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Abstract

Flood events in urban areas are becoming more fre-
quent as a consequence of several factors. The effects of
these flood events can result in entire cities with underwa-
ter houses and several damages for the inhabitants.

The hydrologic modelling is a valuable tool to avoid the
huge consequences and joinning efforts, this paper shows
some results of improvements in the reduced hydraulic
model called Lismin, improving the simulation time in al-
most 7×.

1. Introduction

Flood events in urban areas are becoming more frequent
as a consequence of several factors like population growth,
climate change which has magnified the intensity of rainfall,
the rise of the sea level which coastal threatnes areas and
decaying or poor infrastructure of several locations. These
events generate economics and social impacts besides high
cost aid programs, in addition to the infrastructure damages.
Warning systems and action plans for flooding events are al-
ready part of the daily life of dozens countries. Unfornately,
to be prepared for all kinds of flood events, its necessary a
high investiment in several areas what makes this investi-
ment out of reach for many societies.

Future flood impacts can be limited through risk reduc-
tion measures such as changes in land use and building
codes, selective reallocation of vulnerable assets, improve-
ment of flood defenses, emergency awareness and insur-
ance. Moreover, flood inundation models play a central role
in the evaluation, selection and in some cases the implemen-
tation of these measures. Hydrological modelling has be-
come an indispensable tool for studying flood-related pro-
cesses and water management in catchments.

To obtain a response with time to take the necessary ac-
tions these models must be evaluated in a short time. Sev-
eral models need many hours or days to get the final result

and in emergency cases this could be not enough. As Gen-
eral Purpose Graphic Processing Unit (GPGPU) has accel-
erate many of scientific computing applications and is ex-
pected that its use can be an improvement in the time to so-
lution when compared with the CPU evaluation modes.

Once these cards explore the massive parallelism, they
are not so powerful alone like the CPU cores. Therefore al-
gorithms with simple control structure and with data paral-
lelism are favored. To work with GPUs there are some stan-
dards and frameworks. Particulary, for NVIDIAs GPU there
is the CUDA framework that was developed to also help
and speed up the programming process with a great compu-
tational performance. But all this power not to be wasted,
need to be handled to avoid non-parallel controls.Some
models have single variables used to control the evolution
in time. Once this control requires only a few threads, run
this in GPU instead CPU could be an unecessary and ineffi-
cient effort.

2. Models and implementations

The evaluation of flood inundation models, differently
from the pluvial flood record, has been limited by the lack
of suitable observed data. Having studies proving the great
benefits of benchmarks to determinate the best modeling ap-
proach for fluvial flood models, was used LISFLOOD-FP
to modelling and simulate a 2D dynamic flow across the
coastal floodplain. LISFLOOD-FP has been used before in
coastal applications with great success [2] [5] and has been
shown to be computationally efficient [1] and was used as
basis of this work.

Recently, the equations used to solve floodplain inun-
dation models were simplified. For many such models in-
channel flows are calculated using some form of the 1D
SaintVenant equations.

The path to the new set of equations for fast inundation
modelling in 2D was identified in the urban model bench-
marking study of Hunter et al.[3]. He suggested that the
solution was to modify explicit storage cell codes to in-



clude inertial terms or approximations that allow the use of
a larger stable time step and quicker run times. The start-
ing point for derivation of the equation is the Shallow Wa-
ter equations or the momentum equation from the quasi-
linearized one-dimensional SaintVenant:
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where A is the flow cross section area [L2], g is the acceler-
ation due to gravity [LT−2], Q[L3T−1] is the discharge, R
is the hydraulic radius [L], z is the bed elevation [L] and all
other terms are already defined.

With this improvement, several models like LISFLOOD-
FP, JFLOW, MDSFLOOD, FLOWROUTE among other
were created or enhanced being capable to simulate flood-
plain inundation in a computationally efficient manner over
complex topography. Following the trend of High Perfor-
mance Computing (HPC), some models starts to develop
parallel version of their codes. Aiming to prove the effi-
ciency of the parallel versions, comparisons were made us-
ing hydraulic models producing good results. [4].

3. Evaluation

Models used to simulate flood events that use the Saint-
Venon equations, like LISFLOOD or similars, have an al-
most identical kernel of equations. All this models share
a data independence, which is an advantage for stream ar-
chitectures. Unfortunatelly, these models need the previ-
ous state of floodplain to simulate the next step generat-
ing a time dependence, that can be a bottleneck in perfor-
mance. This paper are focused in analyze performance in a
reduced version of Lisflood called Lismin which consist in
a model that solves the shallow water equations using a dif-
fusive method, without consider the water’s inertia.

In the first stage of research optimizations in serial model
of Lismin were made, making possible a fair comparison
with new parallel versions. Further, new versions of theo-
retical and real models were analyzed to generate a paral-
lel code to speedup the simulation. The final stage consists
in validate the new models and verify the improvements.

The improvements in GPU were compared with
OpenMP version in a four cores running at 2.8GHz and a
Tesla K20.

4. Results

The use of GPUs in flood models produced good results.
For some cases, in theoretical model a speedup of 20 times
was obtained against a CPU using OpenMP in a machine

with four cores running one thread per core. For a real simu-
lation, two instances were tested. One case with water point
sources and the second with a full wet domain.

The first test case begins as a dry domain that inundates
over a period of 7200s, thus, providing an example of a par-
tially wet domain. A second test case, with no point source,
where the whole domain was initialized with a water depth
of 0.10 m was also created and had 10s simulated. The in-
tention of the fully wet domain test case is to illustrate the
effect of load balancing problems caused by having a par-
tially wet domain in the point source test case. The 10s sim-
ulation time was adequate to compare the different codes
and kept computation time short to avoid wasting proces-
sor time. However real applications are likely to have much
longer simulation times.

In the first case the bottleneck still not allowing a good
performance, being the GPU version spend the same time as
a parallel version in four cores. For the small instance, of the
fully wet domain, in a simulation of 10 seconds a reduction
from 180 to 25 seconds was achieved and when tested for
a 7200 seconds simulation, an improvement of three times
was achieved, reducing the simulation time of 453 to 167
seconds.

5. Conclusion

For some well-balanced instances, GPU shows great per-
formance accelerating models in a good rate. When an im-
balaced model is simulated, this performance is compro-
missed and the time to simulate is similar to use few pro-
cessor, even being a little worst.

A future research can optimize these critical cases, gen-
erating a different model to supply this deficiency using
other combinations of resources.
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