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ASSESSING CHANGES IN MAXIMUM PLUVIAL DISCHARGE 
VALUES IN A DEVELOPING URBAN AREA  

(CASE STUDY SATU MARE)
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Abstract: - Assessing Change in Maximum Pluvial Discharge Values in an Urban Area (Case Study Satu 
Mare). In small catchments it is not always possible to assess the entire volume and characteristics of the 
flood hydrograph, so in practice the most important component became the maximum discharge. This is 
also true regarding the small urban catchments where generally one doesn’t have continuous hydrometrical 
measurements and has to assess the possible maximum discharge values through indirect formulae. For the 
present analysis, the case study was chosen in Satu Mare, a low plain city in the northern part of Romania, a 
city where the main differences regarding the urban floods are due to the impervious characteristics of the area 
and only in small part the catchment morphologic characteristics. From the multitude of formulas and methods 
we choose the SCS-Curve Number method which is based mainly on the areas land use and imperviousness 
characteristics, so one can assess the changes in the runoff due to changes in these factors. GIS analysis and 
remote sensing data was used to assess the urban area’s hydrological characteristics and the maximum pluvial 
flood values. To further assess the cities sustainable evolution and development it is necessary to know the 
areas susceptibility to various natural risks and the hydrological risks represent one of them. Because in many 
cases the urban areas don’t benefit of hydrometrical control it is necessary to have quick and reliable methods 
to assess with acceptable accuracy the maximal pluvial flood values, using modern techniques. 
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1. Introduction
For urban development and management 

purposes it is always necessary to have exact 
values regarding the discharges of an area 
which could represent susceptibility for 
possible hydrological hazards. Because of the 
relatively small catchments, often there are no 
hydrometrical stations on the rivers, they are 
ungauged basins, which could represent high risk 
sources in urban areas. It is known that the best 
method to assess the maximum discharge on a 
river, and to forecast it with acceptable accuracy, 
is based on long data series regarding all factors 
which work together to form the runoff. In these 
small urban catchments this is impossible so 
one must predict the runoff values from indirect 

measurements and formulae. In the literature it 
is said that there is no one standard method of 
runoff predictions in ungauged basins, rather 
there are literally hundreds of different methods 
(Günter Blöschl et al., 2013). 

Even where there are hydrometric 
measurements, changes and influences from 
Anthropocene (influences on the runoff regime 
and all its genetic factors) make it impossible to 
make a correct statistical analysis. It becomes 
absolutely necessary to find viable models 
for estimating the maximum discharge using 
measurable (estimable) characteristics of river 
basins. 

With the arrival of GIS and various spatial 
remote sensing technologies it was necessary to 
implement some of these methods, to automatize 
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them, to create models that can be used quickly 
and with accuracy for every developing situation. 
In this case we have chosen a formula that could 
be used, fairly easily and without laborious 
analyses, in collaboration with these new 
theologies, to assess the maximum discharge 
values for ungauged basins in urban areas. 

In practice to design small hydrotechnical 
structures it is enough to know the maximum or 
the peak of the runoff hydrograph, because all 
basic design features can be estimated from it. As 
of this there are several methods in use which try 
to evaluate the maximum discharge. Because the 
chosen study area is a plain urban area with only 
8 m maximum altitude difference on the entire 
over 22 km2 buildup area and with a maximum 
slope of 20, the used methodology had to account 
with this. Starting from the Kuichling’s (1889) 
rational formula we know that basically there are 
two main components for the maximum discharge 
estimation, first is the intensity of precipitation 
and second are the various measurable 
characteristics of the hydrological basin. With 
time, these measurable values crystalized and 
formed one of the most used methodology, the 
SCS-Curve Number method. 

In case of the chosen study area, Satu 
Mare built up area, because the hydrometrical 
values (slope, ruggedness, etc.) don’t really vary 
mainly the areas land use and imperviousness 
characteristics influence the maximum discharge 
formation. In case of the chosen study area one 
must emphasize that the runoff volume must 
be anthropically routed because there isn’t any 
natural runoff network, partly due to the natural 
low plain characteristics and of course also due 
the atrophic embankment of the Somes River.

2. SCS-Curve Number method and 
used data bases

A single event runoff model in planning 
and design (Hawkins, 2009), this is how one can 
best sum up the SCS-CN method. An empirical 
mathematical hydrologic model developed by 
the U.S.D.A. Soil Conservation Service (SCS) 
starting from the 1950’s which provides users 
with procedures for calculating the discharge and 

maximum runoff volume produced by torrential 
rains (Ponce and Hawkins 1996).

Initially, the method was developed as 
a methodology for transforming precipitation 
fallen over a period of time in runoff, taking into 
account vegetation and soil, its main purpose 
being to identify agricultural areas in the USA 
(Bilasco, St. 2008). All flash floods are influenced 
by a series of characteristics of the watershed, like 
the area and form of the basin, the river slope and 
the catchment slope, the runoff network density, 
forested area percent, soil texture, geology and 
not least the capacity of the soil to retain water. 

Since the model’s appearance, in 1954, 
till today, many revisions have been made to 
the model (1964, 1965, 1969, 1977, 1985, 1993, 
2009), depending on the need to use it in one or 
other area of applicability, basically the method 
is developed from the general water balance 
relation (1).

P = Q + F  (1)
where: P- precipitations, Q – runoff, F – 

looses 
The formula has evolved as required:
Q = P – (Is + I + E + n)      (m3)     (2)

where: Q – direct runoff, P – precipitation, Is – 
soil infiltration capability, I –interception, E – 
evapotranspiration, n – other retentions of the 
precipitations.

Empirical calculations and the need to 
calculate the maximum runoff from exceptional 
precipitations led to the emergence and 
acceptance of the following formula

Q = (P-0.2S)2/(P+0.8S)    P≥0.2S, Q = 0     (3)

Here S transformed in CN, and this is equal to:

CN = 1000/(10+S) [S inch]  (4) and converted 
to SI units

CN=25400/[254+S] (S in mm)   (5)

and, so      (6)
CN (Curve Number) is a non-dimensional 

index that can range from 0 to 100. It is expressed 
as a function of land use as well as the hydrological 
soil group and reflects the potential for water to 
form runoff on different lands (Chendeș, V., 2011). 
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The first classification of soils, from the 
hydrological point of view, dates back to 1955 
(Woodward et al., 2002), approximately in the 
same period (1949-1954), the first rainfall-
drainage relations were developed which allowed 
the determination of discharge in ungauged 
basins. So, as we previously presented, the 
“SCS-CN runoff model”, estimates maximum 
discharge from precipitation from surface runoff 
based on four parameters:

- excess rainfall as a function of the 
previously cumulated precipitation;

- soil type;
- land use;
- previous soil moisture.
The last three factors are generally 

approximated based on a single parameter, the CN 
index (USDA, 1986) its values vary directly in 
proportion to the runoff potential and is inversely 
proportional to the infiltration coefficient (the 
maximum values are assigned to the soil group D 
or urban waterproofed areas).

Soil hydrology groups have been developed 
at the USDA (United States Department of 
Agriculture) and are widely used in today’s 
modern hydrology and are implemented as 
runoff influencing factors in various hydrological 
models. Merging soils in groups is generally based 
on the assumption that soils formed in the same 
climatic region, that are similar in terms of the 
presence and depth of a groundwater restraining 
layer or an impermeable layer, regarding water 
transmissivity, structure and saturated soil 
swelling degree will have similar responses 
to runoff generated by a precipitation (USDA, 
1997, Chendes V, 2011). This classification aims 
to highlight the runoff potential of each soil, so 
it has been concluded that the proportion of clay, 
dust and sand, namely the texture, defines best 
their runoff capacity. SCS later gives a simpler 
definition by linking in the TR55 (USDA, SCS 
1975, 1986) CN only to the soil texture. Thus, 
depending on the texture, soils were classified 
into four hydrological groups: A, B, C, D. Group 
A includes coarse texture soils with the lowest 
drainage potential, while class D soils have fine 
texture (clayey), which gives them the greatest 

runoff potential, with minimal infiltration.

With the quick evolution of the GIS 
applications, SCS-CN is increasingly used, being 
a relatively simple mathematical model, it can be 
solved using these techniques, in this case the 
open source QGIS 3.4.3. program was chosen. 
In order to establish the specific CN values 
for Romania, the “Corine Land Cover 2012” 
thematic layer (vector) was used and the soil data 
(vector) was based on the maps released by the 
National Research and Development Institute for 
Soil Science, Agrochemistry and Environment 
– ICPA Bucharest. The Romanian soil texture 
classification system is not the same as in the 
USA, the grouping was made by adapting to the 
conditions in Romania, using the texture classes 
practiced by I.C.P.A. So, the classification and 
CN index values attribution was done using 
both the USDA manuals and the existing soil 
classifications specific literature (Chendeş V. 
2011, Bilaşco Şt. 2008).

3. Methodology and Results
For the analysis, both the built-up area 

of Satu Mare city and the Satu Mare NUTS 
III level administrative unit’s area where 
used, this, to emphasize the importance of the 
land use characteristics in this type of runoff 
evaluation, the area surrounding the city are used 
mainly agriculturally, with significantly higher 
infiltration rates. 

The study area has no significant 
morphometrical variations so the main factors 
which will impact the runoff formation can 
be summed up in the soil texture and land use, 
namely the Curve Number and of course the 
precipitation values. For precipitation, we choose 
the last heavy rainfall which made troubles in the 
city, namely the rainfall of May 5th, 2017, with 
48.2 mm in 5 hours and 40 minutes. 

As stated in the previous section, for the CN 
map we used first the Corine land cover data, to 
compare the evolution of the urban development 
and consequently the impervious areas evolution, 
two moments where chosen, 2000 (Fig. 1.) and 
2018 (Fig. 2).  
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Table 1. Land use – Soil groups and the corresponding curve numbers

Land use Soil group
Nr Name B C D
1 Continuous urban fabric 89 92 98
2 Discontinuous urban fabric 85 90 95
3 Industrial or commercial units 88 91 93
4 Airports 85 88 93
5 Green urban areas 66 76 82
6 Fruit trees and berry plantations 65 76 82
7 Pastures 69 79 84
8 Complex cultivation patterns 78 85 89

9 Land principally occupied by agriculture, with significant areas of natural 
vegetation 69 79 84

10 Broad-leaved forest 66 79 84
11 Non-irrigated arable land 78 85 89
12 Sport and leisure facilities 68 79 84

after Chendeș V. 2011

The GIS analysis was undertaken through 
QGIS 3.4.3.-Madeira an open source GIS 
package which can be accessed freely. First the 
Corine Land Cover data (Fig. 1) was extracted 
for the two study areas, the city and the III NUTS 
for both moments in time through the Clip spatial 
analysis command. After this the soil data was 
extracted creating a database for the two areas, the 
soil data attribute table already contains the soil 
groups (identified in the specific literature). To 
reach a common database the Intersect command 
was used, between the CLC data tables and the 
soil groups (Fig. 3), so for both areas and both 
moments resulted a single debatable. After this 
manually every Curve number value was entered 
in the database considering both the soil groups 
and the land use characteristics (Fig. 4.). 

 (7)

The best method to spatially generalize 
the Curve Number value for an entire area is to 
compute its area weighted average (CNavg), this 
is done by creating a new field in the Attribute 
table in which one calculates the area of every 
sub fraction (CNi), and then a multiplication is 

done between the area and the CN values for 
every fraction of the total area (A). Both columns 
are then summed and by dividing them the area 
weighted average curve number is computed, 
valid for the entire area. This spatial analysis was 
done for both areas and moments. There could be 
significant variations in an area regarding the CN 
values, especially if the land use and soil varies, 
thus this this type of averaging could hide some 
errors, but literature shows that mainly in case of 
small precipitation amount these are significant, 
in this case a heavy precipitation moment is 
analyzed.

For the maximum runoff analysis, the 13th 
May 2017 rainfall data was used, on this day 
they registered a sum of 48.2 mm of precipitation 
between 11:10 AM - 04:40 PM. The computed 
Curve Number and the known study area makes 
it possible to asses the amount of water which 
was gathered area, of course accepting that the 
precipitation was dispersed equally, intensity was 
the same in the period etc. Thus, it was computed 
that the choose rainfall generated 43.5 mm of 
runoff if we consider the entire NUTS III and 
45.3 mm if we only account the built-up area. If 
we convert it into volume, this represents 1.2 mil. 
m3 of water gathered only on the built-up area.
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Fig. 1. Satu Mare Nuts III. Corine Land Cover 2000 Fig. 2. Satu Mare Nuts III. Corine Land Cover 2018

Fig. 3. Satu Mare Nuts III. Hydrologic soil groups Fig. 4. Satu Mare Nuts III. computed Curve Number 2018
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In both cases we used the averaged curve 
number for the year 2018, 85.7 for the NUTS III 
and 91.1 for the built-up area.

As it was previously mentioned the analysis 
was also carried out for the year 2000, with 
different land use values we have different curve 
numbers, 84.5 for the NUTS III area and 89.4 
for built up area, this represent different runoff 
values, in this case if the same amount of rainfall 
falls (theoretically), the difference only on the 
built-up area amounts to over 15000 m3 of water. 

The land use database Corine Land Cover 
has released a version every 6 years, so we 
assessed the Curve Number change over this 
time period (Fig. 5.). What one must underline is 

the fact that in the last 6 years the curve number 
rise was higher then in the previous 12 years. The 
general rising trend of the values are explained 
by the rising urbanization, which sadly doesn’t 
account with the changing runoff characteristics.

The city’s sewage treatment plant can 
process 900 l/s sewage, because the sewerage 
network doesn’t differentiate between pluvial and 
anthropic sources, theoretically must process all 
the gathered water. Using the 2018 average curve 
number the average multiannual 24 hour maximal 
precipitation which is 15.5 mm would exceed 
over 4 times the capacity of the plant, at only 6 
mm/24 hours the plant capacity is exceeded. 

Fig 5. Satu Mare built up area’s average Curve Number change in time

4. Conclusion
We note that the working methodology is 

very easy, after solving the databases at the Curve 
Number level for any area it is possible to estimate 
the runoff value from a certain volume of rainfall, 
and then by simple mathematical transformations 
the volume/discharge of the runoff water.

Real life hydrological assessments require 
us to estimate the maximum discharge as 
accurately as possible, using hydrological models 
that use the measurable characteristics of the river 
basins. Only through an accurate understanding 
of these features, and personal experience in 
using models, can we really decide on how to 
modify the parameters to reflect the changing 
conditions of the river basins.

For future hydrotechnical measures and 

managements it is highly recommended to take 
in consideration the changing hydrologically 
defining factors of an area, with urbanization 
al the runoff factors change and future models/
assessment/designs must take into consideration 
the magnitude of this changes. 

In case the city of Satu Mare, the study shows 
that urbanization brings a steady increase in the 
value of the average curve number, following the 
methodology theory, the impervious areas weight 
is increasing, which means in terms of runoff, 
a rising pluviosity, quicker and higher floods. 
These results must be taken in to consideration 
in al future hydrological and hydrotechnical 
measures in the city’s area. 

In terms of this analysis, it is useful to 
visualize the CN method in the same light 
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as Manning’s equation, a semi-empirical 
engineering method, using tabular coefficients 
(“n” roughness) with a tradition of use and 
assimilation in practice, but strictly applicable 
only to a certain set of conditions. We must also 
note, interestingly, that the CN method has been 
extended, extrapolated, approximated, and used 
beyond the appropriate limits as required, exactly 
like the Manning’s equation.
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