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Introduction 
In this study, US Palmer Drought Severity Index (PDSI), Palmer 
Hydrological Drought Index (PHDI), Palmer Z-Index (ZNDX), Modified 
Palmer Drought Severity Index (PMDI), Standard Precipitation Index 
(SPI) monthly data between the years June 1929 and September 2014 
which they belongs to NOAA are used for 3-year forecast.  
PDSI is an meteorological drought index (Palmer, 1965) which it is a 
function of precipitation, temperature and available water content 
(AWC) of the soil (Palmer, 1965, Alley, 1984). PMDI is different from the 
PDSI during transition periods between dry and wet spells. PMDI bases 
on the weighting factor, which is a weighting average of the wet and 
dry index terms by probability (Heddingshause and Sabol, 1991). PHDI 
is a hydrological drought index and indicates the severity of a wet or 
dry spell like PDSI. It relies on precipitation (as inflow), outflow, and 
storage. But it does not take the long-term trend in consideration (Karl 
and Knight, 1985). ZNDX measures moisture anomaly. It indicates 
deviation from normal monthly PDSI. SPI, which is an meteorological 
drought index, is a normalized index. It bases on the precipitation data 
(observed and long term measured data (precipitation climatology)). 
Mainly relies on the standard deviation, precipitation at the time 
considered, and precipitation climatology. Precipitation data are 
required to be converted into a normal distribution. 

This study aims to determine the entropy-based variability of drought 
index and forecast these index by using Support Vector Regression (SVR 
(Cortes&Vapnik(1995)). SVR transforms input space which is formed 
from the original observations into high dimensional feature space by 
way of a kernel function and performs a linear regression in this space.  
Variability can be expressed with Disorder Index (DI). The higher the 
disorder index, the higher the variability. 

Fig. 2. NOAA monthly Palmer Index(PDSI, PHDI, ZNDX, PMDI) and Standard Precipitation 

Index (SPI) between the years June 1929 and September 2014. 

Results 

Fig. 3. (a) Decadal total entropy (b) Decadal DI (c) DI versus determination coefficients (R) 

Fig. 4. False nearest neighbours for the Palmer Index and the Standard Precipitation Index 

Fig. 5. Mutual information function for Palmer Index and the Standard Precipitation Index 

Fig. 6. Attractors (a) SP01 (b) SP02 (c) SP03 

(d) SP06 (e) SP09 (f) SP12 (g) SP24 (h) PDSI 

(i) PHDI (j) ZNDX (k) PMDI 

• At the end of each trial, the correct category was revealed and the subjects 

recorded the accuracy of their category guess.  
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 Table 2. Information about the prediction made by phase space reconstruction 

 

Fig. 7. Prediction vs. Observations for all index 

Fig. 8. Errors and determination coefficients of the predictions 

Table 3. SVR parameters of prediction of all index 

Study 

Methods 

Phase Space Reconstruction based on 
Embedding Theorem (Takens, 1981)  

• Disorder Index 
 
 
 
 

• Chaotic Approach (CA)   
 

» Embedding dimension via False Nearest Neighbour(FNN) (Kennel et 
al., 1992)  
» Time delay via Mutual Information Function(MIF) 
• Support Vector Regression (SVR) 

 
 
 

 
 
 

Table 1. The input matrix for SVR based on 
the phase space reconstruction. 

Fig. 1. Observation vector transforms to  
vectors  in multidimensional  space with Φ. 

Phase Space Reconstruction 
(Embedding Theorem-Takens,1981) 
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