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Online Resource 1. Research implementing the DPSIR framework addressing issues related to wastewater management.

	No
	Location
	Scale
	General Objective
	Methods
	Data sources
	Participatory approach
	Focus on periurban areas
	Reference

	1
	Sithonia Peninsula in Chalkidiki, North Greece
	A fractured aquifer in a coastal tourist area
	To combine the DPSIR framework with hydrochemical analysis to assess environmental and human impacts on water resources in a tourist coastal area
	DPSIR framework coupled with hydrochemical data on groundwater resources
	Geographical and demographic data, together with morphology, geology, hydrology, and groundwater quality data
	No
	No
	Parastatidou et al. (2025)

	2
	Dongting Lake, China’s second-largest freshwater lake, China
	watershed scale - Lake type basin
	To establish an integrated “diagnosis–restoration–regulation” analytical framework for assessing water environment security and identifying priority restoration
zones in lake-type basins.
	DPSIR model with 24 indicators. The weights of the indicators were determined using the entropy method. The obstacle degree model was applied to quantitatively identify the primary factors constraining water environment security. Spatial autocorrelation analysis to examine spatial dependency characteristics and delineate priority restoration areas. 
	Socioeconomic statistics and natural geographic data. Socioeconomic indicators, including population figures and GDP, were obtained from government statistical yearbooks and official websites. Natural geographic data were collected from multiple authoritative sources.
	No
	No
	Luo et al. (2025)

	3
	Surma River, Bangladesh
	watershed scale
	To evaluate the current status and management challenges of the river’s water resources and to formulate a comprehensive framework for their sustainable management
	Conceptual development of the DPSIR framework; Data collection using secondary sources; semi-structured interviews; laboratory test; data analysis involving descriptive statistics, and representation through graphs and charts to visualize key trends and patterns; thematic analysis for qualitative data.
	Secondary sources; field surveys with 40 riparian interviews to identify perceived DPSIR elements associated with the river status; and water sampling from October 2019 to February 2020 at six sites, complemented by secondary hydrological and policy data.
	Surveys and semi-structured interviews
	No
	Hasan et al. (2025)

	4
	Laizhou Bay, China
	Coastal
marine ecosystem -Bay and its three neighboring counties
	To comprehensively evaluate the ecological
security of Laizhou Bay
	Evaluation index system, based on the and the DPSIR model framework, with 26 indicators weighted using the Analytic hierarchy process (AHP) and the Entropy weight method (EWM). Analysis performed for 7 years from 2015 to 2021. Correlation between indicators determined by the Spearman’s rank coefficient of correlation.
	Secondary data from official sources. 
	No
	No
	Wang et al. (2024)

	5
	Hunjiang River, China
	watershed scale
	To construct a DPSIR framework to evaluate the environmental issues of four prefecture-level cities through which the Hunjiang River flows
	DPSIR framework, the Entropy weight method, and the correlation coefficient weighting method. 
Coupling the DPSIR framework with the Water Resource Carrying Capacity (WRCC). 
	Secondary data from official sources. 
	No
	No
	Tang et al. (2024)

	6
	Axarquia, Spain
	Region
	To apply the DPSIR framework to understand the basin closure process in Axarquia and assess the main actions that have been undertaken by public and private sector stakeholders to address the challenges faced by the region
	Apply the DPSIR framework to enhance understanding of the causes, impacts, and policy responses to basin closure processes.
	Secondary data from official sources. 
	No
	No
	Hurtado et al. (2024)

	7
	Khenifiss Lagoon, Morocco
	Coastal lagoon
	To conduct a comprehensive socioeconomic and environmental
assessment of the Khenifiss Lagoon to promote sustainable development and
support decision-makers.
	Data collection based on bibliographic analysis of secondary sources; field observations and interviews; use of Geographic Information Systems (GIS) to map areas subject to pollution; assessment of sediment quality, water quality, and biodiversity. Data analysis of qualitative and quantitative data using the DPSIR framework to describe the relationships between the origins and consequences of environmental problems, as well as to define the causal links existing along the chain. 
	Secondary data: publications and reports, satellite images and remote sensing data, field observations, and interviews
	field observations and interviews with local
authorities, fishermen, salt miners, and residents
	No
	El Behja et al. (2024)

	8
	Zhuhai and Macao, China
	Urban areas
	To establish a sustainable evaluation model for water resources at the city scale
	DPSIR framework, Principal Component Analysis and Entropy. 
	Secondary data available from official sources
	No
	No
	Bai et al. (2024)

	9
	Chesapeake
Bay
	watershed scale
	To better understand the source, causes, and consequences of
eutrophication for managers, decision-makers, and policymakers
to support and modify management measures to improve the
ecosystem health and wealth of the Chesapeake Bay
	Definition of stakeholder´s typology; collection of data from secondary sources: Oyster turnover time, nutrient dynamics, and water quality. Data analysis using the DPSIR framework.
	Secondary data
	No
	No
	Leyva Ollivier et al. (2023)

	10
	Madinnagoda marsh, Sri Lanka
	Wetland ecosystem
	To develop a framework focusing on the sustainable management
and utilization of wetland resources at Madinnagoda marsh.
	Using secondary data sources, formulating a conceptual model based on the DPSIR framework, field observations, discussions with stakeholders, formulation of a development plan, and managerial strategies. 
	Secondary data, field visits, and discussions with residents
	No
	No
	Pathirana and Manatunge (2022)

	11
	Jakarta, Indonesia
	Urban areas
	To develop a strategy to deal with climate change in urban areas using Remote Sensing and the Driver-
Pressure-State-Impact-Response (DPSIR) Framework with a case study in Jakarta Smart City
	Secondary Data and Vegetation Index Data processed using the Entropy Method in the DPSIR Framework. Hypothesis testing using Partial Least Square-Structural Equation Modeling; Analysis technique to test the structural model using SmartPLS software.
	Secondary data; Calculation of a vegetation index trough observations and remote sensing. 
	No
	No
	Kristiadi et al. (2022)

	12
	Pedro Moncayo county, Ecuador
	Landscape-Tropical Mountain ecosystem
	To conduct an ecosystem service assessment in the context of tropical mountain systems
	Coupling the DPSIR framework with Land use and land cover change dynamics using Markov chain probabilities and integration with a variety of publicly available geospatial and temporal data into a Generalized Additive Model (GAM) to evaluate factors driving landscape dynamics. 
	Secondary data
	No
	No
	Guarderas-Valverde et al. (2022)

	13
	Isfahan city, Iran
	Urban areas
	To develop a comprehensive System Dynamics + DPSIR framework to analyze the water-land-society nexus related to social, economic,
and environmental dynamics in Isfahan City’s Socio-Hydrologic System
	Using the DPSIR framework and system archetypes, coupled with System Dynamics models.
DPSIR model development; System Dynamics model description; Water-Society-Land Nexus model test and validation; Model application; Scenario analysis; system archetype analysis
	Secondary data
	No
	No
	Gohari et al. (2022)

	14
	Magdalena River-mouth at Bocas de Ceniza, Colombia
	River mouth system
	To identify the impacts on human welfare and ecosystem services derived from land-based pollution within the Magdalena River mouth
socio-ecological system at Bocas de Ceniza (MRm- SES)
	Using the DPSIR framework and determining loads of water pollutants and solid waste from different sources to prioritize managerial alternatives
	Secondary data
	No
	No
	Gallo-Vélez et al. (2022)

	15
	Brazilian Atlantic Forest, Brazil
	Biome
	To develop a better understanding and appreciation of the complexities, trade-offs, and synergies which need to be considered in reconciling city development, nature conservation, and human well-being
	Developing a conceptual model based on the DPSIR framework to describe the consequences of urban growth for three perspectives: Nature for Society, Nature for Nature, and Nature as Culture. Use of scenario storylines to plan desirable futures and identify managerial alternatives. Analyze complexity, trade-offs, and synergies regarding city development, nature conservation, and human well-being.
	Secondary data
	No
	No
	Lembi (2020)

	16
	Northern Adriatic (NA), Italy
	Marine ecosystem
	To better understand the excess of nutrients as stressors to the state of the marine ecosystem
	Coupling the DPSIR framework with nutrient models, water quality index, and assessment of the trophic state of a marine ecosystem
	Secondary data: GIS layers (i.e., digital terrain model, land use/cover data, soil map, locations of hydro-meteorological stations and WWTPs), time series data (i.e., hydrometeorological data and nutrient concentrations), and statistical data (i.e., number of inhabitants, connections to wastewater treatment, livestock statistics, etc.) as well as physical, chemical and biological water quality parameters
	No
	No
	Volf et al. (2018)

	17
	Biobío River Basin, Chile
	watershed scale
	To evaluate the direct and indirect effects that the loss of biodiversity and ecosystem services has on human wellbeing in the Biobío River Basin
	Using the DPSIR framework to explore the relationships between the river ecosystem and the social system. Selection of 65 basin and regional-scale indicators to analyze trends and associations among the different DPSIR components. 
	Secondary data
	No
	No
	Díaz et al. (2018)

	 18
	Al Jabal Al Akhdar, Oman
	Region -semi-arid
mountainous area
	To examine the social and ecological aspects of mountain water to
explore optimal approaches for sustainable use and management
	Using the DPSIR framework to illustrate the cause-and-effect relationships for the sustainable management of water resources in the area
	Primary data: (1) water resources quantity and quality analysis; (2) questionnaire survey of three target stakeholder groups (households, farmers, and government officials/experts). Secondary data: meteorological data, flow rate data, and groundwater levels.
	No
	No
	Al-Kalbani et al. (2016)
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[bookmark: _Ref181698404]Online Resource 2. Articles Selected During the Literature Review Process on Indicators for Analyzing the Impact of Wastewater Discharges from Informal Settlements on the Hydrological Service of Water Supply.
	 
	 
	 
	 
	Dimension*

	
	Article
	Reference
	Objective
	Economic
	Environmental
	Social
	Governance
	Technical

	1
	Sanitation Criteria: A Comprehensive Review of Existing Sustainability and Resilience Evaluation Criteria for Sanitation Systems
	Chambers et al. (2022)
	Review systematically the literature to identify indicators to sustainable sanitation access in multiple contexts focused in environmental and human welfare.
	34
	28
	48
	5
	34

	2
	Developing sanitation planning options: A tool for systematic consideration of novel technologies and systems
	Spuhler et al. (2020)
	Propose an algorithm to generate a set of wastewater sanitation configurations with a potential for resource recovery 
	2
	4
	10
	
	11

	3
	Systematic approach to evaluating environmental and ecological technologies for wastewater treatment
	Su et al. (2019)
	Develop a model for evaluating the performance of environmental technologies in wastewater treatment​.
	1
	7
	1
	
	2

	4
	A Multi-Criteria Approach for Assessing the Sustainability of Small-Scale Cooking and Sanitation Technologies
	Krause and Köppel (2018)
	Develop a tool to assess the sustainability of small - scale sanitation technologies scale with a multicriteria approach
	8
	6
	14
	3
	12

	5
	Multicriteria performance analysis of an integrated urban wastewater system for energy management
	Puleo et al. (2017)
	Analyze multicriteria performance in wastewater urban systems​​ under an environmental and energy sustainability approach.
	9
	2
	2
	
	

	6
	Economic Aspects of Sustainable Sanitation in Rural Settlements
	Widowsky et al. (2017)
	Discuss the challenges of economic maintenance of rural sanitation in the sustainable development framework​ 
	3
	
	
	
	

	7
	Addressing social aspects associated with wastewater treatment facilities
	Padilla-Rivera et al. (2016)
	Evaluating social wastewater management​ under a semi-qualitative approach 
	2
	
	13
	4
	3

	8
	A multi-objective approach with soft constraints for water supply and wastewater coverage improvements
	Pinto et al. (2015)
	Evaluate wastewater treatment plants​​​ under a sustainability approach in Lithuania
	5
	11
	6
	
	9

	9
	Decentralized peri-urban wastewater treatment technologies assessment integrating sustainability indicators
	Mena-Ulecia and Hernández (2015)
	Assess holistically the sustainability of different decentralized wastewater treatments in an urban and peri-urban contexts
	2
	9
	2
	
	

	10
	Decision support for redesigning wastewater treatment technologies
	McConville et al. (2014)
	Formulate a methodology for sustainable selection of wastewater treatment technologies​ which invites the development of new technologies
	2
	5
	10
	
	11

	11
	Contested Factors for Sustainability: Construction and Management of Household On-Site Wastewater Treatment Systems
	Kaminsky and Javernick-Will (2013)
	Propose factors for the evaluation of decentralized wastewater sanitation infrastructure 
	5
	3
	12
	3
	6

	12
	Technology Applicability Framework
	Olschewski and Casey (2015)
	Formulate a decision-making tool about the applicability, scalability and sustainability of wastewater sanitation technologies
	2
	
	4
	3
	

	13
	Decision-making criteria and indicators for water and sanitation projects in developing countries
	Garfí and Ferrer-Martí (2011)
	Propose a wide list of indicators and criteria in water and sanitation projects​ in small rural communities in developing countries
	2
	7
	12
	
	4

	14
	Multiple-objective evaluation of wastewater treatment plant control alternatives
	Flores-Alsina et al. (2010)
	Formulate an environmental evaluation model (BSM2) integrated with economic, technical and legal criteria, complementary to life cycle analysis
	2
	11
	10
	2
	4

	15
	A performance indicators system for urban wastewater treatment plants
	Quadros et al. (2010)
	Propose performance indicators for the evaluation of urban wastewater treatment plants​​ 
	5
	7
	5
	
	5

	16
	Selection of sustainable sanitation technologies for urban slums – A case of Bwaise III in Kampala, Uganda
	Katukiza et al. (2010)
	Propose a method for selecting wastewater sanitation technology​​​ for human settlements 
	5
	2
	3
	3
	4

	
	
	
	Total
	89
	102
	152
	23
	105


* Expresses the number of indicators per dimension found for each article. 
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Online Resource 3. Description of the causal criterion in the DPSIR framework

	Causal criterion in the DPSIR framework
	Description

	1.1 Human and economic development 
	Characterizes the well-being and socioeconomic capacities that influence the demand and sustainability of water and sanitation services. It includes variables like income, multidimensional poverty, education, formal and informal employment, and access to basic services. 

	1.2 Demographic phenomena
	Describes demographic dynamics that influence urban growth, expansion of informal settlements, and pressure on the sanitation infrastructure. It includes indicators like density, annual growth, and internal or forced migration. These indicators help forecast an increase in water demand, wastewater production, and the occupation of environmentally fragile areas, which are crucial for anticipating trends in land pressure. 

	1.3 Climatic variability 
	Analyzes the influence of climatic patterns on water availability, land stability, and hydrologic responses to wastewater discharges. It includes indicators on rainfall, temperature, seasonality, drought, and hydroclimatic anomalies.

	1.4 Land planning institutions
	Assesses the structure, coherence, and capacity of land planning, and the organizations responsible for land, water, and sanitation management. It considers the existence and application of land management instruments, the availability of funding, interinstitutional coordination, and legal coherence. 

	2.1 Increase in informal settlements (IS): 
	Quantifies the expansion and densification of IS as a direct pressure on land and water resources. It analyzes population growth rates, areas prone to risk, land-use changes, and the increase in demand for basic services. 

	2.2 Conflicts associated with land and water management 
	Identifies tensions and disputes between institutional, community, and productive stakeholders that prevent integrated water management and the implementing of sanitation solutions. It includes indicators of conflicts over water and land, institutional legitimacy, and the overlap of roles and responsibilities, reflecting sociopolitical barriers to decision-making and land governance. 

	2.3 Discharge of untreated wastewater
	Measures the quantity and quality of wastewater discharges from the informal settlements and receiving water bodies. It includes indicators of flow, biochemical oxygen demand, chemical oxygen demand, suspended solids, pathogens, and nutrients, as well as the frequency and location of discharges.   

	2.4 Institutional response for accessing water supply and sewerage
	Assesses the capacity and scope of interventions to improve sanitation conditions in informal settlements. It includes indicators such as the existence of infrastructure initiatives, the use of appropriate technology, subsidies, formalization of connections, and community participation. 

	2.5 Occurrence of extreme climatic events
	Analyzes the occurrences and severity of hydroclimatic events that exacerbate pressures on the settlements and their infrastructure. It considers floods, landslides, and drought, which promote the transport of pollutants, land instability, and the risk of failure of sewerage networks. 

	3.1 Socioeconomic conditions
	Characterizes the social and economic profiles of the settlements to understand their limitations in sanitation and water resource management. It includes indicators of people´s income, nonformal employment, household size, educational level, and access to services that define vulnerability and capacity to adopt adequate sanitation practices

	3.2 Threats, vulnerabilities, and risks
	Assesses factors of exposure and physical and social vulnerability in the settlement against natural events. It includes slopes, geotechnical instability, flood risk, erosion, building density, building materials, and the capacity for collective action. 

	3.3 Hydrological, geological, and land characteristics
	Describes the biophysical elements that control water dynamics and the movement of contaminants. It integrates information on flows, runoff, surface geology, permeability, and hydrological connectivity. 

	3.4 Water supply system features
	Examines the efficiency, continuity, and quality of water supply. It includes service coverage, failure frequency, water losses, and the use of alternative sources, which are critical aspects for assessing water security and sanitation dynamics in informal settlements. 

	3.5 Sewerage system features
	Assesses the sewerage system capacity to manage the produced wastewater. It considers coverage, functionality, cross connections, status, and performance of wastewater management systems.

	3.6 State of the hydrological services
	analyzes the status of ecosystem services related to water regulation, provision, and depuration. It includes information regarding dilution capacity, flow regulation, habitat stability, and physicochemical water quality, promoting an integrated perspective of the ecosystem estate in response to the identified pressures

	4.1 Change of water quality in the receiving water body
	Quantifies the impact of untreated wastewater discharges on receiving water sources. This is measured by quantifying changes in the conditions of the assessed water quality parameters upstream and downstream of untreated wastewater discharges. The change measurement was in relation to the parameters: pH, Electric conductivity, Temperature, Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD5), Dissolved oxygen, Total suspended solids, Total solids, Turbidity, Total alkalinity, Total hardness, Ammoniacal nitrogen, Total Kjeldahl Nitrogen, Nitrates, Nitrites, Surfactants, Fats and oils, Orthophosphates, Total phosphorous, Potassium, Thermotolerant coliforms, Total coliforms, and Water Quality Index (WQI). 





· .

[bookmark: _Toc175645929]Online Resource 4.  Water quality and quantity assessment protocols
The water quality assessment for the wastewater discharges and receiving body was developed in two stages: i) selection of the water quality monitoring points (June 2023); and ii) monitoring of quantity and quality on the wastewater discharges and receiving body (July and October 2023). Three monitoring sampling points were selected systematically, considering the upstream-downstream approach and composite sampling for water quality:  
· Control point: reference point with minimum anthropic influence, located upstream of the IS. This point captured the natural conditions of the water source, for which it had a minimum level of human activity. 
· Upstream: sampling point located just before the first wastewater discharge of the IS. This point describes the conditions of the water source, capturing human activities prior to the IS. 
· Downstream: point located between 50 and 150 meters after the last wastewater discharge from the IS. This point captures the water-source conditions after receiving wastewater from the IS, accounting for the mixing zone. 

In these sampling points, information was collected on a set of water quality parameters as follows:
 Table OR4-1. Water quality parameters assessed
	ID
	Parameter
	Equipment or collection method
	Detection limit

	1
	Temperature
	Portable multiparameter equipment Metler Toledo S678-FK2 (in situ measurement).
	±0.1 °C

	2
	pH
	Portable multiparameter equipment Metler Toledo S678-FK2 (in situ measurement).
	0.01 pH units

	3
	Electric conductivity
	Portable multiparameter equipment Metler Toledo S678-FK2 (in situ measurement).
	1.0 µS/cm

	4
	Dissolved oxygen
	Portable oximeter Hach HQ1130 (in situ measurement).
	0.01 mg/L

	5
	Total alkalinity
	Acid-base titration according to method APHA 2320 B (APHA et al. 2017), laboratory analysis.
	5.0 mg/L CaCO3

	6
	Total hardness
	EDTA titration according to method APHA 2340 C (APHA et al. 2017), laboratory analysis.
	2.0 mg/L CaCO3

	7
	Settleable solids
	Imhoff cone method, APHA 2540 F (APHA et al. 2017), laboratory analysis.
	0.1 mL/L

	8
	Total suspended solids
	Filtration and gravimetry according to method APHA 2540 D (APHA et al. 2017), laboratory analysis.
	2.0 mg/L

	9
	Turbidity
	Nephelometric method with turbidimeter, APHA 2130 B (APHA et al. 2017), laboratory analysis.
	0.1 NTU

	10
	BOD5
	Incubation method at 20 °C for 5 days, APHA 5210 B (APHA et al. 2017), laboratory analysis.
	2.0 mg/L O2

	11
	COD
	Closed reflux method with dichromate, APHA 5220 D (APHA et al. 2017), laboratory analysis.
	5.0 mg/L O2

	12
	Total nitrogen
	Persulfate digestion and colorimetric determination, APHA 4500-N C (APHA et al. 2017), laboratory analysis.
	0.1 mg/L N

	13
	Ammoniacal nitrogen
	Phenato/colorimetric method, APHA 4500-NH3 F (APHA et al. 2017), laboratory analysis.
	0.02 mg/L N-NH4+

	14
	Nitrates
	Cadmium reduction and colorimetric determination, APHA 4500-NO3 E (APHA et al. 2017), laboratory analysis.
	0.05 mg/L N-NO3-

	15
	Nitrites
	Colorimetric method with sulfanilamide, APHA 4500-NO2 B (APHA et al. 2017), laboratory analysis.
	0.01 mg/L N-NO2-

	16
	Total phosphorous
	Acid digestion and colorimetric method of ascorbic acid, APHA 4500-P E (APHA et al. 2017), laboratory analysis.
	0.01 mg/L P

	17
	Soluble reactive phosphorus
	Colorimetric method of ascorbic acid without digestion, APHA 4500-P E (APHA et al. 2017), laboratory analysis.
	0.005 mg/L P

	18
	Total potassium
	Flame photometry, APHA 3500-K (APHA et al. 2017), laboratory analysis.
	0.1 mg/L K

	19
	Total coliforms
	Membrane filtration method, APHA 9222 B (APHA et al. 2017), laboratory analysis.
	1.0 CFU/100 mL

	20
	Fecal coliforms
	Membrane filtration method, APHA 9222 D / 9221 E (APHA et al. 2017), laboratory analysis.
	1.0 CFU/100 mL

	21
	Fats
	Solvent extraction and gravimetry, APHA 5520 B (APHA et al. 2017), laboratory analysis.
	5.0 mg/L

	22
	Surfactants
	Methylene blue method, APHA 5540 C (APHA et al. 2017), laboratory analysis.
	0.02 mg/L


The composite water quality sampling consisted of collecting simple samples at predetermined time intervals (60 and 40 minutes for the water source and wastewater discharges, respectively) at the selected monitoring points on the Suratá River (control, upstream, and downstream) and at representative wastewater discharges. The monitoring campaigns lasted for eight hours; the simple samples (aliquots) at each monitoring point were integrated, considering their flow, to obtain a single composite representative sample. Thus, the composite sample synthesized the hourly variability of water quality during the sampling day in a single result (IDEAM 2018). 
The water quality monitoring process comprised preparation, sampling, and finalization following standards by APHA et al. (2017). 
Some of the water quality parameters assessed were used to calculate a Water Quality Index (WQI) proposed by the IDEAM. The WQI is an indicator that assesses the water quality status of surface sources in Colombia using a dimensionless value between 0 and 1. This index integrates information from six parameters representative of pollution, including dissolved oxygen, biochemical oxygen demand, total suspended solids, pH, nutrients, and fecal coliforms. Each parameter is transformed into a subindex and weighted by its relative importance (Equation 1), yielding a unique value that facilitates technical interpretation and communication of results. 
	
	[bookmark: _Ref216868429]Equation 1


Were, 
: Water quality index at sampling point j(-).
: Weight assigned to water quality parameter i (-). 
: Calculated value of parameter i.
Table OR4-2. Weights for each variable in the determination of the WQI.
	Variable
	Units
	Weight (Wi)

	Dissolved oxygen
	% Saturation
	0.17

	Total suspended solids
	mg/L
	0.17

	Chemical oxygen demand
	mg/L
	0.17

	Electric conductivity
	uS/cm
	0.17

	N total/P total
	mg/L/mg/L
	0.17

	pH
	pH units
	0.15



· Dissolved oxygen (DO):

Where, 
: calculated value for dissolved oxygen (-).
: dissolved oxygen measured in the field (mg/L).
: oxygen equilibrium concentration – saturation (mg/L). 

· Total suspended solids (TSS):

Where, 
: calculated value for the total suspended solids (-)
: Concentration of total suspended solids (mg/L)

· Chemical oxygen demand (COD): 
	Interval
	Calculated value

	COD≤20
	

	20<COD≤25
	

	25<COD≤40
	

	40<COD≤80
	

	COD>80
	


Where, 
: calculated value for the chemical oxygen demand (-).

· Electric conductivity (EC):

Where, 
: calculated value for the electric conductivity (-).
: electric conductivity (μS/cm).

· Total nitrogen / Total Phosphorous (NT/PT):
	Interval
	Calculated value

	15≤NT/PT≤20
	

	10<NT/PT≤15
	

	5<NT/PT≤10
	

	NT/PT≤5
	

	NT/PT>20
	


Where, 
: calculated value for the ratio between the total nitrogen and the total phosphorous (-).

· pH:
	Interval
	Calculated value

	pH<4
	

	4≤pH≤7
	

	7<pH≤8
	

	8<pH≤11
	

	pH>11
	


The WQI has five categories as shown in Table OR5.3. 
[bookmark: _Ref216870103]Table OR4.3. Water quality index categories
	Water quality index (WQI)
	Water quality categories

	0.00-0.25
	Very bad

	0.26-0.50
	Bad

	0.51-0.70
	Regular

	0.71-0.90
	Acceptable

	0.91-1.00
	Good


Water quantity
Water quantity was measured using two methods: area-velocity for the water source and volumetric for the wastewater discharges. For the area-velocity method, the procedures suggested by APHA, AWWA et al. (2017) were followed and an electromagnetic flow meter (OTT MF PRO; ±0.015 m/s) was used.  
References
APHA, AWWA and WEF (2017) Standard methods for the examination of water and wastewater. Washington, D.C., APHA (American Public Health Association), AWWA (American Water Works Association), WEF (Water Environment Federation).
IDEAM (2018) Protocolo de monitoreo de calidad de agua. Bogotá, DC, Instituto de Hidrología, Meteorología y Estudios Ambientales (IDEAM). 

Online Resource 5. Water collection and transportation system residuals of settlements validation object
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Online Resource 6.  Water quality in the water source according to season.
	
	
	Monitoring point

	Parameter
	Unit
	Control
	Upstream
	Downstream

	
	
	Dry season
	Rainy season
	Dry season
	Rainy season
	Dry season
	Rainy season

	Flow
	(m3/s)
	6.2 ± 0.2
	6.9 ± 0.5
	5.5 ± 0.4
	6.2 ± 0
	5.5 ± 0.4
	6.3 ± 0

	pH
	(-)
	8.3 ± 0.2
	8.3 ± 0.1
	7.9 ± 0.2
	8.1 ± 0.1
	8.1 ± 0
	7.8 ± 0.1

	Electric conductivity
	(uS/cm)
	178 ± 3
	160 ± 7
	172 ± 3
	140 ± 6
	184 ± 4
	203 ± 23

	Temperature
	(°C)
	7.9 ± 0.1
	7.9 ± 0.1
	8.3 ± 0.1
	8.3 ± 0.1
	3.6 ± 0.6
	6.1 ± 1.5

	COD
	(mg/L O2)
	22.6 ± 0.3
	22.3 ± 0.4
	22.6 ± 0.7
	23.9 ± 0.5
	22.6 ± 0.7
	23 ± 0.5

	BOD5
	(mg/L O2)
	10 ± 3
	21 ± 3
	30 ± 38
	14 ± 6
	10 ± 3
	37 ± 38

	Dissolved oxygen
	(mg/L)
	7 ± 5
	11 ± 2
	11 ± 10
	6 ± 2
	10 ± 4
	21 ± 25

	Total suspended solids
	(mg/L)
	62 ± 19
	17 ± 4
	69 ± 31
	15 ± 7
	75 ± 28
	18 ± 11

	Total solids
	(mg/L)
	56 ± 5
	59 ± 3
	59 ± 6
	59 ± 1
	60 ± 5
	60 ± 2

	Turbidity
	(NTU)
	19 ± 7
	67 ± 4
	35 ± 6
	68 ± 5
	40 ± 10
	67 ± 4

	Total alkalinity
	(mg/L CaCO3)
	0.02 ± 0.01
	0.31 ± 0.03
	0.67 ± 0.93
	0.29 ± 0.04
	0.46 ± 0.3
	7.53 ± 14.38

	Total hardness
	(mg/L CaCO3)
	0.65 ± 0.17
	1.31 ± 0.47
	2.03 ± 2.65
	0.83 ± 0.23
	0.68 ± 0.17
	10 ± 17.35

	Ammoniacal nitrogen
	(mg/L N-NH4+)
	0.03 ± 0.05
	0.1 ± 0.05
	0.1 ± 0.03
	0.14 ± 0.04
	0.09 ± 0.03
	0.16 ± 0.02

	Kjeldhal nitrogen
	(mg/L N)
	0.016 ± 0.001
	0.007 ± 0.008
	0.02 ± 0.005
	0.013 ± 0.006
	0.02 ± 0.006
	0.031 ± 0.011

	Nitrates
	(mg /L N-NO3-)
	0.06 ± 0.036
	0.026 ± 0.009
	0.08 ± 0.082
	0.007 ± 0.005
	0.02 ± 0.008
	0.066 ± 0.09

	Nitrites
	(mg/L N-NO2-)
	6 ± 1
	6 ± 1
	8 ± 1
	2 ± 1
	6 ± 2
	4 ± 4

	Surfactants
	(mg/L SAAM)
	0.01 ± 0.01
	0.04 ± 0.01
	0.03 ± 0.04
	0.04 ± 0.04
	0.05 ± 0.03
	0.1 ± 0

	Fats and oils
	(mg/L)
	0.01 ± 0.01
	0.02 ± 0.03
	0.25 ± 0.27
	0.03 ± 0.05
	0.36 ± 0.36
	0.2 ± 0.12

	Ortophosphates
	(mg/L PO-34)
	149 ± 26
	128 ± 24
	185 ± 24
	112 ± 38
	207 ± 27
	130 ± 17

	Total phosphorous
	(mg/L P)
	27 ± 18
	9 ± 2
	37 ± 18
	10 ± 2
	35 ± 20
	9 ± 2

	Potassium
	(mg/L K)
	2.41 ± 0.13
	2.2 ± 0.32
	2.2 ± 0.13
	2.34 ± 0.28
	2.44 ± 0.49
	2.52 ± 0.39

	Thermotolerant coliforms
	(MPN/100mL)
	2995 ± 4316
	3468 ± 4080
	883 ± 331
	32825 ± 41747
	15500 ± 12461
	44000 ± 36941

	Total coliforms
	(MPN/100mL)
	8070 ± 9656
	7148 ± 5195
	3375 ± 1190
	44523 ± 53148
	21425 ± 15885
	58750 ± 47030





[bookmark: _Hlk221899847]Online Resource 7. Indicator’s performance for evaluating the effect of wastewater discharge​​ from informal settlements​ on the water supply service​​ integrated into the DPSIR model.
	[bookmark: _Hlk172283912][bookmark: _Hlk217918404]
	1. DRIVERS

	
	1.1 Human and economic development

	
	1.1.1 Economic development

	
	Indicator
	Metric [Unit]
	Collection mechanism (Information source)
	Performance 

	E
	1.1.1.1 Economic activities: Main set of operations and/or economic activities 
	Nominal [agricultural, livestock, forestry, commercial, mining, other]
	Report National Statistics Office (Secondary)
	Services (33%), Industry (17.1%) and Commerce (12.7%) (CCB 2020)

	E
	1.1.1.2 Departmental GDP: Gross Domestic Product by department
	Currency [$/ Year]
	Report National Statistics Office (Secondary)
	Santander GDP: 11.8 billion $USD (6.2% of the country's economy). GDP per capita: 6,306 $USD (DANE 2023)

	E
	1.1.1.3 Employment rate: Percentual relationship among the population economically active and the population in working age​
	(Number of economically active persons / Number of persons in working age)*100 [%/ Year]
	Report National Statistics Office (Secondary)
	89.3% (DANE 2022)

	
	1.1.2 Human development 

	E
	1.1.2.1 HDI: The Human Development Index is composed of measures in: health (life expectancy), education (literacy rate) and wealth (GDP per capita)
	1 /3*(Life expectancy index + Education index + GDP index) 
[-]
	Report National Statistics Office (Secondary)
	0.76 (García 2006)

	E
	1.1.2.2 Housing deficit: Set of deficiencies or precariousness of a home or environmental conditions that limits the access to a worthy housing 
	(Housing with deficit / Total Housing)*100 [%]
	Report National Statistics Office (Secondary)
	26.8% (DANE 2022)

	
	1.2 Demographic phenomena 

	
	1.2.1 Population size

	S
	1.2.1.1 Total population: Total number of people
	Number of persons [Persons]
	Report National Statistics Office (Secondary)
	2.36 million persons (DANE 2018)

	S
	1.2.1.2 Population density: Number of inhabitants of a region in relation to a unit of surface 
	Number of persons / Unit area [Persons/Km2]
	Report National Statistics Office (Secondary)
	74.69 persons/km 2  (DANE 2018)

	S
	1.2.1.3 Population distribution: Distribution in percentage of population according to its residential place (urban, peri-urban and rural)
	(Number of persons per residential place / Total number of persons)*100 [%]
	Report National Statistics Office (Secondary)
	Urban: 75.9%. Rural and peri-urban : 24.1% (DANE 2018)

	 
	1.2.2 Population growth

	S
	1.2.2.1 Population growth rate: Average population growth rate at the national, departmental and / or municipal scale
	(Ln(Population2) - Ln(Population1)/(time2-time1))*100 [%]
	Report National Statistics Office (Secondary)
	Colombia (1.1%), Santander (1.3%) and AMB (1.0%) (DANE 2018)

	S
	1.2.2.2 Net migration rate: It is the difference between the gross rate immigration and the gross rate emigration
	(Immigrants - Emigrants) / (Non -migrant population +0.5 (Immigrants - Emigrants) [-]
	Report National Statistics Office, Migration Office (Secondary)​
	Santander: 0.8 (DANE 2023)

	S
	1.2.2.3 Displaced population: Total population displaced (armed conflict, infrastructure projects, natural disasters, climate change, others) who come to reside in a IS
	Number of displaced persons / Unit time 
[Persons/ Year]
	Report Victims Office (Secondary)​
	Santander (2022): 2280 displaced / year (UAEARIV 2022)

	
	1.3 Institutionality of territorial planning​

	
	1.3.1 Institutional framework

	G
	1.3.1.1 Institutional instruments Informal settlements- related: Existence of policies, strategies and institutional structures related to IS planning (favorable or barriers)
	Dichotomous [Yes/No]
	Report Ministry of Environment (Secondary)
	Yes (González-Zapata 2009)

	G
	1.3.1.2 Institutional support: Institutional instruments that promote the provision of W&S to IS
	Dichotomous [Yes/No]
	Ministry of Environment, Office of public services (Secondary)
	Yes (Saker et al. 2022)

	G
	1.3.1.3 Institutional barriers to the provision of W&S services in IS: Existence of policies, strategies and institutional structures that limiting the provision of W&S in IS
	Dichotomous [Yes/No]
	Report Service Office​ Public, Municipal Mayor's Office (Secondary)
	Yes (Saker et al. 2022)

	
	1.4 Climate variability

	
	1.4.1 Evidence of variability climatic 

	A
	1.4.1.1 Extreme precipitation: Annual maximum precipitation in 24 hours
	Precipitation [mm]
	National Institute of Meteorology Report, Environmental Authority (Secondary)
	75 - 200 mm (IDEAM 2022)

	
	*Note. S: social; E: economic; A: environmental; T: technical; G: governance; GDP: Gross Domestic Product; W&S: water and sanitation; IS: informal settlement.

	
	
	
	
	

	
	2. PRESSURE

	
	2.1 Informal settlements increase

	
	2.1.1 Territory occupation 

	
	Indicator
	Metric [Unit]
	Collection mechanism (Information source)
	Performance 

	S
	2.1.1.1 Informal settlement growth: IS expansion rate per unit time
	IS Area Variation / Unit time [km2/ Year]
	Report National Statistics Office, Municipal Government (Secondary)
	7.0 km2 / year (Rocha et al. 2006)

	S
	2.1.1.2 Number of IS: Total number of IS in the region 
	Number of IS [IS]
	Report National Statistics Office, Municipal Government (Secondary)
	236 (2019) (Zambrano-Valdivieso and Macías-Rodríguez 2020)

	S
	2.1.1.3 Informal settlement total population: Total number of inhabitants of the IS
	Number of persons [Number of persons]
	Report National Statistics Office, Municipal Government (Secondary)
	130,549 persons (Zambrano-Valdivieso and Macías-Rodríguez 2020)

	S
	2.1.1.4 Population proportion: Distribution of the population residing in the IS regarding to the total urban area
	(Number of persons in IS/ Total number of persons)*100 
[%]
	Report National Statistics Office, Municipal Government (Secondary)
	12.32% (Zambrano-Valdivieso and Macías-Rodríguez 2020)

	
	2.2 Conflicts associated with water and soil management​

	
	2.2.1 Conditions of access to land

	S
	2.2.1.1 Land tenure mechanisms: Historical mechanisms (formal or informal) for accessing land ownership in the IS
	Nominal [invasion, purchase, official, other]
	Report Municipal Mayor's Office (Secondary)
	Invasion (30.3%), Purchase and Sale (63.2%) and Official (6.4%) (Murillo-Salguero et al. 2012)

	E
	2.2.1.2 Land use change by IS: Land use change by IS at the municipal level
	(IS Area / Municipality Area)*100 [%]
	Report Municipal Mayor's Office, Environmental Authority (Secondary)
	3.9% (Murillo-Salguero et al. 2012)

	
	2.2.2 Occupation in protected or vulnerable areas

	A
	2.2.2.1 Occupation in environmental protection zones: Proportion of the number of IS in environmental protection zones 
	(Number of AI in protection zone / Total number of AI)*100 [%]
	Report Environmental Authority (Secondary)
	23% (Murillo-Salguero et al. 2012)

	A
	2.2.2.2 Occupation in high-risk areas: Proportion of the number of IS in high- risk areas
	(Number of AI in high risk area / Total number of AI)*100 [%]
	Report Municipal Mayor's Office, Environmental Authority (Secondary)
	Landslide (23%), Flooding (5%) and Torrential Flood (5%) (Murillo-Salguero et al. 2012)

	A
	2.2.2.3 Soil erosion degree: Soil erosion level​ in the basin product of IS
	(Area eroded / Total area)*100 [%]
	Report Municipal Mayor's Office, Environmental Authority (Secondary)
	20% (Murillo-Salguero et al. 2012)

	
	2.3 Discharge of untreated wastewater from IS

	
	2.3.1 Poor management of wastewater in IS

	T
	2.3.1.1 Wastewater discharge inventory: Location of wastewater discharges from IS at the basin and micro- basin level
	Coordinates [N-W]
	Report Municipal Mayor 's Office, Environmental Authority, Sewerage Company (Secondary)
	No data available

	T
	2.3.1.2 Wastewater treatment plants: Number of wastewater treatment plants at the basin or micro-basin level
	Number of water treatment plants​​ residual [Number of WWTP]
	Report Municipal Mayor 's Office, Environmental Authority, Sewerage Company (Secondary)
	2 WWTP (Rio Frio and El Santuario) (Sánchez 2022)

	T
	2.3.1.3 Volume wastewater discharge from IS: Estimated volume of wastewater discharged from IS per unit of time
	Volume / Unit time [m3 / Year]
	Report Municipal Mayor 's Office, Environmental Authority, Sewerage Company (Secondary)
	No data available

	
	2.3.2 Poor access to sewerage service

	T
	2.3.2.1 Safe management of wastewater in IS: Proportion of IS that have safe management of their wastewater
	(Number of IS that safely manage their wastewater / Total number of AI)*100 [%]
	Report Municipal Mayor 's Office, Environmental Authority, Sewerage Company (Secondary)
	Bucaramanga (36.3%), Floridablanca (48.8%), Girón (38.7%) and Piedecuesta (81.2%) (Murillo-Salguero et al. 2012)

	E
	2.3.2.2 Affordability of wastewater sewerage service: Access cost (formal and informal) to provide wastewater sewerage service
	Currency [$]
	Report Municipal Mayor 's Office, Environmental Authority, Sewerage Company (Secondary)
	Connection - Stratum 1: 57.7 $USD (does not include replacement costs of the connection ) (EMPAS 2022)

	S
	2.3.2.3 Informal supply of sewerage service: Existence of informal providers in sewerage service 
	Dichotomous [Yes/No]
	Report Municipal Mayor 's Office, Environmental Authority, Sewerage Company (Secondary)
	Yes (Murillo-Salguero et al. 2012)

	
	2.4 Institutional responses for access to wastewater sanitation in IS

	
	2.4.1 Barriers in land planning and access to wastewater sanitation​

	G
	2.4.1.1 Institutional responses that promoted IS: Institutional facts (actions, inactions or omissions) that promote the increase of IS (eg. housing program)
	Dichotomous [Yes/No]
	Report Municipal Mayor's Office (Secondary)
	Yes (Murillo-Salguero et al. 2012)

	G
	2.4.1.2 Institutional responses for access to wastewater sanitation: Institutional facts (actions, inactions or omissions) that limit the access to wastewater sanitation in IS
	Dichotomous [Yes/No]
	Report Municipal Mayor's Office (Secondary)
	Yes (EMPAS 2022)

	
	2.5 Occurrence of extreme climatological events 

	
	2.5.1 Historical frequency of extreme events​ 

	A
	2.5.1.1 History​ of extreme events: Number of extremes natural events (torrential avenues rains, floods and landslides) occurred in the last 10 years
	Number of events extremes / Unit time [Number of events extremes / Year]
	National Institute of Meteorology Report, Environmental Authority (Secondary)
	20.4 events / year (OGRD 2023)

	
	*Note. S: social; E: economic; A: environmental; T: technical; G: governance; IS: informal settlement.

	
	
	
	
	

	
	3. STATE

	
	3.1 Informal settlement socioeconomic conditions 

	
	3.1.1 Demographics features of the informal settlement

	
	Indicator
	Metric [Unit]
	Collection mechanism (Information source)
	Performance 

	S
	3.1.1.1 Total population: Population in the IS
	Number of persons [%]
	Structured interview (Primary)
	5100 persons

	S
	3.1.1.2 Growth rate: Average population growth rate in the IS
	(Ln(Population2) - Ln(Population1) / (time2-time1))*100 [%]
	Timeline workshop (Primary)​​
	18%

	S
	3.1.1.3 Population density: Density of persons per unit area or household
	Number of persons / Area Unit
 [Number of persons /ha]
	Household survey (Primary)​
	180 persons/ha

	S
	3.1.1.4 Immigration rate: Total number of spatial movements of migratory order​ for a year in the IS
	(Immigrants / (Non -migrant population + Immigrants ))*100 [%]
	Household Survey, Timeline workshop 
(Primary)​​
	7.9%

	S
	3.1.1.5 Residence time:​ Average residence time in​ the IS
	(Number of persons by rank / Total number of persons)*100 [%]
	Household survey (Primary)​
		Stay period (years)
	Persons (%)

	0-1
	20

	1-5
	37

	5-10
	22

	>10
	21




	
	3.1.2 Vulnerability conditions of the population

	S
	3.1.2.1 Sex: Sex distribution​ in the IS
	(Number of persons by sex / Total number of persons)*100 [%]
	Household survey (Primary)​
		Persons (%)

	Man
	Women

	49.6
	50.3




	S
	3.1.2.2 Age: Age distribution​ in the IS
	(Number of persons by age / Total number of persons)*100 [%]
	Household survey (Primary)​
		Age (years)
	Persons (%)

	0-10
	18

	11-20
	19

	21-40
	31

	41-60
	23

	>60
	9




	S
	3.1.2.3 Physical or cognitive limitations: Proportion of persons who have some physical or cognitive limitation in the IS
	(Number of persons with a limitation / Total number of persons)*100 [%]
	Household survey (Primary)​
	4%

	S
	3.1.2.4 Displacement condition:​ Proportion of persons in displacement condition​ in the IS
	(Number of displaced persons / Total number of persons)*100 [%]
	Household survey (Primary)​
	4%

	S
	3.1.2.5 Minorities: Proportion of minorities ethnic, cultural, linguistic and religious in the IS
	(Number of minority persons / Total number of persons)*100 [%]
	Household survey (Primary)​
	6%

	
	3.1.3 Multidimensional poverty level of the informal settlement

	S
	3.1.3.1 Current income per capita: Average income per capita in the IS
	(Number of persons per income / Total number of persons) *100 [%]
	Household survey (Primary)​
		Income ($USD)
	Persons (%)

	No income
	44

	<22.7
	3

	22.7-136.2
	8

	136.2-227.1
	15

	227.1-454.3
	27

	>454.3
	3




	S
	3.1.3.2 Educational achievement: Maximum schooling of people over 15 years old belonging to a household in the AI
	(Number of persons by education / Total number of persons) *100 [%]
	Household survey (Primary)​
		Schooling 
	Persons (%)

	Without schooling
	11

	Primary
	33

	Secondary
	44

	Technical
	8

	University
	4

	Postgraduate
	0




	S
	3.1.3.3 Illiteracy: Proportion of persons over 15 years old who does not know read or write in the IS
	(Number of illiterate persons / Total number of persons)*100 [%]
	Household survey (Primary)​
	13%

	S
	3.1.3.4 School attendance: Proportion of persons aged 6-16 who do not attend school in the IS
	(Number of attendees / Total number of persons)*100 [%]
	Household survey (Primary)​
	9%

	S
	3.1.3.5 First childhood attention: Proportion of people aged 0-5 who do not have access to: health, nutrition adequate and education initial; in the IS
	(Number of persons not receiving attention / Number of persons between 0-5 years old )*100 [%]
	Household survey (Primary)​
	51%

	S
	3.1.3.6 Formal employment rate: Proportion of employed persons in a formal job in the IS. Only have in account those people affiliated to a pension and health system
	(Number of persons employed / Total number of persons)*100 [%]
	Household survey (Primary)​
	33%

	S
	3.1.3.7 Access to health services: Proportion of persons who in the last 30 days had an illness, accident, dental problem or other which they did not receive medical care in the IS
	(Number of persons with access / Total number of persons)*100 [%]
	Household survey (Primary)​
	40%

	S
	3.1.3.8 Housing materials (floor): House floor construction material in the IS
	(Number Housing by floor material / Total number of Housing)*100 [%]
	Household survey (Primary)​
		Floor material
	Housing (%)

	Marble or wood polished
	0

	Tile
	51

	Cement
	47

	Board or plank
	0

	Land or sand
	2




	S
	3.1.3.9 Housing materials (roof and /or mezzanine): House roof and/or mezzanine construction materials in the IS
	(Number Housing by roof and/or floor material / Total number of Housing)*100 [%]
	Household survey (Primary)​
		Roof material
	Housing (%)

	Plate
	56

	Zinc
	35

	Eternit
	8

	Plastic
	1

	Vegetable fiber
	0




	S
	3.1.3.10 Housing materials (walls): House walls construction materials in the IS
	(Number Dwellings by wall material / Total number of Housing)*100 [%]
	Household survey (Primary)​
		Wall material
	Housing (%)

	Brick or block
	58

	Concrete
	25

	Vegetable fiber
	3

	Zinc or plastic
	144

	Bareque
	0




	S
	3.1.3.11 Critical overcrowding: Persons per room in the IS, excluding kitchen, bathroom and garage and including living room and dining room, is greater than or equal to three persons
	(Number per dwelling / Number rooms intended for sleeping) [Persons / Room]
	Household survey (Primary)​
	2.0 Persons / Room

	
	3.1.4 Settlement consolidation level

	S
	3.1.4.1 Informal settlement antiquity: Antiquity of the informal settlement
	Unit of time [Years]
	Timeline workshop (Primary)​​
	25 years

	T
	3.1.4.2 Settlement area: Area​ in plant of IS
	Area [ha]
	Recognition of monitoring points (Primary)
	34.6 ha

	T
	3.1.4.3 Potential urbanization:​ Growth of IS in area per unit time
	(Area Increase / Unit time) 
[ha/ Year]
	Recognition of monitoring points (Primary)
	0.26 ha/year

	T
	3.1.4.4 Settlement slope:​ Average slope of IS
	(∆h/∆d)*100 [%]
	Recognition of monitoring points (Primary)
	38%

	T
	3.1.4.5 Number of housings in the settlement: Total number of dwellings in the IS
	Number of housings [Number of dwellings]
	Structured interview (Primary)
	843 housings

	T
	3.1.4.6 Average number of floors: Average floors per housing in in the IS
	(Number of housing per floor / Total number of housing)*100 [%]
	Household survey (Primary)​
		Number of floors
	Housings (%)

	1
	44

	2
	26

	3
	21

	4
	6

	>4
	3




	T
	3.1.4.7 Access routes: Existence, type and materials of access routes to the IS
	Nominal [Pedestrian, Vehicular]
	Cartography workshop (Primary)
		Type of road
	Existence

	Paved Vehicle
	Yes

	Unpaved Vehicle
	Yes

	Pedestrian
	Yes




	T
	3.1.4.8 Road density: Relationship between the distance of the built road (km) with the extension of the IS (km2)
	Length road / IS area [km/km2]
	Cartography workshop (Primary)
	11.3 km/km2

	T
	3.1.4.9 Health services:​ Existence and number of health centers​ in the IS
	Number of health centers [Number of health centers]​​
	Cartography workshop (Primary)
	0 health centers​

	T
	3.1.4.10 Education services:​ Existence and number of educational centers​ in the IS
	Number of educational centers [Number of educational centers]​​
	Cartography workshop (Primary)
	0 educational centers​

	
	3.1.5 Affordability of other domestic services

	T
	3.1.5.1 Power supply:​ Proportion of housing that have access to energy supply service. It is not considered viable when the connection to the energy network is clandestine or illegal.
	(Number of housing with service / Total number of housing)*100 [%]
	Household survey (Primary)​
	92%

	T
	3.1.5.2 Continuity in the power supply: Satisfaction level​ in the continuity of energy supply​
	Ordinal [Good, Average, Bad]
	Household survey (Primary)​
	Regular

	T
	3.1.5.3 Gas supply: Proportion of housing that have access to gas service. It is not considered viable when he supply is through cylinder, gasoline combustion or resources​​ timber.
	(Number of housing with service / Total number of housing)*100 [%]
	Household survey (Primary)​
	9%

	T
	3.1.5.4 Internet supply: Proportion of housing that have access to internet service. It is not considered viable when the access via cell phones, wireless modem or other mechanism different from a direct network.
	(Number of homes with service / Total number of homes)*100 [%]
	Household survey (Primary)​
	0%

	
	3.2 Threats, vulnerabilities and risks of informal settlements

	
	3.2.1 Occupation of areas in protection or hydrological threat 

	T
	3.2.1.1 Occupation of areas in protection: Proportion of areas under an environmental protection figure occupied by IS​
	(IS Area in protection / Total area)*100 [%]
	Mayor's Office, Environmental Authority (Secondary)
	100%

	T
	3.2.1.2 Occupation of areas with high risk of flooding and avalanches: Proportion of areas with high risk of flooding and avalanches occupied by IS​
	(IS area at high risk / Total area)*100 [%]
	Mayor's Office, Environmental Authority (Secondary)
	6%

	T
	3.2.1.3 Occupation of areas with high risk of torrential floods: Proportion of zones with high risk of torrential floods occupied by IS​
	(IS area at high risk / Total area)*100 [%]
	Mayor's Office, Environmental Authority (Secondary)
	38%

	 
	3.2.2 Identification and assessment​ of geological threat

	T
	3.2.2.1 Occupation of areas with high risk of landslide: Proportion of areas with high risk of landslide occupied by IS​
	(IS area at high risk / Total area)*100 [%]
	Mayor's Office, Environmental Authority (Secondary)
	81%

	T
	3.2.2.2 Occupation of areas with high risk of seismic activity: Proportion of zones with high risk of seismic activity seismic occupied by IS​
	(IS area at high risk / Total area)*100 [%]
	Mayor's Office, Environmental Authority (Secondary)
	100%

	
	3.2.3 Identification and assessment of vulnerabilities

	T
	3.2.3.1 Contingency plan for a threat to the sewerage system: Existence of a contingency plan for a threat or adverse event to the sewerage system: conceptualization, estimation of risk scenarios and emergency response
	Dichotomous [Yes/No]
	Cartography workshop, Structured interview (Primary)

	No

	T
	3.2.3.2 Reduction measures for sewerage system risks: Existence of risk reduction measures in the sewerage system: increased redundancy, use of materials ductile or flexible and use of special devices (special connections or automatic valves)
	Dichotomous [Yes/No]
	Structured interview (Primary)
	 
No

	
	3.3 Hydrological, geological and territorial features of informal settlement

	
	3.3.1 Climatic and hydrological features

	A
	3.3.1.1 Basin type: Micro- basin classification in which it is located the IS according to his drainage type​
	Dichotomous [Endorheic / Exorheic]
	National Institute of Meteorology Report (Secondary)
	Exorheic – River sub- basin Surata Bajo. (CDMB 2020)

	A
	3.3.1.2 Main climate parameters (annual average): Precipitation, Temperature, Humidity and Atmospheric Pressure 
	Climate factor [mm, °C, %, atm / Year]
	National Institute of Meteorology Report (Secondary)
	Precipitation: 906 mm
Temperature: 23 °C
Relative humidity: 76%
Atmospheric pressure: 0.89 atm (IDEAM 2022)

	A
	3.3.1.3 Extreme levels of the wastewater receiving water source: Extreme levels (maximum and minimum) of the water source wastewater recipient
	Height [m]
	National Institute of Meteorology Report (Secondary)
	Minimum: 0.80 m
Maximum: 3.30 m (CDMB 2020)

	A
	3.3.1.4 Phreatic depth level: Depth of phreatic level 
	Length [m]
	National Institute of Meteorology Report (Secondary)
	2.8-3.0 m (1.5 km away from AI) (CDMB 2020)

	
	3.3.2 Geological and soil features

	A
	3.3.2.1 Geological map of the study area: Existence of geological maps or studies that allow identify fault zones, slip zones and seismic microzonation in the IS
	Dichotomous [Yes/No]
	National Institute of Geography Report (Secondary)
	Yes (deposit alluvial recent flow​ prone to slipping)


	A
	3.3.2.2 Soil map of the study area: Existence of soil maps or studies that allow classify the soil type, permeability and​​​ phreatic level 
	Dichotomous [Yes/No]
	National Institute of Geography Report (Secondary)
	Yes (deposits organic and detritus glacial in sectors ) (CDMB 2020)

	
	3.3.3 Territorial characteristics

	T
	3.3.3.1 Critical infrastructure mapping​: Existence of critical infrastructure mapping​ (set of resources, services, technologies or other) whose absence has a great impact in the IS.
	Dichotomous [Yes/No]
	National Institute of Geography Report (Secondary)
	No

	G
	3.3.3.2 Land uses: Current land uses according to municipal report for the IS (perimeter urban of the municipality, future planned expansion areas and areas where the urban development is not allowed)
	Nominal [Residential, Agricultural, Industrial, Forestry, Others]
	Report Municipal Mayor's Office (Secondary)
	100% in environmental protection (CDMB 2020)

	
	3.4 Water supply system ​features

	
	3.4.1 Sources and volume of water supply

	T
	3.4.1.1 Water supply sources: Conventional water supply sources​ (aqueduct, pumping well or public pool) and non- conventional tank truck, water tanker, surface current, underground, water rain or other) in the IS
	Nominal [Conventional, Non- conventional]
	Household survey, Cartography workshop, Activity distribution workshop, Stakeholder mapping workshop (Primary)
		Water source
	Existence

	Aqueduct
	Yes

	Public stack
	Yes

	Cistern
	Yes

	Tanker truck
	Yes




	G
	3.4.1.2 Water concession​ formally established: The source of water supply​ has a concession formally established
	Dichotomous [Yes/No]
	Technical validation interview​ (Primary)
	Yes

	T
	3.4.1.3 Water supply and/or conventional flow: Water supply and volume​ supplied by conventional sources per unit of time​
	Water volume / Unit time [L/day.Inhab]
	Technical validation interview​ (Primary)
	37.1 L/day.inhab

	T
	3.4.1.4 Water supply and/or non- conventional flow: Water supply and volume​ supplied by non- conventional sources per unit of time
	Water volume / Unit time 
[L/ day.inhab]
	Technical validation interview​ (Primary)
	7.1 L/day.inhab

	
	3.4.2 Water supply service characteristics

	T
	3.4.2.1 Conventional water sources water quality: Compliance of conventional water sources with regulatory water quality standards​​
	Ordinal [Good, Average, Bad]
	Technical validation interview​ (Primary)
	Regular

	T
	3.4.2.2 Conventional water sources continuity​: Compliance of conventional water sources with continuity regulations​
	Unit of time supply / Unit time [h/day]
	Technical validation interview​ (Primary)
	0.17-24.00 h/day

	T
	3.4.2.3 Water supply system coverage rate: Proportion of subscribers​​ connected to the local aqueduct system in relation to the total number of properties
	(Number Subscribers / Total number of properties)*100 [%]
	Household survey, Cartography workshop (Primary)
	88.7 %

	T
	3.4.2.4 Micrometering in the water supply system: Proportion of users who have micrometers​​ installed and working
	Number Micrometers Installed [Number Micrometers]
	Technical validation interview​, Cartography workshop (Primary)
	2 Micrometers

	
	3.4.3 Disposition towards water recovery​​

	S
	3.4.3.1 Acceptance of rainwater recovery​: Acceptance of potential reuse of rainwater in the IS
	(Number of persons who accept reuse / Total number of persons) * 100 [%]
	Household survey (Primary)​
	14.3%

	S
	3.4.3.2 Acceptance of grey wastewater recovery: Acceptance of potential reuse of grey wastewater in the IS
	(Number of persons who accept reuse / Total number of persons) * 100 [%]
	Household survey (Primary)​
	9.0%

	S
	3.4.3.3 Acceptance of treated domestic wastewater recovery: Acceptance of potential reuse of treated domestic wastewater in the IS
	(Number of persons who accept reuse / Total number of persons) * 100 [%]
	Household survey (Primary)​
	82.0%

	T
	3.4.3.4 Rainwater reuse practices: Rainwater reuse practices​​ in the IS - Water volume​ recovered
	(Number of dwellings per reuse / Total number of dwellings) * 100 [%]
	Household survey (Primary)​
		Reuse of rainwater
	Housing (%)

	Cleanliness dwelling
	5.2

	Personal hygiene
	0.6

	Washing
	1.5

	Irrigation
	5.8

	Animal drink
	0.5




	T
	3.4.3.5 Treated domestic wastewater potential reuse practices​: Treated domestic wastewater potential reuse practices in the IS
	(Number of dwellings per reuse / Total number of dwellings) * 100 [%]
	Household survey (Primary)​
		Potential reuse 
	Housing (%)

	Reforestation
	12.3

	Irrigation agricultural
	11.3

	Irrigation grounds
	20.3

	Irrigation of roads
	3.0

	Toilet flush​
	21.0

	Home cleaning
	12.0

	Washing clothes​
	4.3

	Car wash​
	0.7

	Would not use it
	14.0




	 
	3.4.4 Water supply system​​ affordability

	E
	3.4.4.1 Connection cost of to water supply system:​ Connection cost per subscriber to water supply system
	Currency [$]
	Structured interview (Primary)
	45.4 – 113.6 $USD

	E
	3.4.4.2 Water supply service rate:​​ Current and documented access rates to water supply service
	Currency / Unit time [$/ month]
	Household Survey, Timeline Workshop (Primary)​​
	4.0 $USD/month

	E
	3.4.4.3 Subscribers paying capacity to water supply system:​​​​ Users available income for the acquisition of the service provided by the water supply system​​
	(Income allocated to service / Total income)*100 [%]
	Household survey (Primary)​
	3%

	
	3.4.5 Community participation in water management​​

	G
	3.4.5.1 Community organizations for water management: Existence of community organizations​​ for water management​
	Number of organizations community [Organizations]
	Timeline Workshop, Structured interview​​ and Stakeholder Mapping Workshop (Primary)
	2 organizations

	G
	3.4.5.2 Management mechanisms used in water supply:​​​ Collective’s participation mechanisms​ for water supply management​​​
	Nominal [Shareholders Communal Meeting, Water Committee, Environmental Committee]
	Timeline Workshop and Stakeholder Mapping Workshop (Primary)​​
	Shareholders Communal Meeting and Water Committee 

	G
	3.4.5.3 Collective actions in supply management​​: Number of collective initiatives (non-conventional) undertaken by the community related to water supply management​​
	Number of initiatives undertaken / Unit of time [Initiatives / Year]
	Timeline Workshop (Primary)​​
	0.5 Initiatives/Year

	G
	3.4.5.4 Transparency in collective management​: Existence of a set of rules or procedures for participatory water management
	Dichotomous [Yes/No]
	Timeline Workshop (Primary)​​
	Yes

	G
	3.4.5.5 Community participation in water management: Community participation​​​ in tasks derived from water management​
	(Number of active persons / Total number of persons)*100 [%]
	Structured interview (Primary)
	0.3% (6 persons)

	
	3.4.6 AO&M of water supply system 

	T
	3.4.6.1 Water supply system AO&M activities: Frequency water supply system AO&M activities 
	Nominal [Daily, Weekly, Monthly, Semi-annual, Annual]
	Technical validation interview​ (Primary)
	Diary

	T
	3.4.6.2 Human resources in charge of AO&M of the water supply system: People in charge of water supply system AO&M activities 
	Number of persons [Persons]
	Technical validation interview​ (Primary)
	2 persons

	T
	3.4.6.3 Type of employment relationship linked to the water supply system: Employment relationship method linked to water supply system working personnel in charge of the AO&M activities
	Nominal [Informal, Labor work, OPS, Fixed, Indefinite, Other]
	Technical validation interview​ (Primary)
	Informal

	T
	3.4.6.4 Water supply system personnel training level: Training level of water supply system personnel in charge of AO&M activities. 
	Ordinal [None, Primary, Secondary, University]
	Technical validation interview​ (Primary)
	Secondary

	
	3.4.7 Water supply system​ revenues and costs 

	E
	3.4.7.1 Water supply system financing sources: Current financing sources (public or private) for water supply system (AO&M and investment)
	Share of funding sources [%]
	Structured interview (Primary)
	Rate (100%)

	E
	3.4.7.2 Water supply system total cost for AO&M: Water supply system​​​ operating total cost (administrative, financial commercial and technical aspects)
	Currency / Unit time [$/ Year]
	Structured interview (Primary)
	7,924.7 $USD

	E
	3.4.7.3 Water supply system total revenue:​​ Total incomes (rates, sporadic contributions, municipal contributions, donations, among others) to water supply system
	Currency / Unit time [$/ month]
	Structured interview (Primary)
	3143.5 $USD

	E
	3.4.7.4 Water supply system credits and/or subsidies: Potential access for credits or subsidies to improve or implement a new water supply system​
	Maxima amount subsidized [$]
	Structured interview (Primary)
	381.6 $USD

	
	3.4.8 Water supply system commercial management 

	E
	3.4.8.1 Water supply system payment records:​​​​ Existence of water supply service​​ clear and documented payment records
	Year of registration start [Year]​
	Technical validation interview (Primary)
	2003

	E
	3.4.8.2 Water supply system portfolio defaulter:​​​ Users who are not up to date with their water supply service payments in the last month
	(Number users in arrears / Total number of users)*100 [%]
	Technical validation interview (Primary)
	23.3%

	E
	3.4.8.3 Water supply system fines:​​​ Users currently fined by late or non-payment for the water supply service​​ in the last month
	(Number users fined / Total number of users)*100 [%]
	Technical validation interview (Primary)
	17.0%

	
	3.5 Sewerage system features

	
	3.5.1 Sewerage system characteristics

	T
	3.5.1.1 Sewerage system design reports: Existence of sewerage system design memories (layouts, dimensions of hydraulic elements, other)
	Dichotomous [Yes/No]
	Technical validation interview, Timeline workshop (Primary)​
	No

	T
	3.5.1.2 Sewerage system hydraulic capacity: sewerage system hydraulic capacity 
	Volume / UT [L/s]
	Water quantity monitoring (Primary)​​
	7.4 L/s

	T
	3.5.1.3 Sewerage system discharge points: sewerage system discharge points on the main stream or tributaries
	Coordinates [N, W]
	Recognition of monitoring points (Primary)
		 Spot
	N
	AND

	Chitota stream
	07°09'01''
	73°06'57''

	Wastewater discharge 1
	07°09'00''
	73°06'59''

	Wastewater discharge 2
	07°09''00''
	73°07'0''

	Wastewater discharge 3
	07°09'00''
	73°07'02''

	Wastewater discharge 4
	07°09''02''
	73°07'04''

	Wastewater discharge 5
	07°09''03''
	73°07'06''

	Carabineros stream
	07°09''04''
	73°07'07''




	T
	3.5.1.4 Sewerage system collectors normative dimension compliance: Proportion of the sewerage system collectors that comply with the dimensions recommended in the current regulation 
	(Number of elements that comply / Total number of elements)*100 [%]
	Sewerage system inspection (Primary)
	63.7%

	T
	3.5.1.5 Sewerage system elements materials compliance: Proportion of the sewerage system hydraulic elements that comply with the construction materials recommended in the current regulation 
	(Number of elements that comply / Total number of elements)*100 [%]
	Sewerage system inspection (Primary)
	100%

	T
	3.5.1.6 Sewerage system compliance regulatory construction standards: Proportion of the sewerage system elements properly designed according with the current regulation
	(Number of elements that comply / Total number of elements)*100 [%]
	Sewerage system inspection (Primary)
	19.0%

	T
	3.5.1.7 Space availability to build/expand the sewerage system: Space availability to build / expand the sewerage system
	Available area / Total area [%]
	Recognition of monitoring points (Primary)
	0%

	T
	3.5.1.8 Sewerage system age: sewerage system start year of construction
	Age of the system [Year]
	Timeline Workshop (Primary)​​
	2008

	T
	3.5.1.9 Water source that receives wastewater generated in the settlement: Water source that receives wastewater generated in the settlement:
	Nominal [Name]
	Structured interview (Primary)
	Suratá River

	
	3.5.2 Water quality and quantity at the discharge points of the sewerage system

	A
	3.5.2.1 Water quality parameters​​ on wastewater discharges: General
	Flow rate [m3/s] 
Temperature [°C] 
pH [-] 
Total alkalinity [mg/L CaCO3] 
Total hardness [mg/L CaCO3]
	Water quantity monitoring (Primary) 
Water quality monitoring (Primary)​​​​
		 Parameter
	µ±σ (Unit)

	Flow rate
	6.42±0.16 (L/s)

	Temperature
	25.4±0.6 (°C)

	Total alkalinity
	288±37 (mg/L CaCO3)

	pH
	8.0±0.1(-)

	Total hardness
	75±4 (mg/L CaCO3)




	A
	3.5.2.2 Water quality parameters​​ on wastewater discharges: Solids
	Sedimentable solids [mg/L] 
Total suspended solids [mg/L] 
Turbidity [NTU]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Sedimentable solids 
	259±23 (mg/L)

	Total suspended solids
	1058±316 (mg/L)

	Turbidity 
	240±29 (NTU)




	A
	3.5.2.3 Water quality parameters​​ on wastewater discharges: Organic matter
	BOD5 [mg/L O2] 
COD [mg/L O2] 
Dissolved oxygen [mg/L O2]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	BOD5
	126±26 (mg/L O2)

	COD
	367±116 (mg/L O2)

	Dissolved oxygen 
	0.3±0.3 (mg/L O2)




	A
	3.5.2.4 Water quality parameters​​ on wastewater discharges: Nutrients
	Total nitrogen [mg/L N] 
Ammoniacal nitrogen [mg/L N-NH3] 
Nitrates [mg/L NO3] 
Nitrites [mg/L NO2] 
Total phosphorus [mg/L P] 
Reagent soluble phosphorus mg/L P] 
Total potassium [mg/L K]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Total Nitrogen
	13.67±6.43 (mg/L N)

	Ammoniacal nitrogen 
	6.67±5.51 (mg/L N-NH3)

	Nitrates
	0.05±0.03 (mg/L NO3)

	Nitrites
	0.002±0.002 (mg/L NO2)

	Total phosphorus
	1.57±0.75 (mg/L P)

	Reagent soluble phosphorus 
	0.73±0.45 (mg/L P)

	Total potassium
	26.83±2.00 (mg/L K)




	A
	3.5.2.5 Water quality parameters​​ on wastewater discharges: Sales
	Electrical conductivity [µS/cm]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Electric conductivity 
	1169±111 (µS/cm)




	A
	3.5.2.6 Water quality parameters​​ on wastewater discharges: Pathogens
	Total coliforms [MPN/100mL] 
Fecal coliforms [MPN/100mL]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Totals coliforms 
	183333±87369 (MPN/100mL)

	Fecal coliforms 
	113667±49217 (MPN/100mL)




	A
	3.5.2.7 Water quality parameters​​ on wastewater discharges: Others
	Fats and oils [mg/L] 
Surfactants [mg/L SAAM]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Fats and oils
	14±5 (mg/L)

	Surfactants
	3.6±2.6 (mg/L SAAM)




	
	3.5.3 Facility characteristics​ sanitary domestic

	T
	3.5.3.1 Wastewater generation points at home: Number of toilets, sinks, dishwashers, showers and others domestic drains per dwelling
	Number of points per dwelling [Points/Dwelling]
	Household survey (Primary)
	5.3 points/dwelling

	T
	3.5.3.2 Excreta management: Number of sanitary facilities​ through which excrement is eliminated (e.g. toilet, latrine, well, others)
	(Number Installations by type / Total number of installations)*100 [%]
	Household survey, Cartography workshop (Primary)
		Element
	Facilities (%)

	Lavatory connected to the sewer
	71.0

	Lavatory connected to well septic
	13.7

	Toilet without connection
	9.0

	Doesn't know
	6.3




	T
	3.5.3.3 Sewerage system connections: Dwelling proportion that have a registered connection to the sewerage system
	(Number of connections recorded / Total number of connections)*100 [%]
	Cartography workshop (Primary)
	86.7%

	
	3.5.4 Sewerage system failures

	T
	3.5.4.1 Sewerage system failures frequency: Failure frequency (e.g. wastewater overflow, pipe breakage, blockage, others) in the sewerage  system
	Number of failures / Unit time [Failures / Year]
	Structured interview (Primary)
		Element
	Fails/Year

	Collector obstruction​
	30

	Collector breakage​
	7

	Clogging of the chamber
	2

	Chamber overflow​
	12

	Camera collapse​
	0.1




	T
	3.5.4.2 Sewerage system structure resilience: Lag time between system repairs and again started for sewerage system
	Unit of time [Days]
	Technic validation interview​ (Primary)
	37 days

	T
	3.5.4.3 sewerage system fragility: sewerage system damage severity
	Ordinal [High, Medium, Low]
	Technic validation interview​ (Primary)
	Medium-High

	T
	3.5.4.4 Sewerage system flow peak resistance: sewerage system's ability to withstand peak flows derived from precipitation seasonality and inflow rates oscillation
	Ordinal [High, Medium, Low]
	Structured interview and Technic validation interview​ (Primary)
	Low

	
	3.5.5 Sewerage system coverage and flow rate

	T
	3.5.5.1 Sewerage system coverage rate: Proportion of subscribers connected to the sewerage system. It is not considered viable when you have unconnected toilet, low tide toilet or outdoor toilet.
	(Number Subscribers / Total users)*100 [%]
	Household Survey and Cartography Workshop (Primary)
	86.7%

	T
	3.5.5.1 Sewerage system average inflow: sewerage system average inflow
	Volume / Unit time [L/s]
	Water quantity monitoring (Primary)​​
	6.62 L/s

	T
	3.5.5.2 Sewerage system peak inflow: sewerage system peak wastewater inflow
	Volume / Unit time [L/s]
	Water quantity monitoring (Primary)​​
	8.89 L/s

	
	3.5.6 Sewerage system satisfaction 

	S
	3.5.6.1 Sewerage system acceptance: sewerage system acceptance degree by users in relationship with the visual, odorous and acoustic impact.
	(Number of persons who accept the system / Total number of persons)*100 [%]
	Cartography workshop (Primary)
	27.3 %

	S
	3.5.6.2 Sewerage system service satisfaction: Satisfaction degree in Transport, collection and disposal of domestic wastewater generated in the IS
	(Number of persons per category / Total number of persons)*100 [%]
	Household survey (Primary)​
		Satisfaction
	Persons (%)

	Excellent
	4.6

	Very Well
	10.0

	Well
	46.0

	Regular
	20.7

	Bad
	13.7

	Very bad
	5.0




	S
	3.5.6.3 Sewerage system cultural adaptation: Cultural and religious restrictions towards sanitation practices​​ related to the sewerage system
	Nominal [Religious, Cultural, Other, None]
	Workshop on distribution of activities (Primary)
	None

	S
	3.5.6.4 Knowledge of the risks arising from the sewerage system: User knowledge level about the ecological and public health risks derived from the sewerage system
	Ordinal [High, Medium, Low]
	Structured interview and Distribution of activities workshop (Primary)
	Low

	S
	3.5.6.5 Sewerage system Willingness to change: Users proportion that are willing to change the sewerage system for a new or improved one
	(Number of persons willing to change / Total number of persons)*100 [%]
	Household survey (Primary)​
	71.6%

	
	3.5.7 Sewerage system affordability 

	E
	3.5.7.1 Sewerage system connection cost: Connection cost per subscriber to sewerage system
	Currency [$]
	Structured interview (Primary)
	34.1 – 113.6 $USD

	E
	3.5.7.2 Sewerage system service rate: Current and documented rate to access for sewerage service
	Currency / Unit time [$/ month]
	Timeline workshop (Primary)​​
	0.2 – 0.5 $USD

	E
	3.5.7.3 Sewerage system subscribers’ ability to pay: Users available income for the acquisition of sewerage service
	(Income allocated to service / Total income)*100 [%]
	Household survey (Primary)​
	1%

	E
	3.5.7.4 Sewerage system users’ willingness to pay: Payment availability for the service provided by the sewerage system
	(Number of persons per category / Total number of persons)*100 [%]
	Household survey (Primary)​
		Payment availability ($USD)
	Persons (%)

	0
	5.7

	<23
	61.0

	2.3-4.5
	14.0

	4.5-9.1
	9.0

	>9.1
	10.3




	
	3.5.8 Community participation​ in wastewater sanitation management

	G
	3.5.8.1 Community organization sanitation management: Existence of community organizations​​ for sanitation management​
	Number of community organizations [Organizations]
	Timeline workshop and Stakeholder Mapping Workshop (Primary)​​
	2 organizations

	G
	3.5.8.2 Management mechanisms used in sanitation management:​​ Collective’s participation mechanisms​ for wastewater sanitation management
	Nominal [Shareholders Communal Meeting, Water Committee, Environment Committee]
	Timeline Workshop and Stakeholder Mapping Workshop (Primary)​​
	Shareholders Communal Meeting, water committee, environment committee​

	G
	3.5.8.3 Collective actions in sanitation management: Number of collective actions​​ (non -conventional) undertaken by the community related to wastewater sanitation management
	Number of initiatives undertaken / Unit time [Initiatives / Year]
	Timeline Workshop (Primary)​​
	2 initiatives / year

	G
	3.5.8.4 Transparency in collective sanitation management​:​ Existence of a set of rules or procedures for participatory wastewater sanitation management 
	Dichotomous [Yes/No]
	Timeline Workshop (Primary)​​
	Yes

	G
	3.5.8.5 Community participation in sanitation management: Community participation​​​ in the tasks derived from sanitation management​
	(Number of active persons / Total number of persons)*100 [%]
	Cartography workshop, Structured interview (Primary)
	0.09% (2 persons)

	
	3.5.9 AO&M of sewerage system 

	T
	3.5.9.1 Sewerage system AO&M activities: Frequency sewerage system AO&M activities
	Number of activities / Unit time
[Number of activities / Month]
	Technic validation interview​ (Primary)
		Activity
	Frequency per month

	Fee collection
	1

	Staff payment
	1

	New User Login
	2

	System maintenance​
	1




	T
	3.5.9.2 Human resources in charge of AO&M of sewerage system: People in charge of sewerage system AO&M activities
	Number of persons / Unit time [Number of persons / Year]
	Technic validation interview​ (Primary)
	2 persons / year

	T
	3.5.9.3 Type of employment relationship linked to the sewerage system: Employment relationship method linked to sewerage system
	Nominal [Informal, Labor Work, OPS, Fixed Term, Indefinite Term, Other]
	Technic validation interview​ (Primary)
	Informal

	T
	Training level of AO&M personnel of the sewerage system: Training level of personnel in charge of AO&M of the sewerage system
	Ordinal [None, Primary, Secondary, Technical, Technologist, Professional, Postgraduate]
	Technic validation interview​ (Primary)
	Secondary

	T
	3.5.9.5 Plumbers and system operators training: Training courses executed for plumbers and operators of the sewerage system
	Dichotomous [Yes/No]
	Technic validation interview​ (Primary)
	No

	T
	3.5.9.6 Corrective and preventive maintenance manual: Existence of a maintenance manual for preventive and corrective activities in sewerage system
	Dichotomous [Yes/No]
	Technic validation interview​ (Primary)
	No

	T
	3.5.9.7 Maintenance tools: Existence of maintenance tools to carry out​ Preventive and corrective activities for sewerage system
	Dichotomous [Yes/No]
	Technic validation interview​ (Primary)
	No

	
	3.5.10 Sewerage system incomes and costs 

	E
	3.5.10.1 Sewerage system annual budget: Annual budget for the sewerage system has been prepared and managed for approval.
	Dichotomous [Yes/No]
	Structured interview (Primary)
	No

	E
	3.5.10.2 Control procedures for budgetary execution: Existence of control procedures for budgetary execution monthly and annually  
	Dichotomous [Yes/No]
	Structured interview (Primary)
	No

	E
	3.5.10.3 Sewerage system financing sources: Current financing sources (public or private) for sewerage system (AO&M and investment)
	Share of funding sources [%]
	Structured interview (Primary)
	Rate (100%)

	E
	3.5.10.4 Sewerage system budgetary deficit: Lack of budget for the correct sewerage system operation
	Currency / Unit time [$/ Year]
	Structured interview (Primary)
	12,037.9 $USD/ year

	E
	3.5.10.5 Sewerage system total cost for AO&M: sewerage system operating total cost (administrative, financial, commercial and technical aspects)
	Currency / Unit time [$/ Year]
	Structured interview (Primary)
	6,809.4 $USD/ year

	E
	3.5.10.6 Sewerage system total revenue: Total incomes (rates, sporadic contributions, municipal contributions, donations, among others) to sewerage system
	Currency / Unit time [$/ month]
	Structured interview (Primary)
	2,893.7 $USD/ month

	E
	3.5.10.7 Sewerage system credits and/or subsidies: Potential access for credits or subsidies to improve or implement a new sewerage system
	Maxima amount of subsidized [$]
	Structured interview (Primary)
	0 $USD

	
	3.5.11 Sewerage system commercial management 

	T
	3.5.11.1 Procedure for attending and incorporating new users: Existence of a standard procedure to incorporate new users to sewerage system
	Dichotomous [Yes/No]
	Technic validation interview, Structured interview (Primary)
	Yeah

	T
	3.5.11.2 Clandestine user detection​: Existence of a procedure for detecting illegal clandestine users to sewerage system
	Dichotomous [Yes/No]
	Technic validation interview (Primary)
	No

	T
	3.5.11.3 Collection process: Existence of a collection procedure for sewerage system
	Dichotomous [Yes/No]
	Technic validation interview, Timeline Workshop (Primary)​
	No

	T
	3.5.11.4 Basic sanitation and hygiene education programs​: Existence of an education program in basic sanitation and hygiene
	Dichotomous [Yes/No]
	Technic validation interview (Primary)
	No

	E
	3.5.11.5 Sewerage system payment records: Existence of clear and documented payment records for sewerage system service
	Start registration year [Year]​
	Technic validation interview (Primary)
	2016

	E
	3.5.11.6 Sewerage system portfolio defaulter: Users who are not up to date with their wastewater R& T system service payments in the last month
	(Number of users in arrears / Total number of users)*100 [%]
	Technic validation interview (Primary)
	17%

	E
	3.5.11.7 Sewerage system fines: Users currently fined by late or non-payment for sewerage system service in the latest month
	(Number of users fined / Total number of users)*100 [%]
	Technic validation interview (Primary)
	17%

	
	3.6 Hydrological water supply​​ service state

	
	3.6.1 Water supply service status​

	A
	3.6.1.1 Mainstream water uses:​​ Main stream current water uses river up and river below the IS
	Nominal [Domestic, Industrial, Agricultural, Other]
	Cartography workshop (Primary)
	Domestic (79%), Agricultural (1%) and Livestock (20%)

	A
	3.6.1.2 Mainstream available flow: Available flow annual average for different uses (domestic, industrial, agricultural, others) under the current conditions 
	Volume / Unit time [m3/s]
	Water quantity monitoring (Primary)​​
	8.9 ± 7.8 m3/s

	A
	3.6.1.3 Total water demand: Total water demand for different uses (domestic, agricultural, livestock); on the sub-basin scale 
	Water demand: domestic + agricultural + poultry + livestock + industrial [m3/year]
	Environmental authority report (Secondary)
		 
	Flow rate

	Water use​
	(m3/year)

	Domestic
	195,720

	Agricultural
	3,285

	Livestock
	46,584

	Poultry
	0

	Industrial
	0

	Total
	245,589


(CDMB 2020)

	
	3.6.2 Water quality of receiving stream body (River up)

	A
	3.6.2.1 Factors river up that they can affect water quality:​​ Factors river up the IS that can deteriorate​ water quality​​
	Nominal [Domestic, Agriculture, Livestock, Porcine, Poultry, Industrial, Other]
	Cartography workshop (Primary)
	Domestic, porcine and mining

	A
	3.6.2.2 Water quality parameters​​ on the receiving stream water: General
	Flow rate [m3/s] 
Temperature [°C] 
pH [-] 
Total alkalinity [mg/L CaCO3] 
Total hardness [mg/L CaCO3]
	Water quantity monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Caudal
	5.9±0.5 (m3/s)

	Temperature
	23.3±0.8 (°C)

	Total alkalinity
	59±4 (mg/L CaCO3)

	pH
	8.0±0.2 (-)

	Total hardness
	51±19 (mg/L CaCO3)




	A
	3.6.2.3 Water quality parameters​​ on the receiving stream water: Solids
	Settable solids [mg/L] 
Total suspended solids [mg/L] 
Turbidity [NTU]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Settable Solids 
	42±35 (mg/L)

	Total suspended solids 
	149±49 (mg/L)

	Turbidity 
	23±19 (NTU)




	A
	3.6.2.4 Water quality parameters​​ on the receiving stream water: Organic matter
	BOD5 [mg/L O2] 
COD [mg/L O2] 
Dissolved oxygen [mg/L O2]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	BOD5
	9±7 (mg/L O2)

	COD
	22±27 (mg/L O2):

	Dissolved oxygen 
	8.3±0.1 (mg/L O2)




	A
	3.6.2.5 Water quality parameters​​ on the receiving stream water: Nutrients
	Total nitrogen [mg/L N] 
Ammoniacal nitrogen [mg/L N-NH4+] 
Nitrates [mg/L N-NO3-] 
Nitrites [mg/L N-NO2-] 
Total phosphorus [mg/L P] 
Reagent soluble phosphorus [mg/L P] 
Total potassium [mg/L K]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Total nitrogen
	1.43±.86 (mg/L N)

	Ammoniacal nitrogen 
	0.48±0.64 (mg/L N-NH4+)

	Nitrates
	0.12±0.04 (mg/L N-NO3-)

	Nitrites
	0.017±0.006 (mg/L N-NO2-)

	Total phosphorus
	0.14±0.21 (mg/L P)

	Reagent soluble phosphorus 
	0.04±0.04 (mg/L P)

	Total potassium
	2.27±0.21 (mg/L K)




	A
	3.6.2.6 Water quality parameters​​ on the receiving stream water: Salts
	Electrical conductivity [µS/cm]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Electric conductivity 
	156±18 (µS/cm)




	A
	3.6.2.6 Water quality parameters​​ on the receiving stream water: Pathogens
	Total coliforms [MPN/100mL] 
Fecal coliforms [MNP/100mL]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Total coliforms 
	23,949±41,170 (MPN/100mL)

	Fecal coliforms 
	16,854±32,225 (MPN/100mL)




	A
	3.6.2.8 Water quality parameters​​ on the receiving stream water: Others
	Fats and oils [mg/L] 
Surfactants [mg/L SAAM]
	Water quality monitoring (Primary)​​
		 Parameter
	µ±σ (Unit)

	Fats and oils
	5±3 (mg/L)

	Surfactants
	0.043±0.066 (mg/L SAAM)




	A
	3.6.2.9 Water Quality Index (WQI) : Numerical value that qualifies in five categories water quality of a surface stream​
	WQInjk = Σ(Wi * Ijkjt ) [-]
	Water quality monitoring (Primary)​​
	0.68

	
	*Note. S: social; E: economic; A: environmental; T: technical; G: governance; IS: informal settlement; BOD5: biochemistry oxygen demand; COD: chemistry oxygen demand; Wi: relative weight assigned to the quality variable; Iijkt: calculated value of the variable.

	
	
	
	
	

	
	4. IMPACT

	
	4.1 Water quality variation in receiving water source

	
	4.1.1 Loss of water quality in receiving water source (river below regarding river up)

	
	Indicator
	Metric [Unit]
	Collection mechanism (Information source)
	Performance

	A
	4.1.1.1 General parameters variation: General parameters difference river below in regard to river up
	Flow rate [m3/s] 
Temperature [°C] 
pH [-] 
Total alkalinity [mg/L CaCO3] 
Total hardness [mg/L CaCO3]
	Water quality monitoring​​ over the current (Primary)
		 Parameter
	Δ (Unit)

	∆ Flow rate
	+33.0 (L/s)

	∆ Temperature
	-0.9 (°C)

	∆ Total alkalinity
	+1 (mg/L CaCO3)

	∆ pH
	-0.3 (-)

	∆ Total hardness
	+6 (mg/L CaCO3)




	A
	4.1.1.2 Solids variation: Solid parameters difference river below in regard to river up
	Settable solids [mg/L] 
Total suspended solids [mg/L] 
Turbidity [NTU]
	Water quality monitoring​​ over the current (Primary) 
		 Parameter
	Δ (Unit)

	∆ Settable solids 
	+6 (mg/L)

	∆ Solids suspended totals
	+22 (mg/L)

	∆ Turbidity 
	-2.0 (NTU)




	A
	4.1.1.3 Organic matter variation: Organic matter parameters difference river below in regard to river up
	BOD5 [mg/L O2] 
COD [mg/l O2] 
Dissolved oxygen [mg/L O2]
	Water quality monitoring​​ over the current (Primary)
		[bookmark: _Hlk163121615] Parameter
	Δ (Unit)

	∆ BOD 5
	+15 (mg/L O2)

	∆ COD
	+23 (mg/L O2):

	∆ Dissolved oxygen 
	-4.7 (mg/L O2)




	A
	4.1.1.4 Nutrient variation: Nutrient parameters difference river below in regard to river up
	Total nitrogen [mg/L N] 
Ammoniacal nitrogen [mg/L N-NH4+] 
Nitrates [mg/L N-NO3-] 
Nitrites [mg/L N-NO2-] 
Total phosphorus [mg/L P] 
Reagent soluble phosphorus [mg/L P] 
Total potassium [mg/L K]
	Water quality monitoring​​ over the current (Primary)
		 Parameter
	Δ (Unit)

	∆ Total nitrogen
	+9.17 (mg/L N)

	∆ Ammoniacal nitrogen 
	+7.25 (mg/L N-NH4+)

	∆ Nitrates
	+0.02 (mg/L N-NO3-)

	∆ Nitrites
	+0.018 (mg/L N-NO2-)

	∆ Total phosphorus
	+0.17 mg/L P)

	∆ Reagent soluble phosphorus 
	+0.06 (mg/L P)

	∆ Total potassium
	+0.24 (mg/L K)




	A
	4.1.1.5 Salts variation: Salts parameters difference river below in regard to river up
	Electrical conductivity [µS/cm]
	Water quality monitoring​​ over the current (Primary)
		 Parameter
	Δ (Unit)

	∆ Electric conductivity 
	+63 (µS/cm)




	A
	4.1.1.6 Pathogen variation: Pathogen parameters difference river below in regard to river up
	Total coliforms [MPN/100mL] 
Fecal coliforms [MPN/100mL]
	Water quality monitoring​​ over the current (Primary)
		 Parameter
	Δ (Unit)

	∆ Total coliforms 
	+18050 (MPN/100mL)

	∆ Fecal coliforms 
	+14618 (MPN/100mL)




	A
	4.1.1.7 Others water quality parameters variation: Other parameters difference river below in regard to river up
	Fats and oils [mg/L] 
Surfactants [ mg/L SAAM]
	Water quality monitoring​​ over the current (Primary)
		 Parameter
	Δ (Unit)

	∆ Fats and oils
	+2 (mg/L)

	∆ Surfactants
	+0.059 ( mg/L SAAM)




	A
	4.1.1.8 Water Quality Index (WQI): Variation: Numerical value that qualifies in five categories water quality of a surface stream​
	Δ WQInjk = Σ(Wi * Ijkjt ) [-]
	Water quality monitoring​​ over the current (Primary)
	∆WQI: -0.06


[bookmark: _Hlk179209643]	*Note. A: environmental; BOD5: biochemistry oxygen demand; COD: chemistry oxygen demand; Wi: relative weight assigned to the quality variable; Iijkt: calculated value of the variable; Δ: variation of the parameter before and after the wastewater discharges. 
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