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Do we need transformation in predictor variables?

Helsel, D. R., & Hirsch, R. M. (2002). Statistical methods in water resources (04-A3). 

Retrieved from Reston, VA: http://pubs.er.usgs.gov/publication/twri04A3
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Do we need transformation in predictor variables?

Need transformation in the frequency domain?

The hypothesis: 

If the spectrum of the predictor is similar to response, the predictive model exhibits better accuracy 

than otherwise.
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How to refine predictor spectral representation?

Background: Wavelet Transform

Discrete wavelet transform (DWT)

Multiresolution Analysis (MRA)

DWT-MRA:
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Predictor Variable X (EPT) 
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How to refine predictor spectral representation?

Predictor Variable X (EPT) Target Response Y (SPI)
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How to refine predictor spectral representation?

Predictor Variable X (EPT) Target Response Y (SPI)
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• Remarkedly different spectrum properties

• Our target: variance-transformed predictor



How to refine predictor spectral representation?
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Step 1 - identify best possible drivers from large numbers of predictor variables (inputs) 

Step 2 - form a predictive model based on the identified drivers, estimate the model parameters that 

best fit to the data

Step 3 - predict the system response for new inputs.

Wavelets: obtain filtered (variance-transformed) predictor variables

How to apply the method in practice?
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Example 1 – synthetic example 

A dynamic example (Rössler system): 

Use x and y to predict z:

Predicted: predicted z using original x and y  

Predicted(VT): predicted z using variance-transformed x and y 
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Example 1 – synthetic example 

Model Predictor RMSE Correlation SD

Calibration

(a)

Original 1.274 0.922 3.1

Transformed 0.118 0.999 3.3

Validation

(b)

Original 4.462 0.354 4.5

Transformed 2.556 0.560 2.3

Predicted: predicted z using original x and y  

Predicted(VT): predicted z using variance-transformed x and y 
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Example 2 – real case 

Predictor No. Predictor Name 

1 Geopotential heights (m) at 925 hPa (GPH@925) 

2 Temperature depression (degree C) at 700 hPa (TDP@700) 

3 Temperature depression (degree C) at 500 hPa (TDP@500) 

4 Equivalent potential temperature (Kelvin K) at 500 hPa (EPT@500) 

5 Zonal Wind (m/s) at 500 hPa (UWND@500) 

6 Meridional Wind (m/s) at 500 hPa (VWND@500) 

7 N–S gradient of mean sea level pressure (NS-MSLP) 

 

Target response: Drought Index (SPI12)

Study Period: 1950 – 2009 (2-fold cross-validation)
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Example 2 – real case 
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Example 2 – real case 
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Conclusions

• A unique variance transformation is identified for each predictor variable that explains maximal

information in the corresponding response.  

• Results of the synthetic and real case example show clear improvements in predictability

compared to the use of untransformed predictors.

• It is a generic method and not limited to hydro-climatological systems.
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Extension to broad applications 

• DWT-MRA mathematically requires future information in the wavelet transform. 

• Can we generalise this method to also apply in a forecasting context? 
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(present)
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The open-source R-package WASP (WAvelet System Prediction) is available for download from the 

Hydrology@UNSW website: https://www.hydrology.unsw.edu.au/software/WASP
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