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Stokastinen sadantamalli
realististen 2D-sadekenttien 
luomiseen hydrologisen
tutkimuksen tarpeisiin



Why rainfall simulation model?

Mallinnusseminaari 

1.4.2015

• Natural hazards
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• Urban areas 
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• Rainfall as input in hydrology
• High spatiotemporal variability 
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• Extreme events are important
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Aalto Rain Simulator

• Stochastic model for generating 
ensembles of realistic design storms
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• Describes the main processes of a 

storm event
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• Generates rain fields as observed by 
weather radar
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Timeseries for mean
rainfall intensity

Decomposition according 
to spatial scale

Spatial
structure

Advection
Temporal

development

Recomposition



Design principles

• Modular structure
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• Simplicity as a design principle
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• Simple parameterization
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• Open source licensing
• Common data format
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Mean areal rainfall 
time series

• Drives the model
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• High autocorrelations for large lags
are required

• E.g. multiplicative broken-line model (Seed et al. 2000)
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Field spatial structure

• Correlated in space
• Scaling (multifractality)
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• Power-law filtering N(0,1) 
noise in Fourier domain 
(e.g. Bell, 1987)
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Anisotropic extension to field spatial 
description

• In simulations rain features are often assumed isot ropic, i.e. 
roundish

• Real rain features often come as rainbands
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• Method of Niemi et al. (2014) 
is used to create anisotropic 
scaling fields
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Field advection

• Temporally varying advection 
vectors to x- and y- directions

• ���
��	�����������
��	��	
���
��	�������

• /����	�
���	���	�
����������
�
�����	�
���	�������	����
�
�����	���������

• Utilizing Fourier folding (“wrap-
around”) property and toroidal 
fields (Pegram & Clothier 2001)
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"Torus from rectangle" by Kieff - Own work. 
Licensed under Public Domain via Wikimedia 
Commons - http://goo.gl/6IOmcn 



Spatial decomposition

• Rain fields exhibit dynamic scaling 
• ��2� � �������	��� � �������	��. ��� �

• Decomposition according to spatial scale using
multiplicative cascade model (Seed, 2003)
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Lagrangian temporal development

• According to dynamic scaling 
large features have longer 
lifetimes, while small features 
are replaced by new features 
sooner
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• ARMA(p,q)-model applied 
separately to each cascade 
level
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Miscellanious concerns

• Data requirements
• 4��� ���	������	���
������
��	�
���	�����1���� ��
�

������	����	���	�
� � 0������	�
•  
�	���
����	�	��	����
����1������
���	���� ����������

• Rainfall events are non-homogeneous and non-station ary
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• Aim for minimum number of easily accessible paramet ers
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Results
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Brisbane 11.12.2010

Simulation

Simulation



Future

Applications
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Summary
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Need for a model that produces rain as we 
want it

Scaling models are capable of reproducing 
observed spatio-temporal statistics

Developed model consists of modules describing 
sub-processes contributing to storm event

Numerous applications for the 
model – bright future?
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THANK YOU!
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