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𝑆 = 3𝐼𝑛 + 2𝐸𝑥 + 𝑀𝑜 + 𝑃𝑒 + 𝑅𝑣 + 𝑆𝑦 + 𝐴𝑐 + 𝐸𝑓 + 𝑃𝑟 + 𝑅𝑐

𝐼𝑛 = 𝐿𝑜𝑤 = 1,𝑀𝑒𝑑𝑖𝑢𝑚 = 2,𝐻𝑖𝑔ℎ = 4, 𝑉𝑒𝑟𝑦 ℎ𝑖𝑔ℎ = 8, 𝑇𝑜𝑡𝑎𝑙 = 12 ,

𝐸𝑥 = 𝐼𝑠𝑜𝑙𝑎𝑡𝑒𝑑 = 1, 𝑃𝑎𝑟𝑡𝑖𝑎𝑙 = 2,𝑊𝑖𝑑𝑒𝑠𝑝𝑟𝑒𝑎𝑑 = 4, 𝑇𝑜𝑡𝑎𝑙 = 8, 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 = 12 ,

𝑀𝑜 = 𝐿𝑜𝑛𝑔 − 𝑡𝑒𝑟𝑚 = 1,𝑀𝑒𝑑𝑖𝑢𝑚 − 𝑡𝑒𝑟𝑚 = 2, 𝐼𝑚𝑚𝑒𝑑𝑖𝑎𝑡𝑒 = 4, 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 = 8 .

𝑃𝑒 = 𝐹𝑙𝑒𝑒𝑡𝑖𝑛𝑔 = 1, 𝑇𝑒𝑚𝑝𝑜𝑟𝑎𝑟𝑦 = 2, 𝑃𝑒𝑟𝑚𝑎𝑛𝑒𝑛𝑡 = 4 .

𝑅𝑣 = 𝐿𝑜𝑛𝑔 − 𝑡𝑒𝑟𝑚 = 1,𝑀𝑒𝑑𝑖𝑢𝑚 − 𝑡𝑒𝑟𝑚 = 2, 𝐼𝑟𝑟𝑒𝑣𝑒𝑟𝑠𝑖𝑏𝑙𝑒 = 4 .

𝑆𝑦 = 𝑁𝑜𝑛 − 𝑠𝑦𝑛𝑒𝑟𝑔𝑖𝑐 = 1, 𝑆𝑦𝑛𝑒𝑟𝑔𝑖𝑐 = 2, 𝑉𝑒𝑟𝑦 𝑠𝑦𝑛𝑒𝑟𝑔𝑖𝑐 = 4 .

𝐴𝑐 = 𝑆𝑖𝑚𝑝𝑙𝑒 = 1, 𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 = 4 .

𝐸𝑓 = 𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 = 1, 𝐷𝑖𝑟𝑒𝑐𝑡 = 4 .

𝑃𝑟 = 𝐷𝑖𝑠𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 = 1, 𝑃𝑒𝑟𝑖𝑜𝑑𝑖𝑐 = 2, 𝐶𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 = 4 .

𝑅𝑐 = 𝐼𝑚𝑚𝑒𝑑𝑖𝑎𝑡𝑒 = 1,𝑀𝑒𝑑𝑖𝑢𝑚 − 𝑡𝑒𝑟𝑚 = 2, 𝐴𝑏𝑙𝑒 𝑡𝑜 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑒 = 4, 𝐼𝑟𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑎𝑏𝑙𝑒 = 8 .

𝑆 = 𝐿𝑜𝑤 ≤ 25, 25 < 𝑀𝑜𝑑𝑒𝑟𝑎𝑡𝑒 ≤ 50, 50 < 𝐻𝑖𝑔ℎ ≤ 75, 75 < 𝑉𝑒𝑟𝑦 𝐻𝑖𝑔ℎ ≤ 100





Yosune M. et al, 2021. Challenges and opportunities for universities in building adaptive capacities for sustainability: lessons from Mexico, Central America and the 
Caribbean. CLIMATE POLICY https://doi.org/10.1080/14693062.2021.1985422

Overhauling EIA/SIA training and teaching



Large-scale infrastructure investments are being challenged in the pursuit of 
environmental justice
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Necessary & Sufficient 
causation
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causation



Integration 

• Pragmatic synthesis of multiple knowledge domains of complex and uncertain problems

• Credible, legitimate, and salient results for sustainability transformations 

• Consensus regarding a problem, its causes, and its sustainable pathways

• Precautionary principle: minimize false negative diagnosis or type II errors under uncertainty



Measurement: A value on a ratio scale representing a specific, meaningful amount of an attribute

GIS-MCDA: integrating intangibles and tangibles; objective treatment of subjectivity

Bayesian reasoning: Updating belief with evidence

Significance: impacts are measured in a way that is both interpretable and comparable

Evaluation: Mechanisms, patterns, thresholds & trade-offs





Ley de Weber – Fechner (1889):
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Ley de Miller (1956)

Ψ𝑛 = 𝑛log𝜌

Linguistic variable  𝐀 

Wallsten  Allegation Plausibility Fundamental scale  𝜶 𝑷 𝜶  

Almost impossible Inconspicuous Inconclusive Extremely less  1/9 0.10 

     1/8 0.11 

Doubtful Scintilla Unfounded Very strongly less  1/7 0.13 

     1/6 0.14 

Improbable Suspicious Speculative Strongly less  1/5 0.17 

     1/4 0.20 

Unlikely Ambiguous Problematic Moderately less  1/3 0.25 

     1/2 0.33 

Tossup Random (accidental, by chance) Equally  1 0.50 

     2 0.67 

Possible Substantial Conceivable Moderately more  3 0.75 

     4 0.80 

Good chance Unequivocal Convincing Strongly more  5 0.83 

     6 0.86 

Probable Preponderant Well-founded Very strongly more  7 0.88 

     8 0.89 

Almost certain Beyond doubt Conclusive Extremely more   9 0.90 
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Biodiversity: Open data & IA vs Tren Maya EIS

Evaluation 
Impact indicator Synthesis 

𝐼𝑛 𝐸𝑥 𝑀𝑜 𝑃𝑒 𝑅𝑣 𝑆𝑦 𝐴𝑐 𝐸𝑓 𝑃𝑟 𝑅𝑐 𝑆 𝑆′ 

Weighted linear combination 

EIS  8 4 4 2 1 2 1 4 4 1 51 𝐻 

AI-max  8 8 4 7 7 4 4 4 7 7 84 𝑉𝐻 

Non-linear combination 

EIS 0.50 0.25 0.50 - - 0.50 0.06 - - - 0.53 𝑉𝐻 

AI-max 0.50 0.50 0.25 - - 1.00 1.00 - - - 1.00 𝑉𝐻 

 



Avoiding errors of omission (type-II)

Evaluation 
Impact indicator Synthesis 

𝐼𝑛 𝐸𝑥 𝑀𝑜 𝑃𝑒 𝑅𝑣 𝑆𝑦 𝐴𝑐 𝐸𝑓 𝑃𝑟 𝑅𝑐 𝑆 𝑆′ 

Weighted linear combination 

EIS  8 4 4 2 1 2 1 4 4 1 51 𝐻 

AI-max  8 8 4 7 7 4 4 4 7 7 84 𝑉𝐻 

Non-linear combination 

EIS 0.50 0.25 0.50 - - 0.50 0.06 - - - 0.53 𝑉𝐻 

AI-max 0.50 0.50 0.25 - - 1.00 1.00 - - - 1.00 𝑉𝐻 

 



            

      

                 

                

          

         

                   

                 

                

           

        

                     

           

          

               

        

        

                   

           

         

             

                      

                 

               

     

      

                    

             

                   

               

                    

               

                    

                

                  

                        

     

       

DMDU



Participatory 
workshops

Cattle zones (n= 40)

Agriculture (n= 68)

Climate change (n= 
97)

Swine and poultry plants (n= 
41)

Urban sprawl (n= 84)

Power generation (n= 67)

Tourism (n= 61)

            

      

                 

                

          

         

                   

                 

                

           

        

                     

           

          

               

        

        

                   

           

         

             

                      

                 

               

     

      

                    

             

                   

               

                    

               

                    

                

                  

                        

     

       



SOW: States of the world

            

      

                 

                

          

         

                   

                 

                

           

        

                     

           

          

               

        

        

                   

           

         

             

                      

                 

               

     

      

                    

             

                   

               

                    

               

                    

                

                  

                        

     

       

            

      

                 

                

          

         

                   

                 

                

           

        

                     

           

          

               

        

        

                   

           

         

             

                      

                 

               

     

      

                    

             

                   

               

                    

               

                    

                

                  

                        

     

       

𝑑𝑥𝑖𝑡

𝑑𝑡
= −𝑥𝑖𝑡 𝑙𝑛 𝑥𝑖𝑡 ෍𝛼𝑖𝑗𝑥𝑗𝑡 +෍𝛽𝑖𝑗 ሶ𝑥𝑗𝑡



SOW and analytic deliberation

https://doi.org/10.3389/fclim.2024.1331945

https://doi.org/10.1016/j.eiar.2023.107091

https://doi.org/10.3389/fclim.2024.1331945
https://doi.org/10.1016/j.eiar.2023.107091
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SIA: Bridging the Epistemological Divide



SIA: Sustainable Livelihoods Framework

ANP based Phenomenological hermeneutics

              

                
             

             

        
            

                
         

               

     
    

        
               
                

            

                 

          
          
         

             
        
        

         
          

                

       
                

         

            
        



Expert judgment: 
Cognitive biases and 
conjecturing causation
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