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Ecole des Ponts ParisTech

• Formerly Ecole Nationale des Ponts 
et Chaussées (“National School of Bridges 
and Roads”) 

– one of the world’s oldest Civil Engineering 
School (1747) 

– Belgrand, Cauchy, Carnot, Coriolis,  Darcy, 
Navier, Saint-Venant... 

• last decades 
– beyond its more traditional fields and into 

an international institution,  
– adapting to the changing demands of the 

modern world 
• cofounder of ParisTech cluster and 

Paris-Est University  
• teaching complex systems, 

multifractals, etc. to young 
generations of engineersERS view of the Amazon basin
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High resolution 
urban hydrology challenges

• For decades high resolution data were 
fundamentally missing for urban hydrology: 

• rainfall data: only km resolution 
• limited GIS and lidar data 
• computer limitations 
• … and limited foresight … as for PUB? 

• unbalance between research/innovation/operational ?



Prediction in Ungaged Basins

4

!

Did	
  IAHS	
  PUB	
  really	
  hit	
  its	
  target?
Gupta	
  &	
  S.	
  (2014	
  in	
  preparaAon)

IAHS PUB decade 2003–2012
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High resolution 
urban hydrology challenges

• a PUB problem: 
• no longer calibration, but physical processes: 

discharges as a response to rainfall in a given 
medium 

• models should be easily transportable, scalable and 
inter-operational 
• large user community (inc. local water authorities): open 

access 
• limited workforce: use as much as possible what is available
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High resolution 
urban hydrology challenges

• uncertainties tracked along the whole data-modeling 
chain (Beven,  Koutsoyannis and others..) 
• main sources: missing data, resolution/scale truncations  
• ensemble predictions,  

• next step: stochastic modelling ? 
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Multi-Hydro 
Presently 4 modules: 
- rainfall 
- surface runoff 
- soil infiltration 
- sewers 
(El Tabbach et al, 2009) 
with their interactions 
(Giangola-Murzyn et al.,  
2014) 
!
!
!
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Multi-Hydro 

Precipitation Module 
 - radar data 
 - pluviometer data 
- - multifractal desagregationSurface Module  (Based on 

TREX, Velleux et al - 2011): 
2D shallow-water, , interception, 
infiltration potentielle (Green et 
Ampt)

Ground Module (based on 
VS2DT, Hiesh - 2000) 
 - infiltration (Van Genuchten) 
 - interaction runoff/infiltration

Drainage Module (base on 
SWMM, Rossman - 2005) 
 - discharge (Saint Venant 
1D) 
 - overflows
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Module Coupling
time step      

infiltrated water
excess of infiltrated water

soil saturation

inflow into gullies overflow from gullies 
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MH-AssimTool :  
user interface

• Main  
MH-AT 
window

• based on GIS techniques: raster <—> vector data

Le modèle Multi-Hydro Application au cas d’étude de Villecresnes Conclusions

Implementation

MH-AssimTool

Multi-Hydro : un outil pour la modélisation hydrologiques en milieu péri-urbain 11 / 19
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MH-AssimTool : 
resolution change

Le modèle Multi-Hydro Application au cas d’étude de Villecresnes Conclusions

Implementation

MH-AssimTool - Exemple

Utilisation du sol obtenue avec MH-AssimTool pour le cas d’étude de
Villecresnes avec une résolution de 5m (à gauche) et de 10 m (à droite)

Multi-Hydro : un outil pour la modélisation hydrologiques en milieu péri-urbain 12 / 19

5 m. 10 m.
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Missing data
Radar forecasting system

5. High resolution modeling issues

Missing data!! 

15
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Missing or LR Data
• Mulitfractal desagregation/ 

interpolation of missing/low 
resolution data 
– larger scales can be used to 

estimate the cascade parameters, 
if not known: 
• H: mean field scaling 
• C1: intermittency of the mean 
• a : variabilty of the intermittency 

= multifractality

Le modèle Multi-Hydro Application au cas d’étude de Villecresnes Conclusions

Implementation

Le cas des données manquantes - exemple de la pluie

Dans certains cas, des données très
variables ne sont pas disponibles ou
pas à la bonne résolution.
On passe par des cascades pour
obtenir un champs à la bonne
résolution et conservant ses
propriétés statistiques.

Multi-Hydro : un outil pour la modélisation hydrologiques en milieu péri-urbain 9 / 19
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Multiscale simulations  
Limites	
  du	
  grand	
  domaine,	
  
résolution	
  15m

Noue

Limites	
  du	
  petit	
  domaine,	
  
résolution	
  2m

Barrières

    Large scale domain      
     resolution= 150 m.

    Small scale domain      
     resolution= 2 m.

Barrier
swale

SMARTeST Manchester case study  (Giangola-Murzyn et al., , 2004
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Case study of a swale

(Giangola-Murzyn et 
al., , 2004

Le modèle Multi-Hydro Application au cas d’étude de Villecresnes Conclusions

Résultats

Mise en place d’une noue - résultats

Multi-Hydro : un outil pour la modélisation hydrologiques en milieu péri-urbain 16 / 19

    
 Without     

With          
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MH and green roofs
Loup basin (Villepinte, France) 

- Area : 65 ha 
- highly impervious (close to 90%) 
- covered by more than 38% of building  

Industrial 
building roof 

area 
represents 

more than 34% 
of the basin 

area 
(Versini et al, ICUD, 2014)



MH and green roofs
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Data	
  preprocessing

Land	
  use Water	
  depth

MH 3DV  



Animation	
  with	
  water	
  depth
• Isolines	
  (marching	
  
squares)	
  3	
  cm	
  
resolution	
  

• 24	
  frames/sec	
  
• water	
  depths	
  update	
  
every	
  2	
  frames

MH 3DV



Stereoscopic	
  immersion

MH 3DV



• Fully distributed 
• Modular structure 
• physically based  ! no calibration 
• SIG based         ! transportable               
•  Multiscale generation of missing or HR data  ! scalable  
•OpenSource  !  User community 

MH: towards  
a successful story?
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Impervious “coefficient”? 
20m 15 m  10m 

5m 2m Imperméabilité 

20m 15m 10m 5m 2m 

Taille (pixels de 
100m²) 11 128 19 734 44 512 178 464 1 118 034 

Imperméabilité 55.4% 49.6% 42.3% 32.4% 24.7% 

% inconnu 31.3% 31.6% 32.2% 32.8% 33.3% 

(Abbes, 2014)
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Impervious “coefficient”? Dimension fractale 
Impervious area, Jouy 

(roads+houses) at a 2m resolution 
Comparison with Kodak 
catchment (Gires, 2012) 

2m 

64m 

2 048m 

DF=1.625 

DF=1.86 

Abbes, 2014)
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Impervious “coefficient”? 
Radar forecasting system

10m reso 5m reso 4m reso 3m reso

Im
pe

rv
io

us

Area2:512*512Area1:512*512

68,6% 58,7% 55% 52%

47%

14

3. High resolution modeling

Ichiba et al., ICUD, 2014
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Response and scales
Radar forecasting system

3. High resolution modeling
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Time and memory

Radar forecasting system

Computation time

Event duration=7hrs
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5. High resolution modeling issues

+ instability 
problems !

Ichiba et al., ICUD, 2014
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Sewer response to  
small scale variability

1000 downscaling realisations: 1km ->  125 m 1000 downscaling realisations: 1km ->  125 m 

1 1000 downscaling realisations: 1km ->  125 m 
  1000 downscaling realisations: 8 km ->  125 m

!

1 – 10
10 – 12
12 – 14
14 – 16
16 – 18
18 – 20
20 – 23
23 – 28
28 – 36
36 – 43
43 – 51
51 – 62
62 – 84
84 – 108
108 – 216
> 216

North

1 km

(b)

 Estimates of peakflow 
quantile increases due to 
small scale variability

1000 realisations of multifractal downscaling

(Gires, et al., 2011)
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HR only by brute force ?

NVDIA GPU:    1,3 
Teraflops 

Fujitsu VPP 
5000 :    0,3 

Teraflops 



Which inner scale?

3D surface with resolution > 5 mm (Micmac, IGN)

3D surface with resolution > 1 cm (Micmac, IGN)

Figure 1 : The STEREOPOLIS II mobile mapping system.

data acquired by their MMS. Digital globe systems such
as Google Maps (Anguelov et al., 2010) or Microsoft Bing
Map StreetSide (StreetSide, 2012) are panorama-based
in order to propose immersive visualisation possibilities
on the web. Another system like the EarthMine (Earth-
Mine, 2012), which can interconnect itself with a GIS
software, is equipped with a vertical panoramic stereo
rig that allows to build automatically 3D point clouds of
the scene that can be used for image-based rendering
to provide a higher degree of immersivity in street navi-
gations and the system also provides image-based mod-
elling tools. Some other systems mix laser and image
acquisitions for 3D facade modelling and texturing to up-
grade LOD2 city models to LOD3 (Bénitez et al., 2010).
The Navtech true system car is also equipped with opti-
cal imagery (panoramic head) and lidars to collect com-
plementary features necessary in GPS navigation sys-
tems or in Advanced Driver Assistance Systems.

2. A multi-purpose MMS for acquiring a 3D
spatial data infrastructure ?

In (Van den Heuvel, 2009), the authors describe
the project and the workflow for the collection of aerial
and street-based image databases over Netherlands.
Nevertheless, to our knowledge, no databases ac-
quired by street-view systems are yet available and
are open Spatial Data Infrastructures (open-SDI). No
open street-view system proposes yet photogrammetric
surveying/measuring services for either for public or
professional use. Having an open open-SDI ecosystem
lying on data with relative and absolute centimetric
localisation would be extremely helpful to allow the
development of new innovative applications and new
markets at a national or international level. For instance,
building semi-automatically or automatically 3D visual
landmarks (Brenner, 2010) databases from this SDI
could allow autonomous vehicles to navigate with low

cost localisation systems as opposed to the Google au-
tonomous vehicles which are currently using navigations
systems as the ones used in mobile mapping systems
(Markoff, 2010).

A central question is thus: Is there an ideal mobile
system capable of acquiring infrastructure data in one
go which is compliant with the needs of all applications?
The point here is obviously to reduce the cost of the
acquisition by adding new sensors allowing to address
new applications to make the SDI ecosystem possible.
If the data exists and is easily accessible, if its quality is
sufficient and guaranteed, and if the economic model is
smart, data would be used everywhere for every applica-
tion. In this paper, we only focus on the technology that
could allow to build that infrastructure.

3. A laser-based, an image-based or a
hybrid-based system ?

As we stated previously, most of systems available
on the market are laser-based. Nevertheless, the point
clouds that they acquire are, on the one hand, difficult
to visualise and manipulate due to their huge size. On
the other hand, they are also difficult to interpret without
additional information. Cameras can be optionality inte-
grated on these systems but are not used for metrology
but to ease the local interpretation of the point clouds and
to texture the point clouds.

Conversely, the EarthMine system is image-based.
It is composed of a vertical stereo rig with two very
high resolution multi-camera panoramic heads. These
panoramas allow a street-view like navigation but are
also a plotting support for 3D image-based modelling
tools. In this stereo acquisition geometry, each point of
object space visible from the rig is seen in stereo by the
two panorama heads. This panorama stereo allows to
generate a depth map, which is fully superimposable with

Revue Française de Photogrammétrie et de Télédétection n� 200
70

IGN STEREOPOLIS II mobile mapping system 

Hong, thesis 2014
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Conclusions
• HR urban hydrology 

– a PUB issue: processes/understanding vs. 
parametrisation/calibration 

– models should be easily transportable, scalable 
and inter-operational
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Conclusions
• however, cannot be obtained only by 

computer brute force 
– scale dependance —> change of observables/

parameters vs. scale truncation 
– across scale stochastics, inc. LR or missing 

data 
– no strong (functions), only weak convergence 

(measures) 
• problems with finite differences (particularly explicit 

ones): Trex, SWWM, V2DT.. 
• finite volumes schemes


