Development of a climate vulnerability index for community aqueducts in tropical Andean watersheds using fuzzy logic: an application in Colombia
Mayra Alejandra Pérez–Ortiza; Viviana Vargas–Francob; Diego Fernando Rosero–Portillac
a Faculty of Engineering and Administration, Universidad Nacional de Colombia campus Palmira, Palmira, Colombia. ORCID: 0000-0001-6792-3537. Corresponding author: maperezo@unal.edu.co
b Department of Basic Sciences, Universidad Nacional de Colombia campus Palmira, Palmira, Colombia. ORCID: 0000-0002-6448-9234
c Faculty of Engineering and Architecture, Universidad Nacional de Colombia, campus Manizales, Palmira, Colombia. ORCID: https://orcid.org/0000-0001-8310-9252
Supplementary material 
This material includes the input and output values for the 13 evaluated community aqueducts with the Climate Vulnerability Index for Community Aqueducts in Tropical Andean Basins (CVI-CAAW).


Table 1 Input values of the CVI-CAAW indicators for the evaluated community aqueducts in the Bolo River watershed. DK/NR: Does not know/No response. Oc: Occasionally.
	Climate vulnerability dimension
	Component
	Indicator
	Community aqueducts

	
	
	
	Potrerito
	La Zapata
	Chontaduro
	Iracales
	Arenillo Bajo
	Bolo Blanco
	Edén
	Feria
	Lomitas
	La Buitrera
	El Retiro
	El Líbano
	El Recreo

	Sensitivity
	Environmental
	S1
	4
	3
	5
	3
	4
	5
	5
	4
	4
	4
	5
	3
	4

	
	
	S2
	DK/NR
	0%
	5%
	0
	10%
	20%
	0%
	60%
	20%
	0
	5%
	30%
	0

	
	
	S3
	1
	1
	1
	1
	1
	1
	1
	1
	3
	1
	3
	3
	1

	
	
	S4
	2
	2,5
	3
	1,5
	2,5
	3
	3
	1,5
	4
	0,5
	3
	4
	2,5

	
	Infrastructure and Operability
	S5
	30m3
	DK/NR
	30m3
	30m3
	30m3
	DK/NR
	30m3
	DK/NR
	30m3
	15 m3
	DK/NR
	DK/NR
	30m3

	
	
	S6
	4
	3
	5
	4
	4
	1
	1
	DK/NR
	4
	4
	3
	3
	3

	
	
	S7
	DK/NR
	DK/NR
	5%
	0
	5%
	50%
	70%
	DK/NR
	40%
	69%
	10%
	35%
	DK/NR

	
	
	S8
	DK/NR
	20%
	2%
	0
	80%
	30%
	80%
	DK/NR
	80%
	10%
	DK/NR
	80%
	33%

	
	
	S9
	Oc
	Never
	Oc
	Never
	Oc
	Oc
	Oc
	DK/NR
	Frequently
	Oc
	Oc
	Oc
	Oc

	
	Administrative 
	S10
	Sufficient
	Insufficient
	Sufficient
	Sufficient
	Insufficient
	Sufficient
	Sufficient
	Insufficient
	Sufficient
	Sufficient
	DK/NR
	Insufficient
	Sufficient

	
	
	S11
	100%
	64%
	100%
	100%
	80%
	90%
	40%
	5%
	96%
	100%
	50%
	90%
	100%

	
	Socioeconomic
	S12
	Never
	Never
	Oc
	Never
	Oc
	Oc
	Oc
	Oc
	Oc
	Never
	Oc
	Frequently
	Oc

	
	
	S13
	Never
	Oc
	Never
	Oc
	Never
	Oc
	Never
	Oc
	Oc
	Never
	Never
	Oc
	Oc

	Adaptive capacity
	Environmental
	AC1
	40%
	100%
	100%
	100%
	70%
	100%
	100%
	100%
	90%
	98%
	80%
	100%
	100%

	
	
	AC2
	Oc
	Oc
	Oc
	Never
	Oc
	Oc
	Oc
	Never
	Oc
	Oc
	Never
	Oc
	Oc

	
	
	AC3
	Low
	Low
	Low
	Low
	High
	High
	Low
	High
	Low
	Medium
	Low
	Medium
	Low

	
	
	AC4
	Low
	Low
	Not information
	Low
	Low
	Low
	High
	DK/NR
	Low
	Low
	Low
	Not information
	No information

	
	Infrastructure and operability
	AC5
	No information
	No information
	Complete information 
	No information
	Complete information
	No information
	Complete information
	No information
	No information
	Complete information
	No information
	Not information
	No information

	
	
	AC6
	Complete information
	Incomplete information
	Incomplete information 
	No information
	Complete information
	Incomplete information
	Incomplete information
	No information
	Complete information
	Complete information
	No information
	Incomplete information 
	Incomplete information

	
	
	AC7
	Medium
	High
	High
	Low
	Medium
	Low
	Medium
	Medium
	Medium
	High
	Medium
	Medium
	Low

	
	
	AC8
	6 h
	6 h
	2 hours
	24 h
	3 h
	48 h
	> 24 h
	24 h
	> 24 h
	2 h
	DK/NR
	48 hours
	12 h

	
	Administrative
	AC9
	1
	3
	4 
	4
	4
	2
	3
	3
	3
	5
	3
	1
	1

	
	
	AC10
	2
	4
	1
	4
	3
	1
	2
	1
	2
	1
	3
	1
	1

	
	
	AC11
	No availability
	Insufficient
	Sufficient
	Insufficient
	Insufficient
	No availability
	No availability
	No availability
	Insufficient
	No availability
	No availability
	Insufficient 
	No availability

	
	
	AC12
	No
	No
	No
	No
	No
	No
	No
	NS/NR
	No
	Yes
	No
	No
	No

	
	Socioeconomic
	AC13
	No information
	No information
	No
	No information
	Complete information
	No information
	Complete information
	No information
	Incomplete information
	Complete information
	No information
	No
	No

	
	
	AC14
	High
	Medium
	Low
	Medium
	High
	Medium
	High
	Low
	High
	Low
	Medium
	High
	High





Table 2 Output values of the CVI-CAAW indicators for the community aqueducts of Potrerito, La Zapata, and Chontaduro.
	Climate vulnerability dimension
	Component
	Indicator
	Potrerito
	La Zapata
	Chontaduro

	
	
	
	Component score 
	Dimension score 
	Climate vulnerability level
	Component score 
	Dimension score 
	Climate vulnerability level
	Component score 
	Dimension score 
	Climate vulnerability level

	Sensitivity
	Environmental
	S1
	Medium
(54)
	High
(82.6)
	High
(82.6)
	Low
(17.4)
	High
(82.6)
	High
(82.6)
	Low
(17.4)
	Low
(17.4)
	Medium
(50)

	
	
	S2
	
	
	
	
	
	
	
	
	

	
	
	S3
	
	
	
	
	
	
	
	
	

	
	
	S4
	
	
	
	
	
	
	
	
	

	
	Infrastructure and Operability
	S5
	High
(82.6)
	
	
	High
(82.6)
	
	
	Low
(17.4)
	
	

	
	
	S6
	
	
	
	
	
	
	
	
	

	
	
	S7
	
	
	
	
	
	
	
	
	

	
	
	S8
	
	
	
	
	
	
	
	
	

	
	
	S9
	
	
	
	
	
	
	
	
	

	
	Administrative 
	S10
	Low
(17.4)
	
	
	High
(82.6)
	
	
	Low
(17.4)
	
	

	
	
	S11
	
	
	
	
	
	
	
	
	

	
	Socioeconomic
	S12
	Low
(17.4)
	
	
	Medium
(50)
	
	
	Medium
(50)
	
	

	
	
	S13
	
	
	
	
	
	
	
	
	

	Adaptive capacity
	Environmental
	AC1
	Medium
(50)
	Medium 
(50)
	
	Medium
(50)
	Low
(17.4)
	
	Medium
(50)
	Medium
(50)
	

	
	
	AC2
	
	
	
	
	
	
	
	
	

	
	
	AC3
	
	
	
	
	
	
	
	
	

	
	
	AC4
	
	
	
	
	
	
	
	
	

	
	Infrastructure and operability
	AC5
	Medium
(50)
	
	
	Medium
(50)
	
	
	Medium
(50)
	
	

	
	
	AC6
	
	
	
	
	
	
	
	
	

	
	
	AC7
	
	
	
	
	
	
	
	
	

	
	
	AC8
	
	
	
	
	
	
	
	
	

	
	Administrative
	AC9
	Low
(17.4)
	
	
	Low
(17.4)
	
	
	Medium
(50)
	
	

	
	
	AC10
	
	
	
	
	
	
	
	
	

	
	
	AC11
	
	
	
	
	
	
	
	
	

	
	
	AC12
	
	
	
	
	
	
	
	
	

	
	Socioeconomic
	AC13
	Medium
(50)
	
	
	Low
(17.4)
	
	
	Low
(17.4)
	
	

	
	
	AC14
	
	
	
	
	
	
	
	
	




Table 3 Output values of the CVI-CAAW indicators for the community aqueducts of Iracales, Arenillo Bajo and Bolo Blanco.
	Climate vulnerability dimension
	Component
	Indicator
	Iracales
	Arenillo Bajo
	Bolo Blanco

	
	
	
	Component score 
	Dimension score 
	Climate vulnerability level
	Component score 
	Dimension score 
	Climate vulnerability level
	Component score 
	Dimension score 
	Climate vulnerability level

	Sensitivity
	Environmental
	S1
	Low
(17.4)
	Low/Medium
(32.1)
	Medium
(50)
	Low
(17.4)
	High
(82.6)
	High
(82.6)
	Low/Medium
(30.8)
	High
(82.5)
	High
(82.6)

	
	
	S2
	
	
	
	
	
	
	
	
	

	
	
	S3
	
	
	
	
	
	
	
	
	

	
	
	S4
	
	
	
	
	
	
	
	
	

	
	Infrastructure and Operability
	S5
	Low
(30.8)
	
	
	Medium
(50)
	
	
	High
(82.6)
	
	

	
	
	S6
	
	
	
	
	
	
	
	
	

	
	
	S7
	
	
	
	
	
	
	
	
	

	
	
	S8
	
	
	
	
	
	
	
	
	

	
	
	S9
	
	
	
	
	
	
	
	
	

	
	Administrative 
	S10
	Low
(17.4)
	
	
	High
(82.6)
	
	
	Low
(17.4)
	
	

	
	
	S11
	
	
	
	
	
	
	
	
	

	
	Socioeconomic
	S12
	Medium
(50)
	
	
	High
(82.6)
	
	
	Medium
(50)
	
	

	
	
	S13
	
	
	
	
	
	
	
	
	

	Adaptive capacity
	Environmental
	AC1
	Medium
(50)
	Low
(17.9)
	
	Medium
(50)
	Medium
(50)
	
	Medium
(50)
	Low
(17.4)
	

	
	
	AC2
	
	
	
	
	
	
	
	
	

	
	
	AC3
	
	
	
	
	
	
	
	
	

	
	
	AC4
	
	
	
	
	
	
	
	
	

	
	Infrastructure and operability
	AC5
	Low
(18.8)
	
	
	Medium
(50)
	
	
	Low
(17.4)
	
	

	
	
	AC6
	
	
	
	
	
	
	
	
	

	
	
	AC7
	
	
	
	
	
	
	
	
	

	
	
	AC8
	
	
	
	
	
	
	
	
	

	
	Administrative
	AC9
	Low/Medium
(35)
	
	
	Low/Medium
(35)
	
	
	Low
(17.4)
	
	

	
	
	AC10
	
	
	
	
	
	
	
	
	

	
	
	AC11
	
	
	
	
	
	
	
	
	

	
	
	AC12
	
	
	
	
	
	
	
	
	

	
	Socioeconomic
	AC13
	Medium
(50)
	
	
	High
(82.6)
	
	
	Low
(17.4)
	
	

	
	
	AC14
	
	
	
	
	
	
	
	
	






Table 4 Output values of the CVI-CAAW indicators for the community aqueducts of Edén, Feria and Lomitas.
	Climate vulnerability dimension
	Component
	Indicator
	Edén
	Feria
	Lomitas

	
	
	
	Component score 
	Dimension score 
	Climate vulnerability level
	Component score 
	Dimension score 
	Climate vulnerability level
	Component score 
	Dimension score 
	Climate vulnerability level

	Sensitivity
	Environmental
	S1
	Low
(17.4)
	High
(82.6)
	High
(82.6)
	Medium/High
(60.5)
	High
(82.6)
	High
(82.6)
	Medium 
(59.1)
	High
(82.6)
	High
(82.6)

	
	
	S2
	
	
	
	
	
	
	
	
	

	
	
	S3
	
	
	
	
	
	
	
	
	

	
	
	S4
	
	
	
	
	
	
	
	
	

	
	Infrastructure and Operability
	S5
	High
(82.6)
	
	
	High
(82.6)
	
	
	High
(82.6)
	
	

	
	
	S6
	
	
	
	
	
	
	
	
	

	
	
	S7
	
	
	
	
	
	
	
	
	

	
	
	S8
	
	
	
	
	
	
	
	
	

	
	
	S9
	
	
	
	
	
	
	
	
	

	
	Administrative 
	S10
	High
(82.6)
	
	
	High
(82.6)
	
	
	Medium
(50)
	
	

	
	
	S11
	
	
	
	
	
	
	
	
	

	
	Socioeconomic
	S12
	Medium
(50)
	
	
	High
(82.6)
	
	
	Low
(17.4)
	
	

	
	
	S13
	
	
	
	
	
	
	
	
	

	Adaptive capacity
	Environmental
	AC1
	Medium
(50)
	Low
(17.4)
	
	Medium
(50)
	Low
(17.4)
	
	Medium
(50)
	Low
(17.4)
	

	
	
	AC2
	
	
	
	
	
	
	
	
	

	
	
	AC3
	
	
	
	
	
	
	
	
	

	
	
	AC4
	
	
	
	
	
	
	
	
	

	
	Infrastructure and operability
	AC5
	Low
(17.4)
	
	
	Low
(18.8)
	
	
	Low
(18.8)
	
	

	
	
	AC6
	
	
	
	
	
	
	
	
	

	
	
	AC7
	
	
	
	
	
	
	
	
	

	
	
	AC8
	
	
	
	
	
	
	
	
	

	
	Administrative
	AC9
	Low
(17.4)
	
	
	Low
(17.4)
	
	
	Low
(17.4)
	
	

	
	
	AC10
	
	
	
	
	
	
	
	
	

	
	
	AC11
	
	
	
	
	
	
	
	
	

	
	
	AC12
	
	
	
	
	
	
	
	
	

	
	Socioeconomic
	AC13
	High
(82.6)
	
	
	Low
(17.4)
	
	
	Low
(17.4)
	
	

	
	
	AC14
	
	
	
	
	
	
	
	
	






Table 5 Output values of the CVI-CAAW indicators for the community aqueducts of La Buitrera, El Retiro and El Líbano.
	Climate vulnerability dimension
	Component
	Indicator
	La Buitrera
	El Retiro
	El Líbano

	
	
	
	Component score 
	Dimension score 
	Climate vulnerability level
	Component score 
	Dimension score 
	Climate vulnerability level
	Component score 
	Dimension score 
	Climate vulnerability level

	Sensitivity
	Environmental
	S1
	Low
(17.4)
	Medium
(50)
	Medium
(50)
	Medium
(50)
	Medium
(50)
	High
(82.6)
	Medium
(50)
	High
(82.6)
	High
(82.6)

	
	
	S2
	
	
	
	
	
	
	
	
	

	
	
	S3
	
	
	
	
	
	
	
	
	

	
	
	S4
	
	
	
	
	
	
	
	
	

	
	Infrastructure and Operability
	S5
	Medium
(50)
	
	
	Medium
(50)
	
	
	High
(82.6)
	
	

	
	
	S6
	
	
	
	
	
	
	
	
	

	
	
	S7
	
	
	
	
	
	
	
	
	

	
	
	S8
	
	
	
	
	
	
	
	
	

	
	
	S9
	
	
	
	
	
	
	
	
	

	
	Administrative 
	S10
	Low
(17.4)
	
	
	High
(82.6)
	
	
	Medium
(50)
	
	

	
	
	S11
	
	
	
	
	
	
	
	
	

	
	Socioeconomic
	S12
	Low
(17.4)
	
	
	Low
(17.4)
	
	
	High
(82.6)
	
	

	
	
	S13
	
	
	
	
	
	
	
	
	

	Adaptive capacity
	Environmental
	AC1
	Medium
(50)
	Medium
(50)
	
	Medium
(50)
	Low
(17.4)
	
	Medium
(50)
	Low
(17.4)
	

	
	
	AC2
	
	
	
	
	
	
	
	
	

	
	
	AC3
	
	
	
	
	
	
	
	
	

	
	
	AC4
	
	
	
	
	
	
	
	
	

	
	Infrastructure and operability
	AC5
	High
(82.6)
	
	
	Low
(17.4)
	
	
	Low
(17.4)
	
	

	
	
	AC6
	
	
	
	
	
	
	
	
	

	
	
	AC7
	
	
	
	
	
	
	
	
	

	
	
	AC8
	
	
	
	
	
	
	
	
	

	
	Administrative
	AC9
	Low/Medium
(35)
	
	
	Low
(17.4)
	
	
	Low
(17.4)
	
	

	
	
	AC10
	
	
	
	
	
	
	
	
	

	
	
	AC11
	
	
	
	
	
	
	
	
	

	
	
	AC12
	
	
	
	
	
	
	
	
	

	
	Socioeconomic
	AC13
	Medium
(50)
	
	
	Low
(17.4)
	
	
	Medium
(50)
	
	

	
	
	AC14
	
	
	
	
	
	
	
	
	





Table 6 Output values of the CVI-CAAW indicators for the community aqueduct of El Recreo.
	Climate vulnerability dimension
	Component
	Indicator
	El Recreo

	
	
	
	Component score 
	Dimension score 
	Climate vulnerability level

	Sensitivity
	Environmental
	S1
	Low
(17.4)
	High
(82.6)
	High
(82.6)

	
	
	S2
	
	
	

	
	
	S3
	
	
	

	
	
	S4
	
	
	

	
	Infrastructure and Operability
	S5
	High
(82.6)
	
	

	
	
	S6
	
	
	

	
	
	S7
	
	
	

	
	
	S8
	
	
	

	
	
	S9
	
	
	

	
	Administrative 
	S10
	Low
(17.4)
	
	

	
	
	S11
	
	
	

	
	Socioeconomic
	S12
	Medium
(50)
	
	

	
	
	S13
	
	
	

	Adaptive capacity
	Environmental
	AC1
	Medium
(50)
	Low
(17.4)
	

	
	
	AC2
	
	
	

	
	
	AC3
	
	
	

	
	
	AC4
	
	
	

	
	Infrastructure and operability
	AC5
	Low
(18.1)
	
	

	
	
	AC6
	
	
	

	
	
	AC7
	
	
	

	
	
	AC8
	
	
	

	
	Administrative
	AC9
	Low
(17.4)
	
	

	
	
	AC10
	
	
	

	
	
	AC11
	
	
	

	
	
	AC12
	
	
	

	
	Socioeconomic
	AC13
	Medium
(50)
	
	

	
	
	AC14
	
	
	



