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Motivation 

Courtesy: D.S.Pai’s talk at IWM-7 



Highlights of today’s discussion 

Construction of Probabilistic Multi Model Ensemble prediction for ISMR 
• What/How is PMME? 

• How machine learning models can be used for constructing PMME 

 GCMs 



Why we need MME? 
Example: Prediction of summer (JJAS) monsoon rainfall for India in 2009 in May. 

 

 

 

 

The purpose of the multi-model ensemble (MME) is to improve 

the skill of forecasts from individual GCM. 



 There are two common approaches to make a MME, viz., combining the individual ensemble 
forecasts with equal weights, or weighted according to their prior performance. 

 

 Weighted MME: Mostly linear combination of GCM using multiple linear regression (MLR). 

 

 Majority of the studies focus on deterministic forecast. 

 

 

 

 

 

Probabilistic Multi Model Ensemble prediction: 



           Probability from GCM 

Non-parametric Parametric 

Probabilistic Multi Model Ensemble: Traditionally  
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where

X is the forecast to be given, 

β is the potentially predictable signal 

ε is the error part



Probabilistic Multi-Model Ensemble (PMME) by Non-parametric 
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Wi  = Weights 

Common Approaches 

Different approaches 

Limitation:  

1. some poor model bring down the skill of PMME. 

2. More members doesn't mean more skillful 

Note: The simple monotonic function can be considered as the weights proportional to some 

power of the regression coefficients. Hence, larger regression coefficients would be ‘‘better’’ 

than those with smaller regression coefficients and should therefore be assigned larger weights. 

The best choice for the power has been empirically estimated as 0.5  

 

Acharya et al (2013) 



Major Limitation of non-parametric method: 

 
 

Some of the GCMs seasonal hindcast or subseasonal reforecast ensembles 

contain fewer ensemble members, straightforward counting of the ensemble 

members exceeding a chosen threshold to determine probabilities can lead to 

large errors.  
 

 



Probabilistic Multi-Model Ensemble (PMME) by Parametric 

Acharya et al (2014) 

 Deterministic MME 

(superensemble) 

 ?? 

 X



Major Limitation of parametric method: 
 

Two stage modeling: one for mean of the distribution (deterministic) and then for 

variance (convert deterministic to probabilistic) 

Assumption of Normal distribution not valid for S2S scale with less hindcast 

period.  
 

 

Other option: Machine Learning?? 

 

 
 

 

 



Why machine learning models can be used for 

constructing PMME? 

Observation                  EM                  MLR                   ELM 



How machine learning models can be used for 
constructing PMME? 

“Statistical Learning theory is a framework for Machine 

Learning drawing from the fields of statistics and 

functional analysis.” 



Extreme Learning Machine: A “Generalized” SLFN 
To overcome such shortcomings, recently, a novel learning algorithm for single-hidden-layer feed forward 
neural networks (SLFN) called extreme learning machine (ELM) has been proposed by Huang et al., (2008). 

 

The basic principle which distinguishes ELM from the traditional SLFN is that all the parameters (input 
weights and hidden layer biases) are not required to be tuned.  

 
Input Layer Hidden Layers Output Layer 

After randomly choosing the input weights and the hidden layer biases, 
SLFNs can be simply considered as a linear system. The output weights 
which link the hidden layer to the output layer of this linear system can 
now be analytically determined through Moore-Penrose (MP) generalized 
inverse of the hidden layer output matrices.  
 

 
This simplified approach makes ELM thousands of times faster than 
that of traditional SLFN. ELM also avoids many difficulties faced by 
gradient-based learning methods such as stopping criteria, learning rate, 
learning epochs, local minima, and the over- tuning problems.  



Mathematical Background of ELM 

•L is a number of hidden units 

•N is a number of training samples 

•   is weight vector between i th hidden layer and output 

•w is a weight vector between input and hidden layer 

•g is an activation function 

•b is a bias vector 

•x in an input vector 



•m is a number of outputs 

•H is called Hidden Layer Output Matrix 

•T is a training data target matrix 

Mathematical Background of ELM 

Learning algorithm 



Solution: Probabilistic Output Extreme Learning Machine (PO-ELM) (Wong et al 2019) 
                 Discard the linear output function of ELM.  

Limitation of traditional ELM for probabilistic prediction: 
 
Output is deterministic and classify for only binary cases. 

ELM PO-ELM 



Limitation of PO-ELM:  
 
 Log function on the observed category. 
Probabilities for PO-ELM do not add to one rather a binary probability. 
Not for multi-label classification. 
 
 
 

Our Contributions: 
 

 
We modify it by introducing “softmax” function on the output probabilities from PO-ELM 

and give observed category as  0.0001 or 0.9999 to prevent undefined behavior in logs in 
POELM fitting.  

 
 

Acharya and Hall  (in preparation) 



Architecture of PO-ELM based PMME 

Courtesy: Kyle Hall 



Results 



 How to do: Xcast 

Xcast is designed to help Earth Scientists scale 
single-point-in-space regression approaches 
to spatial gridded data using the popular 
Earth Science data tool. 

 

XCast provides a set of tools useful for 
manipulating and preprocessing Xarray 
datasets and implements a "fit-predict" 
training and prediction framework similar to 
those of the traditional Python statistical 
tools.  

XCast will serve to bridge the gap between 
the two-dimensional world of Python Data 
Science and the four-dimensional world of 
climate data. 

https://github.com/kjhall01/xcast/  

Hall and Acharya,2021 

https://github.com/kjhall01/xcast/


Remarks 

“PMME” is a simple concept, but it has many layers, and I took a step-by-step 
approach. 

Non-parametric, parametric are various way to create “PMME” but each have its 
limitations. 

Machine Learning based method can be used but with “white box” approach. 



Explainable Artificial Intelligence 

(XAI) 

Take Home Messages: 

Thank you! 

 

Any Questions/future collaborations? 

dr.nachiketaacharya@gmail.com  

 

 

mailto:dr.nachiketaacharya@gmail.com

