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1. Introduction – Several small watersheds are considered potential sites for developing water harvesting 

facilities in the Baashiqah sub-district of the Nineveh governorate, Iraq [1-2]. However, surface water 

flows in such small watersheds are ephemeral and torrential, needing intensive hydrodynamical studies. 

The one-dimensional kinematic wave equation has been widely utilized for modeling surface water flows 

in streams of relatively steep slopes. Here, we attempt to apply the two-dimensional counterpart of the 

kinematic wave equation to the analysis of surface water flows in small watersheds of non-convex 

topography found in the Baashiqah sub-district.  

 

2. Materials and Method - The Baashiqah 

subdistrict extends over the Nineveh Plains 

with the Baashiqah Mountains in the center. 

Alluvial fans are developing on the feet of 

the Baashiqah Mountains, which are fold 

mountains, and the topography of the 

watersheds containing alluvial fans is non-

convex. The land uses of alluvial fans are 

mainly urban areas and olive orchards. 

Figure I shows a topographical map of a 

south-western part of the Baashiqah 

subdistrict, delineating the watersheds and 

the water system. The spring, the artesian 

wells, and the shallow wells appearing on 

the map were utilized as drinking water 

sources in the labeled villages as of 2011. 

The two-dimensional kinematic wave equation (2D-KWE) in the horizontal x-y-coordinate system is 
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where t is the time, h is the surface water depth, zb is the ground height, n is the roughness coefficient, and 

p is the exponent of the friction force. We consider entropy weak solutions to the 2D-KWE, a first-order 

quasilinear equation, in the space of the functions of bounded variations (BV space). The finite volume 

method with the Godunov scheme is applied to the 2D-KWE for numerical analysis. 

 

3. Results and Discussion – An entropy weak solution exists to an initial value problem of the 2D-KWE. 

However, it may be non-smooth or discontinuous. Our numerical experiments implicate that such non-

smoothness and discontinuity may develop without dissipation over time. Therefore, designing water 

harvesting facilities in the Baashiqah sub-district requires careful consideration of arrival and sudden 

changes in the depths and rates of water flows. 

 

4. Conclusions – Though only from the hydrodynamical aspect, this work contributes to water resources 

development and management in Northern Iraq. 

 

5. References 

[1] M.W. Azhar, B.K. Hussein, B.S. Hussein, “Hydro-topographical study on the construction of check 

dams and runoff simulation used for groundwater recharge in the Baashiqah Mountains”, BSc Thesis, 

University of Mosul, 2020. (in Arabic) 

[2] D.D.H. Ali, “Study of rainwater harvesting in the Ba'ashiqa Plain/Nineveh Governorate using 

geospatial techniques”, MSc Thesis, University of Mosul, 2022. 

 
Figure I. Topographical map of a south-western part of the Baashiqah subdistrict 


