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Steps for local climate reconstructions

 

1) Formulate a mathematical model (Bayesian hierarchical            
    model)

1) Pollen counts in lake sediments (drilled cores) and assign         
    these pollen (and macro fossils) to plants

1) Assign modern plant distributions to modern climate (machine   
    learning) 

1) Assign the depth of the core to ages (e.g. Bacon model)



 

1) Overview of variable names



 

1) Reconstruction model



 

1) Reconstruction model



 

1) Reconstruction model



2) Plant information from Sea of Galilee 

 

Overall question: Which of the proxy information found in the core provides a 
desired climate reconstruction?



 

 Assign recent climate (CRU Data) to the plant distributions:
classification problem (presence and absence of taxa)

 Unbalanced Dataset:
SMOTE (Synthetic Minority Oversampling Technique)

 Find a ML-algorithm that best fits the SMOTEd data:
Machine Learning Competition

3) Assign modern plant distributions to modern climate
 



 

 Assign the recent climate (CRU Data) to the plant distribution:
classification problem (presence and absence of taxa)

3.1) Assign modern plant distributions to modern 
climate 

 



 
 

 Unbalanced Dataset:
  SMOTE (Synthetic Minority Oversampling Technique)

SMOTE

3.2) Assign modern plant distributions to modern 
climate 

 



 

 Find a ML-algorithm that best fits the SMOTED data:
Machine Learning Competition

 

3.3) Assign modern plant distributions to modern 
climate 

 

 



 

 

3.3) Assign modern plant distributions to modern 
climate 

 

 

Information about the machine learning algorithms used:



1) – 3) Climate reconstruction in terms of depth   

     - A possible climate reconstruction as a function of a given set of selected proxy           
  information
- A variety of different climate reconstructions are possible -> MCMC simulation



4) Assign the cores depth to age (Bacon model) 

How can we continue to account for age uncertainty?

Result of the new function Bacon.d.Age in 
the rbacon package in R



4) Climate reconstruction in terms of age  



4) Climate reconstruction in terms of age  



4) Climate reconstruction in terms of age  

- Transformation from depth to age: behaves like a convolution with changing kernel     
   smoothers
- The result is a data-driven smoothing of the reconstruction in terms of depth
- Easy to implement and computationally fast: matrix multiplication  



4) Interlude: Age uncertainties regarding speleothems 

Age-distance model:

Common way for smoothing:

Now:



1) Climate reconstruction (MCMC)  

- Overall question: Which of the proxy information found in the core provides a          
  desired climate reconstruction?

- To find desired taxa combination from the core, an MCMC simulation (with              
  Metropolis-Hastings algorithm) is performed.

- What is a desired climate reconstruction?

- For this purpose, the following Bayesian Hierarchical Model is solved:



 

1) Reconstruction model (extended)



1) – 4) Climate reconstruction (MCMC)  

- Sample parameter given the number of proxies
- This can be splitted in the sample size and the corresponding taxa of each MCMC- 
  Iteration 

Prior



1) – 4) Climate reconstruction (MCMC)  

- Modern Koeppen-Geiger climate of the site as a reference for the modern median   
  of the climate reconstructions
- During the MCMC-Simulation, the reconstructions follow this prior distribution 



1) – 4) Climate reconstruction (MCMC)  

- Probability distribution for the explained variance between:
– Arboreal taxa curve and 
– Median from reconstructed annual precipitation

Non-arboreal pollen

Arboreal pollen



1) – 4) Climate reconstruction (MCMC)  

- Probability distribution for the explained variance between:
– Wavelet pattern (right plot) of isotopic information from Soreq Cave and 
– Wavelet pattern of median from reconstructed annual precipitation



1) – 4) Climate reconstruction (MCMC)  

Prior and posterior distributions of the 
sample parameter:



1) – 4) Climate reconstruction (MCMC)  

Final climate reconstruction of See of Galilee based on multiple proxy information



Summary

 

 New model for quantitative paleo climate reconstructions:
 Bayesian hierarchical modelling

 Obtain proper transfer functions using machine learning              
   competition

 Account for age uncertainties once an age-depth model is           
   available

 Age-depth transformation can be used for any kind of proxy        
  (next slide)
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