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 Mitigation

 Adaptation

 Diagnosis
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 But, … how can we know that?

 Several (a lot) evidences

Muir Glacier – Alaska (USA):  August 13, 1941 (left)  /  August 31, 2004 (right)



Climate change research 

 Mathematical models

 A scientific conquer is to use mathematical equations for 
doing predictions.

 In geophysical fluid dynamics, meteorology has initiated 
the forecasting process by mathematical equations

 However, we solve the equations only approximately!

 Numerical methods need to be applied

 Impact from model resolution

 (More) Physical process need to be included



▪ Mathematical model (hard equations: non-linear)

Climate change research 

10

Movement Equation  (momentum)

Continuity Equation  (mass)

Thermodynamic equation (energy)
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Calibration: sensitivy analysis (2)

 Morris’ method

 Sensitivity analysis

 Trajectories in the search space (2D (a) / and 3D (b))



Numerical results (1)

 Identifying faster to slower processes (Figure 1)



Numerical results (2)

 Model parameter estimation



Climate change research 

 Preparing the models: calibration

 Each module should have its calibration process

 Calibration: multi-objective optimization

 Calibration: sentitivy analysis is essential

 Calibration: depends on prediction time-scale

 Sentitivy analysis shows more relevant parameters

 Parameters relevance change with prediction time-scale
 Nowcasting

 Forecasting

 Climate: seasonal, year, decadal, century(ies)



Climate change research 

 Mathematical models (hard equations: resolution impact)

(a) 500 km              (b) 300 km             (c) 150 km            (d) 75 km
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 Mathematical models (hard equations: resolution impact)



Porque um “up-grade” do sistema de computação?

Santa Catarina (BR)  
November/2008

135 deaths / 78,000 homeless

Prec.  Ac.   20  a  23/Nov/2008  12Z   – 3 days : Eta  20 km  

Prec.  Ac.   20  a  23/Nov/2008  12Z   – 3 days: Eta    5 km  

20 km

5 km



20 km

Rio and Angra dos Reis, 
31/Dec/2009

(prediction for 24 h)

5 km

Precipitation  Total (mm) – Eta 20 km  

Precipitation for24 horas – Eta 5 km  



Catarina Hurricane: images from space



210km 105km

63km 20km

Catarina Hurricane: differents resolutions (Global model)



Catarina Hurricane: differents resolutions (Global model)
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 Mathematical models (more physical process)

Bull. American Met. Soc. – 2008 
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 Mathematical models

 Hard (difficult and stiff) equations

 Finer resolution

 More physical process involved

 More data to be processed 

 This means …

 Computer power



Climate change research 

 Solving the models: computers and computing

 Computers

 Computing



Multi-processing machine with distributed memory  

CPTEC-INPE: Cray XE6

1280 nodes  

30720 cores

Climate change research
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Hybrid computing: CPU multi-core + Cell

IBM Cell project: CPU + co-processor (project was finished)

Climate change research 
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Hybrid computing: CPU multi-core + FPGA

SGI RASC: CPU + FPGA  
(project was finished)

Climate change research 

34RASC: Reconfigurable Application-Specific Computing 



Hybrid computing: CPU multi-core + GP-GPU

Top 500: 1° Year 2009 – Tianhe-1

Climate change research 
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Hybrid computing: CPU multi-core + CPU many-core

Top 500: 1° Milkway-2 (Tianhe-2): CPU + Xeon Phi

Climate change research 
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Hybrid computing: CPU multi-core + (MIC+FPGA)

Climate change research 
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▪ Mathematical model (computing initial condition)

Climate change research 
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Movement Equation  (momentum)

Continuity Equation  (mass)

Thermodynamic equation (energy)
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Advanced parameterization for the water cycle has been considered in the modern models. Better 

numerical weather predictions have been obtained using efficient data assimilation, employing all 

information available (observational data from satellites, radars, GPS, etc). This promotes a feedback 

mechanism, enhancing our understanding on the atmospheric water cycle itself. 

Observations × weather predictions



Forecasts Scores ECMWF



▪ Data assimilation: data fusion

PART 2 – Applications: Data assimilation
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▪ Data assimilation: data fusion

PART 2 – Applications: Data assimilation
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Number of observation are increasing: 

different satellites with thousands of 

bands, sensor cost decreasing. 

Numerical models with very high 

resolution

Impact with the exponential growth for the available data 



▪ Temperature: ANN assimilation experiment

LETKF        neural network

True

Results from Rosangela Cintra PhD thesis (2011)

Data assimilation: an essential issue



▪ Moisture: 1 month  assimilation experiment

LETKF        neural network

True

Results from Rosangela Cintra PhD thesis (2011)

Data assimilation: an essential issue



Numerical experiment: LEKF and ANN

Atmospheric general model circulation (spectral model):  3D
SPEEDY (Simplified Parameterizations primitivE Equation DYnamics)

Gaussian grid: 96 x 48 (horizontal) x 7 levels (vertical) = T30L7
Total grid points: 32,256          Total variables in the model: 133,632
Observations: (00, 06, 12, 18 UTC) – radiosonders “OMM stations”
Observations: 12035 (00 and 12 UTC) = 415 x 4 x 7 + 415
Observations:    2075 (06 and 18 UTC) = 415 x 5  (only surface)

LETKF method RNA method

04:20:39 00:02:53

Execution time

hours : minutes : seconds



Climate change research 

 Mathematical models (post-processing)



Data science – Data mining example

Association rules: database from Agriculture Eng. (Unicamp)

Association rules: database from 

Agriculture Eng. (Unicamp)

It was used DMII-CBA (Classification Based on 

Association) - software developed by School of Computing,  

National University of Singapore

http://www.comp.nus.edu.sg./~dm2/p_overview.html



Example of rule created by DMII-CBA software 



2. Decision tree for astronomical data classification

Classification 

Star/galaxy

It is not easy task

See the figure:

(a) Easy

BraVO@INPE
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2. Decision tree for astronomical data classification

Classification 

Star/galaxy

It is not easy task

See the figure:

(a) Easy

(b) More complicated

(c) How to classify?



 Two types of events:

 Deep drought  (2010: Amazon drought)

Extreme events 



 Two types of events:

 Intense rain fall (Nov/2008: Santa Catarina state, Brazil)

135 people died
78.000 homeless

Extreme events 



Data science – tools

 From statistics

 From artificial inteligence
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Amazon drought 



4 variáveis com menores p-valor das figuras anteriores
5
8

Amazon drought 



4 variáveis com menores p-valor das figuras anteriores
5
9

Amazon drought 



Dimension reduction: Amazon drought

Class-1: p-values < 0,0005  104

Class-2: p-values < 0,005  182

Class-3: p-values < 0,001  825

Class-4: Selecting 10 features with lowest p-value
AND features with p-value < 0,001 120

Class-5: Selecting 10 samples for each meteorological
feature with smallest p-value 280

Dimension reduction: 108
 102 or 103



Decision tree:
Amazon drought

Low

Low

Low

Low High

High

High

Class-4
Decision tree 

generated

by J4.8 algorithm 



Dimension reduction: Intense rain fall

Class-1: 50 features with lowest p-values 104

Class-2: p-values < 0,001  179

Class-4: Selecting 10 features with lowest p-value
AND features with p-value < 0,001 94

Class-5: Selecting 10 samples for each meteorological
feature with smallest p-value 50

Dimension reduction: 108
 102



Decision tree:
Rain-fall

Class-4
Decision tree 

generated

by J4.8 algorithm 
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 Predictability (… or quantifying uncertainties)

 What is that?

 A set of PDE could be a prediction system

 Question-1: How can I solve the PDE’s? 

Answering Question-1: Prediction

 Question-2: How good is the prediction? 

Answering Question-2: Predictability

 Predictability: quantifying uncertainties (computing the 
confidence interval)



Climate change research

 Predictability (… or quantifying uncertainties)

 Ensemble prediction

 Time-integration of a set of initial conditions 

 From ensemble: statistical properties are computed

 From the statistical properties: 

A confidence interval can be calculated



Climate change research

 Ensemble prediction

WMO’s report describing/suggesting ensemble prediction  

High predictability

(ensemble convergence)

Low predictability

(ensemble dispersion)



Climate change research

 Ensemble prediction

 Computing the confidence interval


