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Abstract: soil erosion is an ecological problem that has influenced most of the world 
population. soil losses and reduced soil productivity are also well known negative impacts 
caused by erosion processes in Bulgaria. For that reason, a significant amount of erosion 
control activities have been performed in the last century. regardless, there are still recognised 
active erosion processes which mainly occur in areas with erodible soils and sloping terrain. 
limited vegetation cover and heavy rainfalls are also factors explaining the presence of active 
erosion processes. 

the study has been carried out in the Bistritsa river watershed with a total area of 56.9 
km2 (5690.25 ha), from which about 24 km2 (2412.54 ha) are forestlands. the Bistritsa river 
is a left tributary of the dzherman river, part of the struma river watershed. the territories 
with erosion risk were determined and mapped through applying a methodical approach using 
gis. the methodology is designed for forest territories only and it is describing the actual 
state of the problem. Based on the total assessment of the forest territories in the Bistritsa 
river watershed, the potential soil erosion risk was identified as being “moderate” and the 
actual soil erosion risk – as “low to moderate”. about 20% of the forest territories were with 
“moderate” and “moderate to strong” actual risk. these data show potential for high amount 
runoff and sediments formation in these territories and necessity of future planning of erosion 
control activities.
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INTRODucTION

soil erosion is a pervasive phenomenon that occurs in all parts of 
the terrestrial world. currently, degradation of the earth’s land surface 
through human activities is negatively impacting the well-being of at least 3.2 
billion people and costing more than 10 percent of the annual global gross 
product in loss of biodiversity and ecosystem services (ipBes, 2018). soil 
erosion has long-term effects and leads to environmental damage through 
sedimentation, pollution, increased flooding and involves long-term decline 
in soil productivity (shi et al., 2012; lal et al., 1997; gu et al., 2018). climate 
changes will also impact the extent, frequency and magnitude of soil erosion 
in variety ways (mullan et al., 2012). For that reason, restoring degraded 
lands should be an urgent priority to protect biodiversity, human’s life and 
well-being (ipBes, 2018).



54

soil degradation is driven by environmental conditions, as well as by 
land management practices (meusburger, alewell, 2008). in Bulgaria, the 
extreme topography (hilly mountainous relief, very steep slopes) and climatic 
conditions are the reasons for the high sensitivity of soils in mountain 
regions. these regions are also influenced by unregulated forest activities and 
destabilisation effect on soils from animal farming practices (velizarova et 
al., 2010; marinov, 2014; pavlova-traykova et al., 2017). 

With potential of climate change to increase soil erosion, modelling 
future rates of erosion and its assessment is an important step for future 
management planning (mullan et al., 2012). But predicting spatial patterns 
and intensity of soil erosion can be problematic in areas with no accurate 
data and in low accessibility regions. For this reasons, there are developed a 
lot of models for soil erosion assessment, based on gis platforms. one of 
them is “methodology for preparing the national long term programme for 
protection against erosion and flooding in the forest lands” (marinov et al., 
2009). this methodology is applicable at watershed level and gives results 
for actual and potential soil erosion risks for forestlands territories. For the 
territories in the upper part of the struma river, where is our object of 
study, the potential and actual soil erosion risks have already been assessed 
(ruseva et al., 2012), but detailed assessment for its tributaries has not been 
prepared.

the purpose of this study is to analyse the main soil erosion factors in 
the watershed of the Bistritsa river, a tributary of the dzherman river, to 
assess the actual and potential soil erosion risks and to determine and map 
the territories at risk.

mATERIALS AND mETHODS

the object of study is the catchment area of the Bistritsa river, one 
of the left tributaries of the dzherman river. the last major flooding of 
the river in 2010 caused significant damages on infrastructures, facilities and 
well-being of the inhabitants of dupnitsa town. regardless of the erosion 
control activities carried out by the local authorities, the river still has the 
power to cause crisis situation. therefore, the determination of the territories 
at risk in the upper part of this watershed, where forest land territories 
are situated, is likely crucial for the assessment of potential and actual soil 
erosion risks and possibilities for high-water formation.

the assessment of potential and actual soil erosion risks has been 
applied on forest lands only, following partialy of the “methodology for 
preparing the national long term programme for protecting from erosion 
and flooding in the forest lands” (marinov et al., 2009). the use of the 
suggested methodology gives opportunity to determine territories prone to 
soil erosion and to spatially identify also the risk in the forestlands. the main 
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spatial unit used in the current study is the forest subsection derived from 
the forest management plans. the rainfall erosivity index (R factor) was used 
to identify the influence of precipitation on soil erosion. the soil index (is) 
was defined for each subsection depending on the degree and on the type 
of erosion, mentioned in forest management plans. the values obtained by 
multiplying the class according to the degree of erosion and class according 
to the type of erosion were divided into three soil indexes: 1 (value 1), 2 
(value 2 or 3) and 3 (value 4 and 6).

For the topography factor assessment (slopes gradient), a digital 
elevation model (dem) was used. it was obtained from topography maps 
in scale 1: 25 000.

an adapted version of the methodology of the mera project was 
applied (stoev et al., 1997), based on using of gis features for assessment 
and mapping the soil erosion factors (rainfalls, topography, soil and vegetation 
cover).

the potential soil erosion risk was determined by the multiplication of 
the r factor, slope index and soil index. the vegetation cover influence was 
derived from the existing forest management plans. 

actual soil erosion risk was determined by multiplication of potential 
soil erosion risk index and vegetation cover index using a six- grade scale: 
from very low (index 1) to strong (index 6). the methodology is presented 
in detail in marinov et al., (2009) and pavlova-traykova et al., (2017).

RESuLTS AND DIScuSSION

Watershed characteristics
the total area of the watershed of the Bistritsa river is 5690.25 ha 

from which 2412.54 ha is forestlands (Fig. 1). the Bistritsa river is a 
left tributary of the dzherman river with main river length 23.18 km and 
with density of the hydrographic system of 1.3 km/km2. the average slope 
gradient of the watershed is 21° and the average altitude is 1577 m a.s.l. 
(table 1). these data are for the territory of the river watershed and they 
are obtained through the dem.

the watershed of the Bistritsa river is not well studied in terms 
of soil erosion and floods, but there is information about torrential water 
flows and damages on bridges and livestock from 1905 (latinov, 2001). the 
last significant burst of the river banks was at 2010, trigged by intensive 
precipitations. 

the watershed could be conditionally divided into two parts. one part 
of the watershed is in the rila national park, where human activities are 
prohibited. the data from the Forest management plans (Fmp) show that 
this part is with prevailing participation of Picea abies l. karst and Pinus 
peuce gris with the main soil types being molic cambisols and cambisols 
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Fig. 1. location of the Bistritsa river watershed and its tributaries

Table 1. characteristics of the watershed of the Bistritsa river 

characteristics measure Area, calculated with gIS

W
at
er
sh
ed

area km2 56.9 (5690.25 ha)
length km 23.2 – main stream length

average altitude m 1577
average slope o 21

slope distribution:
< 10 o

11–20 o

21-30 o

>30 o 

ha

1481.4
1223.8
1409.6
1575.5

slope exposure:
sunny (s, se, sW, W)

shady (n, nW, ne, e)

flat

%

2344.3
3344.0

2

hydrographic system density km/km2 1.3
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(this classification of soils is according World reference base, 2014). the 
other part is outside the national park. the main tree species there are Pinus 
sylvestris l. and Abies alba mill. the main soil type is cambisols, followed by 
chromic cambisols (Fmp 2007-2017). 

erosion control afforestation in the watershed covers 127.9 ha, mainly 
around the Bistritsa village where slopes are very steeply sloping and erosion 
processes are still visible. 

Potential and actual soil erosion risks
For the accurate assessment and prediction of soil erosion it is 

necessary to include many factors and different ecological conditions to be 
taken into account. the used methodology included individual soil erosion 
factors, presented in table 2. the area distribution of the rainfall erosivity 
index and slope index was calculated for the entire watershed, the soil index 
was determined only for the forestland.

the obtained results (tab. 2) showed that 3642.21 ha of the territories 
were with index 3, which was 64% from the total watershed territory. With 
index 1 were 1732.59 ha (or 30.4%) and about 6% of the territories were 
with index 2. 

Being a key parameter for soil erosion processes, this percentage 
participation of rainfall erosivity index suggested potential strong vulnerability 
of the studied watershed to the expected climate changes during this century. 
if the intensive rains increase as expected, the risk of potential and actual 
erosion will also increase. 

values of the soil index showed that the largest share had territories 
without erosion processes – 1948.32 ha (80.8%). the territories with low 
erosion covered 191.79 ha (7.9%) and the territories with strong erosion 
represented 272.43 ha (11.3%).

in the watershed with the largest share there were slopes with index 4 
(>30°) – 1575.45 ha which was about 28% from the whole territory. With 
very steep slopes and index 3 (21°-30°) were 1409.58 ha (25%). With index 
2 (11°-20°) were 1223.82 ha and with index 1 (<10) were 1481.4 ha. 

Table 2. the area of distribution of individual soil erosion factors

Rainfall erosivity 
index (R factor) Area, ha Soil index (Is) Area, ha Slope index Area, ha

1 1732.59 1 1948.32 1 1481.4

2 315.45 2 191.79 2 1223.82

3 3642.21 3 272.43 3 1409.58

    4 1575.45

Total area 5690.25  2412.54  5690.25
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potential soil erosion risk assessment is presented in table 3. 
predominant degree for potential soil erosion was “moderate” with 48.2% 
from the watershed. it was followed by with “strong” degree with 41.7% of 
the territory and “low” degree with 10.1% of the territory. 

three tributaries of the Bistritsa river were used as representative: 
two left tributaries (l02 and l03) and one right tributary (r01). two of 
them occupy territories around the settlement of Bistritsa (l02 and r01) 
and l03 is situated in the upper part of the watershed. the results for the 
assessment for potential soil erosion risk for l02 and r01 had common 
trends. the “moderate” degree of potential soil erosion was represented 
with high percentage. territories with “low” degree were the second most 
common- 27.2% for l02 and 21.5% for r01. “strong” degree of potential 
soil erosion was also recorded, which was an indicator for serious degradation 
risk, possibility of high water formation and necessity of additional erosion 
control activities. 

there was difference in the percentage distribution of potential soil 
erosion assessment in l03 tributary. the territories with “moderate” risk 
were 54.7% from the total area and very close to this percentage were the 
territories with “strong” degree- 43.6%, while the territories with “low” degree 
occupied only 1.7% of the territory. this difference could be connected 
with the influence of erosion control activities (afforestation) that had been 
conducted mainly around the settlement of Bistritsa. 

the total assessment for the watershed resulted in “moderate” potential 
soil erosion risk. this high potential of soil erosion could be explained with 
the steep slopes that were well expressed within the watershed and also the 
heavy rainfalls that characterised more than half of the studied territory. the 
combination of these ecological factors is a prerequisite for strong degradation 
processes in the watershed and respectively suggests a great level of erosion 
in the future. concerning the torrent character of this watershed, for better 
management it is also necessary to be take into account the significant changes 
in precipitation and temperature during the recent ten years, which will led to 
erosion rates incensement, as it was mentioned above. 

vegetation is of great importance for soil erosion rates (marinov, 1990; 
kateb et al., 2013; pavlova-traykova et al., 2017) and is included in the 
assessment of soil erosion in different ways: through vegetation retention, land 
cover, land use (Wischmeier, smith, 1978; Beasley et al., 1980, 1984; smith 
et al., 1995; marinov et al., 2009; panogos et al., 2014). at the catchment 
scale, the lack of forest vegetation can led to high water formation, increased 
runoff and soil loss (ruiz-colmenero et al., 2013), especially in mountainous 
watersheds with steep slopes like in the watershed of Bistritsa river. 

table 4 presents the results for the vegetation index. With full protection 
of soil erosion were 1152.46 ha (47.8%), which included plantations and 
forestations with density above 0.6. From whole territory, 1039.15 ha (43.1%) 
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were with moderate protection: with density 0.3-0.6 and 220.93 ha (9.2%) 
had with poor protection. 

the total assessment for the watershed suggested “low to moderate” 
actual soil erosion risk because more than 50% had “low” ,“low to moderate” 
and ”moderate” degree. With “moderate to strong” were 11.9% of the territories 
and with “strong” degree were 7.19%. the spatial distribution of actual soil 
erosion risk (Fig. 2), showed that the territories with “strong” degree were 
mainly in the upper part of the watershed, but the territories with “moderate” 
and “moderate to strong” assessment were around the settlement.

in tributary l02 the prevailing percent participation had the “low” 
degree – 37.9%. this result characterised the whole sub watershed with low 
actual soil erosion risk. sub watershed l03 was also evaluated with “low” 
actual soil erosion risk with 54.1% participation of this degree. sub watershed 
r01 was with “moderate” soil erosion risk assessment with 44.3% of this 
degree. in this sub watershed there was a significant presence of “low” 
degree with 31.66%, “low to moderate” accounted for 4.14%, “moderate to 
strong” – for 11.18% and “strong” – for 0.51%. the differences in evaluation 
could be explained mainly by the fact that there were more open stands in 
this sub watershed which effected on the actual soil erosion risk assessment.

Table 3. Forestland area distribution by potential soil erosion risk

Potential soil erosion 
risk Forest land area distribution by tributaries

Bistritsa river 
watershed  l02  l03 r01

index de-
gree ha % ha % ha % ha %

1 low 244.5 10.1 93.9 27.2 9.3 1.7 45.5 21.5

2 mod-
erate 1162.4 48.2 207.1 60.0 296.9 54.7 135.8 64.3

3 strong 1005.6 41.7 44.5 12.9 237.1 43.6 30.0 14.2

      Total area 2412.5 100.0 345.4 100.0 543.2 100.0 211.2 100.0

Table 4. Forestland territory distribution by vegetation index

Vegetation index Type of subsection Area, ha

1 Forest and plantations with density above 0.6 1152.46

2 Forest and plantations with density 0.3-0.6 1039.15

3
open stands, not suitable for forest lands, barren, gullies, 
burn out area, sole, landslides, screes, landslips, embank-

ment, marshes, clearing area
220.93



60

the total actual soil erosion risk assessment of the watershed showed 
sufficient ability of forest vegetation to improve ecological and soil conditions, 
which has been demonstrated also in many other studies (kostadinov, 2008; 
simich et al., 2013; marinov, 2014). nevertheless, forest management practice 
and decision of local authorities for management of this torrent watershed 
should consider the presence of territories of “moderate to strong” and 
“strong” actual soil erosion risk. 

Table 5. Forestland distribution by actual soil erosion index

Actual soil erosion risk Forestland distribution by tributaries

Bistritsa river 
watershed l0 l03 r01

degree index ha % ha % ha % ha %
very low 1 157.4 6.5 70.4 20.4 9.3 1.7 17.3 8.2
low 2 919.1 38.1 131.0 37.9 294.1 54.1 66.8 31.6
low to moderate 3 604.5 25.1 33.0 9.6 194.0 35.7 8.8 4.2
moderate 4 270.1 11.2 63.8 18.5 0.0 0.0 93.6 44.3
moderate to strong 5 286.6 11.9 46.3 13.4 19.7 3.6 23.6 11.2
strong 6 174.8 7.2 1.0 0.3 26.2 4.8 1.1 0.5
Toatal area 2412.5 100 345.4 100 543.2 100 211.2 100

Fig. 2. Forestland distribution by actual soil erosion risk



61

cONcLuSION

it has been found that various erosion factors (rainfall erosivity, slope 
index, soil index) create suitable conditions for potential erosion risk. the 
watershed was characterised with steep slopes, heavy rains and presence of 
erosion processes. the total assessment of the watershed indicated “moderate” 
potential soil erosion risk and “low to moderate” actual soil erosion risk. 

the most of the territories within “moderate” and “moderate to strong” 
degree of actual soil erosion risk were mainly around the Bistritsa settlement, 
which is a prerequisite for causing eventual damages on infrastructures and 
life of inhabitants. the presence of territories with “strong” potential and 
actual soil erosion risks was an indicator for possibilities of high water flow 
formation and soil losses.

it was confirmed, as in other studies, the considerable ability of forest 
vegetation to improve ecological conditions and to protect the territories from 
soil erosion. however, it is necessary to develop appropriate management 
plans and to implement additional erosion control activities in the watershed.
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ОЦенКа на риСКа ОТ ерОЗия ВъВ ВОДОСБОра на реКа 
БиСТриЦа, ЮГОЗаПаДна БъЛГария

Е. Павлова-Трайкова
Институт за гората – Бан

софия

(реЗЮМе)

ерозията на почвата е екологичен проблем, който оказва 
негативно влияние върху голяма част от световното населението. 
В България, основни последици от ерозията са почвените загуби и 
намалената почвена продуктивност. През изминалия век са извършени 
мащабни противоерозионни дейности на територията на България, 
но въпреки това все още има територии силно засегнати от ерозия, 
основно при големи наклони и при податливи на ерозия почви. наличие 
на ерозионни процеси има и при терени с малко растително покритие 
съчетано с падането на големи количества интензивни валежи. 

Изследван е водосбора на река Бистрица, който е с площ от 
56.9km2, (5690.25 ha), от които 24km2 , (2412.54 ha) са горски територии. 
река Бистрица е ляв приток на река джерман, част от водосбора 
на река струма. териториите с риск от ерозия са определени и 
картирани, чрез прилагане на методичен подход използващ gis. 
методологията се прилага само за горските територии и определя 
актуалното състояние на проблема.

При определяне на крайната оценка на риска от ерозия се 
установи, че потенциалният риск от ерозия във водосбора на река 
Бистрица е „среден“, а действителният риск от ерозия е „слаб до 
среден“. около 20% от територията на водосбора е със „среден“ 
и „среден до силен“ риск от действителна ерозия. тези резултати 
показват висок потенциал за формиране на голямо количество воден 
и твърд отток и насочват вниманието към необходимостта от 
планиране на противоерозионни дейности в бъдеще.

Ключови думи: ерозия на почвата, оценка на риска, река Бистрица
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