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Abstract 

Digital Elevation Model (DEM) is an element for display earth topography. One of the most important 

applications of digital elevation model is in hydrological application. Moreover, in many hydrological processes 

such as infiltration, speed and direction of runoff, changes in height gradient in the region are important factors. 

The hydrologic analysis tools are designed to model the convergence of flow across a natural terrain surface. 

There is an assumption that the surface contains sufficient vertical relief that a flow path can be determined. The 

tools operate on the assumption that for any single cell, water can flow in from many adjacent cells but out 

through only one cell. Digital Elevation Model basin with cellular network structure is very important in the 

effective use of distribution models. Errors in DEMs are usually classified as either sinks or peaks. Sinks, being 

areas of internal drainage, prevent down slope flow routing of water. In this study, the effect of cell size and lack 

of data to create maps 1:25000 pits is studied. Interpolation with different cells in similar methods showed that 

increase in cell size and number of holes and water there is a strong relationship Cubic. The lack of hydrological 

data was studied on the effect of making holes in cell size of removing randomly. Results showed that the lack of 

data to evaluate the contours of the pits but a great effect on the effect of cell size to create more hydrological pits. 
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Introduction 

There are good reasons to include modeling in 

hydrology education. First of all, models have become 

standard tools to address many types of practical 

hydrological questions and most hydrology students 

will be in contact with hydrological models in some 

way in their professional life. Therefore, it is 

important that hydrology students learn how to use 

models, get a general understanding of modeling 

concepts and realize possibilities as well as limitations 

of hydrological modeling (Seibert and Vis, 2012).  

 

Sound prediction of flood runoff from a storm event is 

one of the challenges in hydrologic modeling. 

Prediction techniques such as the classical rational 

method have already been applied for this purpose at 

a scale of small river basins since long time. Another 

approach in estimation of flood runoff is on the basis 

of the soil moisture conditions and geophysical 

characteristics (Dickinson et al., 1993). 

 

However, as the size of the river basin of interest for 

hydrology modeling increases, lumped parameter 

models are not applicable because hydrologic 

parameters can vary widely in space and time. In such 

cases spatially distributed hydrologic models are 

appropriate. Distributed hydrologic rainfall-runoff 

models including hillslope overland flow and channel 

flow routing (Naden 1992; Troch et al., 1994). Muzik 

(1996) presented a method for surface runoff routing 

by using a GIS-based distributed unit hydrograph. 

Schumann and Funke (1996) applied a two-

dimensional instantaneous unit hydrograph within a 

GIS framework. Maidment et al. (1996) presented an 

elaborate grid-based model, in which the spatially 

distributed unit hydrograph is derived from a time-

invariant flow velocity field. 

 

Olivera & Maidment (1999) proposed a method for 

routing spatially distributed excess precipitation over 

a river basin using response functions derived from a 

digital terrain model. 

 

Anurage (2000) has stated the factors in existence of 

hydrological pits: 

- Lack of data for interpolation. 

- Interpolation methods. 

- Cell size limitations. 

- Provided facts on The Earth's surface such as existed 

pits at areas of the calcareous 

 

He considered them at the most important factor in 

the formation of pits and divided two sets of lack of 

data DEM errors into Resulting random and 

systematic errors. The lack of data error in the 

creation of DEM is the most significant factor in the 

formation of pits. By decreasing cell size, the number 

of pits cells in DEM increases. Preliminary studies 

indicate that approximately less than 5 percent of the 

cells of DEM depending on interpolation method and 

the size of cells can be pits. Therefore, in this work a 

spatially distributed hydrological model is presented 

that uses detailed basin characteristics to predict 

hydrological processes. At this stage of the work 

emphasis is given to the simulation of runoff by 

determining the effect of cell size in creation of pits in 

the maps of 1/ 25000 and the effect of the lack of data 

with cell size in creating digital pits. 

 

Materials and methods 

The study area 

The study area is Ecbatana dam basin which 

Hamedan city is located in the northwest part of this 

basin. The highest point of the basin has the height of 

3580 meters and outflow height as the lowest point is 

1960 meters and the area is about 45/28 square 

kilometers, it is worth noting that the choice of this 

area was due to changes in topography of sub-

watershed consists of flat, half flat and uneven areas. 

(Fig. 1) 

 

 

Fig. 1. Digital Elevation Model and hill shading of 

Ecbatana. 
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Edition of data 

The topographic maps of the study area 1/25000, 

after preparation of the edition of maps with respect 

to the subject matter including Correction of non-

elevation contours, correction of false elevations and 

correction of the connections between the contour 

lines of rivers, including seasonal and permanent. 

Over shoot and Undershoot Errors and discontinuous 

contours are also resolved. 

 

Interpolation 

By using contour lines of 1/25000 maps, elevation 

points and rivers with ANUDEM algorithm at 

ArcGIS9.3 software we have interpolated different 

cells size. ANUDEM algorithm is as one of the most 

complete algorithm of making digital elevation 

models with hydrological basis, which is commonly 

used nowadays. 

 

Hydraulic pits fill-up 

Hydrological pit is the cell that its height is less than 

of neighboring cells. The causes of them include lack 

of data for interpolation, the interpolation method 

and the key factor is cell size limitations that the 

cause of it is selecting the cell size smaller than the 

threshold and as the size is smaller in terms of more 

exaggerated increase in data, the height of a number 

of pits increase and hydrological models craters will 

caused lack of participation of upstream cells in the 

runoff and causes an error in the modeling process. 

D8 algorithm was used to remove the pit that this 

algorithm replaces the minimum height of 

neighboring cells to pit cells and causes removal of 

the pit. 

 

The effect of cell size in the creation of digital pits 

Cell size is as one of the criteria in the development of 

hydrological pits of various sizes that were made by 

using ANUDEM method in order to determine the 

extent of its impact. That causes creation of Digital 

pits, pixel size mismatch according to the scale and 

tilt of the region, and given the importance of pits in 

the small size pixels, in the interpolation the intervals 

of pixel has been selected as 1 meter which in this 

research the pixel sizes were examined in 1 to 20, 

25.30, 35, 40, 45, 50, 55, 60 and 70. In table 1, the 

number of created digital pits in this cell size is 

represented. 

 

 

Fig. 2. Methodology of study. 

 

Table 1. Number of created Digital pits in different 

cell size. 

Cell 
size 

Number 
of pits 

Cell 
size 

Number of 
pits 

Cell 
size 

Number of 
pits 

2 185 11 9 20 9 
3 121 12 12 25 11 
4 85 13 14 30 16 
5 64 14 14 40 9 
6 51 15 11 50 3 
7 36 16 21 60 2 
8 22 17 10 70 2 
9 29 18 12 80 0 
10 21 19 4 90 0 

 

The impact of the lack of data with cell size in 

creation of pits 

The impact of lack of data on the production of 

hydrological pits was done in two ways. 

1. Removal of Elevation contours of 1/25000 maps 

on a regular basis (interlaced) 

2. Removal of  adjacent contour lines and non-

participation of contours in the interpolation  

 

In both of the above methods, we have selected 

randomly a contour line and the rest of them were 

interpolated toward it cumulatively. 

 Edit the maps of 1/25000 

Interpolation of different cells size 

the Digital pits fill-up 

Extraction of pits in different cell 
size and lack of various data 

Compare the results of cell size and 
its relation to the lack of data 

Conclusion and recommendations 
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In order to determine the effect of the removal of 

contour lines in the digital elevation model, an 

average slope of each of them has been identified. In 

addition, the correlation of each of DEMs was 

calculated with the original DEM. The interpolation 

of each of the methods has been calculated in each of 

cell size 5, 10,15,20,25, 30.35 and 40 in order to 

determine the impact of the lack of data on different 

cell size in 1/ 25000 maps. In Table 1, the number of 

pits in different cell size with regular removal has 

been calculated and represented. In Table 2, the 

number of pits has been calculated in different cell 

size and the role of lack of data with irregular removal 

with the slope mean, standard deviation and 

correlation of basic DEM were interpolated and is 

represented. 

 

Table 2. Calculated number of pits in different cell sizes and the role of lack of data with regular removal. 

Cell size 5 10 15 20 25 30 35 40 
Average 

slope 
Standard 
deviation 

DEM correlation with basic 
DEM 

1 58 20 12 10 5 4 9 12 7.29 5.9 0.9999 

2 65 23 12 10 5 4 9 12 7.39 5.97 0.9993 

3 65 23 12 10 5 4 7 12 7.69 6.2 0.9995 

4 43 10 6 5 3 4 7 5 7.99 6.33 0.9990 

5 43 10 6 5 3 4 7 5 8.07 6.35 0.9930 

Basis 64 21 11 9 11 16 12 9 8.08 5.9 1 

 

Table 3. Number of calculated pits in different cell size and the role of lack of data by irregular removal. 

Cell size 5 10 15 20 25 30 35 40 
Average 

slope 
Standard 
deviation 

DEM correlation with 
basic DEM 

1 60 404 180 104 66 49 39 29 8.08 6.32 0.9979 

2 1618 409 188 108 70 49 39 29 8.57 6.27 0.9965 

3 2154 808 130 146 144 69 41 38 8.69 6.27 0.9995 

4 3509 1220 529 286 242 142 96 85 8.71 6.26 0.9887 

5 64 1220 522 299 255 141 106 90 8.80 6.26 0.9868 
Basis 64 21 11 9 11 16 12 9 8.80 5.9 1 

 

Regression Analysis 

If in consideration of the relationship between two 

variables, we consider estimation of one, of which 

(Dependent variable) using its relationship with other 

variables (independent variable) the regression 

function can be useful. 

Function: 
bxaxyEy  )|(ˆ

 

 

Where in: 

ŷ
: Estimated dependent variable y 

)|( xyE
:  Mathematical expectation y given the x 

a : Y-Intercept of the regression line 

b : The slope of the regression line 

The regression line
y

 is on the x , we say that by so 

the variable amount of 
y

is estimated. 

 

To this end, we have arranged couples of 

),(),....,,( 11 nn yxyx
 in a coordinate system and to 

determine the amount of a and b  we have fitted the 

function 
)|( xyE

that the sum of squares of 

differences between actual and estimated values of 
y

with using regression equation become minimum. In 

other words: 
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Where in: 

ie
: Estimation error of iy

 

iŷ
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x : Average x  
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Results 

Statistics and obtained results of lack of data and the 

size of individual cells was evaluated by the effect of 

cell size. Also the effects of cell size and lack of data in 

creating digital pits has been analyzed. The results 

will discuss in the following description. 

 

After drawing Scatter Plot between two variables of 

Sink (dependent) and Cell (controlled), we realized 

that there is a strong non-linear relationship between 

two variables. As the Sink variable has Cubic 

relationship with inverse of 

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
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Cell. In other 

words: 
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By using this equation, we can estimate Sink using the 

cell size. 

 

 

Fig. 3. The effect of cell size and lack of data in the 

creation of Digital pits. 

 

Discussion 

Among the most important errors are creating digital 

pits and areas with no slope or flat. These errors, 

which are caused by DEM, are among the major 

obstacles in the application of hydrological models. 

Because areas with pits or smooth surfaces prevent 

the flow of runoff in the actual direction and in 

addition taking into account the contribution of these 

areas in the basin of runoff, often cause disturbances 

in the process of simulation by the models. Mark 

(1988) knows the pits due to low estimation height for 

the cells of DEM. Garbrecht and Martz (1992) know 

the pits caused by the high and low height estimations 

for the cells that are caused by the input data. Jenson 

and Domingue (1988) and Garbrecht and Martz 

(1992) tried to develop algorithms that in these 

algorithms assume that the pits are caused by errors 

in the contained information in the DEM and  our 

results show that The investigation of the effect of 

lack of data in creating hydrological pits by systematic 

random eliminating contour lines showed that the 

lack of data by eliminating most of the data increases 

the number of holes and the impact of lack of data in 

creating hydrological pits is higher than the cell size. 

 

Conclusion 

Derived maps of topographies of such as slope, 

Direction of dominant slope or flow direction to 

simulate the hydrologic runoff basins through 

hydrologic distribution models are needed. Some 

models are also used spatial curvature in longitudinal 

profile and the cumulative flow derived by certain 

operations of DEM. Extraction of these maps is 

subject to the provision and quality of DEM and 

quality of DEM is limited for use these models of 

digital pits that it is necessary to investigate the 

causes. The evaluations of impacts of lack of data and 

cell size in creating digital pits were considered in this 

study. The results showed that by reduction of cell 

size, the number of digital pits increase and a 

COUBIC relationship is between cell size and number 

of pits in the 1/25000map of this region.  
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