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Project tasks 
1 - Erosion modelling using EPM - Erosion Potential Method
2 - Erosion modelling using RUSLE – Revised Universal soil loss equation
3- Aridity modelling
4 - Drought vulnerability modelling 
5 - Delineation of Region vulnerable to desertification
6 – Identification High risk zones and impact on the  biodiversity
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Erosion intensity maps 
using 

RUSLE and EPM 



RUSLE    modelling 
• Map was developed following the methodology/approach  used 

during preparation of EU erosion map (Panagos et al, JRC, 2015). 

E = R x K x C x LS x P [ t / ha]
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R factor – rainfall erosivity   [MJ mm ha-1 h-1 yr-1)\]

• The only parameter that was problematic was R-factor (rainfall erosivity 
factor) for whose calculation is necessary long-term data on rainfall intensity 
on various pluviometric stations. 

• This type of data doesn’t exist in the country. 

• How to solve the problem ?

•



Global R - data  (Panagos et al)

• The accuracy of the model is 30 arc.sec and (~1 km) based on the Gaussian 
regression model, The Balkan countries for which there is data for calculating the 
R-factor are: GRE, BG, ROM, HU, CR and Slovenia, while there is no relevant data 
for North Macedonia, Serbia, Montenegro, BiH and Albania



• Various authors faced with the same problem, tried to solve this based on a 
annual sum of precipitations.  

• More then 20 various equations developed in various regions in the world, were 
tested and more of them  resulted  in very high values (even more then 4000)  
because of regional circumstances. 

Author Year Equation Region

Bois 1978 R =  2.5 P2 /  100 (0.073P+0.73)
Mikhailova, Bryant, 
Schwager, Smith

1997 R = -3172 + 7.562P Honduras

Torri et al 2006 R = -944 + 3.08P USA (continental)

Renard,  Fremund, 1994 R = 0.04830 P1.51

Yu and Rosewell 1996 R = 0.0438 P 1.61 Australia
Torri et all 2006 R = - 944 + 3.08P Mаlaysia
Zacchi R = (1,1 – 1,5) P Italia - Tuscany
Hurni 1985 R = 0,55*P-24,7 Ethiopia, Egypt
Sung 1981 R = 79+0,363*P Entire India
Rambabu 1979 R = 81,5+0,375*P India
Eltaif 2010 R = 23,61*e (0,048*P) Jordan
Harper 1987 R = 38,5+0,35*P Thailand
Rogler & Schwertmann 1981 R = 10 (-1,48+1,48*Ps) Germany - Bavaria



Finally were selected  7 equations, and final result per 18 meteorological  
stations was calculated as mean value of the results from selected equations.



• Then using linear regression with altitude was developed map of R-
factor of the country. 

• y = 0,1471x + 431,57 or   R = 0,1471H + 431,57

• The value of coefficient of correlation – r ‐ was 0,72 – strong uphill 
linear correlation. The next step was to implement the function of the 
elevation into continuous map. Using the raster calculator in GIS 
environment, the produced equations were used to calculate the 
raster continuous layers for the whole country. 



The average value of 
the R-factor in the 
country is 533, 
ranging from 437 in 
the vicinity of 
Krivolak in the 
central part of the 
country, to 835 in 
the southwestern 
part of Šar Planiana 
and Korab.



Comparison with values along the border with 
Greece and Bulgaria 



• According to Panagos et al. (2014, 2015), in Greece along the border, 
in the western values for R are between 400 and 600, while in the 
central and eastern part between 340 - 490. and in the northern part 
340-410. In the high mountains, these values are already present. 

• According to the Global R-map (Panagos et al., 2017), values in North 
Macedonia are generally between 400-700, while in the western 
part of the country they are > 700.

• For planning works in the western part of the country where the 
height above sea level reaches 2764 m - Korab peak), the following 
values are taken as a guide: Rila - Bulgaria (2935 m above sea level), 
as well as Olimp 2905 - Greece where R is the factor 730-900 (map 

from 2014-5) or 700-1130 (map form 2017).
• It means that our approach for R factor is an appropriate



• On-field mapping of Z (erosion coefficient) and supportive parameters 
(expert judgment)

• Modelling [ Z ]  using the equation 

• Modelling [ Wsp ]  using the equation 

Erosion modelling using EPM 
by Gavrilovic



• Step 1 – analytical modelling of the parameters and final map using the 
original tables 

• Step 2 – filed trip – direct mapping (expert judgment)

• Step 3 – comparison between 2 models

• if there were larger difference  it was checked why it has happen

• it cause necessary of changes in the original tables

• Step 4 – changes in the original tables for various parameters

Erosion modelling using EPM by Gavrilovic





𝜸 – reciprocal value of the coefficient of 
resistance of the soil to erosion

• Within the original methodology was used an old soil classification system by 
Skoric, Ciric and Filipovski.  Here is used WRB (World Reference Base) 
classification.

• Classification of rock types is the same.

• Beside it, in various previous calculation of this parameter realized by foreign 
colleagues was used only geology map that is not correct because over the 
parent rocks there are soil layers with different depth. Thus e.g. there is 
magmatic rock where value is 0,25 but over is soil layer e.g. cambisol with value 
0,8 (big difference) 

• The main princip is that above the rock layer is soil that is directly exposed to 
erosion forces: water, wind, sun etc. especially in a case of bare soil.

• Taking in consideration all above, the original table was modified with change of 
soil types according to WRB classification and including missing soil types





𝜸 –
reciprocal 
value of the 
coefficient 
of resistance 
of the soil to 
erosion



Xa – coefficient of protection of the basin/area and it takes in 
consideration the level of protection of the and from erosive 
forces in natural conditions (X) and artificial conditions (a)

• This coefficient varies from 0.01 to 1.00. The most significant changes from all 
parameters were done in the tables and approaches for defining this 
parameter.

• Taking in consideration modelling on a level of the country , as a basic land 
cover data were used available sources especially CORINE LCU 2018 and FAO 
land cover (2017). 

• Firstly, within the tables were included LC class according to the CORINE LCU 
classification. Corine LCU contains 44 classes, and is presented as a 
cartographic product, at a scale of 1:100 000, polygons are wide and some 
classes are not precise enough. The most significant changes were done in the 
classes: broadleaved forest, mixed forest, pasture and natural grasslands



• It should be noted that for the engineering purpose, the only fully 
correct approach is to implement on field mapping. 

• For cartography needs, various scientists use existing maps f.e. CORINE 
LCU. The scale and accuracy of CORINE LC database is not fully in 
accordance with erosion modelling. 

• Taking in consideration the above, further detailed breaking of existing 
polygons into smaller ones according to the protection of erosion 
forces was derived through remote sensing techniques, using satellite 
images and aerial photo detection and validation through filed work.



Class forests



• According to CORINE LCU some area in the central zone of the country are classified as 

• 321‐ natural grassland or 324 – Sclerophyllous vegetation and somewhere as transitional 
woodland and shrubs. In fact, this area is bare and erosion processes are significant.
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Z – coefficient – raster map



.

Z – coef. –
erosion

categories

The unacceptable level of erosion , the highest three classes 
(I-III), cover 834.130 ha or 33,57 % of the land territory



Wsp –
mean 

annual 
specific 

production 
of erosive 
material

[m3/ha] 



Disadvantages

- Due to some disagreements with the investor – UNEP and BFSD (first it 
was agreed to work only on a region vulnerable to desertification) as 
well as the short time for the project implementation, Western 
Macedonia as well as some other parts are not covered with filed trip in 
detail even though we had data from previous projects.

- - Due to the previously mentioned reasons, there was no time for 
delineation in detail terrains with rocks on the surface, 

- High sources of erosive sediment (weathering, landslides, gullies) are 
also not delineated due to the scale of modeling where they are present 
as line od dot. .



g - delineation of bare rocks
Kojcevska Tatjana  – MSc thesis



Accuracy of the scale of input parameters
Bozin Trendafilov , MSc thesis

W-clip W-detail increase

Minimum 4,88 27,21 5,58

MEAN 188,72 989,52 5,24

Maximum 2375,69 3381,28 1,97

1:5-10 000

1 : 50 -100 000



Manualy defined Z



Gertsch, Lehmann, Spreafico, 2012 

Engineering designing
torrents in the                    

Western Macedonia
- fluvial processes -



Thank you for your attention!


