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Abstract: 
Background and Aim: The slopes of watersheds in nature have three converging, divergent 

and parallel shapes in terms of plan shape and three convex, concave and flat shapes in terms 

of floor curvature. In general, there are 9 shapes and geometries for hillslopes, which are 

called complex hillslopes. Past researches have shown that the topography and geometry of 

the complex hillslopes have an effect on many hydrological characteristics of the domains, 

such as the degree of saturation. The degree of saturation of the domain points depends on the 

concentration of subsurface flow at each point, which is influenced by the shape of the design 

and topography of the domain. 

The purpose of this research is the effect of topography on the surface sliding of the complex 

hillslopes of the watersheds using SINMAP and TOPMODEL models. 

Method: In this research, the TOPMODEL model was used to check the degree of saturation 

of the complex hillslopes, and the equations of this model were modified so that it could 

consider the topography of the domains, and the results of the saturation in the TOPMODEL 

model were transferred to a sliding model called SINMAP. And the effect of domain 

topography on the stability of complex domains was investigated and compared with 

MATLAB coding and drawing shapes. It should be noted that the aforementioned models are 

used based on hydrological and topographical data. The methods used in this research are 

generally applicable to all geographical and climatic regions.   

Results:Considering that in this research, the saturation index was calculated from 

TOPMODEL, which indicates the degree of concentration of subsurface flow at any 

point of the domain and determines the saturation of different points of the domain 

and has a significant effect on the stability of compex hillslopes and based on the 

average the stability coefficient of the slopes, on average, convex slopes have more 

stability than flat and concave slopes, and divergent slopes have more stability than 

convergent slopes, and the higher the saturation layer thickness and soil hydraulic 

transfer coefficient, the more stable the slope is. and as the amount of effective 

rainfall increases and as a result the soil moisture increases, the stability of the 

slopes decreases. 

Conclusion: Based on the results obtained in this research, in the downstream parts, 

the concave slopes are more stable than the upstream part of the slope, while it is the 

opposite in the convex slopes. Compared to the saturation index, the local slope of 

the domain points is a much more important factor in determining the stability of the 

domains. Based on the average saturation index, convex domains are more stable 

than concave and divergent domains are more stable than convergent domains. It 

should be noted that in flat slopes with different plan shapes, the slope value is 

constant, but the degree of saturation of flat-convergent slopes is more than that of 

smooth-divergent slopes, and it has made some points of the flat-convergent slope 

more unstable, and the stability value is from top to side. The bottom becomes less 

and the end parts of the smooth-convergent domain are in an unstable state, but the 

entire smooth-parallel and smooth-divergent domains are in a stable state. 
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ياکف داريوازنظرانحنايسهشکلهمگرا،واگراوموازيعتازلحاظشکلپلاندارايزدرطبيآبريهاحوضهيهادامنه نه و هدف:يزم

شفود.يمرکف گتتفهمفيهاهاوجودداردکهبهآنهادامنهدامنهيشکلوهندسهبرا9يسهشکلمحدب،مقعروصافهستند.بهطورکل

زانيهامانندمدامنهيکيدرولوژيهيهاازمشخصهياريبسيمرک بررويهاوهندسهدامنهيقاتگذشتهنشاندادهاستکهتوپوگرافيتحق

رشفکلطفروويداردکهتحتتفاثيدرهرنقطهبستگيرسطحيانزينقاطدامنهبهتمرکزجريريزاناشباعپذيردارد.ميتاثيرياشباعپذ

يهفامفد زبفااسفتتادهازيفآبريهفامرکف حوضفهيهفادامنهيبرلغزشسطحيرتوپوگرافيتاثقينتحقياهدفاز دامنهاست.يتوپوگراف

SINMAP و TOPMODELباشد.يم 

نيدومعادلاتاياستتادهگرد TOPMODELمرک ازمد يدامنههايريزاناشباعپذيميبررسيقبراينتحقيدراروش پژوهش:

کيبهTOPMODELدرمد يريجاشباعپذيردونتايهارادرنظربگدامنهيکهبتواندتوپوگرافيمد مورداصلاوقرارگرفتبهطور

قرارگرفتوبايمرک موردبررسيدامنههايداريزانپايميدامنهبررويرتوپوگرافيدهوتاثيمنتقلگردSINMAPمد لغزشبهنام

 افزار MATLABنرم ترسيسيکدنو اشکا  يو با و مقايکديم گرديگر استمد يسه ذکر به اساسدادهيهاد.لازم بر الذکر يهافوق

وييايتماممناطقجغرافيبرايقبصورتکلينتحقيبکاربردهشدهدرايهامورداستتادهقرارگرفتهاستوروشيوتوپوگرافيکيلوژدريه

کاربرددارد.ييآبوهوا

يرسطحيزانيزانتمرکزجريانگرميدکهبيمحاسبهگردTOPMODELازيرياشباعپذشاخصقينتحقيدرانکهيباتوجهبها ها: افتهي

داردمرک يهادامنهيداريپايروبريرقابلتوجهيکندوتاثينقاطمختل دامنهرامشخصميريدرهرنقطهازدامنهاستواشباعپذ

صافومقعربرخورداريهانسبتبهدامنهيشتريبيداريمحدببهطورمتوسطازپايهاها،دامنهدامنهيداري پايوبراساسمتوسطضر

 انتقا يهاشباعدامنهوضريهمگرابرخوردارندوهرچهمقدارضخامتلايهانسبتبهدامنهيشتريبيداريواگراازپايهاهستندودامنه

شتريموثروبهتبعآنرطوبتخاکبيزانبارندگيبرخوردارخواهدبودوهرچهميشتريبيداريشترگردددامنهازپايخاکبيکيدروليه

شود.يهاکممدامنهيداريزانپايمگردداز

ايبراساسنتا ج:ينتا در دستآمده به قسمتيج دامنهييپايهانپژوهشدر پايهاندست، از قسمتيشتريبيداريمقعر نسبتبه

يريندکساشباعپذيسهبااينقاطدامنهدرمقاي محليمحدببرعکساست.شيهاکهدردامنهيبالادستدامنهبرخودارهستنددرصورت

شترازمقعرويمحدببيهادامنهيداريپايريندکساشباعپذيباشد.براساسمتوسطايهامدامنهيدارينپاييدرتعيارمهمتريعاملبس

يثابتاستول يمختل مقدارشيهاصافباشکلپلانيهادردامنههمگرااست.لازمبهذکراستيهاشترازدامنهيواگرابيهادامنه

دارترکردهاستويهمگراراناپا-ازنقاطدامنهصافيواگرااستوبعض-صافيهاشترازدامنهيهمگراب-صافيهادامنهيريزاناشباعپذيم

-صافيهاکلدامنهيداراستوليهمگرادرحالتناپا-دامنهصافييانتهايهاگرددوقسمتينکمترمييازبالابهسمتپايداريمقدارپا

 دارهستند.يواگرادرحالتپا-وصافيمواز

TOPMODEL،SINMAP،ي،دامنهمرک ،لغزشسطحيتوپوگراف
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 SINMAP       

    (Pack et al., 1998)

FS 

=  
Cr + Cs + cos2 θ [ρsg (D − Dw) + (ρsg − ρwg)Dw] tan φ

D ρsg sin θ cos θ
    

Cr    

Cs θ sρ  

 Dφ   

sγ   wγ   .

h=D cosθhw =Dw cosθ hw/h)  δ 

= (Dw/D         

(Pack et al., 1998)

Fs =  
C+cos θ[1−δ.r] tan φ

sin θ
   

  , r =
ρw

ρs
 c =  

Cr+Cs

hρsg
δ

 

 

Min (
R a

T sin θ
 , 1) 

 

R θ

T =  K0 D K0

a=A/w 2 W

A

δ δ

δ

D =  Dw

-

 

SINMAP

  

 1 FS > 1.5 

 2 1.5 > Fs >1.25 

 3 1.25 > FS > 1.0 

 4 1.0 > FS >0.5 

 5 0.5 > FS > 0.0 

 6 0.0 > FS 

et al., 2012Goodwin
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(SMD)

(Beven et al., 1979)

 

Dx = D − m[λ(x) − λ] 

 

 Dx  (SMD) m

 ( D) ̅ SMD( )x

x

 

Λ(x) = ln [
a(x)

S(x)
]

( ) tan( )xS x 

a(x)

a(x)( )

( )

A x

W x

A(x)x

W(x)a(x)x

S(x)

 a(x)S(x)

δSMD

 

Δ =
1

cos( θx)
exp (−

Dx

m
)

SINMAP

TOPMODEL

 
et al., 2012Goodwin
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SINMAP TOPMODEL

R

TOPMODEL SMD

(Beven et al.1979)

Dx = −m ln [ 
Ra(x)

T tan θx
]

(profile curvature)

(plan shape) (Evans et al., 

1980

   

   

   

   

   

   

   

   

   

   

Hilbert et al., 2004

Norbiato et al., 2008)

Norbiato et al., 2008)

 

w(x) = c exp( ax)

Cxw

a

a>0a<0

a=0

 A(x) =
c

a[exp( ax)−1]
     

Norbiato et al., 2008)

Fan and Bars,  1998)(

Z(x) = H + βx + γx2

 

βγ

βγ

γ

γγ

 

𝑆 = |
dz

dx
| = β + 2γx

 

 

COMPLEX TOPMODELCOMPLEX SINMAP

TOPMODEL

(COMPLEX)

 

a(x)=A(x)/W(x)S(x)= tanθ(x)SMD

Dx = −m ln[
Ra(x)

TS(x)
]

T= K.dk

(ms-1)dmm=θe/fθe

f

δ)(

   

    FS 

1 
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a (m-1) C (m) γ(m-1) (-)β    

-0.038 120 0.001 -.03    

0 30 0.001 -.03    

0.036 3 0.001 -.03    

-0.038 120 0 -0.182    

0 30 0 -0.182    

0.036 3 0 -0.182    

-0.038 120 -0.001 -0.1    

0 30 -0.001 -0.1    

0.036 3 -0.001 -0.1    

(Sabzevari et al., 2018)

    

0.34  θe  

0.0001 m/s k  

  f  

0.17  m=  θe/f  

2 m D 

15 deg β  

40 deg Ø  

 kg m-3 ρs  

 kg m-3 ρw  

 kN m-2 c  

(Sabzevari et al., 2018)
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