To be or not to be real: fractal analysis of data streams
from a regional climate change model
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ABSTRACT

This paper proposes a new analysis process aimed at dis-
criminating the temporal behavior of the data generated by
climate models from the real climate observations gathered
from ground-based meteorological stations. Our approach
combines fractal data analysis and the monitoring of the
real and the model-generated data streams to detect devi-
ations considering the intrinsic correlation among climate
time series. Experimental studies showed that our approach
can discriminate the data either as real or as generated by a
model. Those results suggest that there are yet space to im-
prove the climate change models, and that the fractal-based
concepts may contribute in this improvement.
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1. INTRODUCTION

A major challenge posed to researchers in the 21st Cen-
tury regards the world climate changes as a consequence of
the global warming. Since it affects the whole planet, the
Intergovernmental Panel on Climate Change (IPCC) was
created to evaluate and analyze the data concerning such
changes and to propose alternatives to deal with the current
and upcoming problems caused by climate changes.

Among several challenges on climate changes, food secu-
rity and sustainable development are certainly the most im-
portant. Overall, agriculture is strongly related to both is-
sues, which makes this activity strategic in terms of economy
and society to the whole world. In Brazil, the regional model
Eta-CPTEC is under development in the Brazilian Center
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for Weather Forecasts and Climate Studies (CPTEC) since
1996 to provide weather forecasts over South America [1]. As
scenarios show different changes in the future, consequences
in agricultural production may cause different impacts for
regions. Thus, the better performance of the model, the bet-
ter the work of decision makers, as they can count on more
reliable information. Knowing properly the performance of
the Eta-CPTEC regional model may encourage important
research on climate changes.

In this context, this paper proposes an analysis process
to evaluate the quality of models output. Our approach
deals with multiple time series as a multidimensional data
stream. Therefore, it is possible to integrate multiple climate
variables in a unified analysis process. In particular, we
combine fractal-based data stream monitoring for change
detection, considering the intrinsic correlation among time
series defined by different climate variables.

2. BACKGROUND AND RELATED WORK

The Correlation Fractal Dimension Ds [3] can be applied
in data analysis to estimate the intrinsic dimension of real
datasets exhibiting fractal behavior.The Dy measures the
non-uniform behavior of real data considering both linear
and nonlinear attribute correlations [2].

In [4], the authors propose a technique and the corre-
sponding algorithm, named SID-meter, to detect changes
in evolving data streams, based on the information of in-
trinsic behavior provided by the fractal dimension D2. The
SID-meter continuously measures Dy over time in order to
monitor the evolving behavior of data, such that significant
variations in successive measures of D can indicate changes
in the intrinsic characteristics of the data. SID-meter is used
in the analysis process we propose.

3. THE ANALYSIS PROCESS

In order to assist domain specialists in studying climate
data, mainly in evaluating the behavior of data from climate
change models in comparison with the behavior of real data,
we propose an analysis process based on the information
provided by the fractal dimension, continuously calculated
according to the SID-meter approach. The proposed process
was implemented in a tool named ClimFractal, developed to
support visual analysis of large climate datasets.

The analysis process works as follows: time series defined
by different climate variables are combined to create a multi-



dimensional data stream. Thus, each event e; is defined as a
set of climate measures of different variables collected (from
meteorological stations) or generated (by climate models),
considering specific location and instant of time. The SID-
meter processes the stream and computes the successive val-
ues of the D2 over time, considering the user-defined sliding
window. By analyzing the variation of Dy it is possible to
identify the existence of correlations among the climate vari-
ables and how such correlations evolves, i.e., it is possible to
evaluate the temporal behavior of the data. The fractal-
based analysis can be applied to real climate time series and
to time series generated by climate models as well, in order
to compare them over time. From the specialist perspective,
the whole process is realized through the ClimFractal inter-
face, from the choice of the region and the period of interest
to the visual analysis of the results.

4. EXPERIMENTAL RESULTS

We have applied our analysis process in two sets of climate
time series from a climate database, as follows:

1. Real data - climate time series’ containing daily mea-
surements of precipitation and mean temperature obtained
from 24 ground-based meteorological stations of the state of
Sao Paulo - Brazil, from 1961 to 1990.

2. Data from regional climate change model - climate time
series from Eta-CPTEC regional model containing daily
measurements of precipitation and mean temperature from
1961 to 1990, considering the same study area.

A two-dimensional data stream composed of the attributes
precipitation and mean temperature was defined for each
dataset. We performed the experiments with two configu-
rations of sliding windows: a 3-month window with D2 up-
dated each month, and a 6-month window with D2 updated
each two months. Due to lack of space, we only present the
results from the second configuration.

The successive values of Dy computed by the SID-meter
for each stream as well as the statistical measurements are
visualized in the ClimFractal interface (Figure 1). It can
be observed that both datasets showed a similar pattern of
general behavior, i.e., the D2 increases in some periods for
real data as well as for the Eta-CPTEC model outputs.

On the other hand, the values of Dy are higher for the
data estimated by the Eta-CPTEC model (Dzvarying from
1 to 1.5). It indicates that there is less correlation between
variables from the climate model than between the variables
from real data. Even though, the similar patterns observed
on both curves indicate that the model can represent the
general climate in the period 1961 to 1990 for the study
area, but it leaves out the finer details of the intrinsic char-
acteristics of the climate system.

A model’s output can also be analyzed by the method
of Wilmot [5], that is an index of agreement (d) which re-
flects the degree to which the observed variable is accurately
estimated by the predicted one. It is not a measure of cor-
relation in the formal sense but a measure of the degree to
which a model’s predictions are error free, varying between
0 (complete disagreement) and 1 (perfect agreement).

The similarity of the Dy graphs generated using real data
and outputs from Eta-CPTEC can also be observed when
the conventional method ([5]) is applied in both data. The
index d presented a suitable similarity pattern for real and
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Figure 1: ClimFractal - Dy measures.

Eta-CPTEC’s data. Most of indexes d for precipitation
and temperature reached values greater than 0.6, indicat-
ing agreement between real and simulated data.

S. CONCLUSIONS

Initial results showed that our fractal-based analysis pro-
cess can discriminate the data either as real or as generated
by a model, as the intrinsic correlations between climate
variables identified in real data (and confirmed by the spe-
cialists) are slightly different in data from the climate model.
Those results suggest that there are yet space to improve the
climate change models and that the fractal-based concepts
may be useful. Analyzing the output of the climate change
model can help the specialists to understand and improve
the model, contributing to research on climate changes and
their effects, such as the impacts on agriculture.
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