
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  

 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 

   

 

Downloaded from orbit.dtu.dk on: Dec 19, 2017

Using satellite imagery to assess the influence of urban development on the impacts of
extreme rainfall

Kaspersen, Per Skougaard; Drews, Martin; Madsen, Henrik; Arnbjerg-Nielsen, Karsten

Publication date:
2013

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Kaspersen, P. S., Drews, M., Madsen, H., & Arnbjerg-Nielsen, K. (2013). Using satellite imagery to assess the
influence of urban development on the impacts of extreme rainfall. Poster session presented at International
Conference on Flood Resilience: Experiences in Asia and Europe, Exeter, United Kingdom.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Online Research Database In Technology

https://core.ac.uk/display/18493816?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://orbit.dtu.dk/en/publications/using-satellite-imagery-to-assess-the-influence-of-urban-development-on-the-impacts-of-extreme-rainfall(ca9b876a-f9ff-434f-b05b-5f40b73e839d).html


International Conference on Flood Resilience Experiences in Asia and Europe

Per Skougaard Kaspersen1, Martin Drews1, Henrik Madsen2 and Karsten Arnbjerg-Nielsen1

1Technical University of Denmark (DTU), 2DHI

5-7 September 2013
Exeter United Kingdom

INTRODUCTION

References
• Bauer, M. E., Loffelholz, B. C., & Wilson, B. (2007). Estimating and mapping impervious surface area by regression analysis of Landsat imagery. In Q. Weng 2007, Remote sensing of impervious

surfaces. Taylor & Francis series in remote sensing applications. CRC Press, Boca Raton.
• Butler, D., 2011. Urban drainage, 3rd ed. ed. Spon Press, London ; New York.
• Dams, J., Dujardin, J., Reggers, R., Bashir, I., Canters, F., Batelaan, O., 2013. Mapping impervious surface change from remote sensing for hydrological modeling. J. Hydrol. 485, 84–95.
• Jensen, J.R., 2007. Remote sensing of the environment: an earth resource perspective, 2nd ed. ed, Prentice Hall series in geographic information science. Pearson Prentice Hall, Upper Saddle River, NJ.
• Weng, Q., 2012. Remote sensing of impervious surfaces in the urban areas: Requirements, methods, and trends. Remote Sens. Environ. 117, 34–49.

IMPERVIOUS SURFACE MAPPING 

CONCLUSION

Initial results suggests that medium resolution satellite
imagery and remote sensing methods may provide
improved estimates of impervious surface cover for direct
use in urban hydrological modelling.

METHODOLOGY

Figure 1 shows a proposed methodological framework to 
serve as systematic basis for investigating and quantifying 
changes in flood risk for urban areas. The framework is 
organised around three major analytical and modelling 
components  feeding into the impact assessment: urban 
remote sensing analysis (changes in IS and land use), 
1d/2d hydrological modelling (e.g. encompassing overland 
and drainage system flows modified with and without 
climate change projections) and spatial impact modelling
(including direct and indirect economic costs, the effect of 
installing suitable adaptation measures, etc.)

DATA 

The impervious surface analysis is based on the notion of 
a near linear relationship between vegetation cover and 
impervious surfaces in urban environments (Bauer et al, 
2007). 

Most remote sensing estimates of vegetation distribution 
are based on some measure of ‘greenness’, utilising the 
difference in reflectance between vegetated and non-
vegetated areas. Green vegetation has been found to 
reflect a much larger proportion of the incoming radiation 
in the near infrared wavelengths than in the red 
wavelengths (Jensen, 2007). This difference in 
reflectivity/absorption forms the basis for monitoring 
vegetation cover through the use of satellite imagery. For 
the current analysis the Normalized Difference Vegetation 
Index (NDVI) has been applied as a proxy for vegetation 
cover.

In order to be able to estimate historical changes in 
impervious land cover using Landsat imagery  a 
regression model relating Landsat 8 NDVI values and % 
impervious land cover from high resolution aerial 
photography has been developed and tested (see Figures 
2-5).

Figure 2. (left) Landsat true colour image June 2013,
(right) MVC NDVI May-July 2013
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Figure 1. Overview of methodological framework
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Figure 3. (left) Aerial photography (right) 
Impervious surface cover (%)

Vegetation cover: 30 meter resolution Landsat 8 NDVI
Maximum Value Composite (MVC) for May-July 2013.

Impervious surface cover: Supervised classification of
0.5 m aerial photography, aggregated to 30 m resolution
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Figure 5. OLS regression impervious surface and
NDVI, City of Odense, Denmark 
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RESULTS 

Figure 4. Std. Res. OLS regression, Impervious 
surface and NDVI, City of Odense, Demark 

An ordinary least squares (OLS) regression analysis relating the NDVI and impervious surface cover for a trial case - the
city of Odense, Denmark – is presented in figure 4 and 5. From the figures a clear linear relation can be observed,
however with some systematic deviations. The most pronounced errors include areas with bare soil and areas where
vegetation (e.g. treetops) covers impervious surfaces.

StdResid

! < -2.5 Std. Dev.

! -2.5 - -1.5 Std. Dev.

! - 1.5 - -0.5 Std. Dev.

! -0.5 - 0.5 Std. Dev.

! 0.5 - 1.5 Std. Dev.

! 1.5 - 2.5 Std. Dev.

! > 2.5 Std. Dev.

Using satellite imagery to assess the influence of 
urban development on the impacts of extreme rainfall

Abstract

Changes in the quantity and location of impermeable
surfaces (IS) have important implications for the
hydrological response during high intensity rainfall events.
Knowledge hereof is key input in relation to urban flood
modelling (Butler, 2011). However, as urban land-use is
characterised by a large degree of heterogeneity it is
often problematic to categorise and map urban structure
and development accurately at the desired scale (Dams et
al., 2013).

Satellite imagery and remote sensing techniques offer a
complete spatial and temporal coverage of urban land
cover changes during the past 30-40 years. Medium
resolution imagery provides the necessary spatial
resolution and temporal coverage for analysis of small
scale urban land cover changes, including variations in IS.
Utilising satellite imagery in pluvial flood modelling allows
for systematic investigations of the relationship between
urban land cover changes and changes in risk towards the
occurrence and impacts of urban flooding (Weng, 2012).

In this study a data driven modelling approach, cf. Figure
1, is used to study the applicability of medium resolution

Landsat satellite imagery for examining changes in the 
hydrological response and the potential impacts of pluvial
flooding due to recent urban development. The city of 
Odense, Denmark, serves a trial case for the proposed 
methodology.  

We investigate the applicability of medium resolution 
Landsat satellite imagery for mapping temporal changes 
in urban land cover for direct use in urban flood models. 
The overarching aim is to provide accurate and cost- and 
resource-efficient quantification of temporal changes in 
risk towards the impacts of pluvial flooding. Initial results 
show that satellite imagery may have considerable 
potential in this respect. 

The three components are interconnected as illustrated in 
the figure, i.e. the output of one element feeds into the 
next element, starting from left to right. T1 and T2 refer 
to different points in time during which the change in risk 
is explored. Here we only examine the first element in the 
chain.


