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The tool Topo to Raster interpolates 
hydrologically correct raster surfaces using point, 
linear, and polygonal data. The tool uses an 
interpolation method specifically designed to create 
a continuous surfaces using data of contours that 
represents more precisely natural drainage surface 
and better recreates the networks of structural and 
streams lines. Isolines are reliable indicators of 
streams and watershed lines (ridges). For such type 
of input data as a contour the algorithm first creates 
a generalized surface morphology based on contour 
curvature. After determining the general 
morphology of the surface we used contour data for 
the interpolation of elevation value in each cell. 

This method was chosen because it is 
specifically designed to create DEM using contours 
data that are the main part of  input vectorized data. 
This method has some advantages over other 
methods of interpolation. It is optimized to have the 
computational efficiency of local interpolation 
methods, such as interpolation by the method of 
inverse weighted distances (IWD). DEM, created 
by this method, corresponds to sharp surface 
changes (such as canyons, mountain ridges, steep 
cliffs) [Help ArcGIS (10.2, 10.2.1 and 10.2.2)]. 

To display the DEM there were assigned 7 
elevation classes (from 1,000 m to over 1,600 m) 
with a step interval of 100 meters. Relief washing 
tools with translucency element had been used for 
better visual perception. This raster DEM (Fig. 4) 
was used as the basis for creation of a series of 
raster geomorphometric parameters of the surface 
of Polonyna Borzhava ridge. 

Hills slope (steepness) raster was created using 
the tool Slope. The slope of the surface - the angle 
at the point between the horizontal plane and the 
plane tangent to the earth's surface; defines the 
intensity of height change (gradient) between two 
given points. If the earth surface is presented as 
function (1), then the slope is calculated taking into 
account changes in the values of z in two 
directions:  

( ) ( )221tan ,z z
x yα − ∂ ∂

∂ ∂

 
= + 

 
             (2) 

where  z
x

∂
∂  and z

y
∂
∂  – first-order derivatives, which 

determine changes of the absolute values of z in 

directions: west–east  (x) and north–south (y) 
[Svidzinska D. V., 2014]. 

The value of slope is given in degrees with a 
step of 15°. Such classification allows us to 
determine the areas of the ridge which are 
potentially avalanche dangerous (parts with slope 
15°–45°) and the areas where avalanches are 
unlikely or impossible. Fragment of created raster 
is shown on Fig. 5. 

The raster of hills orientation in relation to the 
cardinal (compass) directions, a hill exposure raster 
was created using the tool Aspect. For the earth 
surface presented as function (1), the exposure is 
calculated on the formula: 

( )1 /
/tan ,z x

z yβ − ∂ ∂
∂ ∂=                   (3) 

where z
x

∂
∂  and z

y
∂
∂  – first-order derivatives, which 

determine changes of the absolute values of z in 
directions: west–east (x) and north–south (y) 
[Svidzinska D. V., 2014].. 

The raster was classified by the equal interval 
method with the step 45°, which give possibility to 
distinguish 8 classes of slopes according to cardinal and 
secondary compass direction. Different colors represent 
slopes with corresponding orientation. (Fig. 6).  

Curvature raster of the ridge surface was 
created using the tool Curvature (Fig. 7). Plane 
(horizontal) curvature is curvature of the line 
created by intersection of the earth surface with the 
plane which is perpendicular to the direction of 
exposure of maximum gradient. It describes 
gradient of exposure along given line.  

If the earth surface is presented as function (1), 
then the plane curvature is a function of its partial 
derivatives and is calculated by the formula: 
[Svidzinska D. V., 2014].: 

( ) ( )

( ) ( )

22 2
2 2

2 2

3
22

2
.

z z zz z z z
y x y x y xx y

z z
x y

C
∂ ∂ ∂∂ ∂ ∂ ∂

∂ ∂ ∂ ∂ ∂ ∂∂ ∂

∂ ∂
∂ ∂

− +
=

 + 
 

.       (4) 

For its representation there was used stretch 
function: concave areas are shown with black color 
(depressions with river valley); convex areas are 
shown in white (watershed zones).  
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The tool Topo to Raster interpolates 
hydrologically correct raster surfaces using point, 
linear, and polygonal data. The tool uses an 
interpolation method specifically designed to create 
a continuous surfaces using data of contours that 
represents more precisely natural drainage surface 
and better recreates the networks of structural and 
streams lines. Isolines are reliable indicators of 
streams and watershed lines (ridges). For such type 
of input data as a contour the algorithm first creates 
a generalized surface morphology based on contour 
curvature. After determining the general 
morphology of the surface we used contour data for 
the interpolation of elevation value in each cell. 

This method was chosen because it is 
specifically designed to create DEM using contours 
data that are the main part of  input vectorized data. 
This method has some advantages over other 
methods of interpolation. It is optimized to have the 
computational efficiency of local interpolation 
methods, such as interpolation by the method of 
inverse weighted distances (IWD). DEM, created 
by this method, corresponds to sharp surface 
changes (such as canyons, mountain ridges, steep 
cliffs) [Help ArcGIS (10.2, 10.2.1 and 10.2.2)]. 

To display the DEM there were assigned 7 
elevation classes (from 1,000 m to over 1,600 m) 
with a step interval of 100 meters. Relief washing 
tools with translucency element had been used for 
better visual perception. This raster DEM (Fig. 4) 
was used as the basis for creation of a series of 
raster geomorphometric parameters of the surface 
of Polonyna Borzhava ridge. 

Hills slope (steepness) raster was created using 
the tool Slope. The slope of the surface - the angle 
at the point between the horizontal plane and the 
plane tangent to the earth's surface; defines the 
intensity of height change (gradient) between two 
given points. If the earth surface is presented as 
function (1), then the slope is calculated taking into 
account changes in the values of z in two 
directions:  

( ) ( )221tan ,z z
x yα − ∂ ∂

∂ ∂

 
= + 

 
             (2) 

where  z
x

∂
∂  and z

y
∂
∂  – first-order derivatives, which 

determine changes of the absolute values of z in 

directions: west–east  (x) and north–south (y) 
[Svidzinska D. V., 2014]. 

The value of slope is given in degrees with a 
step of 15°. Such classification allows us to 
determine the areas of the ridge which are 
potentially avalanche dangerous (parts with slope 
15°–45°) and the areas where avalanches are 
unlikely or impossible. Fragment of created raster 
is shown on Fig. 5. 

The raster of hills orientation in relation to the 
cardinal (compass) directions, a hill exposure raster 
was created using the tool Aspect. For the earth 
surface presented as function (1), the exposure is 
calculated on the formula: 

( )1 /
/tan ,z x

z yβ − ∂ ∂
∂ ∂=                   (3) 

where z
x

∂
∂  and z

y
∂
∂  – first-order derivatives, which 

determine changes of the absolute values of z in 
directions: west–east (x) and north–south (y) 
[Svidzinska D. V., 2014]. 

The raster was classified by the equal interval 
method with the step 45°, which give possibility to 
distinguish 8 classes of slopes according to cardinal and 
secondary compass direction. Different colors represent 
slopes with corresponding orientation. (Fig. 6).  

Curvature raster of the ridge surface was 
created using the tool Curvature (Fig. 7). Plane 
(horizontal) curvature is curvature of the line 
created by intersection of the earth surface with the 
plane which is perpendicular to the direction of 
exposure of maximum gradient. It describes 
gradient of exposure along given line.  

If the earth surface is presented as function (1), 
then the plane curvature is a function of its partial 
derivatives and is calculated by the formula: 
[Svidzinska D. V., 2014]: 

( ) ( )

( ) ( )

22 2
2 2

2 2

3
22

2
.

z z zz z z z
y x y x y xx y

z z
x y

C
∂ ∂ ∂∂ ∂ ∂ ∂

∂ ∂ ∂ ∂ ∂ ∂∂ ∂

∂ ∂
∂ ∂

− +
=

 + 
 

.       (4) 

For its representation there was used stretch 
function: concave areas are shown with black color 
(depressions with river valley); convex areas are 
shown in white (watershed zones).  
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