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Abstract: The impervious surfaces in the city of Cluj-Napoca have experienced a continuous growth over 
time. These surfaces reduce the infiltration of the water into the soil, they alter the natural direction of the 
flow paths they lead to the increase in runoff volume and to the reduction of water quality. In the present 
paper we aimed to evaluate the hydrologic response to the spatial and temporal variability of impervious 
surfaces, for a subwatershed in the city of Cluj-Napoca. The variability of impervious surfaces was 
identified for the period 1986-2014 on the basis of remote sensing, and their impact on surface runoff was 
assessed by means of a hydrological modelling. The results have shown an increase in the peak flow 
along with the increase in the impervious surfaces during the period analysed. These results point out that 
the impervious surfaces directly influence the runoff volume, being an important variable in managing 
storm water.  
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1. INTRODUCTION 
 
The population increase in Cluj-Napoca over 

time has led to the expansion of urban space and 
also built-up areas. This expansion of built-up areas 
visibly influenced the use of land in the outskirts of 
the city, many agricultural or wooded areas being 
converted to residential, industrial or commercial 
areas.  

In the present study we sought to identify 
impervious surfaces variability over time and the 
induced impact on surface runoff. Impervious 
surfaces lead to the decrease of water quality, the 
increase in the runoff volume and also the increase 
of the potential for urban flooding. 

In order to identify the variability of 
impervious surfaces over time in Cluj-Napoca, we 
resorted to the use of remote sensing. Remote 
sensing allows quickly obtaining information 
concerning the structure and expansion of the city 
over time. A number of studies have demonstrated 
the usefulness of remote sensing data for estimating 
urban impervious surfaces (Deng et al., 2012; 

Dougherty et al., 2004; Falcone & Gomez, 2005; 
Hodgson et al., 2003; Liu et al., 2013; Lu & Weng, 
2006; Lu et al., 2008; Lu & Weng, 2009; Lu et al., 
2012; Shahtahmassebi et al., 2012; Weng, 2012; Xu, 
2007; Xu, 2010; Yuan & Bauer, 2007; Yuan et al., 
2008; Zhou & Wang, 2008). Among the methods 
widely used to extract impervious surfaces we could 
recall the Linear Spectral Mixture Analysis method 
(LSMA) (Deng et al., 2012; Lu & Weng, 2006; Lu 
et al., 2008; Lu & Weng, 2009; Lu et al., 2012; 
Yuan & Bauer, 2007), Maximum Likelihood 
(Hodgson et al., 2003; Parece & Campbell, 2013; 
Weng, 2001; Xu, 2007); MESMA-Multiple 
Endmember Spectral Mixture Analysis technique 
(Shahtahmassebi et al., 2012).  

In the present study we resorted to the use of 
the Maximum Likelihood supervised classification 
method to estimate the evolution of impervious 
surfaces over time in Cluj-Napoca. This method is a 
widely used one in extracting impervious surfaces 
within an urban area.  

In order to assess the impact induced by the 
increase of the impervious surfaces on runoff, we 
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used the Hydrologic Engineering Center-Hydrologic 
Modeling System (HEC-HMS) model. This model 
allowed us to simulate the hydrologic response to 
the variability of the surface nature during 1986-
2014.  

The HEC-HMS model was used by Ahn 
(2007) in assessing the impact induced by the 
changes in land cover on the hydrological regime, by 
Rose (2010) to assess a series of techniques to 
reduce the impact of urbanization and by Emerson et 
al., (2003) in assessing the effect of detention basins 
on  storm water runoff regimes.  
 

2. DESCRIPTION OF THE STUDY AREA 
 
In order to assess the effects the spatial and 

temporal variability of the impervious surfaces have 
on surface runoff, in this study the applications were 
carried out on subwatershed located in the south 
central of Cluj-Napoca (Fig. 1). This subwatershed 
analysed in the study was defined using the Hec-
GeoHMS extension on the basis of Digital Elevation 
Model with a resolution of 5 m, obtained on the 
basis of 1: 5000 topographic Plans. 

The analysed subwatershed has a surface of 

1.54 km² and was mainly chosen due to the 
significant changes over time in this area in terms of 
land cover type. 

 
3. METHODOLOGY 

 
In order to estimate the hydrological response 

to the variability of impervious surfaces in the 
analysed period, it was necessary to acquire and 
process a complex set of data and to choose the right 
methods. The evaluation of the hydrological 
response in this study required a complex modelling 
between the variability of the type land cover and 
rainfall. 

 
3.1 The required input data  
 
The identification of the changes occurred 

over time in terms of the type of land cover in Cluj-
Napoca was done based on data obtained through 
remote sensing. There are various sources of data 
available that can be obtained through remote 
sensing, on the basis of which impervious surfaces 
can be extracted, with low, medium or high 
resolution. 

 
 
 
 
 

Figure 1. Location of the subwatershed in the country and in the city. 
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Among the high-resolution data we could 
remember those derived from QuickBird or 
IKONOS satellites, and among the category of those 
with medium resolution, the data derived from the 
Landsat and Terra ASTER satellite. High resolution 
satellite images can provide us high accuracy results, 
only that they cannot be acquired for free. Therefore, 
in this study, we resorted to using Landsat images, 
because it required no acquisition costs and because 
of the large existing archive of images. 

In order to detect changes in the expansion of 
urban areas for the period 1986-2014 four Landsat 
scenes were selected at pre-processing Level 1, 
corresponding to the spring-summer season (Path 
185 / Row 27). These scenes were selected from 
images Landsat 5 (August 8, 1986), Landsat 7 (April 
21, 1993; August 28, 2002) and Landsat 8 (March 
14, 2014). Thus six bands were used, respectively 
the bands 1-5 and 7 corresponding to the images 
Landsat 5 and Landsat 7, respectively bands 2-7 for 
Landsat 8, all with a spatial resolution of 30 m. For 
the validation of the results Google Earth image 
archive was used for the years 2002 and 2014. 

The evaluation of the hydrologic response to 
the spatial variability of the impervious surfaces was 
achieved by modelling the rainfall-runoff process in 
the analysed subwatershed, based on a series of daily 
recorded rainfall values (April 11, 2014 - April 17, 
2014). These daily precipitation data were obtained 
from NCDC (National Climatic Data Center). Due 
to the relatively small surface area of the study it 
was considered that the rainfall was uniformly 
distributed on the surface of the subwatershed. In 
addition to these data it was necessary to assign the 
average Curve Number for the analysed 
subwatershed for each reference year separately. The 
Curve Number was determined on the basis of the 
information regarding land use types (extracted on 
the basis of satellite images) and the type of soil for 
each reference year separately.  

 
3.2. Selection of the methods 

 
3.2.1. Estimation of impervious surfaces 
Before applying a method to extract urban 

impervious surfaces, the acquired images type DN 
(Digital Numbers) required conversion to reflectance 
or radiance. In this study we used the calibration of 
the images in reflectance and it was performed using 
the software ENVI 5.1. Thus the images from type 
DN values were calibrated in TOA reflectance and, 
subsequently, in surface reflectance using the Dark 
Object Subtraction algorithm (DOS), thus 
eliminating the atmospheric effects. 

In order to extract impervious surfaces on the 

basis of calibrated images we can use several 
methods of supervised classification, unsupervised 
classification or logic calculation. The purpose of 
using one of these methods is to achieve results 
close to reality, meaning an overall accuracy as high 
as possible. In this study, in order to extract 
impervious surfaces, we resorted to using a 
supervised classification method. 

In order to find the most suitable method of 
supervised classification, that will allow us to obtain 
a high accuracy for the entire study area, first we 
applied four methods, widely used in extracting 
impervious urban surfaces namely the supervised 
classification Maximum-Likelihood, Mahalanobis 
Distance, Neural Networks and Support Vector 
Machine. Comparing the results obtained for the 
four mentioned methods showed that the best 
classification accuracy of the result classification is 
given by the method Maximum-Likelihood (96 %), 
which allowed us to obtain a validation in the field 
also high. This classification is a simple one which 
is based on training regions previously chosen, and 
in this study this enabled us to obtain results quite 
close to reality for all four reference years. After 
running the classification algorithm we obtained a 
thematic map corresponding to the four training 
regions chosen (forest, vegetation, soil and 
impervious surfaces) (Fig. 2). Later forest, 
vegetation and soil classes were grouped into 
pervious surfaces which enabled us to obtain a 
thematic map consisting of two classes: pervious and 
impervious. These two classes were subjected to the 
validation process on the basis of a number of 290 
reference points, using Google Earth image archive. 

 The validation results have shown a good 
accuracy of the classification process which 
corresponds in a high proportion to the truth in the 
field, confirmed by high values of the accuracy of 
90.34% for 2014, respectively 93.22% for 2002. 
These values indicate that the results obtained are 
accurate and can be used in a further study. 

 
3.2.2. Choosing the hydrological model 
The changes occurred at ground surface are 

reflected in the modification of water quality, in the 
increase of peak flow, of the runoff volume and of 
the watershed response (Ahn, 2007). To estimate the 
hydrological response to the different changes in the 
manner of field coverage from this period, it was 
necessary to choose an appropriate hydrological 
model. The HEC-HMS hydrological model was 
chosen to simulate the rainfall-runoff process based 
on data concerning the land cover type during 1986-
2014. 
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Figure 2. Spectral signatures obtained for the used training regions. Reference image 2002. 

 
HEC-HMS was developed by the U.S. Army 

Corps of Engineers and is widely used in 
simulations of rainfall-runoff process in natural 
watersheds, but also in the small, urban ones. For 
this study, within the HEC-HMS models we have 
chosen the model to compute runoff volume and the 
model of direct runoff to assess the hydrological 
response to the variability of the nature of the areas 
for the period 1986-2014. 

Within the study the simulation of the runoff 
volume was based on the SCS CN loss method. This 
model required as input parameters, in addition to 
the precipitation data, the average CN for 
subwatershed and the average percentage of 
impervious surfaces. The average percentage of 
impervious surfaces was calculated based on remote 
sensing data for each individual year. The SCS CN 
method is described as follows (USACE, 2000): 

 
 (1) 

 
 

Where:  
eP - accumulated precipitation excess at time t 

P - accumulated rainfall depth at time t  
S - potential maximum retention 

aI - the initial abstraction 

The initial abstraction ( aI ) includes the water 
retained in surface depressions, intercepted by 
vegetation, infiltrated and evaporated, i.e. loss 
before the start of the runoff. The initial abstraction 

aI  is approximated by the following equation: 
 

(2) 
 

Parameter estimation of water retention is 
based on the formula: 

 
                   (3) 

 
 

The Curve Number Index (CN) is assigned on 
the basis of tables depending on the type of soil and 
the land use data. This index reflects the potential of 
the drain water on different lands and may range 
from 0-100. The lowest values of the index 
correspond to pervious surfaces, and the highest to 
impervious surfaces.  

The transformation of the precipitation excess 
into direct runoff can be achieved on the basis of an 
empirical model (unit hydrograph model) or a 
conceptual model (kinematic-wave model). In the 
present study we have chosen an empirical model, 
SCS Unit Hydrograph transform method. This 
model determines the water volume that drains at 
ground surface after the soil is saturated, that is it 
transforms precipitation excess into runoff. The 
input parameters of the model, the lag time (t lag) 
and the subwatershed area, were determined using 
HEC-GeoHMS.  

On the basis of the lag time (t lag) expressed 
in hours, the time of concentration (Tc) was 
calculated, corresponding to the subwatershed, thus 
(USACE, 2000; Győri & Haidu, 2011): 

         
(4) 

 
The time of peak, Tp was calculated as: 
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                              (5) 
 

Where: 
t∆  - the excess precipitation duration 

lagt  - the basin lag 
The peak of the Unit Hydrograph (Up) was 

calculated as: 

p
p T

AU 08.2=                                      (6) 

Where: A – subwatershed area 
Thus, on the basis of the characteristics and 

input parameters, we modelled the runoff volume 
using the SCS CN loss method and, on the basis of 
the SCS Unit Hydrograph method, the direct runoff. 
 

4. HYDROLOGICAL RESPONSE TO 
THE SPATIAL-TEMPORAL VARIABILITY 
OF IMPERVIOUS SURFACES 

 
The simulation results for each reference year 

separately for the analysed subwatershed showed 
differences in the total runoff volume, the values of 
the peak flow and the total loss. The results of the 
simulations showed a trend to increase the peak 
flows, while increasing the percentage occupied by 
impervious surfaces in the four reference years 
(1986-2014). These results are embodied in the form 
of hydrographs corresponding to each reference year 
separately (Fig. 3). 

The impervious surfaces within the analysed 
subwatershed have increased from 41.7% in 1986 to 
76.1% in 2014. These increases in impervious 
surfaces within the subwatershed were due, mainly, 

to the expansion of construction areas, amid 
increasing population density from the study area. 
Thus, many green areas have been replaced with 
built areas, leading to a decrease in pervious surfaces 
and an increase in impervious surfaces. 

These increases in impervious surfaces led to 
an increase of the total runoff volume in the period 
1986-2014. The statistical relationship between 
these two variables, total runoff and the average 
percentage of impervious surfaces in the 
subwatershed can be seen on the regression line in 
Figure 4. The intensity of the linear dependence 
between two variables was determined using 
Pearson’s correlation coefficient, it being 0.99. The 
determination coefficient of 0.9969 indicates that the 
impervious surfaces (X) explain variable variation 
(Y) total runoff volume in a ratio of 99 %.  

Across the pervious surfaces, some of the 
water from rainfall infiltrates, evaporates or 
accumulates on the surface of the land in the form of 
small depression areas. On the background of 
decreasing permeable surfaces from the study area, 
the total loss shows a downward trend along with the 
increase of the impervious surfaces. Research of 
statistical relationship between the variable 
impervious surfaces and the total loss has revealed a 
linear dependence between them. 

On the correlation graph it can be seen that, 
with the increase of the impervious surfaces, the total 
loss values within the subwatershed decrease 
simultaneously (Fig. 5). The determination coefficient 
of 0.9968 indicates that the variable (X) the 
percentage of impervious surfaces explains the 
variable variation (Y) total loss in proportion of 99%. 

                       
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The series of hydrographs results for the analysed subwatershed (1986-2014). 

lagp ttT +
∆

=
2
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Figure 4. The relationship between impervious 
surfaces and the total runoff (1986-2014). 

 

Figure 5. The relationship between impervious 
surfaces and the total loss (1986-2014). 

5. CONCLUSIONS 
 
The data obtained through remote sensing and 

the Maximum Likelihood classification method, 
have enabled us to obtain information on the nature 
of the surfaces in the area of study for the year 1986, 
1993, 2002 and 2014. This information enabled us to 
analyse the variability of both the spatial and 
temporal nature of the surfaces in the analysed 
subwatershed. The results have shown an increase of 
the impervious surfaces in the analysed 
subwatershed from 41.7% in 1986 to 76.1% in 2014. 

 The increase of the impervious surfaces 
within the study area has directly affected the peak 
flow, the total runoff volume and the total loss in the 
period 1986-2014. The hydrographs resulting for 
each individual year have shown an increase in peak 
flows, along with the increase of the impervious 
surfaces. The research of the statistical relationship 
between the percentage of the impervious surfaces 
and the total runoff volume, respectively the total 
loss, for each reference year separately, revealed a 
strong link between these variables. 

In order to reduce the runoff, in the future 
some sustainable solutions should be implemented 
by local authorities, such as paving sidewalks and 
parking facilities with pervious concrete, the 
implementation of water collection techniques, 
respectively expanding urban green spaces. 

 
Acknowledgment 
 
This paper is a result of a doctoral research made 

possible by the financial support of the Sectoral 
Operational Programme for Human Resources 
Development 2007-2013, co-financed by the European 
Social Fund, under the project 
POSDRU/159/1.5/S/132400 - “Young successful 
researchers – professional development in an international 
and interdisciplinary environment”. 

 

 
REFERENCES 

 
Ahn, G., 2007. The effect of urbanization on the 

hydrologic regime of the big Darby Creek 
Watershed, Ohio. PhD Thesis, the Ohio State 
University, Columbus. 

Deng, Y., Fan, F. & Chen, R., 2012. Extraction and 
Analysis of Impervious Surfaces Based on a 
Spectral Un-Mixing Method Using Pearl River 
Delta of ChinaLandsat TM/ETM+ Imagery from 
1998 to 2008. Sensors 2012, 12, 1846-1862. 

Dougherty, M., Dymond, R. L., Goetz, S. J., Jantz, C. 
A. & Goulet, N., 2004. Evaluation of impervious 
surface estimates in a rapidly urbanizing 
watershed. Photogrammetric Engineering and 
Remote Sensing, 70, 1275–1284. 

Emerson, C. H., Traver, R. G. & Welty, C., 2003. 
Changing from Peak Flow to Volume 
Requirements, a Watershed-Wide Perspective, 
Urban Stormwater Partnership Conference, 
Villanova University, PA, October 16-17. 

Falcone, J. A. & Gomez, R., 2005. Mapping impervious 
surface type and sub-pixel abundance using 
Hyperion hyperspectral imagery. Geocarto Int., 
20(4), 3–10. 

Győri, M.-M. & Haidu, I., 2011. Unit Hydrograph 
Generation for Ungauged Subwatersheds. Case 
Study: the Monoroştia River, Arad County, 
Romania. Geographia Technica, 6 (2), 23 – 29. 

Hodgson, M. E., Jensen, J. R., Tullis, J. A., Riordan, 
K. D. & Archer,C. M., 2003. Synergistic use of 
LiDAR ad color aerial photography for mapping 
urban parcel imperviousness. Photogrammetric 
Engineering and Remote Sensing, 69, 973–980. 

Liu, C., Shao, Z., Chen, M. & Luo, H., 2013. MNDISI: 
a multi-source composition index for impervious 
surface area estimation at the individual city scale. 
Remote Sensing Letters, 4(8), 803-812. 

Lu, D. & Weng, Q.,  2006. Use of impervious surface in 
urban land-use classification. Remote Sensing of 
Environment, 102, 146−160. 



337 

Lu, D., Song, K., Zeng, L., Liu, D., Khan, S., Zhang, 
B., Wang, Z. & Jin, C., 2008. Estimating 
impervious surface for the urban area 
expansion:Examples from changchun, northeast 
China. The International Archives of the 
Photogrammetry, Remote Sensing and Spatial 
Information Sciences, 36(Part B8), 385-391. 

Lu, D. & Weng, Q.Â., 2009. Extraction of urban 
impervious surfaces from IKONOS imagery. 
International Journal of Remote Sensing, 30(5), 
1297–1311. 

Lu, D., Moran, E., Hetrick, S. & Li, G., 2012. Mapping 
Impervious Surface Distribution with the 
Integration of Landsat TM and QuickBird Images 
in a Complex Urban-Rural Frontier in Brazil 
(Chapter 13) In: Chang Ni-B., Eds. Environmental 
Remote Sensing and Systems Analysis. Boca 
Raton, FL: CRC Press/Taylor and Francis, 2012, 
277–296. 

Parece, T. E. & Campbell, J. B., 2013. Comparing 
Urban Impervious Surface Identification Using 
Landsat and High Resolution Aerial Photography. 
Remote Sensing, 5, 4942-4960.  

Rose, K., 2010. Evaluating the effect of low impact 
development on Texas A and M University West 
Campus, PhD Thesis, Center for Research in 
Water Resources, The University of Texas at 
Austin. 

Shahtahmassebi, A., Zhou, L., Wang, K., Xu, H., 
Deng, J., Li, J., Luo, R., Wu, J. & Moore, N., 
2012. Monitoring rapid urban expansion using a 
multi-temporal RGB-impervious surface model. 
Environmental Engineering, 13 (2), 146-158. 

U. S. Army Corps of Engineers (USACE), 2000. 
Hydrologic Modeling System HEC HMS – 

Technical Reference Manual, U. S. Army Corps of 
Engineers, Hydrologic Engineering Center. 

Weng, Q., 2001. Modelling urban growth effects on 
surface run-off with the Integration of Remote 
Sensing and GIS. Environ. Manage. 28, 737–748. 

Weng, Q., 2012. Remote sensing of impervious surfaces 
in the urban areas: Requirements, methods, and 
trends. Remote Sensing of Environment, 117, 34–
49. 

Xu, H. Q., 2007. Extraction of urban built-up land 
features from Landsat imagery using a thematic-
oriented index combination technique, 
Photogrammetric Engineering and Remote 
Sensing, 73(12),1381–1391. 

Xu, H., 2010. Analysis of impervious surface and its 
impact on urban heat environment using the 
normalized difference impervious surface Index 
(NDISI). Photogrammetric Engineering and 
Remote Sensing, 76 (5), 557–565. 

Yuan, F., Bauer, M. E., 2007. Comparison of 
impervious surface area and normalized difference 
vegetation index as indicators of surface urban 
heat island effects in Landsat imagery. Remote 
Sensing of Environment, 106 (3), 375–386. 

Yuan, F., Wu, C. & Bauer, M. E., 2008.  Comparison of 
spectral analysis techniques for impervious surface 
estimation using Landsat imagery. 
Photogrammetric Engineering and Remote 
Sensing, 74(8), 1045–1055. 

Zhou, Y. Y. & Wang, Y. Q., 2008. Extraction of 
impervious, surface areas from high spatial 
resolution imagery by multiple agent segmentation 
and classification. Photogrammetric Engineering 
and Remote Sensing, 74 (7), 857–868. 

 
 
 
 
 
Received at: 07. 12. 2014 
Revised at: 28.01. 2016 
Accepted for publication at: 24.03. 2016 
Published online at: 28. 03. 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	1. INTRODUCTION
	2. DESCRIPTION OF THE STUDY AREA
	In order to assess the effects the spatial and temporal variability of the impervious surfaces have on surface runoff, in this study the applications were carried out on subwatershed located in the south central of Cluj-Napoca (Fig. 1). This subwaters...
	3. METHODOLOGY
	3.2. Selection of the methods
	3.2.1. Estimation of impervious surfaces
	3.2.2. Choosing the hydrological model


	4. HYDROLOGICAL RESPONSE TO THE SPATIAL-TEMPORAL VARIABILITY OF IMPERVIOUS SURFACES
	Acknowledgment
	This paper is a result of a doctoral research made possible by the financial support of the Sectoral Operational Programme for Human Resources Development 2007-2013, co-financed by the European Social Fund, under the project POSDRU/159/1.5/S/132400 - ...
	REFERENCES

