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ASSESSMENT OF FLOOD RUNOFF CHANGES UNDER 
LAND COVER IMPACT USING SCS-CN MODEL AND GIS 

TECHNIQUES. CASE STUDY: THE BYC RIVER BASIN, 
MOLDOVA
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Abstract: Present study is dedicated to impact assessment of land cover and soil moisture changes on flood 
runoff generation on example of the Byc river basin. SCS-CN model and GIS were used as main methods and 
techniques for runoff change estimation. Rainfall - main factor for flood generation - was taken as for a storm 
event over the basin of 1% probability.  It was found that changes in land cover for last 30 years do not have 
great impact on flood runoff at basin level. However, locally, there can be observed significant increase and 
decrease of flood runoff due to modification of land use. A great impact on flood runoff is caused by antecedent 
soil moisture conditions. Thus, average decreasing of flood runoff due to a dry soil is 40% and average 
increasing due to wet soil can be up to 60%. 
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1. Introduction
Assessment of hydrological systems 

changes under the influence of natural and 
anthropogenic factors is a topic of great actuality 
and importance (Montanari, A., et all. 2013). 
The most prominent human activity that leads to 
modification of hydrological system components 
is land use and spatial arrangement which causes 
changes not only of natural landscape but also 
of flow and especially flood generation and 
propagation processes. Understanding of flood 
regime changes under impact of basin management 
activities as well as under variation of natural 
factors (especially soil, climate and vegetation) 
represents a way to find better solutions for flood 
mitigation and flood risk resilience. In this regard, 
the aim of present study is evaluation of changes 
in land use in the last 30 and estimation of their 
effect on flood runoff generation processes on 
example of the Byc River basin. 

 So far, methodology for estimation of 

main hydrological characteristics as well as 
assessment of human impact in ungauged basin 
has significantly progressed and is represented 
by a series of different method, models and 
techniques. One of the most popular models used 
for flood runoff calculation is Soil Conservation 
Service Curve Number model (SCS-CN) (SCS, 
1956, 1972) which is widely used for runoff 
estimation due to its simplicity, few input data, 
short implementation time and accurate outputs. 
Utilization of GIS techniques for calculations 
and spatial representation of results represent 
a great advantage for user. Thus, for present 
study SCS-CN model was used to calculate the 
flood runoff and to estimate the perspectives of 
further model implementation on the rivers of the 
Republic of Moldova. The results of this research 
can serve as an argument for further estimation 
of flood characteristics in ungauged basins, 
optimization of land use practices, development 
of plans for better land, water resources and flood 
management.
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2. Study area
Assessment of flood runoff changes was 

performed from basin perspective and as pilot 
zone the Byc river basin and its tributaries were 
chosen [fig. 1]. The Byc River flows through 
central part of the Republic of Moldova, it begins 
from Byc’c Codrii Heights, flowing through 
a hilly forested landscape in the upper part 
and steppe floodplain in downstream part. The 

Byc River Basin combines both factors which 
determine flooding generation and amplification: 
extreme rains, such as, for example, rainfall from 
10.06.1948 when more than 180 mm fell in 24 
hours, and human activity expressed by high 
agricultural activity, urbanization, deforestation, 
the river training and reservoirs operation 
(Jeleapov, 2014). 

Fig. 1. Study area: the Byc River basin and its tributaries

Rivers Lengths, 
km

Basin 
area, 
km2

Basin mean 
elevation, m. 

abs.

Basin 
slope, 

%

Rainfall 
of 1% 

probability, 
mm

Hydrologic soil group, %

A B C D

Pojarna 27.0 158.5 229.4 13.5 126.8 23.5 31.5 39.8 5.1
Valea Redenilor 12.0 36.6 258.4 14.0 127.7 34.2 43.0 22.7 0.0
Bucovat 26.1 278.8 226.3 13.5 102.1 14.4 42.4 40.7 2.4
Racatau 24.0 109.8 239.3 13.4 105.3 22.1 45.2 32.6 0.1
Valea Sadovei 13.8 38.6 218.2 12.1 105.9 12.5 54.2 26.3 7.1
Valea Pitusca 11.0 24.8 193.1 12.9 111.1 7.2 59.7 33.0 0.0
Valea Siretilor 9.9 25.6 156.7 9.7 98.9 8.7 43.4 47.1 0.8
Valea Cojusnei 13.2 32.4 172.5 11.7 100.7 4.5 42.4 47.8 5.2
Ceucari 16.5 41.5 149.1 9.5 97.0 3.1 46.3 49.8 0.7
Ciocana 9.1 27.5 124.0 8.6 98.1 0.0 69.4 20.3 10.2
Durlesti 9.8 27.0 141.7 8.9 109.3 0.7 58.9 39.5 0.9
Isnovat 56.6 365.7 157.6 10.7 110.4 8.1 51.9 33.3 6.6
Valea Condritei 15.6 32.5 204.2 12.8 100.2 15.7 60.3 23.9 0.0
Valea Suricea 17.1 38.7 190.6 12.2 103.3 11.2 58.9 29.7 0.0
Valea Bostancea 12.6 32.6 162.3 10.2 110.4 3.4 27.3 54.3 14.9

Table 1. Characteristics of Byc River tributaries and their basins
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Tributaries, which are take into account, 
were delimitated focusing on their lengths, 
basin area and land use spatial representation. 
Respectively, those tributaries were considered 
where there predominate areas with natural 
vegetation, such as forest, but also areas heavily 
modified by human activity, especially by 
the process of urbanization and agriculture. 
Average length of tributaries is 23 km, and the 
values oscillate from 9 to 132 km, the longest 
being Pojarna, Racatau, Bucovat, Isnovat and 
Calintir (over 20 km length) and theses also 
having the largest basin (100-360 km2). Highest 
basin altitudes and slopes are characteristic for 
tributaries from upper part of Byc and Isnovat 
basins (>200 m.abs. and >10%) while the lowest 
elevation and slope is present for the tributaries 
from the lower part. The values for rainfall - 
main factor for flood generation - were taken as 
for a storm event of 1% probability. Rainfall has 
a nonuniform spatial distribution and is higher in 
the upstream and downstream part of the basin 
with values over 120 mm and slightly decreasing 
in the middle part to100-110 mm. 

One of the main components necessary 
to estimate flood runoff is soil and its moisture 
condition. This element was analyzed from the 
perspective of runoff potential and infiltration 
rates. Soil classification was performed according 
to the soil texture into 4 groups from coarse-
textured or sandy soils (class A) with lowest 
runoff potential and high infiltration rates to 
fine-textured or clayey soil (class D) with high 
runoff potential and slow infiltration. The biggest 
portion of the study area is occupied by the B and 
C class soils. In the sub-basins Valea Sadovei, 
Valea Pitusca, Ciocana, Durlești, Ișnovăț, Valea 
Condritei, Valea Suricea the B class soils are 
prevalent (>50%), while in Bucovăț, Răcătău, 
Valea Cojușnei, Valea Sireților, Ceucari, Valea 

Schinoasa, Calintir, Byc the B and C class 
soils  have approximately equal weight. The 
A hydrological class soils are outlined in sub-
basins Pojarna, Valea Redenilor and Răcătău 
where they occupy a share between 20-35%. The 
D class soils with a share over 10% are found in 
sub-basins Valea Bostancea and Ciocana. Thus, 
overall for the Byc River Basin, the soils are 
characterized by average runoff potential [tab. 1]. 

3. Methodology
  The SCS-CN model was originally 
developed by the Soil Conservation Service (now 
called Natural Resources Conservation Service, 
USDA) to predict direct flood runoff for given 
rainfall events (SCS, 1956, 1972). The concept 
of the method is based on the conventional 
representation of the maximum retention 
potential during rainfall (Bilasco, 2008), which 
is influenced by the type of land cover and the 
hydrological group of soil (Costache, Fontaine 
Corodescu 2014). Main formula used in present 
study for implementation of SCS-CN model is as 
follows (Dawod, Mirza, Al-Ghamdi 2013, Ponce, 
Hawkins, 1996, Costache, Fontaine, Corodescu 
2014, etc.):      
       

   (1)
 where: 

Q - runoff, mm
P - precipitations, mm
S - soil potential for water retention, mm

 Soil potential for water retention can be 
estimated by:   
       

   (2)
 where: 

Valea Schinoasa 11.1 30.3 137.0 9.8 118.0 9.5 45.8 44.3 0.4
Valea Merenilor 19.5 98.8 116.5 9.4 99.7 0.2 17.7 76.1 6.0
Valea Cobuscai 15.7 49.9 114.5 8.8 111.9 0.7 38.5 56.2 4.6
Valea Roscanei 18.5 56.3 113.2 8.5 110.9 1.7 34.5 62.5 1.2
Calintir 28.5 122.4 122.1 9.2 130.7 4.8 44.7 45.6 4.8
Byc 132.5 2166 154.7 10.4 111.1 8.0 46.0 41.2 4.8
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 CN - the curve number resulted from the 
intersection between land cover and hydrological 
group of soil, estimated according to (Stematiu, 
Drobot, 2007). Subsequently CN was corrected  
depending on slope and soil moisture condition 
(dry or wet).

The SCS-CN model integrates several 
factors that influence on flood runoff generation: 
soil, precipitation, land cover. All these factors 
as well as calculated CN and S can be spatially 
represented and the model can be applied using 
GIS techniques. Schematic representation of 
steps for estimation of flood runoff using SCS-
CN model and GIS techniques can be found in 
(Bilasco 2008, Costache, Fontaine, Corodescu, 
2014) and others. Digital elevation model and 
slope was derived from 90m SRTM (Shuttle 
Radar Topography Mission) and spatial 
distribution of soil texture was extracted from 
soil maps from www.geoportal.md. Precipitation 
of 1% probability were extracted from nation 
normative acts (Determinarea caracteristicelor 
hidrologice...  2013), interpolated and converted 
to raster format using GIS. Land cover was 
digitized from topographic maps at 1:50000 
developed in 1982 and in 2013 respectively. The 
land-cover was classified in 10 types:

1. Towns and cities (Urban area)
2. Villages (Rural area)
3. Grassland
4. Orchards 
5. Forest
6. Vineyards
7. Arable area
8. Shrubs 
9. Wetlands
10. Water (Rivers and lakes)

 Specific changes in the spatial structure 
of land cover were estimated using comparative 
analysis highlighting increasing or decreasing 
area occupied by different types of land cover. 
Another principle consisted in Markov matrix 
construction and analysis that estimates not only 
the spatial changes of land cover  but also shows 
direction of this change from one type to another. 

4. Results and discussions 
 Analysis of structural modification in land 
cover using database from 1982 and 2013 showed 
sharp changes in the spatial distribution of certain 
types of land cover (fig. 2, 3). In particular, there 
is a slight increase in the areas covered by urban, 
rural, pasture and forest areas and a decrease of 
vineyards and orchards. Over 80% urban and 
rural areas as well as forest and waters do not 
show any direction of change. From the other 
hand areas covered by grassland, vineyards, 
orchards, shrubs, wetlands are characterized by a 
high instability and during 30 years period being 
modified from one to another. Substantial changes 
are observed in the regions which were covered 
by grassland in 1982, in 2013 these territories are 
covered with arable land, shrubs, forests, urban 
areas and a small share remains stable, covered 
with pastures. Change direction of orchards 
and vineyards is clearly visible and over 40% 
of these area are currently arable areas. Certain 
arable territories are at present pastures or forests 
but generally they maintain their weight. Areas 
of shrubs were distributed to arable and forest, 
while those occupied by wetlands to grassland, 
arable and urban areas.

At present, the highest share of forest area 
(50-80%) is observed in Pojarna, Valea Redenilor, 
Valea Condritei, Valea Suricea sub-basins, other 
types of land cover occupy a smaller share. Thus 
these four basins are characterized by the biggest 
territories occupied by natural vegetation. Land 
cover within river basins Bucovăț și Răcătău 
Valea Sadovei, Valea Cojusnei, Isnovat has 
comparable the same share. Thus, approx. 30% 
of the area is covered with forests, 25% is arable 
area, more than 5% - rural areas and shrubs. Areas 
of these types of land cover have increased since 
1982. A decrease is specific for area occupied 
by vineyards and orchards. The biggest share of 
urban and rural area is characteristic for Ceucari, 
Ciocana Durlești, Valea Bostancea and Valea 
Schinoasa (>20%). The area of this land cover 
type has increased for the last 30 years up to 10% 
in these basins, thus they can be considered as 
the most heavily modified by human activity. 
Other river basins from the lower part of the Byc 
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River basin: Valea Merenilor, Valea Cobuscai, 
Valea Roscanei, Calintir with a share over 50% 
of arable land can be also included in category of 
heavily modified river basins [fig. 2, 3].

Assessment of flood runoff changes was 
performed using different scenarios. These 
are based of simulation on runoff using land 
cover for 1982 and 2013 as well as different 
soil moisture condition: average, dry, wet. 
Simulation result are shown in tab. 2. At basinal 
level obvious changes in flood runoff between 
the two time periods are not observed. Biggest 
changes in flood runoff which are characterized 
by increases up to 7 mm, can be seen for Valea 
Bostancea, Valea Schinoasa, Durlesti, where 
the share of urbanization area increased up to 
10%. A great impact on flood runoff is caused 

by antecedent soil moisture conditions. Thus, 
average decreasing of flood runoff due to a dry 
soil is 40% and average increasing due to wet 
soil can be up to 60%. 

Spatially, the lowest runoff is seen in 
sub-basins from the upper part of the Byc river 
basin: Pojarna, Bucovat, Racatau, Isnovat. This 
fact can be explained by a high share of soils 
characterized by high and average infiltration 
rates and runoff potential: groups A, B, C and 
a high share of natural areas: forests and shrubs 
that significantly reduces runoff due to high water 
retention capacity.

 The highest flood runoff is observed in 
the sub-basins of the middle part of the Byc river 
basin, which is explained by the increase share 
of the arable land and impermeable areas due to 

Fig. 2. Land cover for 1982                                           Fig. 3. Land cover for 2013

Fig. 4. Flood runoff in case of average soil humidity and 
land cover for 1982, mm

Fig. 5. Flood runoff in case of average soil humidity and 
land cover for 2013, mm
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urbanization. Thus, Durlești, Valea Bostancea, 
Valea Schinoasa, Valea Cobuscai sub-basins are 
characterized by B class soil, and precipitation 
of 1% probability are lower with 10-20mm, the 
flood runoff is higher with >10 mm in comparison 
with other sub-basins.

Changes of flood runoff at local level were 
estimated by the difference between raster of flood 

runoff calculate for soil of dry, wet and average 
humidity condition and  under land cover for 
1982 and 2013. The results show that the general 
trend is that the flood runoff has increased with 
1.5 mm for last 30 years. Locally, there can be 
seen significant increases and decreases surface 
runoff over 100mm. [Fig. 6]

 

Fig. 6. Changes in flood runoff under land cover change impact

Flood runoff in case of rainfall of 1% probability, mm
Land cover for 2013 Land cover for 1982

Soil moisture conditions Soil moisture conditions
Average Dry Wet Average Dry Wet 

Pojarna 55.4 24.3 87.1 55.2 23.8 87.0
Valea Redenilor 42.7 15.7 75.4 42.5 15.7 75.0
Bucovat 41.2 15.4 68.9 40.3 14.7 68.2
Racatau 40.6 15.2 68.9 38.7 13.9 67.1
Valea Sadovei 40.5 14.9 68.9 41.0 15.1 69.5
Valea Pitusca 50.3 20.0 80.0 48.4 18.8 78.2
Valea Siretilor 43.8 16.8 70.9 44.0 17.0 71.0
Valea Cojusnei 45.1 17.1 72.9 43.7 16.1 71.7
Ceucari 46.3 19.2 72.4 44.5 17.9 70.8
Ciocana 54.6 25.6 79.9 49.4 21.1 75.6
Durlesti 65.8 34.3 91.3 61.4 30.0 88.0
Isnovat 51.4 22.1 79.6 49.1 19.9 77.7
Valea Condritei 32.0 10.3 59.3 31.8 10.2 59.2
Valea Suricea 37.7 12.9 65.9 36.9 12.3 65.3

Table 2. Flood runoff changes under impact of land cover and soil moisture conditions 
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5. Conclusion
  As a result of present investigations there 
were identified changes in land cover for the 
last 30 yeast from 1982 to 2013 in terms of land 
cover type share as well as direction of chance. 
The biggest modification is characteristics for 
territories occupied by grassland, vineyards, 
orchards, shrubs and wetlands. A significant 
percent of these territories currently is occupied 
by arable land, this being the main direction of 
change.
 Besides the characterization of the changes 
that have occurred in landscape structure, this 
information was used to identify changes in 
flood runoff. Based on performed estimations, 
it was determined that land use change did not 
influenced much on flood runoff at basin level 
(maximal increases are up to 7 mm) but had a 
great local impact (±100mm). In sub-basins 
with a high share of natural land cover there is 
generated a flood runoff smaller with 10-15 mm 
than in those that are heavily modified by human 
activity. Respectively, for decrease of surface 
runoff it is necessary to perform activities for 
naturalization of river basins. There is still 
actual, determination and implementation of 
structural and nonstructural measures to mitigate 
the slope and river runoff and to optimize flood 
management to ensure protection of population, 
agricultural land and economic structures of from 
this hydrologic hazards.
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