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Republic of Colombia   

Colombia is a developing 

countries located in South 

America. 
 

At 2018: 

 

Population: 50’000.000 hab. 
 
Official language: Spanish. 
  

Bogotá, the national capital, is 
situated on a high plateau in the 
northern Andes Mountains. 

https://www.britannica.com/place/Bogota


Ecosystems 
Colombia has a amplia varied ecosystems 

that includes: Freshwater, marine and 

terrestrial. 

 

•  Dense forest 

•  Fast-flowing rivers of the Amazon 

•  Amazon rainforest 

•  Humid ecosystem in the Chocó 

biogeographical area 

•  White-capped mountains of the Andes 

•  Mangroves along the Pacif Coast 

• Vast stretches of the Caribbean Sea 

•  Open savanna of the Orinoco River 

basin 

• Paramos 

 

 

 

 



Biodiversity 
Colombia is listed as one of the world’s 
megadiverse countries, close to 10% of 

the planet´s biodiversity. Some the 

greatest biological diversity on the 

planet. 

 

Worldwide, it ranks firts in bird and 

orchid species diversity and second in 

plants, butterflies, freshwater fishes and 

amphibians. 

 

Colombia’s biodiversity is so massive 

because of its geographic location and 

its topography.  

 

Colombia has coast on the Pacific Ocean 

to the west and on the Caribbean Sea to 

the north.  

 

 

 

 



Water crisis in Colombia 

Cauca River-Colombia 

Dagua River-Colombia 

 

 

Colombia is one of the 

richest countries in 

freshwater, yet it is 

grappling with a water 

crisis.  

 

Climate change and 

decades of industrial oil 

extraction, mining and 

farming are threatening 

water security for a 

large part of its 

population. 



 

Colombia has been having 

strong impacts due to 

climate variation and 

change.  

 

With loss of human lives 

and infrastructure.  

 

Because of the erosion and 

deforestation of mountain 

watersheds.  

 

Causing landslides, floods 

and droughts. 



 

 

Objetive of this research 
 

• To build a decisión system support for 

planning rural watershed in Colombia a scale 

of prototipe  

 



Methodology 

  

• Pressure-State-Response (PER) (OCDE, 1993) 

 

• Fuzzy logic of Artificial intelligence (Zadeth, 

1993) 

 

• Knowledge management 

Three analytical models were applied in this research 



Pressure-State-Response Framework (OCDE, 2013) 

This model allows 

defining pressure 

indicators associated 

with human activities 

that pressure the 

state of natural 

resources and 

evaluates the 

response that 

society or  

institutions are giving 

to lower pressure 

levels and state 

levels. 



Fuzzy Logic System– artificial intelligence 

(Zadeh, 1965) 

 

Difuze rules 

Fuzzy logic is a reasoning 

method used in artificial 

intelligence associated 

with the decision-making 

of expert systems.   

 

Work with decision rules 

to define actions.  

 

These rules and their 

actions were programmed 

on an amazon server in 

the cloud. 



Results - Indexes 

1) Ecosystems  (11 indicators) 

2) Organizations and institutions (8 

indicators) 

3) Environmental education (6 

indicators) 

4) Human settlements (10 indicators) 

5) Environmental vigilance (7 

indicators)  

   (42 indicators) 



          Foto: Caracol (2013)   

 Foto: Banco interamericano de desarrollo  

(2008) 

Logic fuzzy funtions   
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Fuzzy membership functions were used in this study. Triangular, trapezoidal and 

singleton. For ease of processing. 



          Foto: Caracol (2013)   

 Foto: Banco interamericano de desarrollo  

(2008) 

Rules for Pressure indicator  

Rule 

No. 
WUC LUC PG Pressure 

  

Rule  

1 Low Low Low Weak 
IF (WUC IS LOW) AND (LUC IS LOW) AND (TCP IS LOW) THEN PRESSURE IS WEAK 

2 Low Medium Low Medium 
IF (WUC IS LOW) AND (LUC IS MEDIUM) AND (TCP IS LOW) THEN PRESSURE IS 

MEDIUM 

3 Low High Low Strong 
IF (WUC IS LOW) AND (LUC IS HIGH) AND (TCP IS LOW) THEN PRESSURE IS STRONG 

4 Low Low Medium Weak 
IF (WUC IS LOW) AND (LUC IS LOW) AND (TCP IS MEDIUM) THEN PRESSURE IS WEAK 

5 Low Medium Medium Medium 
IF (WUC IS LOW) AND (LUC IS MEDIUM) AND (TCP IS MEDIUM) THEN PRESSURE IS 

MEDIUM 

:: :: :: :: :: 
::: 

:: :: :: :: :: 
::: 

26 High Medium High Strong 
IF (WUC IS HIGH) AND (LUC IS MEDIUM) AND (TCP IS HIGH) THEN PRESSURE IS 

STRONG 

27 High High High Strong 
IF (WUC IS HIGH) AND (LUC IS HIGH) AND (TCP IS HIGH) THEN PRESSURE IS STRONG 



https://planivallerural.cuencas.com.co/ 

micro watershed planning 

https://planivallerural.cuencas.com.co/


Ecosystems 

Organizations 

and 

Institucions 

Environmental 

Education 

Human 

settlements 

 

Environmental 

vigilance 



Sub-menu My watersheds 



Basic information of watershed 







Questions in ecosystem   
1) How do you rate the presence of garbage in water sources  (river, 

stream, spring)? 

2) How do you rate the presence of wastewater in water sources and 
soil? 

3)  Are inappropriate agricultural practices developed in the 
 watershed? 

4)  How would you rate water contamination? 

5)  How would you rate erosion in the watershed? 

6)  How would you rate deforestation in the watershed? 

7)  How is the implementation of activities for waste management? 

8)  How is the implementation of activities for wastewater 
 management in the watershed? 

9)  How is the implementation of reforestation activities in the 
 watershed? 

10)  How is the implementation of activities related to agricultural 
 practices in the watershed? 

 

 

 

 



 



Organizations and institutions 
1. What is the institutional presence like in the watershed? 

 

2. How would you rate institutional coordination in watershed management? 

    

3. How would you rate corruption in the watershed? 

 

4. What is the quality of institutional actions carried out in the watershed? 

 

 5. What is the level of community participation in the watershed? 

  

6. Is there a support committee for watershed planning in this watershed? 

    

7. How well is environmental regulation enforced in the watershed? 

    

8. Do citizen oversight committees function in watershed management? 

 



 



Environmental education 

 1.  How is the availability of resources for environmental education in the 
 watershed? 

 

2.  How is the availability of resources for the development of Environmental 
 School Projects ? 

 

3.  How is the community's participation in environmental education and 
 culture activities? 

 

4.  How is the implementation of environmental education and culture 
 activities? 

 

5.  How do you rate the implementation of Citizen Environmental Education 
 Projects ? 

 

6.  How is the implementation of Environmental School Projects carried out? 

 

 



          Foto: Caracol (2013)   

 Foto: Banco interamericano de desarrollo  

(2008) 

One application: Micro-watershed El Cedro- Colombia 

This micro-watershed has suffered a huge 
environmental damage, as a consequence of the  

• Change in the use of the land 

• Increase of the population 

• Discharge of wastewater 

• Poor management of solid 
wastes 

• Discharge of acid  

• Conflicts caused by the use 
of the water and soils 

• Institutions problems 

• Low local participation 

 



 

Acid mine drainage Occupancy of the protetive zone Wastewater  

Mining Change in land use, livestock Conflic for soil use 

Water contamination Contamination for mining Conflicts for water use 

27 

Main problems in microwatershed El Cedro  
 

50 







 



Environmental education index – result bad  
strategies to short time (< 2 years) 

• Conduct workshops on environmental education 

and water culture and strategies for the 

prevention of environmental pollution. 

• Train in activities for protection and mitigation of 

natural disasters.  

• Training in efficient use of water for agriculture, 

industry and domestic use.   

• Training in solid waste management and recycling 

and reuse techniques. 



Ecosystem index – result bad  
strategies to short time (< 2 years) 

• Implement actions to conserve and restore 

strategic ecosystems, forests, and protective strips 

of water sources. 

• Implement actions to prevent and control erosion 

and deforestation.  

• Carry out sustainable mining practices. Identify 

and protect ecosystem goods and services.  

• Carry out continuous monitoring processes of 

natural resources and water resources. 

 



          Foto: Caracol (2013)   

 Foto: Banco interamericano de desarrollo  

(2008) 

Some conclusions  

• A new decision support system was developed to 
support decision makers in integrated water 
management.  

• The decision support system was programmed on a 
cloud server.  

• In specific applications, the result of the decision 
support system is consistent with the socio-
environmental situations of the evaluated 
watersheds.  

• More applications must be made to consolidate this 
computational tool. 



Gracias 


