ ĈÞÅ äö¤¸ù ûwêê´ù ¡wùº· üĊz

 ¿v ĈÉwý ¡ĒÒÞù ÿ ĈăwĊñ ā¹Ā£ ºþúÉ¿½v Ĉ¤Æĉ¿ ÔĊ´ù

 wĄþ£ ó¹wÞ£ üĉv )ºþþí ¹w¬ĉv Ĉõ¹wÞ£ xj ówê¤ýv ¢Ċå¾Ù Èăwí

Ĉù èê´ù Ĉ£½ĀÍ ½¹ ¹ĀÉ Ĉĉđwz ¢é¹ wz ûwĉ¾« ¢ùÿwêù Ăí

úí)¹ĀÉ Ĉ  ÿ ¢ùÿwêù ĆöuÆù wz ā½vĀúă ĈÞévÿ ówĊÅ ûwĉ¾«

îÖÍv ¾§v ûwĉ¾« ¢ùÿwêù )¢Åv āv¾úă ćÁ¾ýv ¢åv ¾z ëw

Ĉù ûwĊz v½ ûwĉ¾« ¡wÞõwÖù Ă°¸ĉ½w£ )ºþí÷w¬ývāºÉ  ¹½Āù ½¹
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Ĉz yĉ¾Ñ$ ¢Ý¾Å ºÞz
ᶻ

Ĉù äĉ¾Þ£ # Ăí J¹ĀÉὟ  ¢Ý¾Å

 ÿ ûwĉ¾«Ὗz  ĈÉ¾z ¢Ý¾ÅĈùz ºÉw)Chaudhry 2007( ) ¿v
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¢Åv ĈăwĊñ ÈÉĀ~ (Järvelä 2001, D’Ippolito 2021)) 
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tv½v Ĉ£wĊÑ¾å ÃwÅv ĂāºÉºýv  èê´£ Ăíûjwă Ăýw·¹ÿ½ ½¹ ćwă

 )¢Åv ½vĀÉ¹ Ĉýw¤ÆăĀí Ăöú«¿v¹½vĀù üĉv ùĈûvĀ£  Ăz

ºþýwù Ĉ£wĊÑ¾å øÊ¯Ā~ ¾§v I¾¤Æz ôîÉ ¾§v ¿v ĈÉĀ~ ÈÉ

¾ĊĊâ£ ÿ ¢Ý¾Å Üĉ¿Ā£ ½¹ ĈăwĊñ ¿v ûwĉ¾« ÛĀý ¢õw³  ºþ£

 āºýĀÉ ºþí Ăz āºýĀÉõ¹ ĂzĊô  èúÝ ÿ ¾¤Æz ôîÉ ¡v¾ĊĊâ£

¹¾í ā½wÉv ûwĉ¾« $Nepf 2012#) õ¹ ĂzĊô  āºĉº~õwÆîÊ·Ĉ 

 ½¹ ûwĉ¾« óĀÎå ÷wú£ ½¹ I¾Ċ·v Ăă¹ ÿ¹ ½¹ýw·¹ÿ½Ăwă ½v¾é¾z 

wĊ~ Ăí ¢ÆĊý ¾¤Æz ½¹ ĈăwĊñ ÈÉĀ~ Èĉÿ½ ûj ºùĂýw·¹ÿ½wă 

ĈùºÉwz )Nosrati el al. (2022)  ½Ā´ù v½ ¹Ā· ĂÞõwÖù

ĈÅ½¾z  ½¹ ûwĉ¾« ¢ùÿwêù ¾z øÚþùwý ĈăwĊñ ÈÉĀ~ ¾§v

 ªĉw¤ý )ºý¹v¹ ½v¾é ĈþÉ Ăýw·¹ÿ½ûjwă  Ăí ¹v¹ ûwÊývÈÉĀ~ ¾§ 

z ûwĉ¾« ôí ¢ùÿwêù ¾z ĈăwĊñĊ ¾§v ¿v ¾¤Ê ¾¤Æz ôîÉ

 üĉv¾zwþz )¢Åv Ăýw·¹ÿ½Ăz½ĀÚþù v yÅwþù ¹½ÿj¾z ¢ùÿwêù ¿

 ½¹ ûwĉ¾«Ăýw·¹ÿ½wă Ĉýw¤ÆăĀí ć ½¹ ûj ¹¾z½wí ÿóºùwăć 

ù Ăí ¢Åv ć½ÿ¾Ñ ĈîĊõÿ½ºĊăûw³v¾Õ ÿ üĊÅºþĄ  øĄÅ Ăz

wĊñ ÈÉĀ~ Ă«Ā£ ûwĉ¾« ¢ùÿwêù ¹½ÿj¾z ½¹ ĈăÿĉāÂvć  Ă¤Év¹

)ºþÉwz 

ĀÑĀù ÿ¹ ë¾¤Êù ôÎå èĊê´£ üĉv ÛĀÑĀù ½¹ øĄù Û

Ĉù ÈÉĀ~ v½ ìĊõÿ½ºĊă ÿ Ăýw·¹ÿ½ ĈÅºþĄù #äõv 5ºă¹

wĉ¾« ¢ùÿwêù ûÈþ£ wz ûj ìĉ¹Àý Ów{£½v ôĊõ¹ Ăz Ăí  ĈÉ¾z

ówýwí ½¹ ûj üĊĊÞ£ IxĀÅ½ ówê¤ýv ÿ ¾¤Æz ¢Ċúăv ¿v ¿wz ćwă

ôzwéĈăwĊñ ą¹Ā£ #x J¢Åv ½v¹½Ā·¾z ĈĄ«Ā£,  ¾§v ¢·wþÉ Ăí

ÑĀù ¿v ûwĉ¾« ĈîĊõÿ½ºĊă ćwă¾¤ùv½w~ ¾z ûjÊõw¯ ¡wÝĀĈ  ½¹

)¢Åv Ăýw·¹ÿ½ ĈÅºþĄù ãwÖÞýv Ăz Ă¤Æz û¹Āz yöÍ wĉ ¾ĉ¼~

 û¹Āz ç¾âÆù¾Ċá wĉ ç¾â¤Æù üĊþ°úă ÿ ĈăwĊñ ÈÉĀ~

óºù IÈÉĀ~ ½ĀÒ³ ½¹ ûwĉ¾« ¢ùÿwêù ¹½ÿj¾z ćv¾z Ĉĉwă

                                                      
1 Vegetation patch 
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$ ¢Åv āºÉ ā¹v¹ Ç¾¤Æñ ĈăwĊñ ÈÉĀ~Box et al. 2021; 

Van Dijk et al. 2013#J  ćv¾z Üùw« Ĉõºù ûĀþíw£ wùv

~ÈĊĈúý ¢åwĉ Üzwþù ½¹ ûwĉ¾« ¢ùÿwêù ĈþĊz¹ĀÉ )Shields 

et al. 2017 .(óºù üĉv ¾¨ív Ăîþĉv Ăz Ă«Ā£ wz Ôĉv¾É ½¹ wă

āºÉ ā¹v¹ ĂÞÅĀ£ Ió¾¤þí ¢´£ ÿ ĈăwòÊĉwù¿jûj øĊúÞ£ ÿ ºýv-

Ăýw·¹ÿ½ Ôĉv¾É Ăz wă ćvĂz¤³v½÷w¬ýv ôzwé Ĉ  üĉv¾zwþz J¢ÆĊý

 w£ ¢Åv āºÉ ĈÞÅ ÈăÿÂ~ üĉv ½¹z āÿĒÝ¾  Ă{Åw´ù øĄÅ

ā¹Ā£  ûwĉ¾« ¢ùÿwêù ¹½ÿj¾z ½¹ ĈăwĊñĂýw·¹ÿ½ ½¹ ôí wz ćwă

¢É½¹ ¾¤ÆzĂÖzv½ IĂýv¹ ĈÉwý ûwĉ¾« ¢ùÿwêù Ă{Åw´ù ćv¾z ćv

 ¿vā¹Ā£  ĈăwĊñyÆ³¾z )¹ĀÉ Ătv½v ÈÉĀ~ øív¾£ 

-( Çÿ½ ÿ ¹vĀùwă 
ā¹v¹ ćwăā¹wæ¤Åv¹½Āù  ¡wĊöúÝ èĉ¾Õ ¿v ÈăÿÂ~ üĉv ½¹

Ăýw·¹ÿ½ ½¹ ĈývºĊùÅv ćwăā¿vºýv ¾ĄÉĀz ÿ Ã½wå ûw¤¾Ċñ ć

āºÉ ûwù¿ )ºývā¹v¹½v¹¾z ¿v ć,4  ºþæÅv,.44 ¾É ½¹ ÿ Ûÿ,/ 

 ¹v¹¾·,/++ ā¹v¹ vº¤zv È¸z üĉv ½¹ )ºĊÅ½ ûwĉw~ Ăz wăÿ 

 ôĉwÅÿā¹wæ¤Åv¹½Āù  Ć{Åw´ù ąĀ´ý Ä Å ÿ ÈăÿÂ~ ½¹

¾¤ùv½w~)¢Åv āºÉ ā¹v¹ ±¾É wă 

-( ,(  ô´ù ¢ĊÞéĀù~ÈăÿÂ 

ā¿wzºĉwz Ĉzw¸¤ýv ćwă ºÉwz Ĉ{Åwþù ¢Ý¾Å ÿ èúÝ ćv½v¹ )

 ¢ùÿwêù ćÿ½ ¾z ĈăwĊñ ā¹Ā£ ¾Ċ§m£ ĈÅ½¾z ćv¾z üĊþ°úă

ā¿wz Iûwĉ¾«¿v Ĉ{Åwþù ½vºêù ćv½v¹ ºĉwz Ĉzw¸¤ýv ćwă ¹Ā£ā 

 ºĉw{ý ĈăwĊñ ā¹Ā£ Ăí ĈþÞù üĉv Ăz IºÉwz ĈăwĊñûj½ºé ¹wĉ¿ 

ā¿vºýv ûwîùv Ăí ºÉwzwò¤Å¹ ¿v ā¹wæ¤Åv wz ¢Ý¾Å ć¾Ċñ ā

ºÉw{ý ĂþĊõĀù  ºĉw{ý ÿûj½ºé m£ ûvĀ¤ý Ăí ºÉwz øí½ ûj ¾Ċ§ ¾z v

$ ¹¾í ĈÅ½¾z ûwĉ¾« ¢ùÿwêùShafaei et al. 2019Ă«Ā£ wz )# 

 ¡wîý üĉv ĂzwĄý½¹ĉ¢  ā¿wz ½wĄ¯¾ê£ĉMw{ ÿ½ ¿v øĊê¤ÆùĂýw·¹-

wă ºÉ xw¸¤ýv ¾ĄÉĀz ÿ Ã½wå ûw¤Åv ćz ā¿wz ÿ¹ ôùwÉ Ăí w

óĀÕ ćwă  /. ÿ m .+ ½wå ûw¤Åv$ ½Ā~wÉ Ăýw·¹ÿ½ ¿v#Ã ÿ 

ÿ¹ ā¿wz  ćwă óĀÕ wz yĊ£¾£ Ăz.0  ÿm -3 vĂýw·¹ÿ½ ¿ wăć 

 #Ã½wå ûw¤Åv$ ûwĊöĄå ÿ #¾ĄÉĀz ûw¤Åv$ Ĉîõv¹ Ăýw·¹ÿ½ùĈ-

)ºÉwz 

---( ā¹v¹v ćwăā¿vºýāºÉ ć¾Ċñ 

,----( ā¿vºýv ć¾ĊñÅ¢Ý¾ 

ā¿vºývûwîù ½¹ ¢Ý¾Å ć¾Ċñ ¿v ûwĉ¾« äö¤¸ù çwúÝv ÿ wă

øĄù½ ĈÅºþĄù ¡wÞõwÖù ½¹ wă½wí üĉ¾£Ĉù Ăýw·¹ÿ Ĉîĉ )ºÉwz

 ¿vóÿvº¤ù¾£ĉü ¢Ý¾ÅªþÅÈăÿÂ~ ½¹ wă āwò¤Å¹ ĈývºĊù ćwă

ĂþĊõĀù̸ Ăývÿ¾~ ĂþĊõĀù āwò¤Å¹ ¿v ÀĊý ÈăÿÂ~ üĉv ½¹ Ăí ¢Åv-

 ¢í¾É ¢·wÅ Ĉêåv ½Ā´ù wz ćv¡¾ õvÿ̹  ā¹wæ¤Åv ûw¤Æöòýv

ā¿vºýv ½¹ wÖ· Èăwí ćv¾z )ºÉ ÈăÿÂ~ üĉv ½¹ ¢Ý¾Å ć¾Ċñ

¡ºùûwù¿ ā¿vºýv ć¾Ċñ  s-+ ā¿vºýv ½¹ ½v¾î£ ¹vºÞ£ ÿ ć¾Ċñ

 ā¿wz ¾ă ½¹ üĊþ°úă )ºÉ Ă¤å¾ñ ¾Úý ½¹ ½wz ªþ~ w£ ĂÅ ¢Ý¾Å

 ½wĄ¯w£  ĂÅ ÜÖêù ¾ă ½¹ ÿ ĈÑ¾Ý ÜÖêù ªþ~w£  µ¾úĊý ½wĄ¯

 ¢Ý¾Å ºÉ ¢Év¹¾z Ăíûj ¿v Ĉîĉ ô´ùwă  ½¹ ćÀí¾ù ½Ā´ù

Ăýw·¹ÿ½ ¢Év¹ ½v¾é ) µ¾úĊý ¾ă ½¹Ăz½ĀÕ  ÔÅĀ¤ù,4  ¢Ý¾Å

ĂÖêýºÉ ¢Év¹¾z ćvJ zĂć½ĀÕĂí  ¹vºÞ£ā¹v¹wăć  ¾¤Æz ìĉ¹Àý

Ĉö·v¹ Ăĉđ$̺  ĈþÞĉ-+"  ìĉ¹Àýw´ù ćv¾z #Ăýw·¹ÿ½ äí Ă{Å

ĈþÞù ć½wùj ¾Úý ¿v ĈÉ¾z ¢Ý¾Å ÃwÅv üĉv ¾z )ºÉwz ½v¹

ĂöÍwå ā¿vºýv Ówêý üĊz ¾¤Æz Ĉîĉ¹Àý ½¹ ûwĉ¾« ¢Ý¾Å ć¾Ċñ

mm 0 )ºÉ xw¸¤ýv èĊé¹ Ć{Åw´ù ćv¾z ¢Ý¾Å ÿ Ĉz¹ ¾£

½¹ ûwĉ¾« ÔÅĀ¤ù öÍwå ½¹ ûwĉ¾« ¢Ý¾Å IĈÑ¾Ý ÜÖêù ¾ăĂ 

-*+   ÿ3*+  ¾¤Æz äí ¿v ûwĉ¾« èúÝ ½¹ ć¾¤ù ìĉ ôÍvĀå wz

ā¿vºýv ÜÖêù ¾ă ºÉ ć¾Ċñ$Okhravi and Gohari 2020 )#

Ăz½ĀÕ  ą¿wz ¿v ÷½wĄ¯ ÜÖêù ćv¾z ów¨ùĈîõv¹  ¾zv¾z ĈÑ¾Ý Ăí

wz m ..  ¢Ý¾Å µ¾úĊý ½wĄ¯ I¢Év¹,4 ĂÖêý ÿ ćv.- 

¢Év¹¾z ĂÖêýÿ¹ ćvā¿vºýv ¢Ý¾Å$ ôîÉ ½¹ )ºÉ ć¾Ċñ, #

Ā´ýā ā¿vºývā¿wz ½¹ ¢Ý¾Å ć¾Ċñ ćwăĂÞõwÖù¹½Āù  ā¹v¹ ûwÊý

)¢Åv āºÉ 

 
îÉ ô,( ā¿vºývā¿wz ½¹ ¢Ý¾Å ć¾Ċñă ćwĂÞõwÖù¹½Āù 

Fig. 1 Measuring velocity in the studied ranges 

 

                                                      
1 Current-meter 
2 Valeport 
3 Inner Layer 



 

 

 ĈÅ½¾z ĈăwĊñ ā¹Ā£ ¿v ĈÉwý ûwĉ¾« ¢ùÿwêù  
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$ óÿº«,ā¿vºýv Ówêý ¹vºÞ£ # ą¿wz ½wĄ¯ ½¹ ¢Ý¾Å ć¾Ċñ

ý v½ Ĉzw¸¤ývĈù ûwÊ óÿº« üĉv ½¹ )ºă¹ὲ  Ówêý ¹vºÞ£

ā¿vºývµ¾úĊý ½¹ ¢Ý¾Å ć¾Ċñ ćwă,4 ĂÖêý Ićvὲ  ¹vºÞ£

ā¿vºýv Ówêýµ¾úĊý ½¹ ¢Ý¾Å ć¾ĊñĂÖêýÿ¹ ćwă ÿ ćvsf  ¹vºÞ£

ā¿vºýv ¡wÞå¹Ĉù ½v¾î£ ªþ~ w£ ĂÅ xwÆ¤³v wz ¢Ý¾Å ć¾Ċñ-

 óÿº« üĉv Ăz Ă«Ā£ wz )ºÉwz½¹ ÛĀú¬ù  ¢Ý¾Å-,,. êý ĂÖ

ā¿vºýv ā¿wz ½wĄ¯ üĉv ½¹ w£ ĂÅ xwÆ¤³v wz Ăí ¢Åv āºÉ ć¾Ċñ

ā¿vºýv ¡wÞå¹ ¹vºÞ£ MwÝĀú¬ù IĂÖêý ¾ă ćv¾z ½v¾î£ ½wz ªþ~-

 ¢Ý¾Å ć¾Ċñ23.+  ½wzĈù ü¤å¾ñ ¾Úý ½¹ wz )ºÉwz s-+ 

ā¿vºýv I¢Ý¾Å ½wz ¾ă ćv¾z ć¾Ċñ½¹ ÛĀú¬ù  s,001++  ÈĊz$

 ¿v hr/.ā¹v¹ # ā¿wz ½wĄ¯ ½¹ ¢Ý¾Å ć½v¹¾z ÷w¬ýv Ĉzw¸¤ýv

)¢Åv āºÉ 
   óÿº«,( £ ¿v ć½wùj ĂÍĒ·ā¿vºýv Ówêý ¹vºÞ¿wz ½wĄ¯ ½¹ ¢Ý¾Å ć¾Ċñā Ĉzw¸¤ýv 

Table 1 Statistical summary of the number of velocity measuring points in four selected ranges 

sf ὲ ὲ  ὲ  ὲ  
Number of 

profiles measured 

Number of 

sections 
Reach 

2590 682 298 384 20 5 Shapur1 

1850 500 188 312 16 4 Shapur2 

1950 541 166 375 20 5 Fahlyan 

1440 390 92 298 15 5 Dalaki 

7830 2113 744 1369 71 19 Sum 

 

 

 ôîÉ-( Ăýv¹wz ¿v ÜÖêù ªþ~ Ăz ÓĀz¾ù ćºþz¿ā Ĉîõv¹ 

Fig. 2 Gradation diagram related to five sections of 

the Dalaki reach 

-----( ĂýĀúýć½v¹¾z Ăýw·¹ÿ½ ¾¤Æz ¿v 

ĂýĀúý ÈăÿÂ~ üĉv ½¹Çÿ½ Ăz Ăýw·¹ÿ½ ¾¤Æz ¿v ć½v¹¾z üúõÿ  

¢å¾ñ ¡½ĀÍ$Afzalimehr et al. 2019 (.  Ĉîĉ Çÿ½ üĉv

Çÿ½ üĉ¾£¾{¤Þù ¿vĂýv¹ ćv¾z wăĂýw·¹ÿ½ ½¹ ¾¤Æz ćºþz ¢Åv wă

 ÔÅĀ£ ĂíÂ~ûv¾òÊăÿ  Ĉæö¤¸ùā¹wæ¤Åv¹½Āù  ¢Åv Ă¤å¾ñ ½v¾é
(Okhravi and Gohari 2018; Shahiri Tabarestani 

et al. 2022)ā¹v¹ ) ÈăÿÂ~ üĉv ½¹ Ăýw·¹ÿ½ ¾¤Æz ¿v ć½v¹¾z

Ăz¡½ĀÍ  Ĉ´ÖÅ¾ĉ¿ ÿ Ĉ´ÖÅ üĉv ÃwÅv ¾z )¢å¾ñ ¡½ĀÍ

²ÖÅ ìĉ xw¸¤ýv ¿v Ä~ Çÿ½m  ,=,    ĂÅ ¿v ìĉ ¾ă ½¹

 #ćÀí¾ù ½Ā´ù ÿ ¢Åv½ ô³wÅ I}¯ ô³wÅ$ Ăýw·¹ÿ½ ½Ā´ù

ºÞ£ ¹v,++  ÜÖêù ¾ă ½¹ ā½»Ăz¡½ĀÍ  )ºÉ ¢Év¹¾z Ĉå¹wÎ£

ā¿vºýv wz Ä Å ½v¹Āúý ÄĊõĀí ¿v ā¹wæ¤Åv wz ā½» ¹wÞzv ć¾Ċñ

Ăýv¹ ĂÎ¸Êù ¾Öé ÿ ºÉ øÅ½ ÜÖêù ¾ă Ăz ÓĀz¾ù ¾¤Æz ćºþz

$ ôîÉ )ºùj ¢Å¹ Ăz ÜÖêù ¾ă-Ăýv¹ ½v¹Āúý # Ăz ÓĀz¾ù ćºþz

¿wz ÜÖêù ªþ~ ¾ăā Ĉù ûwÊý v½ Ĉîõv¹)ºă¹ 

-(-(.( ýĂÊê ć½v¹¾zwzā¿wă  

 Iûwĉ¾« ÜÖêù ²ÖÅ IÜÖêù āºÉ ÄĊ· ÔĊ´ù Ă{Åw´ù ćv¾z

ā¿wz ĈõĀÕ yĊÉ IĈăwĊñ ā¹Ā£ ¹wÞzv ÿ wăĂÊêý½v¹¾z ćĂzĆöĊÅÿ 

 óºù wîĉđ üÊĊ¤Åv ów£Ā£ üĊz½ÿ¹TS02  )¢å¾ñ ¡½ĀÍ

ĂÊêý I¾¤Æz Ówêý ¢Év¹¾z ôùwÉ ÈăÿÂ~ üĉv ½¹ ć½v¹¾z

ā½vĀĉ¹ù Ówêý ¢Év¹¾z üĊþ°úă ÿ ā¿wz ćwăā¹Ā£ äö¤¸ ćwă

Ĉù ĈăwĊñā½vĀĉ¹ ÿ ¾¤Æz Ówêý ¢Év¹¾z ćv¾z )ºÉwz ¿v ā¿wz ćwă

Ăî{Éºþzćm  ,=0*+ ā¿wz ½wí üĉv ćv¾z Ăí ºÉ ā¹wæ¤Åv ćwă

¾Úý¹½Āù xwþÕ ÔÅĀ£ ¹wÞzv wz Ĉĉwăm , ¹ûwĉ¾« ćw¤Åv½ ½ 

мm  0*+  ÜÖêù ĈÑ¾Ý ćw¤Åv½ ½¹Ăî{Éºþz Ä Å ÿ ć

ĂÊêý½v¹¾z ¢Év¹¾z ćv¾z )ºÉ ÷w¬ýv ć¹Ā£ ¡wÎ¸Êùā  ĈăwĊñ

ā¿wz ½¹ ¹Ā«Āù ćwăĂÞõwÖù¹½Āù ¡v¾ĊĊâ£ Ăí ā¹Ā£ ¿v ĈõĀÕ ½¹ I

 Ówêý ¹vºÞ£ ¹Āz ¹wĉ¿¢Év¹¾zāºÉ ÈĊz ºÉ Ă¤å¾ñ ¾Úý ½¹ ¾£

 ĂíĂz½ĀÕ  ¢Év¹¾z ćv¾z ÔÅĀ¤ù½ÿ¹w£½ÿ¹ ā¹Ā£ ¿v ĈăwĊñ ćwă

Ăî{Éºþz ć-*+ =-*+ $ ôîÉ )ºÉ ā¹wæ¤Åv ¾¤ù.( āĀ´ý #äõv

ĂÊêýā¿wz ć½v¹¾zćwă ĂÞõwÖù¹½Āù $ ôîÉ ÿ.( ÿ ¹wÞzv #x Ówêý

ĂÊêýć½v¹¾zā¹Ā£ ¿v Ĉîĉ ćv¾z āºÉ ā¿wz ½¹ ¹Ā«Āù ćwăîõv¹ Ĉ

Ĉù ûwÊý v½Ówêý ôîÉ üĉv ½¹ Àù¾é ½ºz¾Ñ ¢ùĒÝ )ºă¹ 

ĂÊêýĈù ûwÊý v½ āºÉ ć½v¹¾z )ºă¹ 
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 ôîÉ.( äõv( ĂÊêý āĀ´ý¾zā¿wz ć½v¹Ĉzw¸¤ýv ćwăI x(  ÿ ¹wÞzv

ĂÊêý Ówêýć½v¹¾zā¹Ā£ ¿v Ĉîĉ ćv¾z āºÉ¿wz ½¹ ¹Ā«Āù ćwăā îõv¹Ĉ I
ÿ ©( Î£½Ā~wÉ ā¿wz ûĒ~ ¿v ć¾ĉĀ- ù āv¾úă Ăzµ¾úĊý ¢ĊÞéĀ ćwă

ā¿vºývć¾ĊñĂÊêý Ówêý ÿ āºÉāºÉ ć½v¹¾z 
Fig. 2: a) Surveying of selected reaches; b) 

Dimensions and Surveyed points for one of the 

vegetation patches in the Dalaki reach, and c) Image 

of Shapur2 reach plan with the position of measured 

profiles and Surveyed points 

 Ăz ÷¿đ IĈăwĊñ ą¹Ā£ ø¬³ ÿ Ûwæ£½v üĊĊÞ£ ćv¾z Ăí ¢Åv ¾í»

Êêý ûj ćÿ½ ¾z ĂÖêý ć¹vºÞ£Ă ćv¾z Ăí ¢Åv āºÉ ć½v¹¾z

 ôîÉ ½¹ üĊþ°úă )¢Åv āºÊý ā¹v¹ ûwÊý ¾ĉĀÎ£ ¾¤Ąz Èĉwúý

$.(½Ā~wÉ ā¿wz ûĒ~ ¿v ć¾ĉĀÎ£ #©-  ¢ĊÞéĀù āv¾úă Ăz

µ¾úĊýā¿vºýv ćwăć¾Ċñµ¾úĊý ôùwÉ$ āºÉÿ¹ ćwăĂÖêý ÿ ćv

,4 ĂÖêýĂÊêý Ówêý ÿ #ćv)¢Åv āºÉ ā¹½ÿj āºÉ ć½v¹¾z  Ówêý

îÊùĈðý½ ûwÊýºþă¹ù ąûwîĂÊêý ûj ½¹ Ăí ¢Åv Ĉĉwă-

 Ówêý ½¹ ÿ ¢Åv āºÉ ÷w¬ýv ć½v¹¾zðý½Àù¾é ¾z āÿĒÝ 

ĂÊêýā¿vºýv ÀĊý ¢Ý¾Å µ¾úĊý Ić½v¹¾z)¢Åv āºÉ ć¾Ċñ 

$ óÿº«-ĂÊêý Ówêý ¹vºÞ£ #ā¿wz ½¹ āºÉ ć½v¹¾z¤ýv ćwă Ĉzw¸

Ĉù ûwÊý v½ºă¹)  óÿº« üĉv Ăz Ă«Ā£ wz½¹ ÛĀú¬ù 141+ 

ā¹Ā£ ÿ ¾¤Æz Ówêý ôùwÉ$ ĂÖêý ¢Év¹¾z #ĈăwĊñ ćwăºÉ  ÿ

$ ¾¤Æz Ówêý ćv¾z ¢Év¹¾z üĉv øív¾£bD #ÿ¹ĂÖêý  ¾ă ½¹

Üz¾ù¾¤ù ºÉ Ă¤å¾ñ ¾Úý ½¹ óÿº« üĉv ½¹ )bedN Ówêý ¹vºÞ£ 

¢Év¹¾zāºÉ  ÿ ¾¤Æz ¿vVegetationN  Ówêý ¹vºÞ£¢Év¹¾zāºÉ  ¿v

)¢Åv ĈăwĊñ ā¹Ā£ 
óÿº«-( Ówêý ¹vºÞ£ ĂÊêýā¿wz ½¹ āºÉ ć½v¹¾zĈzw¸¤ýv ćwă 

Table 2 Number of Surveyed points in selected 

reaches 
Db 

(Point/m2) 
NVegetation Nbed Reach 

2 345 2651 Shapur1 

2 256 1516 Shapur2 

2 164 1258 Fahlyan 

2 194 576 Dalaki 

- 959 6001 Sum 

 

.--(  ÔÅĀ¤ù ¢Ý¾Å ¹½ÿj¾z¹µ¾úĊý ½ 

ûwúăµ¾úĊý ºÉ ā½wÉv Ăí ½ĀÕā¿vºýv ćwăć¾Ċñ üĉv ½¹ āºÉ

µ¾úĊý ôùwÉ ÈăÿÂ~ ćwăĂÖêýÿ¹vµ¾úĊý ÿ ć ćwă,4 ýĂÖê-

Ĉù ćv ½¹ ÔÅĀ¤ù ¢Ý¾Å ¹½ÿj¾z ćv¾z )ºÉwzýĊµ¾úwă ć

ĂÖêýÿ¹v$ ĂÖzv½ ¿v ć,$ ¢Åv āºÉ ā¹wæ¤Åv #Naderi et al. 

2021)# 

Ὗ Ȣ Ȣ                                       $,# 

IĂí όȢ  ÿόȢ  ¢Ý¾Å yĊ£¾£ Ăzā¿vºývñĊ¾ ½¹ āºÉ ć

 ôÍvĀå-*+ ÿ m 3*+ Ĉù ¾¤Æz ¿v ûwĉ¾« èúÝ )ºþÉwz

µ¾úĊý ½¹ ÔÅĀ¤ù ¢Ý¾Å Ă{Åw´ù ćv¾z üĊþ°úă ćwă,4 

ĂÖêýĂêý¿ÿ» Çÿ½ ¿v ćv ¾z Ăí ºÉ ā¹wæ¤Åv Ĉõv¾ò¤ýv wĉ ćv

$ ĂÖzv½ ¿v ÔÅĀ¤ù ¢Ý¾Å ½vºêù Çÿ½ üĉv ÃwÅv-Ăz # ¢Å¹

Ĉù)ºĉj 

Ὗ
᷿

                                                   $-# 
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íĂIό IὨᾀ  ĆÖêýÿ¹ ĆöÍwå ÿ ¢Ý¾Å üĊòýwĊù yĊ£¾£ Ăz

Ĉù ¢Ý¾Å µ¾úĊý ½¹ ĈõvĀ¤ù)ºþÉwz 

--/(  āĀ´ý£ ðþĊýwù yĉ¾Ñ Ă{Åw´ùĈăwĊñ ā¹Ā 

Ăzöí½ĀÕĈù v½ ôí ðþĊýwù ć¾z¿ yĉ¾Ñ Ĉv½ ¿v ûvĀ£$ ĂÖz. #

$ ¹¾í Ă{Åw´ùGreen 2005)# 

ὲ ὲ ὲ ὲ ὲ ὲ ά                $.# 

íĂI ὲ  Iôí ðþĊýwù ć¾z¿ yĉ¾Ñὲ  yĉ¾Ñ ćwþ{ù ½vºêù

 ¹vĀù ¿v ĈÉwý ðþĊýwùîÊ£Ċôºþă¹ IãwÍ ówýwí ćv¾z ¾¤Æz ą

I#¾¤Æz ¿v ĈÉwý ðþĊýwù yĉ¾Ñ$ øĊê¤Æù ÿ ¢·vĀþîĉ ὲ 
 IĂăv¾zj ¾¤Æz ć½vĀúăwý ¡v¾§v ¿v ĈÉwý ðþĊýwù yĉ¾Ñὲ 

 IÜÖêù ²ÖÅ ¡v¾ĊĊâ£ ¿v ĈÉwý ðþĊýwù yĉ¾Ñὲ  yĉ¾Ñ

 Iówýwí ½¹ ÜývĀù ¹Ā«ÿ ¿v ĈÉwý ðþĊýwùὲ  ðþĊýwù yĉ¾Ñ

 ÿ ówýwí ½¹ ĈăwĊñ ÈÉĀ~ ¹Ā«ÿ ¿v ĈÉwýά  ¢Åv Ĉ{ĉ¾Ñ

 ĂíûwÊýºþă¹ā $ ¢Åv ówýwí û¹Āz Ĉ°Ċ~½wù ûvÀĊùAmini et 

al. 2021)# 

 ÈăÿÂ~ üĉv ½¹ Ăîþĉv Ăz Ă«Ā£ wzîÉ û¹Āz ÀĊ¯wý ¾z Ï¾å ô

Ĉù üĊþ°úă ÿ ¢Åv ¾¤Æz yĉ¾Ñ ÈĉvÀåv ¾¨ívº³ Ăí øĊýv¹

 ÜÕwêù ôîÉ ÿ ā¿vºýv ¡v¾ĊĊâ£ ¾§v ½¹ ðþĊýwù++.*+ ¢Åv 

)2005Green () üĉv¾zwþz IĈù yĉv¾Ñ ½vºêù ¿v ûvĀ£1n 

 ÿ #Ăăv¾zj ¾¤Æz ć½vĀúăwý ¾§v ¿v ĈÉwý ðþĊýwù yĉ¾Ñ$2n 

 #ÜÖêù ²ÖÅ ¡v¾ĊĊâ£ ¿v ĈÉwý ðþĊýwù yĉ¾Ñ$ã¾Í¾Úý 

āÿĒÝ )¹¾íā¿wz Ăîþĉv Ăz Ă«Ā£ wz üĉv¾zýv ćwă Ĉzw¸¤å ºéwù ÜývĀ

Ă¤¸£ ºþýwùÿÂ~ üĉv ½¹ üĉv¾zwþz J¹Āz ¢·½¹ Ăþ£ ÿ ðþÅv Èă ¿

 yĉ¾Ñ ½vºêù3n øÊ¯ #ÜývĀù ¹Ā«ÿ ¿v ĈÉwý ðþĊýwù yĉ¾Ñ$-

ā¹v¹ üĊþ°úă )¢Åv āºÉ ĈÉĀ~ĂÊêý ćwăā¿wz ć½v¹¾z ćwă

 ¾ĊÆù ¿v Ĉíw³ Ĉzw¸¤ýv¾ê£ĉMw{ ā¿wz øĊê¤Æù ćwăÖù¹½ĀùĂÞõw 

Ĉùüĉv Ăz Ă«Ā£ wz Ăí ºÉwz Ĉù ÛĀÑĀùyĉ¾Ñ ½vºêù ûvĀ£ m 

ûwÊý yĉ¾Ñ$ āºþă¹~Ċûw°¹ÿ½ā¿wz ćz ¾zv¾z v½ #wăÚý ½¹ ìĉ w ¾

 ¡wîý Ăz Ă«Ā£ wz )¢å¾ñāºÉ¾í» $ ĂÖzv½.Ĉù v½ # ûvĀ£

Ăz¡½ĀÍ $ ĂÖzv½/)¹¾í ĈÆĉĀý¿wz # 

$/#                             0n-tot=n4n  

 ½vºêùὲ õ¹wÞù èĉ¾Õ ¿vĂ Ăz ðþĊýwù$ ĂÖzv½ ¡½ĀÍ0 #

ôzwéĂ{Åw´ù )¢Åv 

ὲ
ϳ ϳ

                                       $0# 

IĂí R  IĈîĊõÿ½ºĊă ÛwÞÉU  ÿ ÜÖêù ½¹ ÔÅĀ¤ù ¢Ý¾ÅSe 

¿v ûj ¹½ÿj¾z ćv¾z ÈăÿÂ~ üĉv ½¹ Ăí ¢Åv ćÁ¾ýv Ô· yĊÉ 

Özv½Ă ¢þÅ$ ĂÖzv½ èzwÖù ¢ýwýÿ1ºÉ ā¹wæ¤Åv #)¢Åv ā 

Ὓ Ὓ ρ Ὂὶ                                    $1# 

íĂI 0S ÿ Fr Ăz ¹ÿ¾å ¹ºÝ ÿ Ăýw·¹ÿ½ ¾¤Æz yĊÉ yĊ£¾£

Ĉù ûwĉ¾« ¹vĀù ¿v ĈÉwý ðþĊýwù yĉ¾Ñ ćwþ{ù ½vºêù )ºÉwz

îÊ£Ċôºþă¹i  øĊê¤Æù ÿ ¢·vĀþîĉ IãwÍ ówýwí ćv¾z ¾¤Æz

$ὲ #ºþýwúă Green (2005) $ Ôzvÿ½ ¿v2$ ÿ #3 Ă{Åw´ù #

)¢Åv āºÉ 

ὲ
ϳ

Ȣ  
                                              $2# 

ὥ ρρȢρ Ȣ                                            $3# 

IĂí ὥ  Iówýwí ôîÉ ½Ā¤íwåὯ v wz ¾zv¾z Ăí ówýwí ć¾z¿ Ûwæ£½

ςȢτὨ  ¢Åv āºÉ Ă¤å¾ñ ¾Úý ½¹(Naderi et al. 2021) ÿ 

md Ĉù ûwĉ¾« èúÝ ¾¨ívº³ ĂÆĉwêù ½¹ Çÿ½ üĉv ¢ĉÀù )ºÉwz

Çÿ½ wz āÿĒÝ Ăí ¢Åv ûj ¾öîĉ¾¤Åv ðþĊýwù Çÿ½ ºþýwù Ĉĉwă

ôĊîÊ£ ¡v½» ¾Öé ¾zºþă¹ā  ¡wÎ¸Êù ÿ ûwĉ¾« èúÝ I¾¤Æz

Ċý v½ ówýwí ĈÅºþăĈù ¾Úý ½¹ À)¹¾Ċñ 

.(Ă¤åwĉwă ¦´z ÿ 
,-.( Ăýv¹ā¿wz ćºþzĈzw¸¤ýv ćwă 

Ăöú«¿v  ûvÀĊù ½¹ ĈöÍv ôùvĀÝ¾« ¢ùÿwêùĉûw Ăýw·¹ÿ½ ½¹ Iwă

Ăýv¹Ĉù ¾¤Æz ćºþzûwúă )ºÉwz Çÿ½ ¿v ºÉ Ă¤æñ Ăí ½ĀÕ

Wolman (1954) Ăýv¹ ½v¹Āúý øÅ½ ćv¾z ā¹wæ¤Åv ¾¤Æz ćºþz

Ăýw·¹ÿ½ ½¹ )¢Åv āºÉ¤Æz wz ćwă¢É½¹ ¾ ½vºêù ü¤Æýv¹ Ăýv¹

 ćwă¾ÖéὨ IὨ IὨI Ὠ  ĈÅºþă ½wĊÞù ãv¾´ýv ÿ

$ʎ Ὠ ὨϳāÂĉÿ ¢Ċúăv ¿v # ½¹ )¢Åv ½v¹½Ā·¾z ćv

$ óÿº«. ĈÅºþă ½wĊÞù ãv¾´ýv ÿ ¾¤Æz ¡v½» ¾Öé ½vºêù #

)¢Åv āºÉ Ătv½v ÜÖêù ¾ă Ăz ÓĀz¾ù 

$ ¾¤Æz ¡v½» ĂýwĊù ¾Öé ½vºêù Ăîþĉv Ăz Ă«Ā£ wz50d Ăúă ½¹ #

 ā¹ÿº´ù ½¹ ÜÕwêù,+  w£mm ,++ Ĉù üĉv¾zwþz JºÉwz

 ĈþÉ ÛĀý ¿v Ăýw·¹ÿ½āĀöé ¢Åv ĈòþÅ(Brierley and 

Fryirs 2013)) £½ĀÍ½¹ĈĂí  ĈÅºþă ½wĊÞù ãv¾´ýv ½vºêù

 ¿v ¾¤úí0*, $ ºÉwz„ ρȾυ ¢·vĀþîĉ ¾¤Æz ¡v½» Üĉ¿Ā£ #

Ĉù ĈÅºþă ½wĊÞù ãv¾´ýv ¾ñv ÿ ºÉwzï½Àz¾£  ºÉwz ÿ¹ ¿v

$„ ς Üĉ¿Ā£ #¡v½»  ¾¤ÆzáĊ¾ĉ¢·vĀþî Ĉù ºÉwz(Naderi 

et al. 2021)$ óÿº« Ăz Ă«Ā£ wz ).Üĉ¿Ā£ #  ¾ă ½¹ ¾¤Æz ¡v½»

/ ¿wzā ĂÞõwÖù¹½Āù )¢Åv ¢·vĀþîĉ¾Ċá 



 

 

  Iûv½wîúă ÿ ć½¹wý,/+- 
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 óÿº«.(  ÿ ¾¤Æz ¡v½» ¾ÖéÜÖêù ¾ă Ăz ÓĀz¾ù ĈÅºþă ½wĊÞù ãv¾´ýv 
Table 3 Bed particles diameter and geometric standard deviation related to each section 

ů d90 (mm) d84 (mm) d50 (mm) d16 (mm) Section Number Reach 

2.53 55.33 49.00 29.67 19.33 1 

Shpur1 

2.07 55.33 47.00 35.00 22.67 2 

2.79 58.00 52.00 34.33 18.67 3 

2.98 56.00 46.67 27.67 15.67 4 

3.10 49.00 42.33 26.33 13.67 5 

2.760 59.00 53.33 32.00 19.33 1 

Shpur2 
2.49 55.67 50.67 32.33 20.33 2 

2.53 46.67 43.00 28.33 17.00 3 

2.10 52.00 47.67 32.00 22.67 4 

2.00 47.67 46.67 29.33 23.33 1 

Fahlyan 

2.02 43.33 38.33 28.33 19.00 2 

1.93 42.33 37.33 25.67 19.33 3 

2.36 47.00 44.00 27.00 18.67 4 

2.32 44.00 41.00 25.00 17.67 5 

2.16 39.00 35.33 22.67 16.33 1 

Dalaki 

2.95 47.33 43.33 23.67 14.67 2 

2.52 47.67 42.00 27.67 16.67 3 

2.47 48.00 42.00 24.33 17.00 4 

2.82 49.00 46.00 28.33 16.33 5 

 

.--( ý¢Ý¾Å µ¾úĊ 

 ÈăÿÂ~ üĉv ½¹ÛĀú¬ù½¹ 2, ¾ă Ăí ¢Ý¾Å µ¾úĊý  ¿v ìĉ

µ¾úĊýz wăĂ ½ĀÕ ôùwÉ ÔÅĀ¤ù,4 ĂÖêý ¢Ý¾Å¢Åv ćvI  ½¹

,4 ā¿vºýv ĈÑ¾Ý ÜÖêù$ ôîÉ ½¹ ów¨ù ćv¾z )ºÉ ć¾Ċñ/ #

µ¾úĊý ¢Év¹¾z ô´ù ÿ ĈÑ¾Ý ÜÖêùā¿vºýv ¢Ý¾Å ćwăć¾Ċñ-

 ¿v ÜÖêù ÿ¹ ½¹ āºÉā¿wz ćwă½Ā~wÉ, ûwĊöĄå ÿ  ûwÊý¹v¹ ā

āºÉz ĈîÊù ðý½ Ăz ûwĉ¾« ¾¤Æz ôĊåÿ¾~ )ºývĂ ĈzĀ·

 ÜÖêù ²ÖÅ Ĉ¤·vĀþîĉ¾Ċá ûwÊý v½ ûwĉ¾«ùĈºă¹ wĊ~ Ăí ºù

z )¢Åv ¢·vĀþîĉ ûwĉ¾« Ï¾å Ðêý ûjĂ µ¾úĊý ½wĄ¯ āÿĒÝ

ā¿vºýv ¢Ý¾Åć¾Ċñ¾ă ½¹ āºÉ Ĉù ûwÊý ÜÕwêù ¿v ìĉºă¹ í Ă

µ¾úĊý ôîÉćwă ¢Ý¾Å ûj ûwîù Ăz Ă«Ā£ wz ÜÖêù ½¹ wă

 ÿ ĈÑ¾Ý§m£Ċ¾ ûjĈăwĊñ ÈÉĀ~ ºþýwù ĈÖĊ´ù ôùvĀÝ ¿v wă 

Ĉù ¾ĊĊâ£wĊ~ Ăí ºþíºù ûj É¾z Èþ£ ÿ ĈÉ¾z ¢Ý¾Å ¾ĊĊâ£ Ĉ

 )¢ÅvĂíw¬ýj¿v āºúÝôùvĀÝ üĉ¾£ §m£Ċ½v¼ñ¾ ¾z ù ¹½ÿj¾z¢ùÿwê 

 ôîÉ Iºþ¤Æă ĈÉ¾z ¢Ý¾Å ÿ ûwĉ¾« ¢Ý¾Å Iûwĉ¾«$/ #

ĂzzĀ·Ĉù ûwÊý Ĉz Ăí ºă¹Ă½vºêù ìĉ ¾z Àí¾ú£ ćw«  Ëw·

ć¾z¿ yĉ¾Ñ ćv¾z I¢Åv ć½ÿ¾Ñ Ăí  ûj ¿v Ĉý¿ÿ ¹½ÿj¾z ìĉ

)¢Év¹ ûwĉ¾« ÜÖêù ¾ă ½¹  ôîÉ ½¹$/# ¾z ¾¤ù ¢Ý¾Å º³vÿ 

$ ĂĊýw§m/sĈù #)ºÉwz 

  ĂLÊêý ÓwLêý ĂöÍwå Ă¯¾ñv     ĈLÑ¾Ý ÜLÖêù ½¹ āºLÉ ć½v¹¾Lz 

m0*+  ¾LL¤Ąz ÈĉwLLúý ćv¾LLz wLLùv J¢LLÅv āºLLÉ ĂLL¤å¾ñ ¾LLÚý ½¹

ĂLLÊêý ÓwLLêý ¾ĉĀLLÎ£ć½v¹¾LLz $ ôîLLÉ ½¹ āºLLÉ/ #ĂLLz¡½ĀLLÍ 

 ¾LL¤Ąz ĈLLÅ½¾z ćv¾LLz )¢LLÅv āºLLÉ ā¹v¹ ûwLLÊý ûwLLĊù ½¹ ĈLLîĉ

¾Ċ§m£  ñ ā¹ĀL£ LĊăw Lz Ĉ    µ¾LúĊý ¹vºLÞ£ I¢Ý¾LÅ µ¾LúĊý ¾  ½¹ wLă

    ÈĊLz ĈăwLĊñ ā¹ĀL£ ìLĉ¹Àý Ĉ³vĀý    ºLÉ ĂL¤å¾ñ ¾LÚý ½¹ ¾L£) 

ā¹v¹ ûwLLÊý ÜLLÖêù ½¹ ôLLĊõ¹ üĊLLúă ĂLLz$ ôîLLÉ ½¹ āºLLÉ/(

  µ¾LúĊý ¹vºLÞ£ #äõv  ā¿vºLýv ćwLă ć¾LĊñ    }L¯ ô³wLÅ ½¹ āºLÉ

õ¹ ĂLLzLLĊô  ÈĊLLz Iøív¾LL¤ù ĈăwLLĊñ ā¹ĀLL£ ¹ĀLL«ÿ ¾LLÚý ½¹ ¾LL£

   ý ½¹ ôîLLÉ üLLĉv ĂLLz ĂLL«Ā£ wLLz )¢LLÅv āºLLÉ ĂLL¤å¾ñ µ¾LLúĊ

        ½v¾Lé ĈăwLĊñ ā¹ĀL£ ĈLîĉ¹Àý ½¹ ĂLí }L¯ ô³wLÅ ½¹ ¹Ā«Āù

 āºLLĉº~ ¢LLÉv¹wLL~Ċĉüñ¹wLL¤åvĈ,   ĂLLí ¢LLÅv ā¹v¹ µ½ ûwLLĉ¾«

ĈLLù v½ ûj ôLLĊõ¹ ¹ĀLL«ÿ ¾LL§v ½¹ ĈLLÆýđĀz½Ā£ ĈþòúăwLLý ûvĀLL£

   ¦LLÝwz ĂLLí ¢LLÆýv¹ µ¾LLúĊý üLLĉv ĈLLîĉ¹Àý ½¹ ĈăwLLĊñ ā¹ĀLL£

ĈLLù ĂLLĉĀýw§ ûwLLĉ¾« ĂÞLLÅĀ£ )¹ĀLLÉ ĂöLLÍwå wLLz ôîLLÉ üLLĉv ½¹

 LĊñ ā¹Ā£ ¿v ü¤å¾ñ      I¢LÅv½ ô³wLÅ ¢úLÅ ĂLz ¢Lí¾³ ÿ Ĉăw

  µ¾LúĊý ÿ ĂL¤åwĉ Èăwí āºĉº~ üĉv ¾§v    ¢Lõw³ ĂLz wLăS   ôîLÉ

āºLLùj½¹ºLLýv   ÿ üLLÉ I¾¤LLÆz xĀLLÅ½ ¡wýwLLÅĀý ûj ôLLĊõ¹ ĂLLí

āĀöé       ½¹ xĀöÖùwLý ½wLÊå ûwLĉ¹v¾ñ ºLĊõĀ£ I¾¤LÆz û¹ĀLz ĈòþÅ

  ā¿vºLLýv wLLz ¡wzĀLLÅ½ ãv¾LLÕvï½ÀLLz¾LL£  ¹ĀLL«ÿ ÿ üĊòýwLLĊù ¿v

     ôîLÉ ¦LÝwz ĂLí ¢LÅv ĈăwLĊñ ā¹Ā£ ć¾LĊñ    ½¹ äLÖÝ ĂLÖêý

Ĉù ¾¤Æz ćđwz ¹ĀÉ(Naderi et al. 2021)) 

                                                      
1 Dip phenomenon 
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 ôîÉ/( µ¾úĊý ÿ ĈÑ¾Ý ÜÖêùā¿vºýv ¢Ý¾Å ćwăć¾Ċñ½¹ āºÉ äõv( ù½Ā~wÉ ā¿wz ¿v ìĉ ā½wúÉ ÜÖê,ÿ I x(  ā½wúÉ ÜÖêù¹ ā¿wz ¿v ÿ

ûwĊöĄå 

Fig. 4 Cross-section and velocity profiles measured in: a) Section No. 1 from Shapoor 1, and b) Section No. 2 

from Fahlian reach 

Sohrabi (2019) ýw·¹ÿ½ ĈÅ½¾z wzĂ āĀöé ĈþÉ ćv½v¹ ĈòþÅ

 µ¾úĊý ûv½ºý¿wù ûw¤Åv ½¹ ç¾â¤Æù ĂúĊý ÛĀý ¿v ĈăwĊñ ā¹Ā£

S ÿ Ç½vÀñ v½ ôîÉ  w£ ¾¤Æz ¿v ¢Ý¾Å µ¾úĊý Ăí ¹¾í ûwĊz

+Ⱦ.0 ñ¾z IĂÖêý üĉv ½¹ ÿ ¹½v¹ ć¹ĀÞÍ ºýÿ½ µ¾úĊý ¢Ê

Ĉù µ½ ¢Ý¾ÅĂz Jºă¹ć½ĀÕ ĈÊăwí ºýÿ½ ¢Ý¾Å µ¾úĊý Ăí

Ĉù¹¾Ċñ Ĉîĉ¹Àý ½¹ Ä Å ÿ+Ⱦ0   ¢Ý¾Å µ¾úĊý Ăz ºýÿ½

 ¹Ā· ĈÊĉvÀåv¹¹¾òĊù¾z µ¾úĊý )S  ĈþÉ ć½w¬ù ¾ĉwÅ ½¹ ôîÉ

āĀöé ÿ ¢Åv āºÉ Ç½vÀñ äö¤¸ù ûwêê´ù ÔÅĀ£ ĈòþÅ(Liu 

et al. 2008; Tang 2019) $ ôîÉ )/(Ĉù ûwÊý ÀĊý #x-

µ¾úĊý ½¹ Ăí ºă¹ ºþ¤Év¹ ½v¾é ĈăwĊñ ā¹Ā£ ìĉ¹Àý Ăí Ĉĉwă

 āºĉº~ #}¯ ô³wÅ ÿ ¢Åv½ ô³wÅ ½¹ ¹Ā«Āù µ¾úĊý$

w~Ċĉüñ¹w¤åv ā¹Ā£ ¿v ü¤å¾ñ ĂöÍwå wz ÿ ¢Åv ā¹v¹ µ½ ûwĉ¾« Ĉ

µ¾úĊý ĈăwĊñ ¢õw³ wăS Ĉù ¹Ā· Ăz ôîÉ µ¾úĊý ÿ¹$ ºý¾Ċñ

)#ćÀí¾ù ½Ā´ù ½¹ ¹Ā«Āù 

.-.(  ĈÉwý ûwĉ¾« ¢ùÿwêù ¹½ÿj¾zv ĈăwĊñ ā¹Ā£ ¿ 

$ óÿº« ½¹/ # ðþĊýwù yĉ¾Ñ ÿ ôí ðþĊýwù yĉ¾Ñ ½vºêù

 ¿v ĈÉwý ā¹Ā£ñĊăwā¿vºýv ÜÕwêù ¿v ìĉ ¾ă ½¹ Ĉć¾Ċñ āºÉ

ûwúă )¢Åv āºÉ ā¹½ÿj ðþĊýwù yĉ¾Ñ ºÉ ā½wÉv Ăí ½ĀÕ

 ¿v ĈÉwý ðþĊýwù yĉ¾Ñ ôÑwæ£ èĉ¾Õ ¿v ĈăwĊñ ā¹Ā£ ¿v ĈÉwý

 ¢Å¹ Ăz ÜÖêù ¾ă ćv¾z ôí ðþĊýwù yĉ¾Ñ ½vºêù ¿v ¾¤Æz

« üĉv ½¹ )¢Åv āºùj Ăz ÓĀz¾ù ûĀ¤Å óÿºὲ ὲϳ

ρππ ûwÊýºþă¹ā ā¹Ā£ ¢í½wÊù ºÍ½¹ ñĊăw yĉ¾Ñ ¿v Ĉ

 ÜÖêù ¾ă ½¹ ôí ðþĊýwù¢Åv) 
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«óÿº /(  yĉ¾Ñùā¹Ā£ ¿v ĈÉwý ðþĊýwù yĉ¾Ñ ÿ ôí ðþĊýw ñĊăwā¿vºýv ÜÕwêù ¿v ìĉ ¾ă ½¹ Ĉć¾ĊñāºÉ 
Table 4 Total manning coefficient and manning coefficient due to vegetation patch in each of the measured 

sections 

ὲ ὲϳ ρππ ὲ ὲ ὲ  Ὓ 
Ὧ 

ά  
ὥ section number Reach 

39 0.186 0.0294 0.048 0.0007 0.133 13.97 1 

Shpur1 

81 0.1209 0.0292 0.1501 0.0063 0.121 13.33 2 

79 0.1161 0.0309 0.1468 0.0091 0.139 13.28 3 

-9 -0.0025 0.0288 0.0072 0.0004 0.134 13.10 4 

58 0.0413 0.0301 0.0715 0.0031 0.118 13.12 5 

23 0.0089 0.0301 0.0391 0.0005 0.142 14.17 1 

Shpur2 
53 0.0333 0.0297 0.0630 0.0016 0.134 13.80 2 

20 0.0073 0.0283 0.0356 0.0004 0.112 13.49 3 

50 0.0351 0.0291 0.0643 0.0012 0.125 13.16 4 

78 0.1081 0.0297 0.1378 0.0036 0.114 13.14 1 

Fahlyan 

54 0.0345 0.0290 0.0635 0.0005 0.104 12.77 2 

77 0.0984 0.0286 0.1270 0.0016 0.102 13.03 3 

21 0.0080 0.0296 0.0376 0.0002 0.113 12.77 4 

-4 -0.0012 0.0294 0.0282 0.0001 0.106 12.74 5 

52 0.0306 0.0282 0.0587 0.0034 0.094 12.92 1 

Dalaki 

26 0.0106 0.0305 0.0412 0.0035 0.114 12.68 2 

26 0.0108 0.0312 0.0420 0.0064 0.114 12.97 3 

65 0.0564 0.0299 0.0863 0.0097 0.115 13.89 4 

34 0.0159 0.0307 0.0466 0.0085 0.118 14.41 5 

         

$ óÿº« Ăz Ă«Ā£ wz/ ¿v ÜÖêù ÿ¹ ½¹ #,4  ÜÖêù$ ÜÖêù

½wúÉā / ½Ā~wÉ ą¿wz ¿v,  ą½wúÉ ÜÖêù ÿ0  #ûwĊöĄå ą¿wz ¿v

 ¿v ĈÉwý ðþĊýwù yĉ¾Ñ ½vºêù ā¹Ā£$ ĈăwĊñὲ Ĉæþù #

Ăz¢Å¹ )¢Åv āºùjGreen (2005)  üĉv ûºÉ Ĉæþù ¢öÝ

ā¹wÅ ÿ ¡wĊÑ¾å v½ yĉ¾Ñć¿wÅ÷w¬ýv ćwă ¢Å¹ Ăz ćv¾z āºÉ

$ ĂÖzv½ ûºùj/ā¿vºýv ćwăwÖ· I# Ătv½v ÿ ć¾ĊñzĊÈº³¿v 

ĈÞévÿ̸  Ăz ÓĀz¾ù ĆÖzv½ὲ  üĉv Ăz Ă«Ā£ wz )¢Åv ā¹¾í ûwĊz

 ¢í½wÊù ºÍ½¹ üĊòýwĊù óÿº« ā¹Ā£ĈăwĊñ  yĉ¾Ñ ¿v

 ôí ðþĊýwù//"  ā¹Ā£ ü¤å¾ñ ¾Úý ½¹ ¢Ċúăv Ăí ºÉ Ă{Åw´ù

Ĉù ûwÊý v½ ðþĊýwù yĉ¾Ñ Ć{Åw´ù ½¹ ĈăwĊñ üĊþ°úă )ºă¹

 Ă¤å¾ñ ¾Úý ½¹ ĈăwĊñ ā¹Ā£ Ăí Ĉ¤õw³ ½¹ ðþĊýwù yĉ¾Ñ ½vºêù

                                                      
1 Overestimation 

 ¹ĀÉĂz½ĀÕ  üĊòýwĊù-.+" ï½Àz¾£  Ăí ¢Åv Ĉ¤õw³ ¿v ā¹Ā£

ñĊăw )¹ĀÊý Ă¤å¾ñ ¾Úý ½¹ ĈGreen (2005)  ÿ ĈÅ½¾z wz

ā¿vºýv ĈývºĊù ć¾Ċñ-3  ćv½v¹ Ćýw·¹ÿ½ ½wĄ¯ ¿v ā¿wz ā¹Ā£

 IĈăwĊñùĊòýwĊü  ¢í½wÊù ºÍ½¹ ā¹Ā£ yĉ¾Ñ ¿v ĈăwĊñ

 v½ ôí ðþĊýwù1/"  wz Ăí ¹v¹ ûwÊý ÿ ¹¾í Ç½vÀñ¾Úý ½¹ 

 ¾§v ü¤å¾ñ ā¹Ā£ ðþĊýwù yĉ¾Ñ ½vºêù ĈăwĊñĂz½ĀÕ ÔÅĀ¤ù 

-4+" ï½Àz¾£ Ĉ¤õw³ ¿v ¢Åv  Ăí ā¹Ā£½¹ ĈăwĊñ  Ă¤å¾ñ ¾Úý

 )¹ĀÊýRizalihadi (2019)  øív¾£ ÿ Ûwæ£½v ¾Ċ§m£ ĈÅ½¾z Ăz

ãwÖÞýv ĈăwĊñ ÈÉĀ~ ÛĀý ¿v ¾ĉ¼~Sweet flag  āwòÊĉwù¿j ½¹

 Ăí ¹v¹ ûwÊý ÿ ¢·v¹¾~Ăz ĈăwĊñ ÈÉĀ~ Ûwæ£½v ÿ øív¾£ ½ĀÕ

þÞùĈ½v¹ć  yĉ¾Ñ ¾zðþĊýwù ù ¾Ċ§m£Ĉ¹½v¼ñ  ÿ øív¾£ ÈĉvÀåv

 Ûwæ£½v ÿĈăwĊñ ÈÉĀ~  yĉ¾Ñ ÈĉvÀåv ÿ ¢Ý¾Å Èăwí ¦Ýwz

ùwù ðþĊýĈ¹ĀÉ ÈÉĀ~ ćv½v¹ ¢õw³ ½¹ ðþĊýwù yĉ¾Ñ )



 

 

 ĈÅ½¾z ĈăwĊñ ā¹Ā£ ¿v ĈÉwý ûwĉ¾« ¢ùÿwêù  

 

´ùĊÔ¿ĉ¢Æ ÿ ÅºþĄùĈ xj Environment and Water Engineering 

 ā½ÿ¹4 ā½wúÉ I-I ûw¤Æzw£ ,/+- Vol. 9, No. 2, 2023 

¹ÿº´ù ½¹ ĈăwĊñā +/-*+  w£+1/*+ Ăz¢Å¹ Jºùjõw³½¹ĈĂí 

 ĈăwĊñ ÈÉĀ~ ûÿºz ¢õw³ ½¹+.,*+ Ăz üĉv Ăí ºùj ¢Å¹

ûwÊý ÈĉvÀåv ąºþă¹/+" w£  ,,+" þĊýwù yĉ¾Ñ ½¹ ûwĉ¾« ð

 ĈăwĊñ ÈÉĀ~ ûÿºz ¢õw³ wz ĂÆĉwêù ½¹ ĈăwĊñ ÈÉĀ~ ćv½v¹

)¢Åv  yĉ¾Ñ ¾z øív¾£ ¾§v È¬þÅ ćv¾z ÈăÿÂ~ üĉv ½¹

 ¿v ĈÉwý ðþĊýwù ā¹Ā£ĈÞÖêù ¹vºÆýv ½Ā¤íwå ¿v ĈăwĊñ $ὄ #

 ÔÅĀ£ Ăí ÜÖêù ¿v Ĉ´ÖÅ$ ā¹Ā£ówâÉv ĈăwĊñ #¢Åv āºÉ

ĈÅ½¾z wz )¢Åv āºÉ ā¹wæ¤Åv÷w¬ýv ćwă¸Êù āºÉ Ăí ºÉ Ì

ÈĊz ĈÖ· ĂÖzv½ üĊĊÞ£ yĉ¾Ñ üĉ¾£)2R ( yĉ¾Ñ üĊz v½

 ûwÊý ĈÞÖêù ¹vºÆýv ½Ā¤íwå ÿ ĈăwĊñ ā¹Ā£ ¿v ĈÉwý ðþĊýwù

Ĉù)ºă¹ $ ôîÉ ÃwÅv ¾z0 ĈÉwý ðþĊýwù yĉ¾Ñ üĊz ĂÖzv½ #

Ăz ĈÞÖêù ¹vºÆýv ½Ā¤íwå wz ĈăwĊñ ā¹Ā£ ¿v¡½ĀÍ $ ĂÖzv½4#  wz

 üĊĊÞ£ yĉ¾ÑὙ πȢωπ Ĉù üĉv ½¹ )ºÉwz ½Ā¤íwå ÈăÿÂ~

 ą¹ÿº´ù ½¹ ĈÞÖêù ¹vºÆýv,2"_,"  )¢Év¹ ½v¾éGreen 

(2005)  ¿v ĈÉwý ðþĊýwù yĉ¾Ñ üĊz v½ ĈÖ· ĂÖzv½ ìĉ ÀĊý

 ą¹ÿº´ù ćv¾z ĈÞÖêù ¹vºÆýv ½Ā¤íwå ÿ ĈăwĊñ ā¹Ā£,0"

ὄὢ 10" )¹¾í Ç½vÀñ 

$4#        0.011-XB0.0081= 4n 

 
 ôîÉ0( Ñ ½¹ ĈăwĊñ ā¹Ā£ ¿v ĈÉwý ðþĊýwù yĉ¾ yĉ¾Ñ ôzwêù

ĈÞÖêù ¹vºÆýv 
Fig. 5 Manning coefficient due to vegetation patch 

versus cross-sectional blocking coefficient 

/( Ă¬Ċ¤ýć¾Ċñ 
Êõw¯ ôtwÆù ¿v ĈîĉĈ  ¢ùwêù ¹½ÿj¾z Ăýw·¹ÿ½ ĈÅºþĄù ½¹

 ½¹ ĈăwĊñ ā¹Ā£ ¿v ĈÉwý ûwĉ¾«Ăýw·¹ÿ½wă Ĉýw¤ÆăĀí ćv¢Å )

 ¢ùÿwêù èĊé¹ ¹½ÿj¾zĂùwý¾z ½¹ ûwĉ¾«¹ÿ½ Ĉ¤ĉ¾ĉºù ćwă Ăýw·

āÂĉÿ ¢Ċúăv ¿v¹ ¡½ÿ¾Ñ üĉv ÃwÅv ¾z )¢Åv ½v¹½Ā·¾z ćv ½

ĈăwĊñ ā¹Ā£ ¿v ĈÉwý ûwĉ¾« ¢ùÿwêù ĈÅ½¾z Ăz ÈăÿÂ~ üĉv  ÿ

µ¾úĊý ½¹ ¢Ý¾Å ćwă,4 Ăýw·¹ÿ½ ¿v ÜÖêù ¾¤Æz wz ćwă

¢É½¹ ªĉw¤ý )ºÉ Ă¤·v¹¾~ ¾ĄÉĀz ÿ Ã½wå ûw¤Åv ¿v Ăýv¹ý ûwÊ

5¹v¹ 

,( Ăz½ĀÕ  ¢ùÿwêù ¿v ĈăwĊñ ā¹Ā£ ¢í½wÊù ºÍ½¹ üĊòýwĊù

 ôí ûwĉ¾«//" Ăz¢Å¹ûwÊý ÛĀÑĀù üĉv Ăí ºùjāºþă¹ 

 ¹w¬ĉv ćwÖ· ¹ÿ½ÿôzwéĄ«Ā£{Åw´ù ½¹ ĈĂ  ćwă¾¤ùv½w~

 ½¹ ¢Å½¹wý ćwă¹½ÿj¾z ÿ ¢Ý¾Å ºþýwù ĈîĊõÿ½ºĊă~ĊÈzĊþ Ĉ

óºùă ćwă ĈîĊõÿ½ºĊ¡½ĀÍ ½¹  ā¹Ā£ ć¾Ċñ¾Úý ½¹ ÷ºÝ

ûwĉ¾« ¢ùÿwêù ôí ûvÀĊù ½¹ ĈăwĊñ Ĉù)¹ĀÉ 

-( v ĈÉwý ðþĊýwù yĉ¾Ñ ¾z øív¾£ ¾§v È¬þÅ ćv¾z ¿ ā¹Ā£ăwĊñ Ĉ

 ¿v ½Ā¤íwå¾Ñ wz ĂÖzv½ ìĉ ÿ ºÉ ā¹wæ¤Åv ĈÞÖêù ¹vºÆývÞ£ yĉĊĊ ü
 yÅwþùz ĈăwĊñ ā¹Ā£ ¿v ĈÉwý ðþĊýwù yĉ¾Ñ Ć{Åw´ù ćv¾zÅ¹ Ă ¢
)ºùj 

.(  ĈÅ½¾z2, ā¿vºýv ¢Ý¾Å µ¾úĊý ûwÊý āºÉ ć¾Ċñ¹ ºÉ ā¹v

Ăí ĉ¹Àý ½¹µ¾úĊý ½¹ ĈăwĊñ ā¹Ā£ Ĉî¢Ý¾Å ćwăI ºĉº~ ā

üĊĉw~Ĉù µ½ ûwĉ¾« Ĉñ¹w¤åv)ºă¹ 

/( µ¾úĊý ½¹ā¹Ā£ ¿v Ăí Ĉĉwă¹wĉ¿ ĂöÍwå ĈăwĊñ ćwă ć

µ¾úĊý ºþ¤Év¹¢õw³ ¢Ý¾Å ćwă S  ôîÉĂzĈù ¹Ā·)¹¾Ċñ 

vºÆýv ½Ā¤íwå ÿ Ĉ´ÖÅ ¹vºÆýv ½Ā¤íwå Ăîþĉv Ăz Ă«Ā£ wz ¹

Ĉú¬³ Ĉù äĉ¾Þ£ ā¿wz ôí ćv¾z ÿ ºýĀÉwĄþ£ ÈăÿÂ~ üĉv ½¹ 

 ā¿wz ½wĄ¯¹½Āù Å½¾zwîùv üĉv¾zwþz J¢Åv Ă¤å¾ñ ½v¾é Ĉ û

 ¿v ĈÉwý ðþĊýwù yĉ¾Ñ ¾z yĉv¾Ñ üĉv ¾Ċ§m£ èĊé¹ ĈÅ½¾z

Ĉù ¹wĄþÊĊ~ Ăí ¢Évºý ¹Ā«ÿ ÈăÿÂ~ üĉv ½¹ ĈăwĊñ ā¹Ā£-

ÈăÿÂ~ ½¹ ¹ĀÉā¿wz ¹vºÞ£ ü¤å¾ñ ¾Úý ½¹ wz Ĉ£j ćwăćwă 

ÈĊz)¹¾Ċñ ½v¾é ¾Úýºù ¾£ 

ć½vÀòÅw Å 
vûwĉw~ ¿v Ăõwêù üĉ§ ºí wz ºÉ½v ĈÅwþÉ½wí ā½ÿ¹ Ăùwý ¢{

-24.04/ ¾¸¤Åv ûv¾ĉv ¢ÞþÍ ÿ øöÝ āwòÊýv¹ ¿v āºÉ Ûwå¹ ©v

Ĉù ÷¿đ ¹Ā· ¾z ûwñºþÆĉĀý )¢Åv āºÉ¾îÊ£ y£v¾ù ºþýv¹ 

 ¿v v½ ¹Ā· ĂýwúĊúÍăĊ¢u ûwĉw~ ûv½ÿv¹wéj xwþ«$ Ăùwý¤í¹ ć ¾

ù Ăí #Ĉýwêă¹ ºú³v ¾Ċùv ¾¤í¹ ÿ ć½w{« øĊăv¾zv ½¹ v½ wv¬ý ÿ ÷w

)ºþþí ÷ĒÝv Iºý¹v¹ ć½wĉ ÈăÿÂ~ üĉv ĈæĊí ćwê£½v 

ā¹v¹ Ăz ĈÅ¾¤Å¹wă 
ā¹v¹wă ĉ¾Õ ¿v óĀuÆù āºþÆĉĀý ã¾Õ ¿v I¢ÅvĀ·½¹ yÆ³ è

ôĊúĉv ôzwéówÅ½v ùĈºÉwz) 

ûwñºþÆĉĀý Üåwþù ¹wÒ£ 
ĀýĉāºþÆ vĉü Ăõwêù ÷ĒÝv Ĉù¹½v¹ Ăí ®ĊăĂýĀñ ¹wÒ£ ÞåwþùĈ 

½¹ ĂÖzv½ wz  Āýü¤É ÿ ĉw ½wÊ¤ýv vĉü Ăõwêù ¹½vºý) 

y = 0.0081x - 0.011
R² = 0.90
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