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I. [bookmark: _Toc167303965]Introduction
[bookmark: _Toc208742783][bookmark: _Toc208928609][bookmark: _Toc208928835][bookmark: _Toc225524991][bookmark: _Toc226439390][bookmark: _Toc226439967][bookmark: _Toc264540494][bookmark: _Ref205467925][bookmark: _Ref208710895][bookmark: _Toc305003918]
1.1 This document describes the main elements of the monitoring and evaluation arrangements for the operation, including key monitoring tools, evaluation strategies and responsibilities. The operation will use the existing monitoring mechanisms for Sovereign Guaranteed Operations. The key activity of the intervention is to increase resilience in the water sector by increasing the availability of water resources, through reclamation and reuse of sewerage, it will be necessary to use information generated by several Government agencies, such as the Barbados Water Authority (BWA) based on data provided by a specialized consultancy that will develop a baseline on operational efficiency, as well as the Government Analytical Systems (GAS),  a department of the Ministry of Agriculture and Food Security (MAFS), which is in charge of analyzing water and soil samples and which will provide the information on water quality for reuse as well as in the wells, catchments, springs and marine resources. Also, the Barbados Agricultural Development and Marketing Corporation (BADMC) will provide data on water distributed to agriculture and crops and yields. The evaluation of the project will assess the contribution of the program to the specific objectives related to improving water availability for productive and non-productive uses (aquifer recharge), increasing resilience of water systems, increasing water security, improving environmental conditions of marine resources, and improve efficiency and operation and management of BWA. For these purposes, for the most part, a before and after analysis will be carried out using available time series information on outcome indicators. For impact indicators, a before and after with attribution analysis and difference on differences analysis for those indicators where a control group exists will be used. To establish attribution of observed results to program intervention, the quantitative analysis will be complemented with qualitative evidence and a revision of the theory of change supported (Annex I). 

A. [bookmark: _Toc167303966]Project ’s Objectives and Components
[bookmark: _Toc208742784][bookmark: _Toc208928610][bookmark: _Toc208928836][bookmark: _Toc225524992][bookmark: _Toc226439391][bookmark: _Toc226439968][bookmark: _Toc264540495]
1.2 [bookmark: _Ref225481808][bookmark: _Ref264372902]Objectives. The general objective of the operation is to enhance Barbados’ water supply resilience and reliability with a focus on climate action, environmental sustainability, and food security. The specific objectives are to: (i) Diversify Barbados's water supply sources and reduce water insecurity through the reuse of reclaimed wastewater; (ii) Strengthen key sector institutions on water resource management, operational efficiency, monitoring, and gender mainstreaming. 

1.3 [bookmark: _Ref166228103]Component 1. Water Reclamation Infrastructure – US$63.4 Million 
(IDB OC:US$27.4M; Counterpart: US$36M). This component will finance the construction of the New South Coast Water Reclamation and Re-use Facility (SCWRRF) with an average dry weather flow (ADWF) of 9,000 m3/day[footnoteRef:2] under a Design-Build EPC/Turnkey modality and O&M costs for one year including climate-proofing considerations. It will include all process units and ancillary facilities to provide secondary and tertiary treatment for the liquid stream, followed by an Advanced Water Treatment (AWT) side stream including safe and sustainable treatment and management of the sludge (solid stream) with the aim to reduce pollution, GHG emissions and circular economy considerations. Due consideration will be given to using energy-efficient equipment, renewable energy sources and Smart Water Infrastructure Technologies. The facility will be constructed on land already owned by the Government. [2:  	The proposed design flows are: average dry weather flow (ADWF) is 9,000 m3/day, average wet weather flow (AWWF) 24,000 m3/day and peak wet weather flow (PWWF) 28,000 m3/day.] 

[bookmark: _Ref166228274]	Additionally, this component will finance the Upgrade of the existing South Coast Sewage Treatment Plant (SCSTP) by refurbishing or replacing equipment in the existing influent lift pump station and headworks including interconnecting piping to the SCWRRF and the design and installation of the odor control system. Due consideration will be given to the use of energy-efficient equipment and Smart Water Infrastructure Technologies. 
This component will also finance Construction Supervision services.
1.4 [bookmark: _Ref166228389]Component 2: Reclaimed Water Reuse – US$19.6 Million 
(IDB OC: US$1.1M; Counterpart: US$18.5M). This component will finance: 
[bookmark: _Ref166228028]	Sub-component 1 – Agriculture Reuse of Reclaimed Water Pipeline consisting of the installation of a 25 km pipeline for transporting reclaimed water for irrigation of approximately 160 hectares at River Plantation along the old train line (Trailway), Haggatt Hall, Salters, Marchfield, and Sanford irrigation districts, and ancillary equipment, and a reservoir. 
	Sub-component 2 – Aquifer Recharge Infrastructure consisting of the installation of a 4 km water pipeline, 5 injection wells, 6 exploratory boreholes, 3 monitoring wells, 3 abstraction boreholes and pumping stations, and ancillary equipment for aquifer recharge, with due considerations of resiliency and adaptation to climate change measures as well as low carbon emissions.
This component will also finance Construction Supervision services.
1.5 Component 3: Climate change and biodiversity opportunities – US$16 Million (IDB OC: US$2M; Counterpart: US$14M). This component will finance: 
[bookmark: _Ref166229120]	Sub-component 3.1 – Graeme Hall Swamp Natural Heritage Conservation Area (NHCA) Conservation. This component will build the resilience of the island’s natural heritage system and its interlinkages to the SCWRRF and SCSTP through a holistic and science-based management approach, by minimizing locally generated stressors on the downstream ecosystems increasing their resilience to external stressors such as climate change and by improving the health and resilience of the natural heritage. This will allow the improved resilience of the island, including enhanced buffering of pollutants and sediments in surface water flows from this watershed. The sub-component will finance: (i) the development of baseline assessments for the NHCA (land and marine, inclusive of the GHS, associated beach, and buffer zone; (ii) the development of a results-based management plan for Graeme Hall Swamp; and (iii) upgrade of the drainage system to facilitate efficient discharge from the swamp to the sea. These will facilitate the implementation of priority interventions defined in the management plan. 
[bookmark: _Ref166228236]	Sub-component 2 – Solar Energy Generation with Battery Storage consisting of 7 MW solar photovoltaic plant and associated energy storage capacity, increasing the sustainability of the Barbados’ power grid, and fostering the resilience of BWA’s pumping stations, and mitigating the additional carbon footprint of the upgraded wastewater treatment facilities. The new solar plant will be co-located with existing 3MW solar systems located at BWA’s central pumping stations serving the main population areas. The design of the 7MW system will complement an existing design for the 3MW solar PV plant. The allocated storage capacity will be determined to maximize the revenues from the existing Feed in Tariff pilot project.
1.6 [bookmark: _Ref166228332]Component 4: Institutional Strengthening – US$1.5 Million 
(Counterpart: US$1.5M). This component will finance the institutional strengthening of managerial and operational capacity at BWA as the public utility responsible for supplying potable water, and sewage services (wastewater and treatment), and protecting the country's water resources through improving governance, efficiency, and sustainable management. In addition, this component will finance institutional strengthening support to stakeholder institutions of the Government of Barbados, which form part of the overall governance structure of the program. These include: (i) Barbados Agricultural Development and Marketing Corporation (BADMC) – Irrigation Engineering Unit, responsible for the provision of agricultural irrigation infrastructure and services, including the support to farmers' access to agricultural reuse infrastructure and capacity development towards adopting water efficient practices; and (ii) Government Analytical Services (GAS) laboratory, a department of the Ministry of Agriculture, Food and Nutritional Security (MAFS), responsible for providing microbiological and chemical analyses of water (potable, wastewater and marine), soil, food, and environmental samples, including analyses that support monitoring of effluent quality.
Institutional strengthening activities include: (i) Improving the governance and project management capacity of BWA through the implementation of an action plan based on AquaRating and training in operations and maintenance of the SCWRRF; (ii) Implementing an Institutional Gender and PwD Action Plan to promote the increase participation of women and PwD within BWA, and data collection on PwD within BWA; (iii) Implementing robust monitoring, reporting and verification (MRV) systems to track water quality, water quantity, soil quality and climate-related parameters; (iv) Developing and implementing a project planning, management, and monitoring system for BWA; (v) Developing and implementing an action plan based on the assessment of capacity at GAS Lab and; (vi) Strengthening the BADMC Farmers’ Empowerment and Enfranchisement Drive (FEED) Program by developing a technical support plan and technical assistance packages for beneficiary farmers; (vii) Designing and implementing public awareness and stakeholder engagement campaigns to promote the benefits of wastewater reuse and build community support, with gender and diversity considerations, as well as related studies. This includes the implementation of robust public health and safety measures, including appropriate signage, education programs, and guidelines for the safe use of reclaimed water. 
1.7 Project Administration and Other Costs – US$3.15 Million 
(IDB OC: US$3.15M). This component will finance Project Management including, support for project execution (PEU) dedicated staff, audits, monitoring and evaluation, communication, and supervision and implementation of an Environmental and Social Management Plan (ESMP).

1.8 Contingency resources – US$6.35 Million (IDB OC: US$6.35M). This component will finance unanticipated costs arising from risk factors during design and construction of the new SCWRRF, upgrades to the SCSTP, and construction of the pipelines and aquifer recharge infrastructure.

1.9 [bookmark: _Hlk33171715]Program expected results and potential impacts: With the project, it is expected that an additional 3.05 Mm3 of water will enter Barbados water cycle. This water will come from the reclamation and reuse of wastewater, contributing to improving resilience (adaptation to climate change) through reclaiming and repurposing treated sewage flows for agricultural irrigation and aquifer recharge, and diversifying water sources. This, in turn, will contribute to curve the decrease in water availability per person per year. It is estimated that by 2030 water availability without the project will be around 251 m3/person/year. After project implementation, it is expected that water availability will be about 273 m3/person/year. By 2050, the models used estimate that water availability (all things being equal) will be 98 m3/person/year and 238 m3/person/year, respectively. This increase of water availability will improve water security and food security, safeguard public health and protect the environment. 
1.10 As a result of the project, it is expected that up to 1,320 acres of arable land will be under irrigation, allowing for year round production, which in turn will result in an increase in the percentage of local produce food sold in markets by some 45%, increasing farmers’ yearly income and improving their quality of life. The increase in agriculture output will also contribute to improving food security on the island, reduce food imports and generate employment. It is possible that in addition to the expected economic benefits, there are also other benefits that could be derived from this project by the agricultural sector and that have not been quantified, since there are exogenous factors that can influence whether or not they materialize:
· Sustainable employment for those individuals hired to work on area under irrigation, contributing to reduce the unemployment rate in the country, currently at 8.30% (lower than the long-term average of 12.52%).
· A reduction in demand on the welfare services since more persons will be employed, contributing to reduce the poverty rate in Barbados, currently around 23%.
· A boost to businesses in the surrounding communities with a possible demand for food supplies and after work recreational activities.
· It is expected that agricultural input suppliers will benefit significantly from any large increase in agricultural activity.  This can be extended to a stabilization of jobs in those entities.

1.11 Also, as a result of the project, some 1 Mm3/year of reuse water will be pimp into the aquifers which in tun will improve the resilience of the potable water services infrastructure  and reduce the impact of raw sewerage discharge through the upgrading and rehabilitation of the South Coast Sewerage Treatment Plant improving the quality of the water discharged through the marine outfall will reduce impacts on the marine ecosystems (and the pressure on the Grame Hall Site as a Natural Heritage Conservation Further, by increasing undergrown water stocks (via aquifer recharge), BWA will be in a better position to manage any prolonged droughts by having additional water sources, in the eventuality that Barbados would have to face a drought of such magnitude that the excess desalinization capacity would not be enough to meet potable water demand. Further, by installing a 7MW capacity solar energy plant and battery storage capacity (Component 3.2), BWA will increase the resilience of its services, as well as improve its energy efficiency which, in turn, improve operational efficiency by reducing O&M costs, with the added co-benefit of reducing GHG emissions of up to 11,000 ton of CO2eq per year. Usually, droughts and electricity interruption disrupt potable water and sanitation services, disproportionally impacting low-income households and vulnerable populations.
1.12 Finally, the Government of Barbados is investing in reducing food insecurity through increasing local crop production. For this, GoB, through BADMC, is investing in sustainable agricultural practices, including supporting local farmers, and promoting organic farming techniques increases the availability of fresh, locally grown produce and reduces our dependence on imports. Also, Gob has been investing in water catchments to increase water availability for farmers and through BADMC has been installing irrigation infrastructure and charges farmers for water (US$0.60/m3). This project will contribute to this strategy by, through water reuse, increase water available to the agricultural sector.
1.13 The issue of food security is broader than just increasing agricultural production since it involves food safety and nutrition. It has broader implications on health and well-being. In 2004, roughly one in 16 Barbadians’ food intake fell below the necessary consumption requirements to meet efficient dietary standards. As of 2017, 3.9% of the population experiences undernourishment, which is a 0.1% increase from the previous year. However, there is a decreasing trend in the percentage of malnourished people in Barbados. Data from 2022 suggests that this percentage is now 0% (https://www.macrotrends.net/global-metrics/countries/BRB/barbados/hunger-statistics). In 2018, 22.6% of Barbados’ merchandise imports were food products, a near 3% increase from the previous year. Barbados is unique compared to other impoverished nations in that most of its land is arable. As sugar prices decreased, government efforts to diversify food production led to significant increases in local food resources.
1.14 In In addition, it is expected that as crop outputs increase, farmers would furthermore be able to cultivate as many as three crops in rotation, rather than one, as currently occurs. This increase in acreage could potentially lead to a significant decline in the need for imports for some commodities.  During 2019 Barbados imported $67 million in fresh Vegetables and fresh fruits, many of which could have been produced locally.  An adequate water supply on available previously unutilized land would give Barbados the potential to reduce this portion of the food import bill by several million dollars.
1.15 [bookmark: _Hlk166009203]Further, it is expected that as a result of the project, a 7MW capacity solar energy plant and battery storage capacity will be installed. According to data from Our World in Data[footnoteRef:3], in 2020, Barbados emitted697 gCO₂eq per kWh generated. Its energy matrix is heavily reliant on fossil fuel generation. Furthermore, in 2022, Barbados generated 1.07 tWh of energy, of which 99.25% was generated using fossil fuels and 0.75% using solar irradiation. The total MW solar capacity plus storage will increase the renewable share of power for BWA’s operations; increase grid resiliency by providing ancillary services on demand; provide additional revenue for BWA, potentially increasing the resiliency of Belle pumping station; and provide dual mitigation and adaptation benefits. Once completed, the 7MW of solar will generate about 16.8 GWh/year of renewable electricity, which can yield a GHG emissions reduction of around 3,705 tons CO2eq/year.[footnoteRef:4]  Emissions intensity of the electricity system for the country will likely decrease in the future, given current plans to increase the share of renewables in the country. In this sense, assuming a constant emissions intensity for the whole period, would not be aligned with current country plans.[footnoteRef:5] Nonetheless, only net emissions reductions attributable to the project are being considered which are independent of any other emission reductions interventions planned by GoB. Furthermore, the goal set forth in the Barbados National Energy Policy (BNEP) document to achieve the 100% renewable energy and carbon neutral island- state transformational goals by 2030, given current regulatory policies and investment levels is unlikely to be met. [3:  	https://ourworldindata.org/grapher/carbon-intensity-electricity?tab=table ]  [4:  	The storage component will support this net mitigation benefit by reducing the risk of curtailment, whilst also enhancing grid resiliency.]  [5:  	Barbados National Energy Policy (BNEP) document. https://energy.gov.bb/publications/barbados-national-energy-policy-bnep/#:~:text=This%20Barbados%20National%20Energy%20Policy,to%20all%20residents%20and%20visitors] 


1.16 Key results indicators. The present operation’s results include: 

[bookmark: _Toc167294014]Table 1– Key Impact and Results Indicators
	Impact Indicators 
	Unit of Measure 
	Baseline*
(year) 
	Target 
EOP 

	Yearly per capita water availability
	m3/hab./year
	285
(2020)
	273

	Biochemical Oxygen Demand (BOD) in reuse facility effluent
	 (mg/l)
	190
	30

	Percentage of food products sold in markets that are locally produced
	Index
(base=100)
	100
	145

	Results Indicators
	Unit of Measure 
	Baseline*
(year) 
	Target 
EOP 

	Yearly volume of reclaimed water available for productive uses that meet local and international standards
	Mm3/year
	0
	2.05

	Yearly volume of reclaimed water injected to the Christ Church aquifer.
	Mm3/year
	0
	1

	Percentage of operating expenses covered with BWA’s operating revenues
	%
	111
(2023)
	111

	Verification reports from the Monitoring, Reporting and Verification (MRV) system for the project produced
	Report
	0
	3

	Results-based management plan for the GHS Natural Heritage Conservation Area implemented
	Plan
	0
	1

	Internal policy aimed at promoting the participation of PWD within BWA approved by the Board
	Policy
	0
	1

	BWA personnel that are women who complete the leadership training program
	%
	0
	30


(*) Unless otherwise noted, the year of the baseline is 2024.
1.17 Benefits and Beneficiaries. The main benefit of the project is its contribution to improving resilience (adaptation to climate change) through reclaiming and repurposing treated sewage flows for agricultural irrigation and aquifer recharge, and diversifying water sources for agriculture and human consumption. This, in turn, will increase water availability, improve water security and food security, safeguard public health and protect the environment. Specifically, the operation focuses on the treatment of sewage flows to international standards[footnoteRef:6]  (Component 1) such that the high-quality reclaimed water can be used for unrestricted agricultural irrigation and aquifer recharge instead of being discharged into the environment (component 2), It is expected that the reuse water distribute to farmers will reduce the dependency on potable water, provided by BWA, making this water available for other uses.  [6:  	Designed to meet the water quality standards stipulated for its various water streams including discharges into Class 1 ocean waters; future product water for agriculture re-use and future non-potable aquifer recharge; and RO brine for discharge into Class 1 ocean waters.] 

1.18 [bookmark: _Toc165993312][bookmark: _Toc165994132][bookmark: _Toc166056984][bookmark: _Toc162475831]The project will directly benefit some 200 small farmers distributed on around 1,000 acres of arable land who will have access to water for irrigation during the dry season and who will be able to farm all year round, allowing them to diversify to less drought-resistant crops, increasing their yearly income and improving their quality of life. The increase in agriculture output will also contribute to improving food security on the island, reduce food imports and generate employment.[footnoteRef:7] Specifically, with the agriculture reuse of reclaimed water pipeline (Component 2.1), it is expected that the project will benefit some 114 small farmers leasing government land mainly in the River Plantation farming district[footnoteRef:8] on some 567 acres of arable land,[footnoteRef:9] with a sustainable water yield for irrigation[footnoteRef:10].  With the aquifer recharge (Component 2.2), it is expected that 96 farmers in 2 districts at Silver Hill and Gibbon’s Boggs (630 acres) will benefit from improved groundwater abstraction from the Christ Church aquifer,[footnoteRef:11] as the project can supplement groundwater resources by up to 1 million m3 per year, resulting in the improved resilience and reliability of the water supply for the irrigation of crops. [7:  	According to a study prepared by the Agricultural Planning Unit of the Barbados’ Ministry of Agriculture and Food Security (MAFS) in 2021, the increased acreage of land expected to be brought back into production in the River Plantation alone will not only provide the opportunity to enhance farmers’ incomes, but the benefits to be derived would also be expected to contribute to increased employment. In addition to the prospect of having a total of approximately 123 farmers allocated to plots at River Plantation, this level of activity can potentially lead to the creation of 477 jobs for individuals.  This is projected to result in the generation of an estimated $8.7 million in wages annually.]  [8:  	Other accessible BADMC farming districts  which would potentially benefit from reclaimed water are located in the irrigation networks of Haggatt Hall  ( 60 farmers – 100 acres), Salters ( 72 farmers – 110 acres), Marchfield (36 farmers – 50 acres), and  Sandford (88 – 140 acres).]  [9:  	According to information provided by the MAFS, at River Plantation, there is currently a total of 567 acres of land available, of which 347 acres have been already allocated for crop production and 149.5 acres to livestock and some 70.5 acres currently not in production. Current acreage with irrigation infrastructure is around 111 acres, with insufficient water. There are plans to expand this to 567 acres when water is made available.]  [10:  	Assumes 1 farmer per farm. Target beneficiaries of 342 small farmers constitutes 260 farmers in irrigation districts along pipeline (1.100 acres) in addition to 82 farmers at River Plantation (600 acres).]  [11:  	The reclaimed water injected into the aquifer will augment the water stored in the aquifer for future use and at the same time, depending on location, counter saline intrusion. A study planned for Q1 2024 by the MAFS will determine the exact location of the acreage that will benefit from the reclaimed water for irrigation across the 10,050 acres of land that the reclaimed water pipeline will reach, with priority given to River Plantation Haggart Hall, Salters, Marshfield, and Sanford irrigation districts, as well as other small farmers leasing land from the government and several commercial plantations along the distribution pipeline for reuse water for irrigation.] 

1.19 [bookmark: _Toc165993313][bookmark: _Toc165994133][bookmark: _Toc166056985]The project will also indirectly benefit  the population of Barbados (some 282,000 inhabitants) by: 1) Improving the resilience of the potable water services infrastructure (Components 1 and 2), and 2) reducing the impact of raw sewerage discharge through the upgrading and rehabilitation of the SCSTP improving the quality of the water discharged through the marine outfall will reduce impacts on the marine ecosystems (Component 1) and the pressure on the Grame Hall Site as a Natural Heritage Conservation Area (Component 3.1). The recharge will occur during the 4 months of the rainy season per year, when there is less demand for water for irrigation. The other 8 months per year the water will be used for irrigation purposes. Replacement of the potable water customarily used for agricultural irrigation in the Silver Hill and Gibbon’s Boggs area with the reclaimed water from the new SCWRRF, will allow for the unused potable water to be available for redistribution to potable water customers within the surrounding districts if needed. Further, by increasing undergrown water stocks (via aquifer recharge), BWA will be in a better position to manage any prolonged droughts by having additional water sources, in the eventuality that Barbados would have to face a drought of such magnitude that the excess desalinization capacity would not be enough to meet potable water demand. Further, by installing a 7MW capacity solar energy plant and battery storage capacity (Component 3.2), BWA will increase the resilience of its services, as well as improve its energy efficiency which, in turn, improve operational efficiency by reducing O&M costs, with the added co-benefit of reducing GHG net emissions of up to 3,705  ton of CO2eq per year. Usually, droughts and electricity interruption disrupt potable water and sanitation services, disproportionally impacting low-income households and vulnerable populations.
1.20 [bookmark: _Toc162475832][bookmark: _Toc165993314][bookmark: _Toc165994134][bookmark: _Toc166056986][bookmark: _Toc166056992]Finally, the project will also benefit (Component 4) the Fair Trading Commission (FTC), Government Analytical Services (GAS), Environmental Protection Department (EPD), Barbados Agricultural Development and Marketing Corporation (BADMC) Irrigation Engineering Unit and the Barbados Water Authority (BWA) to improve governance, efficiency, monitoring capabilities, and sustainable management of water resources; and in the case of BWA, also improve operational capacity for the new infrastructure and improve equality and diversity (gender and PWD).

B. [bookmark: _Toc167303967]Implementation Arrangements

3.1 Borrower and Executing Agency. The Borrower will be the Government of Barbados. The Executing Agency will be BWA. A Project Execution Unit (PEU) will be established in the Project Management Office (PMO)to provide dedicated management, engineering/technical, administrative, financial, planning, and monitoring and control capacities to the Program, in direct coordination and collaboration with/to BWA personnel of the PMO and as means to permeate Program execution throughout the Company’s organizational structure. In addition, as indicated above, a Project Steering Committee (PSC) will be established. to provide a solid governance structure, along with a sound strategic oversight framework and mechanism for the Program, facilitating coordination among institutional stakeholders, providing overall guidance to Program implementation, and ensuring a solid overall control and procedural environment.  The Project Operating Manual (POM) will detail the governance structure,  institutions, and procedures of the PSC.
3.2 Program Execution Unit.  Overall Program implementation will be the responsibility of the PEU in direct coordination with the BWA Project Management Office (BWA PMO).  The PEU will be responsible for:  (a) acting as the focal point with the Bank and providing for all documents and procedures as required under the Loan Agreement and the POM; (b) conducting the financial management  and the necessary internal and external (audit) controls; (c) executing the overall  procurement for the Program, and providing for solid contract management; (d) undertaking/coordinating the planning, monitoring and evaluation activities, as well as reporting based on Bank requirements and tools as per the POM; (e) monitoring and supervising all technical activities; (f) leading the Program’s information and stakeholder engagement activities and (g) implementing and monitoring the activities contained in the ESMP.  The PEU will report to the Office of the Manager of the BWA PMO and will be  comprised of the following: (i) Project Management; (ii) Financial Management; (iii) Procurement Management; (v) Engineering and Technical Management; (vi) Planning, Monitoring and Evaluation; (vi) Information and Public Relations; and (viii) Environmental and Social Management.  The BWA PMO will allocate its personnel to the Program, on a shared basis with other programs under the umbrella of BWA.  Personnel of the PEU will be fully funded from the Program’s administrative budget for the duration of execution.
3.3 Program Operations Manual (POM).  Program execution will be governed by the provisions of the Loan Contract and those established in the POM.  The POM will include, at a minimum, the following elements:  (a) the organizational structure and corresponding execution mechanism of the Program; (b) the activities and responsibilities of the various actors of the Program including BWA --and its departments and units--, PMO, and other public and private institutions; (c) the main technical, administrative, and control activities, which will contribute to an effective, efficient and transparent implementation of the project as well as to the corresponding attainment of its objectives and tasks, in particular, with respect to planning, execution, monitoring and evaluation, technical and financial administration; (iii) the main environmental and social management procedures; and (iv) the necessary mitigation measures for the general categories of risks associated with project implementation.
3.4 Operation and maintenance of water infrastructure.  BWA will be responsible for operating and maintaining the wastewater and reclamation and reuse infrastructure financed by the Program. In the first quarter of each calendar year, beginning in the year that the first work financed by the project has been completed, and up to three years after the end of the loan disbursement period, the borrower, through the executing agency, will present to the Bank the annual maintenance plan for any goods and works financed by the operation together with information on the corresponding operations and maintenance processes performed. 


C. [bookmark: _Toc167303968]Monitoring and Evaluation Overview
[bookmark: _Toc305003919]
1.21 The monitoring, follow-up and evaluation system is made up of i) the Multi-Year Execution Plan (PEP), which includes the procurement plan and the indicators established in the results matrix; ii) the Annual Operating Plans (AOP), which in turn include the actions agreed upon and necessary to mitigate the risks identified in the Risk Matrix, which will be periodically reviewed by the Bank; iii) the Financial Plan (FP); v) the six-monthly reports, which include the progress achieved in the AOP, the results obtained from the execution of the activities, monitoring of the environmental and social aspects of the Program and an action plan for the following semester in those aspects that require corrective actions to improve the performance of the Program; and, v) midterm and final performance evaluations, which will include an evaluation of the achievement of the specific objectives and their respective results indicators and an expost socioeconomic evaluation of the projects financed with this operation.


[bookmark: _Toc299997412][bookmark: _Toc305003920]
[bookmark: _Toc324763983]
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II. [bookmark: _Toc167303969]Monitoring and Follow-up of Program Management

2.1 The objective of this activity is to continuously analyze whether the execution of the Program is achieving its results. Adopting the Bank's supervision mechanisms, monitoring[footnoteRef:12] of results will be based on: (1) the Results Matrix and (2) semiannual progress reports. The program's monitoring scheme will include: (i) holding semiannual meetings to review progress, resolve any problems that may arise, and update and mitigate risks; (ii) preparation of six-monthly reports by the executing agency, including the achievements and problems faced in each of the components and the performance of the program according to the agreed results matrix; (iii) the use of management tools agreed upon at the start-up workshop; and (iv) the use of the POM as a management tool and main reference in the progress reviews carried out with the Bank. The Operating Regulations include, among others: (a) a detailed description of the execution strategy of the operation and the expected products, quantitatively and qualitatively; (b) the organizational scheme of the Program; (c) the technical and operational arrangements for its execution; (d) the scheme of programming, follow-up, and evaluation of the results; (e) the detailed description of the results indicators; and (f) the mechanisms to update the ROP. [12:  	Monitoring is the ongoing, systematic collection, reporting and analysis of data during the project cycle. It is aimed at measuring progress towards the achievement of project’s objectives. The monitoring process of this operation will include periodic monitoring of the activities, outputs, and outcomes through the Progress Monitoring Report (PMR), as well as supervision and monitoring activities on disbursement, financial management, procurement procedures, risk management, and safeguards compliance policy. In addition to the use of standard monitoring tools, the project will include administration missions and inspection visits in accordance with the supervision plan prepared by the Bank's project team each year.] 


2.2 This section describes the monitoring process, including the description of key monitoring indicators, identification of data sources and instruments, reports, and monitoring of the work plan and budget.


1. [bookmark: _Toc167303970]Indicators

2.3 Indicators described in the Program's Results Matrix (link) will be used to assess compliance with the program's specific objectives. The product indicators are presented in Table 1.

1. [bookmark: _Toc167303971]Forecasted Costs by Product

2.4 All indicators have been selected to adequately reflect the project's vertical logic and meet the SMART criteria[footnoteRef:13]. All indicators have baseline and target values; however, baseline and target values for some outcome indicators will be updated once the baseline survey has been completed as part of the project’s execution. Table 2 presents costs disaggregated by output. [13:  	Specific, Measurable, Appropriate, Realistic (achievable), and Time bound.  ] 

[bookmark: _Toc167294015]Table 2 - Table of Output Indicators and Milestones by Component
	Output Indicators
	Corres-ponding Outcomes
	Unit of measurement
	Base line value
	BL year
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	End of Project
	Means of verification
	Comments

	Component 1: Water reclamation infrastructure

	1.1.1 New South Coast Water Reclamation and Re-use Facility (SCWRRF) constructed and operating
	R.1.1, R.1.2, R.1.3.
	Facility
	0
	2024
	
	
	
	1
	
	1
	Advance Reports from Construction Firm approved by BWA 
	As part of the design and build contract, the firm will provide training to BWA personnel in the operation and maintenance of the CSWRRF

	Subproduct 1.1.1:  New South Coast Water Reclamation and Re-use Facility (SCWRRF) constructed
	
	Equipment
	0
	2024
	
	
	1
	
	
	1
	
	

	Subproduct 1.1.2:  Equipment for the Existing South Coast Sewage Treatment Plant (SCSTP) installed,
	
	Equipment
	0
	
	
	
	1
	
	
	1
	
	

	Subproduct 1.1.3 O&M training of SCWRRF developed and implemented
	
	# training sessions
	0
	2024
	
	
	1
	1
	
	2
	
	

	1.1.2 Existing South Coast Sewage Treatment Plant (SCSTP) upgraded and operating
	R.1.1, R.1.2, R.1.3.
	Plant
	0
	
	
	
	1
	
	
	1
	Advance Reports from Construction Firm approved by BWA
	Upgraded and refurbished means that the WWTP will be able to treat wastewater to the tertiary level (removal of nutrients). Refurbished means that all equipment that is not functioning or functioning inefficiently (energy consumption) has been replaced.
 
Headworks retrofitted / upgraded includes replacement of two existing pumps and one new addition, installation of additional screening, screenings washer compactor retrofitted and installation of an odor control unit.

	Subproduct 1.1.2.1 headworks retrofitted / upgraded
	
	Headworks
	0
	
	
	1
	
	
	
	1
	
	

	Subproduct 1.1.2.2 Pipe interconnecting SCSTP to SCWRRF installed
	
	Pipe
	0
	
	
	
	1
	
	
	
	
	

	Component 2: Reclaimed Water Reuse

	2.2.1. Agriculture Reuse of Reclaimed Water Distribution Pipeline Installed
	R.1.1, R.1.2, R.1.3.
	Pipeline
	0
	2024
	
	
	1
	
	
	
	Advance Reports from Construction Firm approved by BWA
	

	Subproduct 2.2.1.1 Installation of pipeline for irrigation, 
	
	Km
	0
	2024
	
	12
	13
	
	
	25
	
	The installation of pipeline includes pumping stations, meters, and other ancillary equipment

	Subproduct 2.2.1.2 Installation of a reservoir
	
	Catchment
	0
	2024
	
	
	1
	
	
	
	
	A reservoir to store water to be distributed to the different irrigation districts and parcels.

	

	2.2 Aquifer Recharge Infrastructure installed and operating
	R.1.1, R.1.3.
	Infra-structure
	0
	2024
	
	
	1
	
	
	1
	Reports from Construction Firm approved by Ministry of Environment, National Beautification (MENB), Blue and Green Economy
	Includes pipeline, monitoring and injection wells, and ancillary equipment

	Subproduct 2.2.1:  Installation of water pipeline, for aquifer recharge
	
	Km
	0
	2024
	
	2
	2
	
	
	4
	
	

	Subproduct 2.2.2 Injection and monitoring wells build
	
	Wells
	0
	2024
	
	
	5
	3
	
	8
	
	There will be 3 monitoring and 5 injection wells

	Subproduct 2.2.3 Exploratory and Abstraction boreholes
	
	
	
	
	
	
	6
	3
	
	9
	
	There will be 6 exploratory boreholes and 3 abstraction boreholes

	Subproduct 2.2.4 Ancillary equipment installed
	
	Equipment
	0
	2024
	
	
	1
	
	
	1
	
	Ancillary equipment includes pumps, valves, bulk meters, and probes.

	Component 3: Climate Change and Biodiversity Opportunities

	3.1 Natural Heritage management Plan developed
	R.2.4
	Plan
	0
	2024
	
	
	1
	
	
	1
	Final Report form Consulting Firm approved by BWA’s Board
	The Results-base Plan for the Natural Heritage Conservation Area, inclusive of the Graeme Hall Swamp, associated beach area and buffer zone will inform activities and interventions to minimize locally generated stressors on the downstream ecosystems increasing their resilience to external stressors such as climate change and by improving the health and resilience of the natural heritage. This will allow the improved resilience of the island, including enhanced buffering of pollutants and sediments in surface water flows from this watershed. 

	Subproduct 3.1.1 Baseline assessments for Natural Heritage Conservation Area (Land and Marine, inclusive of the Graeme Hall Swamp,
associated beach and buffer zone) developed
	
	Plan
	0
	2024
	
	1
	
	
	
	1
	Final Report form Consulting Firm approved by MENB
	This involves initial studies to determine the current state of the ecosystem, which would require funding for research, equipment, and personnel. Outputs will include:
• Carbon sequestration potential of the mangroves at Graeme Hall
• Resilience data/indicators for Graeme Hall
• Biodiversity indicators: baseline and potential targets.
The coverage of the baseline will include biodiversity (such as flora and fauna of the freshwater sedge, mangrove swamp, seagrass bed and coral reef complex), hydrogeology, soils, general land use and community engagement, where climate mitigation and adaptation impacts are crucial, and conservation and biodiversity benefits realized.

	Subproduct 3.1.2 Environmental monitoring and reporting program developed and implemented
	
	Report
	0
	2024
	
	
	1
	
	1
	2
	
	Regular monitoring and publishing results biennially in the "State of the GHS Ecosystem Report": resources for ongoing data collection, analysis, and reporting.

	Subproduct 3.1.3 Management, monitoring and control plan developed and implemented
	
	Plan
	0
	2024
	
	
	
	
	1
	1
	
	Control and operation of the weir system and sluice gate/sand bar for water interchange and maintenance of water levels.
Maintenance of the eastern section of the swamp and passive management of other sections as agreed with Ramsar.
Monitoring and mitigation of potential public health concerns, which involves health and safety measures.
Monitoring of water quality and levels, and the operation of water management systems.
Monitoring of the mosquito population and other public health concerns.

	Subproduct 3.1.4 Inter-ministerial coordination and collaboration with the private sector and academia plan developed and implemented
	
	Plan
	0
	2024
	
	
	
	
	1
	1
	
	This would involve administrative and operational costs to facilitate ongoing communication and coordination among various stakeholders.

	Subproduct 3.1.5 Drainage system refurbished and upgraded and operating and maintained according to technical specifications and CC considerations
	
	System
	0
	2024
	
	
	
	
	1
	1
	
	Drainage system (e.g., automated pump system/sluice gate), including the removal of the sand bar on a scheduled basis.

Considering climate change projections in infrastructure design involves incorporating future climate scenarios, such as changes in temperature, precipitation patterns, sea level rise, and extreme weather events, into the planning, design, construction, and operation of infrastructure projects

	Subproduct 3.1.6 Plan for collection and analysis of samples collected by various agencies during project life developed and implemented
	
	Plan
	0
	2024
	
	
	
	
	1
	1
	
	Involving laboratory work and logistical coordination.

	

	3.2 Solar Energy Generation Plant with Battery Storage implemented
	R.2.1
	Plant
	0
	2024
	
	
	
	
	
	1
	Final Report and Plan approved by BWA and FTC
	

	Subproduct 3.2.1 MW solar photovoltaic plant installed and operating
	
	Plant
	0
	2024
	
	
	
	
	1
	1
	Advance Reports form Construction Firm approved by BWA and FTC
	7 MW generation capacity

	Subproduct 3.2.2 Energy storage batteries installed and operating
	
	Battery energy storage system (BESS
	0
	2024
	
	
	
	
	1
	1
	
	Install one BESS system based with specifications based on feasibility study (IDB Invest funded)

	Component 4: Institutional Strengthening

	4.1 AquaRating action plan developed and implemented
	R.2.1,
R.2.4.
	Plan
	0
	2024
	
	
	
	
	1
	1
	Final Report from Consulting Firm, including attendance, approved by BWA
	The AquaRating action plan will be considered “implemented” when at least two of the activities prioritized in it have been executed.

	4.2 Groundwater Modeling System (GMS) in BWA implemented
	R.2.1,
R.2.4.
	System
	0
	2024
	
	
	
	
	1
	1
	
	It will complement actions undertaken by BWA to model groundwater resources.

Includes training module,
Gender flag: disaggregated by gender.

	[bookmark: _Hlk168866135]Subproduct 4.2.1 Groundwater Modeling System (GMS) in BWA designed
	
	Model
	0
	2024
	
	1
	
	
	
	1
	
	

	Subproduct 4.2.2 Training on the use of the Groundwater Modeling System (GMS) in BWA implemented
	
	Training Sessions
	0
	2024
	
	
	1
	1
	1
	3
	
	

	4.3 Plan to increase participation of women and PWD within BWA with technical and operational roles and leadership training developed and implemented
	R.2.5, R.2.6, R.2.7.
	Plan
	0
	2024
	
	
	
	
	1
	1
	Final Report, including draft Gender and PWD Policy Proposal from Consulting Firm approved by BWA’s Board
	This Gender and PWD Plan will include, at least: 
1. An internal policy aimed at promoting the participation of people with disabilities within the institution; 
2. A leadership training program specifically targeted at women, which may include mentoring plans, self-esteem, and assertiveness courses, and why gender and diversity matter in WASH. 

	Subproduct 4.3.1 Institutional Gender and PWD Policy developed
	
	Policy
	0
	2024
	
	1
	
	
	
	1
	
	

	Subproduct 4.3.2 Institutional Gender and PWD Action Plan developed and implemented
	
	Plan
	0
	2024
	
	
	
	
	1
	1
	
	

	Subproduct 4.3.3 Leadership training program specifically targeted at women development and implemented
	
	Program
	0
	2024
	
	
	1
	
	
	1
	Final Report, on Leadership training program design and implementation plan from Consulting Firm approved by BWA’s Board
	

	4.4 BWA’s Monitoring, Reporting and Verification (MRV) system to track water quality, quantity, and climate-related parameters implemented 
	R.2.1, R.2.2. R.2.3.
	System
	
	
	
	
	
	
	1
	1
	Final Report form Consulting Firm approved by BWA’s Board
	

	Subproduct 4.4.1 MRV system to track water and climate-related parameters (Debt for Climate) designed
	
	Study
	0
	2024
	
	1
	
	
	
	1
	
	MRV system design can include Performance assessment and Data analytics on key water and climate parameters, for improving the accuracy, accountability, decision-making, continuous improvement, transparency, and stakeholder engagement related to its environmental performance.

	Subproduct 4.4.2 MRV system to track water and climate-related parameters (Debt for Climate) implemented
	
	System
	0
	2024
	
	
	1
	
	
	1
	
	Implementation of a robust MRV system and validation of reports by an independent verification agency will enhance BWA’s accuracy in monitoring, transparency, accountability and inform decision-making.

	4.5 BWA’s project planning, management, and monitoring platform for BWA designed, integrated, and implemented 
	R.2.1, R.2.3
	Platform
	0
	2024
	
	1
	
	
	
	1
	Final Report from Consulting Firm approved by BWA’s Board
	There are three key aspects this outcome aims to solve: (1) absence of formal planning procedures and tools, including those related to the monitoring and reporting capacities.  (2) the restructuring plan of BWA, which incorporates the merging of the project management responsibilities with strategic planning (3), the results of previous technical cooperation support to BWA did not provide the expected outcomes in terms in systems integration and corresponding support to the overall internal control system.

Integrated with BWA’s existing monitoring systems, including Microsoft Project for project management, and Microsoft Dynamics Great Plains for financial management.

	Subproduct 4.5.1 Systems design of planning and monitoring platform for BWA designed
	
	Design proposal
	0
	2024
	1
	
	
	
	
	1
	
	

	Subproduct 4.5.2 Planning and monitoring platform for BWA integrated and implemented
	
	System
	0
	2024
	
	1
	
	
	
	1
	
	

	4.6 Government Analytical Service (GAS) laboratory capacity plan developed and implemented
	R.1.1, R.1.3, R.2.1, R.2.2.
	Plan
	0
	2024
	
	1
	
	
	
	1
	Final Report, including equipment installed, training attendance logs, and supplies delivered from Consulting Firm approved by GAS
	Plan to address capacity challenges at GAS (personnel and equipment resources) and training needs.

Equipment can include upgrading of old equipment – Liquid Chromatographer (LC), Gas chromatographer with mass selective detector (GC/MS), for determining organic environmental contaminants. 

Training to include soil analysis, as lab technicians have limited experience and need to meet increasing demand for soil testing. 

The plan will include provisions to support heavy metals testing (consumables, personnel needs) and resources for quarterly-biannual testing. Lab has capacity for heavy metal testing, but this is not currently performed on BWA samples.

Further, the capacity action plan for the GAS lab must include a comprehensive water quality monitoring program inclusive of parameters to be analyzed, limit of determination, and frequency of sampling.  In addition, there must also be a design for the analysis of soils to monitor the impact of reclaimed water, if any, on the soil environment. Also, a program for the monitoring of the sludge will be included.

Gender flag: training disaggregated by gender.

	Subproduct 4.6.1 Assessment of laboratory capacities of Government Analytical Service (GAS) and action plan developed
	
	Plan designed
	0
	2024
	1
	
	
	
	
	1
	
	

	Subproduct 4.6.2 Action Plan for the provision of equipment, supplies, and training to GAS implemented
	
	Plan implemented
	0
	2024
	
	1
	
	
	
	1
	
	

	4.7 BADMC’s Farmers’ Empowerment and Enfranchisement Drive (FEED) Program strengthened.
	R.1.2, R.1.3, R.2.8.
	Program
	1
	
	
	
	
	
	1
	1
	Final report from the consulting Firm detailing the nature of technical assistance packages, delivery protocols, expected results, and number of farmers benefitted, approved by BADMC/MAFS
	Final report on the nature of technical assistance packages, delivery protocols, expected results, and number of farmers benefitted from the consulting Firm, approved by BADMC/MAFS

	Subproduct 4.7.1 Assessment on technical support on sustainable agriculture practice developed
	
	Study
	0
	2024
	
	
	1
	
	
	1
	
	Detailed report on current BADMC's strategy, capacities and needs within the framework of the FEED Program, and development of technical support action plan

	Subproduct 4.7.2 Technical support plan on sustainable agriculture practices implemented
	
	Plan and Technical assistance package
	0
	2024
	
	
	
	1
	1
	2
	
	The plan will include, at least:  (a) provision of training to BADMC's extension officers; (b)  incorporation of water use and conservation practices as part of agricultural extension packages and technical assistance protocols to small farmers; (c) execution of training activities on water use and conservation, in conjunction with BWA, aimed at small farmers that benefit from BADMC's irrigation services (number of farmers benefited); and (d) support to FEED's on site interventions and logistics.

	4.8 Stakeholder awareness and engagement plan designed/upgraded and implemented
	R.1.1, R.1.2.
	Plan
	0
	2024
	
	
	
	
	1
	1
	Final Report form Consulting Firm detailing upgraded plan, type and nature of campaigns, target audience, and number of events, approved by BWA
	Implementation of public awareness and stakeholder engagement campaigns to promote the benefits of wastewater reuse and build community support, with gender and diversity considerations

	Subproduct 4.8.1 Stakeholder awareness and engagement plan updated
	
	Plan
	0
	2024
	1
	
	
	
	
	1
	
	Plan with include:  EOP targets, as well as annual targets, where it corresponds. It can also be # of people reached, etc.

	Subproduct 4.8.2 Stakeholder awareness and engagement campaigns implemented
	
	Campaigns
	0
	2024
	
	1
	1
	1
	1
	4
	
	Defined by Plan,
Implementation of public awareness and stakeholder engagement campaigns to promote the benefits of wastewater reuse and build community support, with gender and diversity considerations, as well as related studies. This includes implementation of robust public health and safety measures, including appropriate signage, education programs, and guidelines for the safe use of reclaimed water. 




[bookmark: _Toc167294016]Table 3 - Annual costs by Output and by Component (US$)
[image: ]
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1. [bookmark: _Toc167303972]Monitoring Tools
[bookmark: _Toc305003921]
2.5 The main mechanism for reporting program monitoring results is the Progress Monitoring Report (PMR). The main sources of information for the PMR will include the following instruments and tools:

a. Results Matrix (RM): The RM is a critical tool to guide program planning, monitoring, and evaluation. It is an integral part of the Loan Proposal and contains the specific objectives of the operation and its associated metrics (baseline and targets). and will be used in each stage of the preparation of the POA and updating of the PEP (which are described below), and in the design, monitoring and evaluation of a component or subcomponent, line of action or specific activity.
[bookmark: _Toc305003925]
b. Pluriannual Execution Plan (PEP): The PEP lists the actions that will be carried out during project’s implementation to achieve the expected results. It specifies the resources and delivery terms for each product and activity and indicates the different critical routes for achieving results. The PEU/PMO must submit the revised and updated PEP to the IDB prior to the project’s start-up workshop. During the original disbursement period or its extensions, the PEP must be updated semi-annually, as part of the semi-annual progress reports. The PEP will establish a schedule for the actions that will be carried out during the four (4) years of the disbursement period, or its extensions.

c. Annual Operational Plan (AOP). To ensure adequate management of the Program, operational programming exercises were carried out. The AOP constitutes the key instrument to plan project’s activities for each year. It is consistent with the PEP, and it will be revised and updated during the start-up workshop. The AOP includes the physical and financial progress from the past period, the estimated budget by activity and product, the updated Results Matrix, the activities execution schedule for the next period, disbursement projections, and the updated Risk Matrix. The POA will be developed for each year of program execution.  

d. Procurement Plan (PP). An initial Procurement Plan (PP) was agreed with PEU/PMO for the entire execution period of the Program. PEU/PMO must review and adjust said PP in the start-up workshop, which must be consistent with the OAP and the PEP. The detailed PP must contain: (i) each purchase and contracting event for all goods, works and consulting services planned, specifying the amount and schedule; (ii) the applicable methods (according to nature, characteristics, and functionality) for the contracting of goods, and for the selection of consulting services; and (iii) the supervision procedures to be applied by the Bank for the review of procurement and contracting procedures. This PA must be updated at least every twelve (12) months during program execution and its extensions, and each updated version will be submitted for review and approval by the IDB.

e. Program Risk Matrix (PRM). The PRM lists and classifies the risks identified for the program implementation. It specifies mitigation measures for those risks considered high and medium, their respective monitoring indicators and, when appropriate, the budget for mitigation activities. The PRM must be updated at least semi-annually and presented as part of the semi-annual progress report.

f. External and Final Audits. During the loan disbursement period, or its extensions, PEU/PMO will submit to the Bank the project’s annual audited financial statements within 120 days of the close of the fiscal year. The audit is to be performed by a Bank-eligible independent audit firm. The determination of the scope and other related aspects will be governed by the Financial Management Guidelines for IDB-financed Projects (OP-273-6) and the Audited Financial Reports and External Audit Management Handbook. Audits may be financed with project funds. The audits firm will be procured PEU/PMO.

g. Semi-annual Progress Reports. PEU/PMO is responsible for submitting to the Bank semi-annual progress reports within [60] days of the end of each semester. These reports will detail advances in project’s implementation and will include: (i) physical and financial progress of outputs and outcomes, and updated schedule for next semesters; (ii) progress of the activities contemplated in the POA; (iii) status of the procurement and contracting processes; (iv) level of resource execution and agreed disbursement schedule ; (v) compliance with contractual conditions; (vi) summary of the project’s financial situation; (vii) compliance with environmental and social safeguards; (viii) risks assessment; and (ix) update of the planning and monitoring tools (RM, POA, PEP, PP). The report for the second semester will also contain the POA for the following calendar year. These reports will be the key source of information for the Program Monitoring Report (PMR).

h. Environmental and Social Safeguards. The Bank will monitor the program's environmental, health and safety, social and labor protection safeguards through direct supervision (for example, field visits, documentation review). Monitoring will be carried out four times a year during the two years of program execution. If necessary, the Bank may require PEU/PMO to contract independent environmental consulting services to carry out the more detailed control activities during the construction and operation of the works financed with the Program. Supervision occurs during the lifespan on the execution of the operation which is 4 years and then can continue for 2 years after the final disbursement.
[bookmark: _Toc305003923]
i. Inspection Visits. Inspection visits will be carried out regularly by IDB specialists to monitor relevant technical, operational, and financial aspects of project’s implementation. Inspection visits will have a semiannual frequency.

j. Administrative Missions. Administrative missions occur whenever there is a need to work with the executing unit and the country regarding operational issues and execution timelines.

2.6 These instruments will be a source of information for the Program Completion Report (PCR), at the end of the execution of this program, and the Program Monitoring Report (PMR).

1. [bookmark: _Toc167303973]Data Collection

2.7 Monitoring of program execution will focus on two levels: (i) compliance with execution of program activities; and (ii) achievement of the output, outcome, and impact indicators contained in the MR.

2.8 All output, outcome, and impact indicators will be reported by PEU/PMO. The advances corresponding to the different indicators will be contrasted with the expected products, results, and impacts of the RM.

2.9 The sources of information for monitoring the progress of meeting the goals for each of the result and product indicators will be mainly the work progress reports, work inspection reports, and delivery-reception records. for the case of physical investments, as well as the inspection visits carried out by Bank specialists in the field. Other indicators, such as operational and financial management, will be measured directly through management reports that will be prepared by different PEU/PMO units related to the program. In all these cases, the generation of these instruments is under the responsibility of PEU/PMO.

2.10 See schedule at the end of this document for information on the dates proposed for the publication of results.

1. [bookmark: _Toc324763989][bookmark: _Toc167303974]Reporting
[bookmark: _Ref299658076][bookmark: _Toc305003938]
2.11 Progress Monitoring Report (PMR). The monitoring process includes the timely dissemination of monitoring results so that action can be taken. The principal mechanism to report project’s monitoring results will be the Progress Monitoring Report (PMR). The PMR includes periodic monitoring of the activities and outcomes. After that kickoff meeting, the PMR must be updated (there is up to 60 calendar days after the Program eligibility date to develop the PMR Initial Plan).

2.12 Semiannual monitoring reports. PEU/PMO, through PEU, must submit to the Bank during the Original Disbursement Term or its extensions, within sixty (60) days following the end date of each semester, the semi-annual progress reports.

2.13 Audited Financial Statements (AFSs): PEU/PMO must present the AFSs to the Bank within 120 days following the end of each fiscal year in the Country and during the duration for financing disbursements. The last of these reports will be presented within 120 days of the date stipulated for the last disbursement of the financing. 

1. [bookmark: _Toc324763985][bookmark: _Toc167303975]Monitoring Coordination, Work Plan and Budget
[bookmark: _Toc305003927]
2.14 Coordination and Responsibilities. Overall Program implementation will be the responsibility of the PEU in direct coordination with the BWA Project Management Office (BWA PMO).  The PEU will be responsible for:  (a) acting as focal point with the Bank and providing for all documents and procedures as required under the Loan Agreement and the POM; (b) conducting the financial management  and the necessary internal and external (audit) controls; (c) executing the overall  procurement for the Program, and providing for solid contract management; (d) undertaking/coordinating the planning, monitoring and evaluation activities, as well as reporting based on Bank requirements and tools as per the POM; (e) monitoring and supervising all technical activities; (f) leading the Program’s information and stakeholder engagement activities and (g) implementing and monitoring the activities contained in the ESMP.  The PEU will report to the Office of the Manager of the BWA PMO and will be comprised of the following: (i) Project Management; (ii) Financial Management; (iii) Procurement Management; (v) Engineering and Technical Management; (vi) Planning, Monitoring and Evaluation; (vi) Information and Public Relations; and (viii) Environmental and Social Management.  The BWA PMO will allocate its personnel to the Program, on a shared basis with other programs under the umbrella of BWA.  Personnel of the PEU will be fully funded from the Program’s administrative budget for the duration of execution.

2.15 [bookmark: _Toc305003928]Bank Supervision Plan. The Bank's project team will define an operation supervision plan that will provide semi-annual technical meetings with the PEU and SPC teams to monitor the execution of management monitoring activities, the execution of the Program's Annual Operating Plan (AOP) and decide in agreement the eventual changes required. The supervision plan will also foresee field visits. For its part, the Bank's fiduciary team will carry out financial and procurement system inspections.

2.16 [bookmark: _Toc305003929]The period for follow-up, budget assigned to each of the main monitoring and supervision activities and source of financing are presented in the table below, (Table 3).




[bookmark: _Toc167294017][bookmark: _Toc299996940][bookmark: _Toc299997070][bookmark: _Toc299997413][bookmark: _Toc305003930]Table 4 - Monitoring and Supervision Activities
	
Main monitoring activities/Products by activity
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Responsible
	Cost
(US$)
	Source of Financing

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

	Results Matrix (RM)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO
	250.000[footnoteRef:14] [14:  	Cost program monitoring included in the cost of the PEU/PMO (item Program Administration of Table 2)] 

	Program

	PEP/POA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Procurement Plan
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Risk Matri
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Semi-annual Progress Reports
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Progress Monitoring Report (PMR)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Work progress reports
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Audits
	
	
	
	

	External audits
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO
	250,000
	Program

	Final audit
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Inspection visits
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	IDB
	40,000
	Transactional Budget

	ESG Supervision Missions
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	50,000
	Transactional Budget

	Administration Missions
	
	IDB
	
	

	Start-up Workshop
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	15,000
	Transactional Budget

	Mid-term Evaluation Workshop
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	15,000
	

	Project Closing Workshop
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	15,000
	

	Execution Administrative Mission
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	25,000
	

	Total Cost Paid by the Program
	
	
	170,000
	

	Total Cost Paid by other Sources
	
	
	500,000
	

	TOTAL COST MONITORING AND SUPERVISION
	
	
	670,000
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III. [bookmark: _Toc299997416][bookmark: _Toc305003943][bookmark: _Toc167303976]Evaluation Plan

3.1 This section presents the evaluation plan, including the relevant definitions of each outcome indicator, the main evaluation questions, the existing knowledge about the evidence of the interventions, the evaluation indicators, and the methodology.

3.2 The Program evaluation plan consists of: (i) a midterm performance evaluation; (ii) a final effectiveness evaluation; and (iii) an ex post socioeconomic evaluation of the projects to be financed under the program that will make it possible to verify whether the benefits foreseen in the ex-ante evaluation have materialized. The financing of the evaluation plan is included in the program budget (see Table 13).

1. Main Evaluation Questions

3.3 The objective of the evaluation is to measure whether the program has achieved its specific objectives (EO) and, if possible, the general objective (GO). The evaluations seek to answer questions about whether the program activities and products, including engineering works, training and capacity building, and the improvement of WASA operational management contributed to the achievement of the expected results. To do this, the evaluation plan considers the assessment of the level of progress towards the achievement of the objectives (intermediate evaluation) and of their final achievement (final effectiveness evaluation), as well as an ex-post economic evaluation to verify whether the benefits foreseen in the ex-ante evaluation have materialized. 

3.4 [bookmark: _Toc305003944][bookmark: _Toc305003945]The midterm evaluation will seek to answer the following main questions:
i) Is the program being implemented according to plan (outputs)?
ii) What has been the progress in achieving the results associated with the specific objectives of the program? To verify these achievements, the RM includes mid-term goals for the result indicators.
3.5 If discrepancies between execution and planning are identified, and this has affected the achievement of the expected results, the measures to be taken to guarantee the achievement of the specific objectives at the close of the operation will be identified.

3.6 The final evaluation will respond to the question of whether after the program the expected results were achieved for each objective. Specifically:

3.6.1 For the General Objective: To enhance Barbados’ water supply resilience and reliability with a focus on climate action, environmental sustainability, and food security:

iii) How much did yearly per capita water availability increase after the program?
iv) How much did the concentration of Biochemical Oxygen Demand (BOD) in reuse facility effluents reduce after the program?
v) How much did Greenhouse gas (GHG) emissions reduce after the program?
vi) How much did the percentage of food products sold in markets that are locally produced increase after the program?

3.6.2 For specific development objective 1: Diversify Barbados' water supply sources and reduce water insecurity through the reuse of reclaimed wastewater:

vii) [bookmark: _Hlk513991620]How much did the yearly volume of reclaimed water available for productive uses that meets local and international standards increase at the end of the program?
viii) What is the percentage of agricultural stakeholders adopting reused water as part of their water sources in the area of influence of the program by the end of program?
ix) How much did yearly volume of reclaimed water injected to the Christ Church aquifer increase by the end of the program?

3.6.3 For specific development objective 2: Strengthen key sector institutions on water resource management, operational efficiency, monitoring, and gender and PwD mainstreaming:

x) Was the percentage of operating expenses covered with BWA’s operating revenues maintained by the end of the program? 
xi) How many Verification reports from the Monitoring, Reporting and Verification (MRV) system for the Program were produced by the end of the program?
xii) How many Operational reports from the integrated information systems of BWA approved by the Board, were approved by the Board by the end of the program?
xiii) What percentage of BWA technical and operational personnel were certified on O&M practices for the SCWRRF by the end of the program?
xiv) Was the results-based management plan for the Natural Heritage Conservation Area implemented by the end of the program? Was at least one of the following activities implemented (have resources budgeted and is in execution)?
a. At least one report on the State of the GHS Ecosystem approved.
b. At least one meeting of the Interministerial coordination committee has taken place and Minutes are available.
c. At least one report on the performance of the Hydraulic System at GHS has been produced.
d. At least three reports on the results of the collection and analysis of samples on the condition of biodiversity of the freshwater sedge, mangrove swamp, seagrass bed and coral reef.
xv) Was the internal policy aimed at promoting the participation of PWD within BWA approved by the Board by the end of the program?
xvi) What percentage of female BWA personnel completed the leadership training program by the end of the program?
xvii) How many technical assistance packages on sustainable agriculture practices were in implementation through the BADMC Farmers' Empowerment and Enfranchisement Drive (FEED) Program by the end of the program?


3.7 The ex-post socioeconomic evaluation, using the cost-benefit methodology, when appropriate, will answer whether the projects financed under the Program continue to be socioeconomically feasible. It is worth mentioning that the ex-post CBA will be able to verify if the goals of the result indicators R.1.1, R.1.2, and R.1.3, were met, as well if the target for impact indicators I.3 and I.4 were achieved, which have a direct effect on the quantification and monetization of the benefits derived from the improvements in these indicators, (see Table 12).

xviii) What is the ex-post Internal Rate of Economic Return (EIRR) of the projects financed with the program? Is the EIRR greater than 12%?
xix) How much is the Net Present Value (NPV) of the projects financed with the program? Is the NPV > 0?
xx) What results were obtained from the ex-post cost-effectiveness analysis? How do these results compare with ex ante estimates?
xxi) How much, if any, have the original assumptions underlying the economic analysis changed?
xxii) How sensitive are the results of the EA to the impact of key variables that could affect the profitability of the program? Ex post socioeconomic feasibility will be assessed by means of the following evaluation questions:


1. [bookmark: _Toc167303977]Existing knowledge of the effectiveness of the proposed interventions and ex-ante economic analysis

3.8 Evidence of treatment and use of reclaimed water. Several studies by Zhang, et.al., (2020)[footnoteRef:15]; Massoud, et.al, (2018)[footnoteRef:16]; Novinpour, et.al., (2022)[footnoteRef:17]; Sarkar, et.al., (2022)[footnoteRef:18]; Siddick, S., et.al., (2022)[footnoteRef:19] have shown that with the increase in population, lifestyle changes, and the expansion of industrial and agricultural activities, aquifer recharges, fluxes, and contaminant infiltration have been negatively impacted, and thus water scarcity has become a global problem, with the Caribbean being one of the most vulnerable regions. [footnoteRef:20] Increasing attention is being paid to the sustainable utilization of water resources[footnoteRef:21]. As a result, reclaimed water is being widely used as a potential alternative water source, with the highest annual reclaimed water consumption in China, Mexico, and the United States, (Angelicas, A. et.al., 2014)[footnoteRef:22]. [15:  	Lv, X.; Zhang, J.; Liang, P.; Zhang, X.; Yang, K.; Huang, X. Phytoplankton in an urban river replenished by reclaimed water: Features, influential factors and simulation. Ecol. Indic. 2020, 112, 106090. [Google Scholar].]  [16:  	Massoud, M.A.; Kazarian, A.; Alameddine, I.; Al-Hindi, M. Factors influencing the reuse of reclaimed water as a management option to augment water supplies. Environ. Monit. Assess. 2018, 190, 531. [Google Scholar].]  [17:  	Novinpour, E.A.; Moghimi, H.; Kaki, M. Aquifer vulnerability based on classical methods and GIS-based fuzzy optimization method (case study: Chahardoli plain in Kurdistan province, Iran). Arab. J. Geosci. 2022, 15, 1–15. [Google Scholar].]  [18:  	Sarkar, R.; Pandey, A.C.; Dwivedi, C.S. Effect of Urban Expansion on Groundwater Crisis: A Comparative Assessment of Nainital, Mussoorie and Shimla Hill Cities. In Remote Sensing and Geographic Information Systems for Policy Decision Support; Singh, R.B., Kumar, M., Tripathi, D.K., Eds.; Springer Nature: Singapore, 2022; pp. 443–466. [Google Scholar]]  [19:  	Siddik, S.; Tulip, S.S.; Rahman, A.; Islam, N.; Haghighi, A.T.; Mustafa, S.M.T. The impact of land use and land cover change on groundwater recharge in northwestern Bangladesh. J. Environ. Manag. 2022, 315. [Google Scholar]]  [20:  	Stennett-Brown RK, Stephenson TS, Taylor MA (2019) Caribbean climate change vulnerability: Lessons from an aggregate index approach. PLoS ONE 14(7): e0219250. https://doi.org/10.1371/journal.pone.0219250.  Nurse LA, Mclean RF, Agard J, Briguglio LP, Duvat-Magnan V, Pelesikoti N, et al. Small islands. In: Barros VR et al., editors. Climate Change 2014: Impacts, Adaptation, and Vulnerability Part B: Regional Aspects Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, UK; New York, USA: Cambridge University Press; 2014. p. 1613–54.]  [21:  	Yu Li, Mingzhu Liu, and Xiong Wu Reclaimed Water Reuse for Groundwater Recharge: A Review of Hot Spots and Hot Moments in the Hyporheic Zone. Water 2022, 14(12), 1936; https://doi.org/10.3390/w14121936.]  [22:  	Angelakis, A.; Gikas, P. Water reuse: Overview of current practices and trends in the world with emphasis on EU states. Water Utility J. 2014, 8, e78. [Google Scholar]] 


3.9 [bookmark: bbib51][bookmark: bbib56][bookmark: bbib50][bookmark: bbib5][bookmark: bbib43][bookmark: bbib40][bookmark: bbib21]Research shows that there are several technologies are effective to treat wastewater to standards needed for reuse, including ozonation[footnoteRef:23], ultrafiltration[footnoteRef:24], membrane bioreactor systems[footnoteRef:25], forward osmosis, reverse osmosis, advanced oxidation[footnoteRef:26], chlorine disinfection, nanofiltration[footnoteRef:27], and ozone disinfection[footnoteRef:28]. Additionally, using treated wastewater may reduce the necessity of recurring to fertilizers, with a direct positive impact on the farmers, and the environment (Schmidt Fernandes et al, 2023)[footnoteRef:29]. Nonetheless, some questions about health risks have been raised, specially the presence of microorganisms such as enteric viruses and protozoa poses significant health risks for the consumers (Petterson et al., 2011[footnoteRef:30]; Toze, 2006[footnoteRef:31]). A few studies have investigated the effect of using reclaimed water on the microbiological quality of the crops. Orlofsky et al. (2016)[footnoteRef:32] compared treated wastewater (secondary and tertiary-treated) with potable water to access the microbiological quality of tomato crops and determined whether microbial contamination on the surface was independent or not of the irrigation source. Another study looking at pathogens in tomato and broccoli irrigated with food manufacturing wastewater showed the presence of Listeria monocytogenes and EC O157:H7. Nonetheless, no pathogens were detected (Beneduce et al., 2017[footnoteRef:33]). Other studies also demonstrated lack of contamination of the crops irrigated with reclaim water (Libutti et al., 2018[footnoteRef:34]; Farhadkhani et al., 2018[footnoteRef:35]). [23:  	Gomes, J.; Costa, R.; Quinta-Ferreira, R.M.; Martins, R. Application of ozonation for pharmaceuticals and personal care products removal from water. Sci. Total Environ. 2017, 586, 265–283. [Google Scholar].]  [24:  	Liu, P.; Hill, V.R.; Hahn, D.; Johnson, T.B.; Pan, Y.; Jothikumar, N.; Moe, C.L. Hollow-fiber ultrafiltration for simultaneous recovery of viruses, bacteria and parasites from reclaimed water. J. Microbiol. Methods 2012, 88, 155–161. [Google Scholar].]  [25:  	Cecconet, D.; Callegari, A.; Hlavínek, P.; Capodaglio, A.G. Membrane bioreactors for sustainable, fit-for-purpose greywater treatment: A critical review. Clean Technol. Environ. Policy 2019, 21, 745–762. [Google Scholar]]  [26:  	Wintgens, T.; Melin, T.; Schäfer, A.; Khan, S.; Muston, M.; Bixio, D.; Thoeye, C. The role of membrane processes in municipal wastewater reclamation and reuse. Desalination 2005, 178, 1–11. [Google Scholar].]  [27:  	Warsinger, D.M.; Chakraborty, S.; Tow, E.W.; Plumlee, M.H.; Bellona, C.; Loutatidou, S.; Karimi, L.; Mikelonis, A.; Achilli, A.; Ghassemi, A.; et al. A review of polymeric membranes and processes for potable water reuse. Prog. Polym. Sci. 2018, 81, 209–237. [Google Scholar].]  [28:  	Gomes, J. et.al., (2017).]  [29:  	Schmidt Fernandes, L., A. Galvão, R. Santos, S. Monteiro. 2023. Impact of water reuse on agricultural practices and human health Environ. Res., 216 (August 2022) (2023), Article 114762, 10.1016/j.envres.2022.114762 [Google Scholar]]  [30:  	S.R. Petterson, S.R., N.J. Ashbolt, A. Sharma. Microbial risks from wastewater irrigation of salad crops: a screening level risk assessment. Water Environ. Res., 73 (2011), pp. 667-672, 10.2175/106143001x143402, [Google Scholar].]  [31:  	Toze, S., Reuse of effluent water-benefits and risks. Agric. Water Manag., 80 (2006), pp. 147-159, 10.1016/j.agwat.2005.07.010 [Google Scholar]]  [32:  	E. Orlofsky, E., M. Sacks, A. Vonshak, M. Benami, A. Kundu, M. Maki, W. Smith, S. Wuertz, K. Shapiro, O. Gillo. Comparable levels of microbial contamination in soil and on tomato crops after drip irrigation with treated wastewater or portable water. Agric. Ecosyst. Environ., 215 (2016), pp. 140-150, 10.1016/j.agee.2015.08.008 [Google Scholar] ]  [33:  	Beneduce, L., G. Gatta, A. Bevilacqua, A. Libutti, E. Tarantino, M. Bellucci, E. Troiano, and G. Spano. Impact of the reusing of food manufacturing wastewater for irrigation in a closed system on the microbiological quality of the food crops. International Journal of  Food Microbiology., 260 (2017), pp. 51-58, 10.1016/j.ijfoodmicro.2017.08.009. [Google Scholar]]  [34:  	Libutti, A., G. Gatta, A. Gagliardi, P. Vergine, A. Pollice, L. Beneduce, G. Disciglio, E. Tarantino. Agro-industrial wastewater reuse for irrigation of a vegetable crop succession under Mediterranean conditions. Agricultural Water Management, 196 (2018), pp. 1-14, 10.1016/j.agwat.2017.10.015. [Google Scholar]]  [35:  	Farhadkhani, M., M. Nikaeen, G. Yadegarfar, M. Hatamzadeh, H. Pourmohammadbagher, Z. Sahbaei, H.R. Rahmani. Effects of irrigation with secondary treated wastewater on physicochemical and microbial properties of soil and produce safety in a semi-arid area. Water Resources, 144 (2018), pp. 356-364, 10.1016/j.watres.2018.07.047. [Google Scholar]] 


3.10 Evidence of effectiveness of reuse water for irrigation. Studies by Amori, P.N., et.al., 2021[footnoteRef:36], Huang, X., et.al. 2017[footnoteRef:37], and Jeong, H., et.al., 2014[footnoteRef:38] have shown that irrigation with reclaimed water is beneficial to crop growth because nutrients such as nitrogen and phosphorus in reclaimed water can increase soil fertility. [36:  	Amori, P.N.; Mierzwa, J.C.; Bartelt-Hunt, S.; Guo, B.; Saroj, D.P. Germination and growth of horticultural crops irrigated with reclaimed water after biological treatment and ozonation. J. Clean. Prod. 2021, 336, 130173. [Google Scholar]]  [37:  	Huang, X.; Xiong, W.; Liu, W.; Guo, X. Effect of reclaimed water effluent on bacterial community structure in the Typha angustifolia L. rhizosphere soil of urbanized riverside wetland, China. J. Environ. Sci. 2017, 55, 58–68. [Google Scholar]]  [38:  	Jeong, H.; Jang, T.; Seong, C.; Park, S. Assessing nitrogen fertilizer rates and split applications using the DSSAT model for rice irrigated with urban wastewater. Agric. Water Manag. 2014, 141, 1–9. [Google Scholar]] 


3.11 Several studies have been conducted on the impacts of smallholder irrigation on food security, agricultural productivity, livelihoods, and poverty. However, little attention has been placed on the nexus between smallholder irrigation and poverty reduction (Mupaso, et al, 2023)[footnoteRef:39] In most developing countries, agriculture under irrigation is viewed as a proven strategy to achieve the Sustainable Development Goals (SDGs) 1 and 2 since it contributes to improving food security and reducing poverty[footnoteRef:40]. Further, investments in irrigation infrastructure are instrumental in poverty reduction, agricultural expansion, and improvement in food and nutrition security in many developing countries[footnoteRef:41] A World Bank (World Bank, 2008)[footnoteRef:42] study shows that investments in irrigation contribute to agricultural growth and poverty reduction through (1) crop intensification and diversification which, in turn, increase farm outputs and incomes; (2) increasing agricultural employment; and (3) reducing local food prices, which in turn, are shown to  improve real net incomes. Lopez, C.A., and L. Salazar (2017)[footnoteRef:43] while estimated the impact of the National Irrigation Program with a Watershed Approach (PRONAREC) on the value of agricultural production, investments in complementary technologies, household income, and water resource management in rural communities in Bolivia, found that participation in the program improved the value of agricultural production, and it triggered a deeper process of technological change that led to investments in complementary inputs. Additionally, they found evidence that PRONAREC has strengthened farmers’ access to markets, increased household incomes, promoted the formalization of water users’ associations, and improved the organization and management of irrigation systems. Another study by Del Carpio et al., 2011[footnoteRef:44] conducted an impact evaluation on the effects of rehabilitation of irrigation systems in Peru on household expenditure and total agricultural value and sales. They found that irrigation rehabilitation has a positive and significant effect on household expenditures on poor and non-poor farmers, but the results were inconclusive for the other two outcomes of interest. Another study by World Bank, 2008[footnoteRef:45] conducted in India, however, found that access to and rehabilitation of irrigation systems had a positive and significant effect on yields, cropping intensity and employment of non-household labor, but no effect on diversification into high-value crops.  [39:  	Mupaso, N., Go. Makombe, and R. Mugandani Smallholder irrigation and poverty reduction in developing countries: a review. Heliyon 9 , Issue 2 (2023) 10.1016/j.heliyon.2023.e13341. [Google Scholar]]  [40:  	M.A. Hanjra, T.O. Williams, Global change and investments in smallholder irrigation for food and nutrition security in sub-Saharan Africa, in: S. Gomez and Paloma (Ed.), The Role of Smallholder Farms in Food and Nutrition Security, 2020. Cited in Mupaso et al, 2023.]  [41:  	C. Ringler, Investments in irrigation for global food security, in: Intl Food Policy Res Inst IFPRI policy note, IFPRI, Washington DC, 2017. http://ebrary.ifpri.org/ utils/getfile/collection/p15738coll2/id/131045/filename/131256.pdf. ]  [42:  	World Bank. 2008. Investment in Agricultural Water for Poverty Reduction and Economic Growth in Sub-Saharan Africa : Synthesis Report. © World Bank, Washington, DC. http://hdl.handle.net/10986/8012 License: CC BY 3.0 IGO]  [43:  	López, C.A. and L. Salazar. Unraveling the Threads of Decentralized Community-Based Irrigation Systems in Bolivia. IDB WORKING PAPER SERIES Nº IDB-WP-858. Inter-American Development Bank. December 2017.  http://dx.doi.org/10.18235/0001033 ]  [44:  	Del Carpio, X. V., Loayza, N., & Datar, G. (2011). Is Irrigation Rehabilitation Good for Poor Farmers? An Impact Evaluation of a Non‐Experimental Irrigation Project in Peru. Journal of Agricultural Economics, 62(2), 449-473.]  [45:  	World Bank (2008). An impact evaluation of India's second and third Andhra Pradesh irrigation projects: A case of poverty reduction with low economic returns. Washington, DC: World Bank.] 


3.12 Agriculture is one of the most effective channels for poverty reduction, particularly amongst the lowest income households (Christiaensen, L. et al., 2011[footnoteRef:46], Christiansen and Martin., 2018[footnoteRef:47], and de Janvry, A. & E. Sadoulet, 2020[footnoteRef:48]). Although with heterogeneous effects in different countries, the growth of Agriculture is 2 to 4 times more effective in reducing poverty than is growth in other sectors of the economy, favoring poor households more than rich ones, especially in less developed countries (Bravo-Ortega and Lederman, 2005[footnoteRef:49]; Christiaensen et al., 2011; Christiaensen and Martin, 2018; Ivanic and Martin, 2018[footnoteRef:50]; Ligon and Sadoulet, 2018[footnoteRef:51]).  [46:  	Christiaensen, L., Demery, L., & Kuhl, J. (2011). The (evolving) role of agriculture in poverty reduction-An empirical perspective. Journal of Development Economics, 96(2), 239–254. https://doi.org/10.1016/j.jdeveco.2010.10.006]  [47:  	Christiaensen, L., & Martin, W. (2018). Agriculture, structural transformation, and poverty reduction: Eight new insights. World Development, 109, 413–416. https://doi.org/10.1016/j.worlddev.2018.05.027]  [48:  	De Janvry, A. and Sadoulet, E. (2020). Using agriculture for development: Supply- and demand-side approaches. World Development, 133. https://doi.org/10.1016/j.worlddev.2020.105003 ]  [49:  	Bravo-Ortega, C., and Lederman, D. (2005). Agriculture and National Welfare around the World: Causality and International Heterogeneity since 1960 (No. 3499). https://doi.org/10.2139/ssrn.654562 ]  [50:  	Ivanic, M., & Martin, W. (2018). Sectoral Productivity Growth and Poverty Reduction: National and Global Impacts. World Development, 109, 429–439. https://doi.org/10.1016/j.worlddev.2017.07.004 ]  [51:  	Ligon, E.,  and Sadoulet, E. (2018). Estimating the Effects of Aggregate Agricultural Growth on the Distribution of Expenditures. In World Development Volume 109, 2018, pages 417-428. http://dx.doi.org/10.2139/ssrn.1769944 ] 


3.13 A meta-analysis by Mupaso et al., 2023 on the impact of smallholder irrigation on poverty reduction found that results were inconclusive insofar as that some studies found a direct positive link between irrigation and poverty reduction, while others did not. Taking 6 studies from the sample analyzed, were empirical research which used primary data was conducted, shows mixed findings. Hussain and Hanjra, 2004[footnoteRef:52], conducted a desktop study to understand the linkages between irrigation and poverty and found that there are strong direct and indirect linkages between irrigation and poverty. Furthermore, irrigation enables smallholders to adopt more diversified cropping patterns, and switch from low-value subsistence production to high-value market-oriented production. The study concluded that investments in irrigation development are significant in reducing rural poverty. Shah and Singh, 2004[footnoteRef:53] who undertook a study on the impact of irrigation development on rural poverty in Gujarat, India found similar results. Their results show that primary education infrastructure and improved land productivity through irrigation were key variables in the design of poverty reduction programs. Finally, Huang et al., 2006[footnoteRef:54], conducted a study on the impact of irrigation on agricultural performance and poverty reduction in China. The results showed that irrigation significantly increase crop yields as well as incomes for poor farmers. Revenues were also higher from irrigated plots than non-irrigated plots. The study concluded that irrigation was important in the reduction of poverty in China. These results are in line with the findings by López et al., 2017 on the effects of irrigation on incomes of farmers in Bolivia and World Bank 2008 in India. [52:  ] I. Hussain, M.A. Hanjra, Irrigation and poverty alleviation: review of the empirical evidence, in: International Water Management Institute, Sri Lanka, Colombo, 2004.]  [53:  T. Shah, O.P. Singh, Irrigation development and rural poverty in Gujarat, India: a disaggregated analysis, Water Int. 29 (2) (2004) 167–177.]  [54:  	Q. Huang, S. Rozelle, B. Lohmar, J. Huang, J. Wang, Irrigation, agricultural performance and poverty reduction in China, Food Policy 31 (1) (2006).] 


3.14 In Africa, Haji et al., 2013[footnoteRef:55] conducted a study on the impact of Mede Telila smallholder irrigation scheme on household poverty alleviation in Gorogutu district in Ethiopia. Based on the findings, the study concluded that smallholder irrigation has a positive impact on poverty reduction. Bacha et al., 2011[footnoteRef:56] conducted a similar study assessing impacts of smallholder irrigation development on poverty reduction in Ethiopia. The results of the study show that there are statistically significant differences between irrigators and non-irrigators in terms of mean food expenditure, mean non-food expenditure and total off-farm income. A study by Namara et al., 2012[footnoteRef:57], also assessing the efficacy of irrigation investments in reducing poverty in rural Ethiopia, found that the incidence, depth and severity of poverty is affected more by the intensity of irrigation use (as measured by the size of irrigated area) than mere access to irrigation. [55:  	J. Haji, M. Aman, T. Hailu, Impact analysis of Mede Telila small scale irrigation scheme on house poverty alleviation: case of Gorogutu district in eastern Haratghe Oromia national regional state Ethiopia, International Journal of Development and Economic Sustainability 1 (2013) 15–30.]  [56:  	D. Bacha, R. Namara, A. Bogale, A. Tesfaye, Impact of small-scale irrigation on household poverty: empirical evidence from the Ambo district in Ethiopia, Irrigat. Drain. 60 (1) (2011) 1–10.]  [57:  	E. Namara Regassa, Makombe Godswill, Hagos Fitsum, B. Awulachew Seleshi, Rural poverty and inequality in Ethiopia: does access to small-scale irrigation make a difference? Ethiop. J. Dev. Res 97 (2012) 116.] 


3.15 While irrigation access is important, water security is critical to enhance the effectiveness of smallholder irrigation to poverty reduction. Thus, the evidence suggests that participation of rural farmers in irrigation initiatives is necessary though not sufficient for enhancing household welfare (Mapuso, et al., 2023). A study conducted by 
Sinyolo, 2013[footnoteRef:58] empirically tested these findings. The results showed that irrigators and non-irrigators in rural South Africa were homogenous in terms of socioeconomic characteristics. Irrigators had higher consumption expenditures, more livestock, higher incomes and better education than the non-irrigators. FGT indices showed that poverty was more pronounced among the non-irrigators. Water security was found to be crucial for smallholder irrigation as a tool to reduce poverty. A desktop study conducted by Desulie and Abebe, 2017[footnoteRef:59] reviewed 12 studies on smallholder irrigation in Ethiopia finding that investments in smallholder irrigation are a key poverty reduction strategy for the country. Based on the findings, the study recommended the government to work on improving the technical knowhow of farmers on irrigation technologies, extending credit facilities, expanding markets and road infrastructure, and setting clear organizational structures for irrigation departments at various levels. The findings confirm similar results found by Bacha, D., et al., 2011 and Ha ji, J, et al., 2013 who also conducted similar studies in Ethiopia. [58:  	S. Sinyolo, The impact of smallholder irrigation and water security on household welfare: the case of Tugela Ferry irrigation scheme in KwaZulu-Natal, South Africa, in: School of Agricultural, Earth and Environmental Sciences, University of KwaZulu-Natal, 2013.]  [59:  	B.S. Desulie, B.A. Abebe, A critical review of small scale irrigation in Ethiopia: prospects and challenges, Int. J. Curr. Res. 9 (11) (2017) 60916–60920.] 


3.16 The literature suggest that wastewater reuse for irrigation is commonly used, its use tend to be more widespread in developed countries. It also suggests that acceptance rates of the use of wastewater reuse water varies depending on its use (human vs. productive or environmental uses), social and/or emotional considerations. Evidence on adoption rates in agriculture is still scarce. There is very little literature (applicable to LAC) on wastewater reuse adoption rates and/or perceptions by farmers. Lazaridou, et al., 2019[footnoteRef:60] estimated individuals’ willingness to pay for recycled water irrigation, in order to enhance the water supply and ensure the continuation of irrigated agriculture in Nestos catchment. There findings indicate that participants are willing to pay a significantly less amount of money than they already pay, for freshwater. Additionally, the analysis demonstrates that the use of recycled water in agriculture is more acceptable to respondents who are aware of its environmental benefits. Therefore, the provision of complete information on the welfare of using recycled water for irrigation to farmers may lead to greater adoption intention and a greater environmental benefit. This study echoes findings by Suri, M., et al. 2019[footnoteRef:61] who found that 80% of farmers in the Mid-Atlantic and Southwest regions consider the use of reuse water for irrigation at least moderately important, while 61% would use it.  Kisekka and Grattan, 2024[footnoteRef:62], in a brief to The Water Research Foundation on Assessing the State of Knowledge and Impacts of Recycled Water Irrigation on Agricultural Crops and Soils, noted that GIS-based analysis has shown that the land area irrigated with recycled water increased from 20 million hectares in 2007 to 36 million hectares in 2017, which represents approximately 10% of the world irrigation area (Hamilton et al., 2007[footnoteRef:63]; Thebo et al., 2017[footnoteRef:64]), suggesting that the practice is becoming more acceptable and adoption is in the rise. Florides, et al., 2024[footnoteRef:65] undertook an extensive review of water reuse through literature on different levels, with a geographic focus in Europe. The authors found that  water reuse has become increasingly important in response to the rising water scarcity levels. Currently applications of water reuse in northern Europe are for environmental purposes (51%), while in southern Europe, it is mainly used for irrigation (44%), with Spain reusing the largest volume. However, while a large proportion of urban wastewater is treated appropriately, very little of the treated water is reused due to various barriers that include technical, economic, institutional–regulatory, and social barriers. An extensive review of studies involving the acceptance of water reuse was carried out to identify the reasons why water is not being reused to its full potential. The results varied because of several factors, such as the region, the reuse method (e.g., irrigation, indoor/outdoor activities, drinking water), and due to economic, social (acceptance), and emotional factors.With regard to the effects of reuse water, Umaña, 2007[footnoteRef:66] studied the impact of using treated sewage water as source of water for irrigation was carried on a corn (Zea mays, L.) field on yields [compared to the traditional use of fertilizer] and physical and chemical soil properties in the community of El Aguacate of Jinotepe municipality. The results showed not significant differences in soil properties among the three sampling moments. The reported local maize yield is about 1.6 ton/ha, and in this study, the author found an increased over 60% on the crop yield of the treated sewage water compared with a chemical fertilized corn plot [60:  	Lazaridou, D., Michailidis, A. and Mattas, K.  2019. Evaluating the Willingness to Pay for Using Recycled Water for Irrigation. Sustainability 2019, 11(19), 5220; https://doi.org/10.3390/su11195220. ]  [61:  	Mayhah R. Suri, Jessica L. Dery, Joanne Pérodin, Natalie Brassill, Xin H, Samantha Ammons, Megan E. Gerdes, Channah Rock, Rachel E. Rosenberg Goldstein. U.S. farmers' opinions on the use of nontraditional water sources for agricultural activities. Environmental Research Volume 172, May 2019, Pages 345-357 https://doi.org/10.1016/j.envres.2019.02.035]  [62:  	Kisekka, I. and Grattam, S , F. P. Salcedo, J. Gan, M. L. Partyka, R. F. Bond, N. Bernstein, J. Radcliffe, and A. Adin 2024. Assessing the State of Knowledge and Impacts of Recycled Water Irrigation on Agricultural Crops and Soils. California State Water Resources Control Board. Presented to The Water Research Foundation. Project No. 4964. 190 pp. https://www.waterrf.org/system/files/resource/2024-02/DRPT-4964.pdf  ]  [63:  	Hamilton, A. J., F. Stagnitti, X. Xiong, S. L. Kreidl, K. K. Benke, and P. Maher. 2007. “Wastewater Irrigation: The State of Play.” Vadose Zone Journal, 6:823-840. https://www.researchgate.net/publication/255635333_Wastewater_Irrigation_The_State_of_Play ]  [64:  	Thebo, A. L., P. Drechsel, E. F. Lambin, and K. L. Nelson. 2017. “A Global, Spatially Explicit Assessment of Irrigated Croplands Influenced by Urban Wastewater Flows.” Environmental Research Letters, 12 (7):74008]  [65:  	Florides, F., Giannakoudi, M., Ioannou, G., Lazaridou, D., Lamprinidou, E., Loukoutos, N., Spyridou, Tosounidis, E., Xanthopoulou, M., and Katsoyiannis, L.A. Water Reuse: A Comprehensive Review Environments 2024, 11(4), 81; https://doi.org/10.3390/environments11040081.]  [66:  	Umaña Gómez, Edmundo (2007) El reuso de aguas residuales para riego en un cultivo de maíz (Zea mays L.) una alternativa ambiental y productiva. La Calera, 7 (8). pp. 22-26. ISSN 1998-7846. https://repositorio.una.edu.ni/2285/ ] 


3.17 The impact of irrigation on the adoption of complementary inputs and technologies, particularly on sustainable agricultural practices has been widely studied. Zeweld et al. (2015)[footnoteRef:67] find that small - scale surface irrigation schemes had a significant effect on asset accumulation and expenditures on agricultural inputs (e.g., chemical fertilizers and improved seeds) . Such synergy or complementarity between irrigation and inputs of production and other agricultural technologies has been suggested and discussed in the literature. For instance, Lipton et al. (2003)[footnoteRef:68] point  out water  availability  highly  influences the demand  for modern agricultural  inputs;  thus,  access  to irrigation can contribute to the stabilization of farm output in the long - run. Further, while there is growing  concern of the  association  between  irrigation  and  the  overutilization  of modern inputs (i.e ., chemical fertilizer) and its effects on the environment, policies that promote irrigation water efficiency, such  as community - based irrigation management, can influence input efficiency and sustainability (Alauddin and Quiggin, 2008[footnoteRef:69]; Aregay and Minjuan, 2012)[footnoteRef:70]. Finally, Salazar, et al., 2015[footnoteRef:71].analyzed the  impact of the CRIAR program ,  implemented  in  rural areas in Bolivia. The objective of CRIAR is to increase smallholders’ agricultural income and food security through productivity improvements triggered by technologic al adoption. The results present evidence that program participation  increased agricultural  productivity , household income and improved food security. Overall, this study confirms the importance of considering the role  of productive programs as  policy tools to address vulnerability to food insecurity. [67:  	Zeweld, W., Huylenbroeck, G. V., Hidgot, A., Chandrakanth, M. G., and Speelman, S. (2015). Adoption of Small ‐ Scale Irrigation and Its Livelihood Impacts in Northern Ethiopia. Irrigation and Drainage , 64(5), 655 – 668.]  [68:  	Lipton,  M.,  Litchfield,  J., and Faurès, J. M.  (2003). The  Effects of Irrigation on  Poverty: A  Framework  for Analysis. Water Policy , 5(5 - 6), 413 - 427.]  [69:  	Alauddin, M., and Quiggin, J. (2008). Agricultural Intensification, Irrigation and the Environment in South Asia: Issues and Policy Options. Ecological Economics , 65(1), 111 - 124.]  [70:  	Aregay, F. A., & Minjuan, Z. (2012). Impact of Irrigation on Fertilizer Use Decision of Farmers in China: A Case Study in Weihe River Basin. Journal of Sustainable Development , 5(4), 74]  [71:  	Salazar, L., Aramburu, J., González, M., & Winters, P. (2015). Food Security and Productivity: Impacts of Technology Adoption in Small Subsiste nce Farmers in Bolivia . Inter - American Development Bank , IDB Working Paper Seires No. IDB - WP - 567 . http://dx.doi.org/10.18235/0012280] 


3.18 Much of the cited evidence meets internal validity criteria — Table 4. presents a selection of studies that meet these criteria: treated and control groups are identified; panel data is used to monitor for changes over time; and econometric methods are used to mitigate possible factors that may bias the results. The literature reviewed, provides a basis for understanding the use and suitability of reclaimed reuse water for irrigation and, in turn, the smallholder irrigation, food security, and poverty reduction linkages. Findings from the studies reviewed show that smallholder irrigation enhances household welfare in most developing countries. Smallholder irrigation contributes to improvement in household food security, increases in household income, creates employment, enhances livelihoods through asset accumulation, increases agricultural productivity all of which are factors that contribute to poverty reduction among rural households These impact evaluation methodologies help to isolate, more precisely, the attribution of these types of interventions. 


[bookmark: _Toc167294018]Table 5 - Evidence with internal and external validity - Selection of some studies
	Country
	Author(s)
	Intervention Description
	Methodology
	Results / Conclusions

	China
	Huang et al. 2006
	Irrigation, agricultural performance and
poverty reduction in Chin
	Descriptive statistics, Multiple
linear regression analysis and
Cost benefit analysis
	Irrigation significantly increases crop yields. Wheat yields of irrigated plots were 70.9% higher than those of non-irrigated ones, irrigated cotton yields were 177% higher and irrigated maize yields were 16.4% higher.
The revenues from irrigated plots were found to be 93% higher than those from non-irrigated plots.
The cost benefit analysis results show that irrigation investments have positive returns.

	Ethiopia
	Haji et al.2013
	Impact analysis of Mede Telila small-scale irrigation scheme on house poverty alleviation: Case of Gorogutu District in Eastern Haratghe Oromia National Regional State Ethiopia
	Descriptive statistics, the Foster, Greer and Thobeck (FGT) poverty indices and Propensity Score Matching (PSM)
	Per capita consumption expenditure of irrigators was 25% more than that of non-irrigators.

	Ethiopia
	Bacha et al.
	Impact of small-scale irrigation on household poverty: empirical evidence from the Ambo district in Ethiopia
	Descriptive statistics, FGT poverty indices and Heckman’s selectivity model
	The incidence of poverty was found to be significantly lower among irrigators (27%) than non- irrigators (55%).
There were statistically significant differences between irrigators and non-irrigators in terms of mean food expenditure, mean non-food expenditure and total off farm income.
The incidence, depth and severity of poverty were significantly lower among irrigators.

	South Africa
	Sinyolo
	The impact of smallholder irrigation and water security on household welfare: The case of Tugela Ferry irrigation scheme in KwaZulu-Natal, South Africa
	Treatment effect, Propensity score matching (PSM), Descriptive statistics and FGT indices
	Increases in farm size, irrigated area and years of schooling significantly reduce the probability of being poor, while increases in family size and area share of food grains in the total cultivated area significantly increases the probability of being poor. 
Irrigators had higher consumption expenditures, more livestock, higher incomes, and better education than the non-irrigators.

	Bolivia
	López, C.A. (2018)
	Unraveling the Threads of Decentralized Community-Based Irrigation Systems in Bolivia
	Propensity Score Matching
	The results show that participation in the program improved the value of agricultural production, and it triggered a deeper process of technological change that led to investments in complementary inputs. Additionally, there is evidence PRONAREC has strengthened farmers’ access to markets, increased household incomes, promoted the formalization of water users’ associations, and improved the organization and management of irrigation systems. Nevertheless, the lack of effects on agricultural productivity suggests program beneficiaries are in the upward sloping curve of the learning process

	Perú
	Del Carpio et al. (2011)
	Is Irrigation Rehabilitation Good for Poor Farmers? An Impact Evaluation of a Non-Experimental Irrigation Project in Peru
	RD (spatial), DD
	Positive & Statistically Significant Household expenditures (Poor Farm HHs, and Non-Poor HHs)
Total agricultural output. Negative & Statistically Significant; [Positive & Marginally Significant], (Positive & Statistically Significant) depending on the model used.

	India
	World Bank (2008)
	An Impact Evaluation of India’s Second and Third Andhra Pradesh Irrigation Projects: A Case of Poverty Reduction with Low Economic Returns
	Propensity Score Matching (PSM)
Differences on Differences (DD)
	Access to and rehabilitation of irrigation systems had a positive and significant effect on yields, cropping intensity and employment of non-household labor, but no effect on diversification into high-value crops

	Bolivia
	Salazar, L. et al. (2015)
	Impact of Technology Adoption in small Subsistence Farmers in Bolivia
	Instrumental Variables
	The  results present  evidence that  program  participation  increased agricultural  productivity ,  household  income  and improved  food  security. Overall, this study  confirms the  importance  of considering the  role  of productive  programs as  policy tools to address vulnerability to food insecurity.




3.19 In addition, most of the studies cited meet external validity criteria, since they evaluate interventions that are very similar to those of this operation (diversification of water sources and use or reclaimed water for human and other uses); they focus on similar populations and contexts (rural with low levels access to irrigated water and in water stress areas); although it covers countries in other regions, mostly.

3.20 Considering the total amounts to be financed by components 1 and 2 and subcomponent 3.2, the evidence presented on the impacts of use of reclaimed water for irrigation and aquifer recharge on improving agricultural value, show that the internal and external validity of this evidence is for 88.2% of investment costs.

3.21 Effects of gender inclusion. There are many benefits that female inclusion in institutions and companies brings (better financial performance, more innovation, better service delivery, better business management, among others)[footnoteRef:72]. Since women are the most important clients of W&S services, a more diverse workforce integrated into the design, operation and maintenance of supply systems can help to understand and respond more efficiently to the priorities and needs of female clients and, consequently, to their family group.  Currently, capacity building and closing inequality gaps are urgent and necessary tasks. This is because, in the new development paradigm, where innovation, productivity and technology play a fundamental role, empirical evidence[footnoteRef:73] has shown that diversity can increase the speed with which it is possible to innovate, absorb the innovations generated in other parts of the world and reduce the technological gap, thus increasing the efficiency of the economic system. Companies that promote inclusion and equality in their public image have a better reputation[footnoteRef:74], which according to the ILO (2019)[footnoteRef:75] can increase up to 58%.  [72:  	World Bank (2019), Box 1.1, https://openknowledge.worldbank.org/handle/10986/32319]  [73:  	CEPAL (2018). La ineficiencia de la desigualdad. Santiago: Autor.]  [74:  	Catalyst (2020). Why diversity and inclusion matter. Available: https://www.catalyst.org/research/why-diversity-and-inclusion-matter/]  [75:  	OIT (2019). Argumentos para un cambio: las mujeres en la gestión empresarial. Ginebra, Suiza: Autor] 


3.22 Effects of gender specific management training. The relationship between management training and professional development is not straightforward for female workers, as the literature suggests. The effect of workers on management skills is dependent on a plethora of factors at the individual, organizational, and sectorial level. This is even truer in the case of female-oriented training. Work by Fajak and Haslam (1998)[footnoteRef:76] on gender solidarity in organizations suggest that, contrary to traditional expectation, gender solidarity among women is not necessarily higher than among men, but it might be dependent on specific contexts and groups. This result suggests that putting the burden of women’s professional advancement only on other female peers could be misguided. [76:  	Fajak, A. and Haslam, S. A. 1998. Gender solidarity in hierarchical organizations. British Journal of Social Psychology, 37, 73-94.] 


3.23 Regarding the nature and structure of training, research suggests that providing women-only training, in addition to other mechanisms for training and mentoring, is effective in increasing the pool of candidates by providing women with tools for defining leadership goals and skills, and accessing positions in leadership (Vinnicombe and Singh, 2003[footnoteRef:77]; Debebe 2011[footnoteRef:78]; Clarke, 2011). Other work has suggested that female managers find it harder to seek professional development due to hardship finding mentors and misinterpreted professional interest as personal advances (Ragins and Cotton, 1991[footnoteRef:79]).  [77:  	Vinnicombe, S. & Singh, V. 2002. Women-only management training: An essential part of women's leadership development. Journal of Change Management, 3, 294-306.]  [78:  	Debebe, G. 2011. Creating a safe environment for women’s leadership transformation. Journal of Management Education, 35, 679-712.]  [79:  	Ragins, B. R. & Cotton, J. L. 1991. Easier said than done: Gender differences in perceived barriers to gaining a mentor. Academy of Management journal, 34, 939-951] 


3.24 A management training program that aimed to integrate male and female peers could provide an environment where the risk of these misinterpretations was lower. Additionally, alternative approaches to gender empowerment suggest that restricting trainings and spaces to perpetuate the narrative of women women-only potentially as “lacking” and contributes to subordinating women in organizational structures, even disregarding existing power structures that hold them back (Vinnicombe and Singh, 2003)[footnoteRef:80]. Therefore, providing a program that offers women the management training and helps them develop professional ties with male peers could help boost their performance longer term in two ways: by giving them valuable skills, and by facilitating professional ties that help them move forward in the organizational structure. [80:  	Vinnicombe, S., & Singh, V. (2003). Women-only management training: An essential part of women's leadership development. Journal of Change Management, 3(4), 294–306] 


3.25 Ex-ante Socioeconomic Evaluation. During the preparation of this operation, the economic analysis of the Program was carried out. For the ex-ante economic analysis, a cost/benefit assessment was performed for all A cost-benefit analysis was performed for all the works related to the sewerage treatment, reclamation, distribution, and reuse infrastructure financed by the project, as well as the solar plant and battery storage infrastructure for which economic benefits could be quantified. The analysis was performed for the Water Reclamation Infrastructure, which includes the South Coast Wastewater Treatment Plan (SCSTP) rehabilitation and upgrade, the construction of a new South Coast Water Reclamation and Reuse Facility (SCWRRF); the construction of reclaimed water reuse infrastructure network to distribute reclaimed water either for irrigation or for aquifer recharge; and the installation of a 7Mw solar energy generation plant and battery storage system (BSS). These investments correspond to the interventions financed with Component 1, Component 2, and subcomponent 3.2, and account for 88.2% of the amount of the operation.

3.26 The costs analyzed were the incremental investments and O&M costs expressed in social prices. The economic benefits were quantified using willingness to pay estimates (updated to 2023 prices) for marine ecosystems protection, net incremental income generated from irrigated areas during dry season in economic prices (less taxes and levies), net savings (economic cost) on water treatment due to augmented water availability in the aquifer rather than desalinated sea water, and the socioeconomic value of GHG emissions reductions using the shadow cost of carbon.  The economic value of benefits associated to CC adaptation and mitigation and environmental protection of marine resources account for 43.7% of the total economic value of benefits attributable to the project. The results of the analysis show that under different CC scenarios the project is socioeconomically feasible with internal rates of return above 12%, ranging from 15.31% to 17.78%. The analysis was supplemented with the respective sensitivity analysis (OEL#2).and for which economic benefits could be quantified, as well as for all the interventions combined. 

3.27 The costs used in the analysis are the investment costs of the program and the incremental costs of operation and maintenance that will accrue during the life of the project, expressed in social terms (excluding taxes and fees). The costs analyzed were the incremental investments and operation and maintenance (O&M) costs expressed in social prices. The economic benefits of the sewerage treatment, reclamation, distribution, and reuse related works and the solar plant and battery storage were quantified using willingness to pay estimates (updated to 2023 prices) for marine ecosystems protection, net incremental income generated from irrigated areas in economic prices (less taxes and levies), net savings (economic cost) on water treatment due to augmented water availability in the aquifer rather than desalinated sea water, and the socioeconomic value of GHG emissions reductions using the shadow cost of carbon.

3.28 The economic analysis was performed for different scenarios, which included climate change scenarios under different RCP[footnoteRef:81]. A study (Cashman, et al. 2016)[footnoteRef:82] based on hydrogeological modelling using MODFLOW 2000, indicated that by 2050 under RCP 2.6[footnoteRef:83] groundwater yields could be reduced to 26.9 Mm3/year and 25.5 Mm3/year under RCP 8.5[footnoteRef:84], as compared to a no climate change estimate of between 65.7 Mm3/year and 82.3 Mm3/year, depending on which estimate of annual average rainfall was used[footnoteRef:85]. Another study (Cashman, et al., 2012) which took a mass-balance approach to changes in groundwater storage indicated that under all climate change scenarios aquifers would be progressively depleted. In other words, abstraction would be consistently greater than recharge. More recent work (Gohar, et al., 2019),[footnoteRef:86] which has looked at the impact of abstraction regimes on aquifer storage and yield, have supported the view that under RCP 4.5[footnoteRef:87] sustainable yields could be in the order of 31 Mm3/year and 29 Mm3/year under RCP 8.5. [81:  	Representative Concentration Pathway.]  [82:  	Cashman, A., Laing, T., Mackey, T., Payne, K. and Maharaj, A. 2016. UWI-CERMES Technical Report on "Modelling the Impact of Climate Change in a Water Scarce Island Context".]  [83:  	. According to the IPCC, RCP 2.6, is a “very stringent scenario” that requires that carbon dioxide (CO2) emissions start declining by 2020 and go to zero by 2100.]  [84:  	RCP 8.5 is the highest baseline emissions scenario in which emissions continue to rise throughout the twenty-first century.]  [85:  	The modelling work did not account for the potential impact of sea level rise or fluxes between the freshwater and seawater interface and therefore should be treated with some caution.]  [86:  	Gohar, A, A Cashman, and F Ward. 2019. "Managing Food and Water Security in Small Island States: New Evidence from Economic Modelling of Climate Stressed Groundwater Resources." Journal of Hydrology 569: 239-251.]  [87:  	RCP 4.5 is described by IPCC as a moderate scenario in which emissions peak around 2040 and then decline. ] 


3.29 The other two scenarios analyzed were: 1) a case base scenario where benefits from adaptation (aquifer recharge to increase water stocks) and mitigation (GHG emissions reduction) where not considered and 2) a scenario where mitigation was included as a benefit in the analysis.

3.30 For the interventions of component 4 (Institutional Strengthening) and those of subcomponent 3.1, an economic evaluation per se was not carried out since the benefits of the implementation of the interventions are not quantifiable in themselves. The interventions in Institutional Strengthening (component 4) as a whole represent 1.36% of the cost of the program and its use is linked to reinforcing the innovation, strategic planning, and operational efficiency process in the company by providing it with instruments for the development and design of innovation methodologies, for the training and training of personnel and for the creation of pieces to be used in the different digital channels of internal communication of the company. The intervention in the Graeme Hill Swamp (Component 3; Subcomponent 3.1) represents 1.81% of the cost of the project and it is associated to the design and implementation of a results-based management plan for this Natural Heritage Conservation Area. Altogether, these investments represent 91.36% of the total cost of the program.

3.31 Results. The results of the analysis show that under different CC scenarios the project is socioeconomically feasible with internal rates of return above 12%, ranging from 15.31% to 17.78%. The Project overall is economically feasible with an internal rate of return of 17.4%. The economic value of benefits associated to climate change adaptation and mitigation and environmental protection of marine resources account, on average (for all CC scenarios) for 43.7% of the total economic value of benefits attributable to the Project. Table I-2 presents the results for all different scenarios and for the Program (accounting all costs) The analysis was supplemented with the respective sensitivity analysis (OEL#2).


[bookmark: _Toc162475877][bookmark: _Toc165993374][bookmark: _Toc165994194][bookmark: _Toc166057048][bookmark: _Toc167294019]Table 6 - Economic Indicators BASE CASE W/O CLIMATE CHANGE SCENARIOS OR EMISSIONS REDUCTIONS
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	[bookmark: _Toc162475878][bookmark: _Toc165993375][bookmark: _Toc165994195][bookmark: _Toc166057049]Value
	[bookmark: _Toc162475879][bookmark: _Toc165993376][bookmark: _Toc165994196][bookmark: _Toc166057050]Percentage of the total benefits

	[bookmark: _Toc162475880][bookmark: _Toc165993377][bookmark: _Toc165994197][bookmark: _Toc166057051]PV Economic Cost*
	[bookmark: _Toc162475881][bookmark: _Toc165993378][bookmark: _Toc165994198][bookmark: _Toc166057052]US$ 87.9 million
	

	[bookmark: _Toc162475882][bookmark: _Toc165993379][bookmark: _Toc165994199][bookmark: _Toc166057053]PV Benefits from Irrigation
	[bookmark: _Toc162475883][bookmark: _Toc165993380][bookmark: _Toc165994200][bookmark: _Toc166057054]US$ 69.9 million
	[bookmark: _Toc162475884][bookmark: _Toc165993381][bookmark: _Toc165994201][bookmark: _Toc166057055]65.26%

	[bookmark: _Toc162475885][bookmark: _Toc165993382][bookmark: _Toc165994202][bookmark: _Toc166057056]PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
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	[bookmark: _Toc162475888][bookmark: _Toc165993385][bookmark: _Toc165994205][bookmark: _Toc166057059]PV Environmental Benefits
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	[bookmark: _Toc162475904][bookmark: _Toc165993401][bookmark: _Toc165994221][bookmark: _Toc166057075]Percentage of the total benefits

	[bookmark: _Toc162475905][bookmark: _Toc165993402][bookmark: _Toc165994222][bookmark: _Toc166057076]PV Economic Cost*
	[bookmark: _Toc162475906][bookmark: _Toc165993403][bookmark: _Toc165994223][bookmark: _Toc166057077]US$ 87.0 million
	

	[bookmark: _Toc162475907][bookmark: _Toc165993404][bookmark: _Toc165994224][bookmark: _Toc166057078]PV Benefits from Irrigation
	[bookmark: _Toc162475908][bookmark: _Toc165993405][bookmark: _Toc165994225][bookmark: _Toc166057079]US$ 69.9 million
	[bookmark: _Toc162475909][bookmark: _Toc165993406][bookmark: _Toc165994226][bookmark: _Toc166057080]55.70%

	[bookmark: _Toc162475910][bookmark: _Toc165993407][bookmark: _Toc165994227][bookmark: _Toc166057081]PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162475911][bookmark: _Toc165993408][bookmark: _Toc165994228][bookmark: _Toc166057082]US$ 6.8 million
	[bookmark: _Toc162475912][bookmark: _Toc165993409][bookmark: _Toc165994229][bookmark: _Toc166057083]5.43%

	[bookmark: _Toc162475913][bookmark: _Toc165993410][bookmark: _Toc165994230][bookmark: _Toc166057084]PV Environmental Benefits
	[bookmark: _Toc162475914][bookmark: _Toc165993411][bookmark: _Toc165994231][bookmark: _Toc166057085]US$ 30.4 million
	[bookmark: _Toc162475915][bookmark: _Toc165993412][bookmark: _Toc165994232][bookmark: _Toc166057086]24.22%

	[bookmark: _Toc162475916][bookmark: _Toc165993413][bookmark: _Toc165994233][bookmark: _Toc166057087]PV Mitigation co-benefits**
	[bookmark: _Toc162475917][bookmark: _Toc165993414][bookmark: _Toc165994234][bookmark: _Toc166057088]US$ 18.4 million
	[bookmark: _Toc162475918][bookmark: _Toc165993415][bookmark: _Toc165994235][bookmark: _Toc166057089]14.65%

	[bookmark: _Toc162475919][bookmark: _Toc165993416][bookmark: _Toc165994236][bookmark: _Toc166057090]PV Total Benefits
	[bookmark: _Toc162475920][bookmark: _Toc165993417][bookmark: _Toc165994237][bookmark: _Toc166057091]US$ 125.6 million
	[bookmark: _Toc162475921][bookmark: _Toc165993418][bookmark: _Toc165994238][bookmark: _Toc166057092]100%

	[bookmark: _Toc162475922][bookmark: _Toc165993419][bookmark: _Toc165994239][bookmark: _Toc166057093]Net present value
	[bookmark: _Toc162475923][bookmark: _Toc165993420][bookmark: _Toc165994240][bookmark: _Toc166057094]US$ 38.5 million
	

	[bookmark: _Toc162475924][bookmark: _Toc165993421][bookmark: _Toc165994241][bookmark: _Toc166057095]Internal rate of return
	[bookmark: _Toc162475925][bookmark: _Toc165993422][bookmark: _Toc165994242][bookmark: _Toc166057096]17.98%
	

	[bookmark: _Toc162475926][bookmark: _Toc165993423][bookmark: _Toc165994243][bookmark: _Toc166057097]Benefit-cost ratio
	[bookmark: _Toc162475927][bookmark: _Toc165993424][bookmark: _Toc165994244][bookmark: _Toc166057098]1.44
	


[bookmark: _Toc162475928][bookmark: _Toc165993425][bookmark: _Toc165994245][bookmark: _Toc166057099](*) 	Includes O&M costs for the period of analysis (2024-2050)
[bookmark: _Toc162475929][bookmark: _Toc165993426][bookmark: _Toc165994246][bookmark: _Toc166057100](**) Does not include value of emission reductions associated with sludge management and energy efficiency measure at SCSTP.

[bookmark: _Toc162475939][bookmark: _Toc165993434][bookmark: _Toc165994254][bookmark: _Toc167294021]Table 8 - Economic Indicators for Each CC Scenario
	[bookmark: _Toc162475940][bookmark: _Toc165993435][bookmark: _Toc165994255][bookmark: _Toc166057108][bookmark: _Hlk162454045]RPC 2.6 – 2016 Study. Annual Firm Yield 2050, 26.9 Mm3

	
	[bookmark: _Toc162475941][bookmark: _Toc165993436][bookmark: _Toc165994256][bookmark: _Toc166057109]Value
	[bookmark: _Toc162475942][bookmark: _Toc165993437][bookmark: _Toc165994257][bookmark: _Toc166057110]Percentage of the total benefits

	[bookmark: _Toc162475943][bookmark: _Toc165993438][bookmark: _Toc165994258][bookmark: _Toc166057111]PV Economic Cost*
	[bookmark: _Toc162475944][bookmark: _Toc165993439][bookmark: _Toc165994259][bookmark: _Toc166057112]US$ 87.0 million
	

	[bookmark: _Toc162475945][bookmark: _Toc165993440][bookmark: _Toc165994260][bookmark: _Toc166057113]PV Benefits from Irrigation
	[bookmark: _Toc162475946][bookmark: _Toc165993441][bookmark: _Toc165994261][bookmark: _Toc166057114]US$ 69.9 million
	[bookmark: _Toc162475947][bookmark: _Toc165993442][bookmark: _Toc165994262][bookmark: _Toc166057115]56.19%

	[bookmark: _Toc162475948][bookmark: _Toc165993443][bookmark: _Toc165994263][bookmark: _Toc166057116]PV Benefits from Water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162475949][bookmark: _Toc165993444][bookmark: _Toc165994264][bookmark: _Toc166057117]US$ 5.7 million
	[bookmark: _Toc162475950][bookmark: _Toc165993445][bookmark: _Toc165994265][bookmark: _Toc166057118]4.60%

	[bookmark: _Toc162475951][bookmark: _Toc165993446][bookmark: _Toc165994266][bookmark: _Toc166057119]PV Environmental Benefits
	[bookmark: _Toc162475952][bookmark: _Toc165993447][bookmark: _Toc165994267][bookmark: _Toc166057120]US$ 30.4 million
	[bookmark: _Toc162475953][bookmark: _Toc165993448][bookmark: _Toc165994268][bookmark: _Toc166057121]24.43%

	[bookmark: _Toc162475954][bookmark: _Toc165993449][bookmark: _Toc165994269][bookmark: _Toc166057122]PV Mitigation Benefits**
	[bookmark: _Toc162475955][bookmark: _Toc165993450][bookmark: _Toc165994270][bookmark: _Toc166057123]US$ 18.4 million
	[bookmark: _Toc162475956][bookmark: _Toc165993451][bookmark: _Toc165994271][bookmark: _Toc166057124]14.77%

	[bookmark: _Toc162475957][bookmark: _Toc165993452][bookmark: _Toc165994272][bookmark: _Toc166057125]PV Total Benefits
	[bookmark: _Toc162475958][bookmark: _Toc165993453][bookmark: _Toc165994273][bookmark: _Toc166057126]US$ 124.5million
	[bookmark: _Toc162475959][bookmark: _Toc165993454][bookmark: _Toc165994274][bookmark: _Toc166057127]100%

	[bookmark: _Toc162475960][bookmark: _Toc165993455][bookmark: _Toc165994275][bookmark: _Toc166057128]Net present value
	[bookmark: _Toc162475961][bookmark: _Toc165993456][bookmark: _Toc165994276][bookmark: _Toc166057129]US$ 37.47 million
	

	[bookmark: _Toc162475962][bookmark: _Toc165993457][bookmark: _Toc165994277][bookmark: _Toc166057130]Internal rate of return
	[bookmark: _Toc162475963][bookmark: _Toc165993458][bookmark: _Toc165994278][bookmark: _Toc166057131]17.79%
	

	[bookmark: _Toc162475964][bookmark: _Toc165993459][bookmark: _Toc165994279][bookmark: _Toc166057132]Benefit-cost ratio
	[bookmark: _Toc162475965][bookmark: _Toc165993460][bookmark: _Toc165994280][bookmark: _Toc166057133]1.43
	

	[bookmark: _Toc162475966][bookmark: _Toc165993461][bookmark: _Toc165994281][bookmark: _Toc166057134]RPC 4.5 – 2019 Study. Annual Firm Yield 2050, 31.0 Mm3

	[bookmark: _Toc162475967][bookmark: _Toc165993462][bookmark: _Toc165994282][bookmark: _Toc166057135]PV Economic Cost*
	[bookmark: _Toc162475968][bookmark: _Toc165993463][bookmark: _Toc165994283][bookmark: _Toc166057136]US$ 87.0 million
	

	[bookmark: _Toc162475969][bookmark: _Toc165993464][bookmark: _Toc165994284][bookmark: _Toc166057137]PV Benefits from Irrigation
	[bookmark: _Toc162475970][bookmark: _Toc165993465][bookmark: _Toc165994285][bookmark: _Toc166057138]US$ 69.9 million
	[bookmark: _Toc162475971][bookmark: _Toc165993466][bookmark: _Toc165994286][bookmark: _Toc166057139]56.20%

	[bookmark: _Toc162475972][bookmark: _Toc165993467][bookmark: _Toc165994287][bookmark: _Toc166057140]PV Benefits from Water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162475973][bookmark: _Toc165993468][bookmark: _Toc165994288][bookmark: _Toc166057141]US$ 5.7 million
	[bookmark: _Toc162475974][bookmark: _Toc165993469][bookmark: _Toc165994289][bookmark: _Toc166057142]4.58%

	[bookmark: _Toc162475975][bookmark: _Toc165993470][bookmark: _Toc165994290][bookmark: _Toc166057143]PV Environmental Benefits
	[bookmark: _Toc162475976][bookmark: _Toc165993471][bookmark: _Toc165994291][bookmark: _Toc166057144]US$ 30.4 million
	[bookmark: _Toc162475977][bookmark: _Toc165993472][bookmark: _Toc165994292][bookmark: _Toc166057145]24.44%

	[bookmark: _Toc162475978][bookmark: _Toc165993473][bookmark: _Toc165994293][bookmark: _Toc166057146]PV Mitigation Benefits**
	[bookmark: _Toc162475979][bookmark: _Toc165993474][bookmark: _Toc165994294][bookmark: _Toc166057147]US$ 18.4 million
	[bookmark: _Toc162475980][bookmark: _Toc165993475][bookmark: _Toc165994295][bookmark: _Toc166057148]14.78%

	[bookmark: _Toc162475981][bookmark: _Toc165993476][bookmark: _Toc165994296][bookmark: _Toc166057149]PV Total Benefits
	[bookmark: _Toc162475982][bookmark: _Toc165993477][bookmark: _Toc165994297][bookmark: _Toc166057150]US$ 124.45million
	[bookmark: _Toc162475983][bookmark: _Toc165993478][bookmark: _Toc165994298][bookmark: _Toc166057151]100%

	[bookmark: _Toc162475984][bookmark: _Toc165993479][bookmark: _Toc165994299][bookmark: _Toc166057152]Net present value
	[bookmark: _Toc162475985][bookmark: _Toc165993480][bookmark: _Toc165994300][bookmark: _Toc166057153]US$ 37.44 million
	

	[bookmark: _Toc162475986][bookmark: _Toc165993481][bookmark: _Toc165994301][bookmark: _Toc166057154]Internal rate of return
	[bookmark: _Toc162475987][bookmark: _Toc165993482][bookmark: _Toc165994302][bookmark: _Toc166057155]17.78%
	

	[bookmark: _Toc162475988][bookmark: _Toc165993483][bookmark: _Toc165994303][bookmark: _Toc166057156]Benefit-cost ratio
	[bookmark: _Toc162475989][bookmark: _Toc165993484][bookmark: _Toc165994304][bookmark: _Toc166057157]1.43
	

	[bookmark: _Toc162475990][bookmark: _Toc165993485][bookmark: _Toc165994305][bookmark: _Toc166057158]RPC 8.5 – 2016 Study. Annual Firm Yield 2050, 25.5 Mm3

	[bookmark: _Toc162475991][bookmark: _Toc165993486][bookmark: _Toc165994306][bookmark: _Toc166057159]PV Economic Cost*
	[bookmark: _Toc162475992][bookmark: _Toc165993487][bookmark: _Toc165994307][bookmark: _Toc166057160]US$ 87.0 million
	

	[bookmark: _Toc162475993][bookmark: _Toc165993488][bookmark: _Toc165994308][bookmark: _Toc166057161]PV Benefits from Irrigation
	[bookmark: _Toc162475994][bookmark: _Toc165993489][bookmark: _Toc165994309][bookmark: _Toc166057162]US$ 69.9 million
	[bookmark: _Toc162475995][bookmark: _Toc165993490][bookmark: _Toc165994310][bookmark: _Toc166057163]55.18%

	[bookmark: _Toc162475996][bookmark: _Toc165993491][bookmark: _Toc165994311][bookmark: _Toc166057164]PV Benefits from Water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162475997][bookmark: _Toc165993492][bookmark: _Toc165994312][bookmark: _Toc166057165]US$ 5.74 million
	[bookmark: _Toc162475998][bookmark: _Toc165993493][bookmark: _Toc165994313][bookmark: _Toc166057166]4.61%

	[bookmark: _Toc162475999][bookmark: _Toc165993494][bookmark: _Toc165994314][bookmark: _Toc166057167]PV Environmental Benefits**
	[bookmark: _Toc162476000][bookmark: _Toc165993495][bookmark: _Toc165994315][bookmark: _Toc166057168]US$ 30.4 million
	[bookmark: _Toc162476001][bookmark: _Toc165993496][bookmark: _Toc165994316][bookmark: _Toc166057169]24.43%

	[bookmark: _Toc162476002][bookmark: _Toc165993497][bookmark: _Toc165994317][bookmark: _Toc166057170]PV Mitigation Benefits
	[bookmark: _Toc162476003][bookmark: _Toc165993498][bookmark: _Toc165994318][bookmark: _Toc166057171]US$ 18.4 million
	[bookmark: _Toc165993499][bookmark: _Toc165994319][bookmark: _Toc166057172]14.77%

	[bookmark: _Toc162476004][bookmark: _Toc165993500][bookmark: _Toc165994320][bookmark: _Toc166057173]PV Total Benefits
	[bookmark: _Toc162476005][bookmark: _Toc165993501][bookmark: _Toc165994321][bookmark: _Toc166057174]US$ 124.49million
	[bookmark: _Toc162476006][bookmark: _Toc165993502][bookmark: _Toc165994322][bookmark: _Toc166057175]100%

	[bookmark: _Toc162476007][bookmark: _Toc165993503][bookmark: _Toc165994323][bookmark: _Toc166057176]Net present value
	[bookmark: _Toc162476008][bookmark: _Toc165993504][bookmark: _Toc165994324][bookmark: _Toc166057177]US$ 37.48 million
	

	[bookmark: _Toc162476009][bookmark: _Toc165993505][bookmark: _Toc165994325][bookmark: _Toc166057178]Internal rate of return
	[bookmark: _Toc162476010][bookmark: _Toc165993506][bookmark: _Toc165994326][bookmark: _Toc166057179]17.79%
	

	[bookmark: _Toc162476011][bookmark: _Toc165993507][bookmark: _Toc165994327][bookmark: _Toc166057180]Benefit-cost ratio
	[bookmark: _Toc162476012][bookmark: _Toc165993508][bookmark: _Toc165994328][bookmark: _Toc166057181]1.43
	

	[bookmark: _Toc162476013][bookmark: _Toc165993509][bookmark: _Toc165994329][bookmark: _Toc166057182]RPC 8.5 -2019 study. Annual Firm Yield 2050, 29.0 Mm3

	[bookmark: _Toc162476014][bookmark: _Toc165993510][bookmark: _Toc165994330][bookmark: _Toc166057183]PV Economic Cost*
	[bookmark: _Toc162476015][bookmark: _Toc165993511][bookmark: _Toc165994331][bookmark: _Toc166057184]US$ 87.0 million
	

	[bookmark: _Toc162476016][bookmark: _Toc165993512][bookmark: _Toc165994332][bookmark: _Toc166057185]PV Benefits from Irrigation
	[bookmark: _Toc162476017][bookmark: _Toc165993513][bookmark: _Toc165994333][bookmark: _Toc166057186]US$ 69.9 million
	[bookmark: _Toc162476018][bookmark: _Toc165993514][bookmark: _Toc165994334][bookmark: _Toc166057187]56.20%

	[bookmark: _Toc162476019][bookmark: _Toc165993515][bookmark: _Toc165994335][bookmark: _Toc166057188]PV Benefits from Water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162476020][bookmark: _Toc165993516][bookmark: _Toc165994336][bookmark: _Toc166057189]US$ 5.71 million
	[bookmark: _Toc162476021][bookmark: _Toc165993517][bookmark: _Toc165994337][bookmark: _Toc166057190]4.59%

	[bookmark: _Toc162476022][bookmark: _Toc165993518][bookmark: _Toc165994338][bookmark: _Toc166057191]PV Environmental Benefits
	[bookmark: _Toc162476023][bookmark: _Toc165993519][bookmark: _Toc165994339][bookmark: _Toc166057192]US$ 30.4 million
	[bookmark: _Toc162476024][bookmark: _Toc165993520][bookmark: _Toc165994340][bookmark: _Toc166057193]24.44%

	[bookmark: _Toc162476025][bookmark: _Toc165993521][bookmark: _Toc165994341][bookmark: _Toc166057194]PV Mitigation Benefits**
	[bookmark: _Toc162476026][bookmark: _Toc165993522][bookmark: _Toc165994342][bookmark: _Toc166057195]US$ 18.4 million
	[bookmark: _Toc162476027][bookmark: _Toc165993523][bookmark: _Toc165994343][bookmark: _Toc166057196]14.77%

	[bookmark: _Toc162476028][bookmark: _Toc165993524][bookmark: _Toc165994344][bookmark: _Toc166057197]PV Total Benefits
	[bookmark: _Toc162476029][bookmark: _Toc165993525][bookmark: _Toc165994345][bookmark: _Toc166057198]US$ 124.47 million
	[bookmark: _Toc162476030][bookmark: _Toc165993526][bookmark: _Toc165994346][bookmark: _Toc166057199]100%

	[bookmark: _Toc162476031][bookmark: _Toc165993527][bookmark: _Toc165994347][bookmark: _Toc166057200]Net present value
	[bookmark: _Toc162476032][bookmark: _Toc165993528][bookmark: _Toc165994348][bookmark: _Toc166057201]US$ 37.46 million
	

	[bookmark: _Toc162476033][bookmark: _Toc165993529][bookmark: _Toc165994349][bookmark: _Toc166057202]Internal rate of return
	[bookmark: _Toc162476034][bookmark: _Toc165993530][bookmark: _Toc165994350][bookmark: _Toc166057203]17.78%
	

	[bookmark: _Toc162476035][bookmark: _Toc165993531][bookmark: _Toc165994351][bookmark: _Toc166057204]Benefit-cost ratio
	[bookmark: _Toc162476036][bookmark: _Toc165993532][bookmark: _Toc165994352][bookmark: _Toc166057205]1.43
	


[bookmark: _Toc162476037][bookmark: _Toc165993533][bookmark: _Toc165994353][bookmark: _Toc166057206](*) 	Includes O&M costs for the period of analysis (2024-2050)
[bookmark: _Toc162476038][bookmark: _Toc165993534][bookmark: _Toc165994354][bookmark: _Toc166057207](**) Does not include value of emission reductions associated with sludge management and energy efficiency measure at SCSTP.

3.32 The results of the analysis are presented in the following table (Table 9).

[bookmark: _Toc166057251][bookmark: _Toc167294022][bookmark: _Hlk166056040]Table 9 - Economic Indicators BASE CASE W/O CONSIDERING CLIMATE CHANGE SCENARIOS BUT CONSIDERING EMISSIONS MITIGATION AND SUBCOMPONENT 3.1 AND COMPONENT 4.
	
	[bookmark: _Toc166057252]Value
	[bookmark: _Toc166057253]Percentage of the total benefits

	[bookmark: _Toc166057254]PV Economic Cost*
	[bookmark: _Toc166057255]US$ 89.47 million
	

	[bookmark: _Toc166057256]PV Benefits from Irrigation
	[bookmark: _Toc166057257]US$ 69.95 million
	[bookmark: _Toc166057258]55.70%

	[bookmark: _Toc166057259]PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc166057260]US$ 6.82 million
	[bookmark: _Toc166057261]5.43%

	[bookmark: _Toc166057262]PV Environmental Benefits
	[bookmark: _Toc166057263]US$ 30.41 million
	[bookmark: _Toc166057264]24.22%

	[bookmark: _Toc166057265]PV Mitigation co-benefits**
	[bookmark: _Toc166057266]US$ 18.39 million
	[bookmark: _Toc166057267]14.65%

	[bookmark: _Toc166057268]PV Total Benefits
	[bookmark: _Toc166057269]US$ 125.58 million
	[bookmark: _Toc166057270]100%

	[bookmark: _Toc166057271]Net present value
	[bookmark: _Toc166057272]US$ 36.08 million
	

	[bookmark: _Toc166057273]Internal rate of return
	[bookmark: _Toc166057274]17.46%
	

	[bookmark: _Toc166057275]Benefit-cost ratio
	[bookmark: _Toc166057276]1.40
	


[bookmark: _Toc166057277](*) 	Includes O&M costs for the period of analysis (2024-2050)
[bookmark: _Toc166057278](**) Does not include value of emission reductions associated with sludge management and energy efficiency measure at SCSTP.

3.33 The following table (Table 10) presents the results of the analysis when all costs associated to the execution and implementation of the program are accounted for. That is, project administration, monitoring and evaluation, audits, and contingencies are included in the CBA. These costs represent 8.54% of the total cost of the program, with contingencies accounting for 5.77% of the total cost of the program.

[bookmark: _Toc166057279][bookmark: _Toc167294023]Table 10 - Economic Indicators BASE CASE W/O CONSIDERING CLIMATE CHANGE SCENARIOS BUT CONSIDERING EMISSIONS MITIGATION AND ALPRORGAM COSTS.
	
	[bookmark: _Toc166057280]Value
	[bookmark: _Toc166057281]Percentage of the total benefits

	[bookmark: _Toc166057282]PV Economic Cost*
	[bookmark: _Toc166057283]US$ 96.04 million
	

	[bookmark: _Toc166057284]PV Benefits from Irrigation
	[bookmark: _Toc166057285]US$ 69.96 million
	[bookmark: _Toc166057286]55.71%

	[bookmark: _Toc166057287]PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc166057288]US$ 6.80 million
	[bookmark: _Toc166057289]5.43%

	[bookmark: _Toc166057290]PV Environmental Benefits
	[bookmark: _Toc166057291]US$ 30.41 million
	[bookmark: _Toc166057292]24.22%

	[bookmark: _Toc166057293]PV Mitigation co-benefits**
	[bookmark: _Toc166057294]US$ 18.39million
	[bookmark: _Toc166057295]14.65%

	[bookmark: _Toc166057296]PV Total Benefits
	[bookmark: _Toc166057297]US$ 125.6 million
	[bookmark: _Toc166057298]100%

	[bookmark: _Toc166057299]Net present value
	[bookmark: _Toc166057300]US$ 29.55 million
	

	[bookmark: _Toc166057301]Internal rate of return
	[bookmark: _Toc166057302]16.2%
	

	[bookmark: _Toc166057303]Benefit-cost ratio
	[bookmark: _Toc166057304]1.31
	


[bookmark: _Toc166057305](*) 	Includes O&M costs for the period of analysis (2024-2050), project administration, monitoring and evaluation, audits, and contingencies.
(**) Does not include value of emission reductions associated with sludge management and energy efficiency measure at SCSTP.





1. [bookmark: _Toc167303978]Evaluation methods and key technical aspects

1. Mid-term performance evaluation

3.34 The PEU/PMO will present an independent midterm evaluation to the Bank within ninety (90) days from the date on which 50% of the financing resources have been disbursed or three (3) years have elapsed from the date of entry. in force of the Loan Agreement, whichever occurs first. This evaluation must be conducted in accordance with IDB’s Project Completion Report (PCR)’s Guidelines.

3.35 Given its characteristics, the midterm evaluation will contain a qualitative and quantitative description of the implementation of the program, with emphasis on evaluating operational and execution progress. This will allow the design and implementation, if necessary, of an adjustment plan in close coordination with the executing unit.  

3.36 In addition, the midterm evaluation will also include an assessment of the achievement of intermediate targets for outcome indicators. This will allow the project team to track progress towards the achievement of the end of project targets, identify risks associated to the theory of change, measurement risks, and propose actionable measures to increase the probability of achieving expected results.  

3.37 The midterm evaluation will analyze, as appropriate: 

a. The design and structure of the program.
b. The fulfillment of goals of the products and results and progress of the expected impacts, in accordance with the indicators established in the Results Matrix and in this document.
c. The results of financial execution by component.
d. The degree of compliance with the environmental requirements and specifications for works, as established in the projects' environmental management plans, in accordance with the program's MGAS guidelines.
e. The degree of fulfillment of the operation and maintenance tasks of the completed works.
f. The degree of compliance with the Works Plans.
g. The degree of fulfillment of the contractual commitments.

3.38 Annex II present the indicative terms of reference for this evaluation, including a proposed report structure. 

2. Final effectiveness evaluation

3.39 The final performance evaluation will be presented to the Bank within ninety (90) days following the expiration of the original disbursement period or its extensions. This evaluation must be conducted in accordance with IDB’s Project Completion Report (PCR)’s Guidelines. The final evaluation will serve as input to prepare the PCR and, therefore, will include a review of the four central criteria to evaluate the performance of the operation (relevance, effectiveness, efficiency, and sustainability), of the two non-core criteria (borrower performance, bank performance), as well as findings and recommendations. Annex III of this document includes the indicative terms of reference for this evaluation, including the proposed structure of the results report.

3.40 The final evaluation will use qualitative and quantitative analyzes to describe the performance of the program according to the evaluation criteria described in the previous paragraph. The data for the final evaluation will come mainly from the bank's monitoring instruments, administrative records, and qualitative information from the executing unit, the base line on for the water systems that will be surveyed before project execution, among others. The final evaluation will include an evaluation of results and an ex post socioeconomic evaluation of a set of financed projects that will be agreed upon with the PEU/PMO and BWA.

3.41 Before and after analysis. The main methodology for the effectiveness analysis will be a “before and after” analysis applied to all result indicators presented in the Results Matrix (RM). In essence, the before and after analysis compares the value of the indicator of interest before and after the introduction of the intervention in the same areas or units of analysis affected by the program. This methodology is relatively simple to implement and requires observing the same units over time. The methodology does not allow to establish causality because there may be secular trends or sudden shocks in trends that make it difficult to attribute observed changes solely to program effects. However, given the nature of this type of intervention, the attribution of the program in the achievement of most of the indicators of result of the RM is closely linked to the products financed by the program.

3.42 Attribution analysis. At project closure, the final evaluation will include, in addition to the “before and after” analysis, an assessment of the plausible contribution of the project to observed changes in results. Although a rigorous impact evaluation is not part of the evaluation plan, the final evaluation will include a "before and after" analysis for all outcome indicators in the Results Matrix. This analysis will be complemented with a discussion the program’s vertical logic and the discussion of existing evidence that support a finding of a plausible contribution of the project to tis intended results, considering aspects of internal and external validity.


3. Ex-post Socioeconomic Analysis

3.43 The ex post socioeconomic analysis seeks to measure changes in the values of variables that determine the socioeconomic viability of the program, as well as to corroborate whether the assumptions used for the analysis are still valid. It will seek to determine the situation of the sanitation systems (SCSTP) and the reclaim and reuse facility (SCRRWF) and the quantity and quality of reuse water, as well as the excess effluent from the SCSTP, the rate of use of reuse water by farmers, the volume of reuse water recharge into the aquifer, the gains in operational efficiency due to energy efficient interventions, the reduction in GHG emissions (both in the SCWTP and the Solar Plant), final investment costs and O&M costs.

3.44 Methodology. The socioeconomic evaluation will be reflexive. It will try to measure changes in the values of variables determining the socioeconomic feasibility of the program before and after the implementation of the works and training and management activities. Complementing the reflexive evaluation, an ex-post cost-benefit analysis will be carried out. The ex-ante socioeconomic feasibility of the projects was determined by comparing the cost flows evaluated at efficiency prices and benefits attributable to the projects. The economic benefits were quantified using willingness to pay estimates (updated to 2023 prices) for marine ecosystems protection, net incremental income generated from irrigated areas during dry season in economic prices (less taxes and levies), net savings (economic cost) on water treatment due to augmented water availability in the aquifer rather than desalinated sea water, and the socioeconomic value of GHG emissions reductions using the shadow cost of carbon (following the EIB’s methodology), throughout the evaluation horizon of the project.

3.45 The ex-post economic evaluation will use the methodology used in the ex-ante analysis and will be carried out before the end of the last stage of the program. This evaluation will use the cost parameters observed during program implementation, and estimates (updates) of benefits at the end of this stage to verify if the assumptions adopted during the ex-ante evaluation still hold true. For this evaluation, the same parameters and methodological assumptions used in the ex-ante evaluation will be used and its validity and relevance tested. The ex-post economic evaluation will be carried out on all projects financed under the program that have been evaluated ex ante and declared economically feasible[footnoteRef:88]. This evaluation should be part of the final evaluation. [88:  	In general, the sample of projects to be evaluated must be in operation for at least one year.] 


3.46 Data gathering. The ex post socioeconomic evaluation will be based on updates of the parameters used to evaluate the efficiency improvement project (m3/year increase in total supply, total m3/day recovered, number of underserved consumers served and real consumption (expressed in days of the week with 24-hour service), and costs associated O&M of water network).

3.47 For components 1, 2 and subcomponent 3.2, Water Reclamation Infrastructure, Reclaimed Water Reuse and Solar Energy Generation with Battery Storage, respectively, the benefits will be calculated through updating parameters used in the 
ex-ante evaluation (population’s willingness to pay for marine resources protection, cost savings for BWA for avoiding water desalination) and calculating new parameters through observable data (reuse water used for irrigation, acreage under production, crop mix, famer’s gate prices for crops, production costs, reuse water for aquifer recharge, GHG emissions reductions). In the ex-post evaluation, it will be verified if the assumptions of reduction of network operation and maintenance costs are materialized.

3.48 Based on the update and recalculated values of these parameters, the ex-post evaluation will consist of a new calculation of the internal rate of return to verify if the results of the ex-ante internal rate of return of the program are maintained.

3.49 The data for this evaluation will be collected by the PMU/PUE, which in turn, will get the data form BWSA, GAS, BADMC/MFS and complemented by data collected during the ex post evaluation.

3.50 Most of the data for the ex-post evaluation related to agriculture activity will be collected by BAMDC. This includes: Acreage, type of crop, yields, farm gate prices. A survey is planned also to complement information on acreage, number of crops and type of crops planted/year, adoption of reuse water for irrigation, agricultural practices, and production costs. Table 13 has allocated US$195,000 for complementary evaluations that include data gathering (US$120,000). The project is expected to directly benefit some 210 farmers in total mainly in the Chris Church and Phillips Parishes, so the budget allocated to data gathering is appropriate. As part of the evaluations, surveys will also be conducted to farmers who are not beneficiaries of the project (around 50 farmers). Estimates of cost per survey range from 50-100 USD and is based on recent surveys conducted in other countries (albeit not agriculture related).

3.51 Table 11 summarizes the information necessary to carry out the ex-post evaluation of the Program on the main benefits that will be used and the respective sources of information that will be used, including the dates when the information will be collected, and cost information.
[bookmark: _Toc167294024]Table 11 - Information required for ex post socioeconomic evaluation
	Water Reclamation Infrastructure and Reclaimed Water Reuse

	[bookmark: _Toc66401202]Benefits
	Information
	Collection Year 
	Source

	Increased production in agriculture
	Observed volume of reuse water produced from the SCWRRF
	Year 5
	BWA operational reports

	
	Observed water from Bridgetown wastewater treatment plan deliver to be mixed with reuse water
	Year 5
	BWA operational reports

	
	Volume of reuse water used by farmers during dry season
	Year 5
	Operational reports prepared by BADMC and verified by PEU/PMO

	
	Acreage of farmland in production during the wet and dry seasons
	Year 5
	Reports from BADMC / Economic surveys

	
	Yields of crops produced during the wet and dry seasons
	Year 5
	Reports from BADMC / Economic surveys

	
	Farm production costs for type of crop produced
	Year 5
	Ex-post socioeconomic analysis and data from BADMC and MAFS and survey

	Aquifer water stock for other uses
	Volume of reuse water used to recharge aquifer
	Year 5
	BWA operational reports

	Environmental protection of marine resources
	Quality of the effluent produced by the SCSTP
	Year 5
	BWA reports and GAS analysis

	
	Quality of water in wells, springs, catchments, and sea.
	Year 5
	Reports from BWA based on the MRV system and analysis by GAS.

	
	Quality of soil (agriculture, beaches. Graeme Hall Swamp)
	Year 5
	Reports of activities approved by Ministry of Environment and National Beautification (MENB), Blue and Green Economy

	GHG emissions reductions
	Ton CO2eq mitigated from wastewater treatment at SCSTP and electricity generation from renewable resources.
	Year 5
	BWQ operational reports verified by PEU/PMO and FTC, in the case of electricity generation,

	[bookmark: _Toc66401225]Costs
	[bookmark: _Toc66401226]Tipo de Information
	Collection date
	[bookmark: _Toc66401228]Fuente

	
	Final costs of works (realized)
	EOP
	Work inspection reports – validated by BWA and verified by PEU/PMO

	
	Variable production costs (SCCTP and SCWRRF and system)
	Year 5
	Operational reports prepared by BWA and verified by PEU/PMO

	
	Variable distribution costs (irrigation and aquifer recharge system)
	Year 5
	

	
	Maintenance costs (per PWTP and system)
	Year 5
	



1. [bookmark: _Toc167303979]Complementary Studies

3.52 Additional studies could be carried out to complement the final evaluation, gather lessons learned for the Project Completion Report, and generate evidence for the design of future operations of this type. 
3.53 Quasi-experimental evaluations. For the start-up plan, the project team will carry out an assessment of available data to identify potential complementary impact evaluations using quasi-experimental methods. Potential outcomes of interest for these complementary evaluations include the yearly per capita water availability, level of biochemical Oxygen Demand (BOD) in reuse facility effluent, toxicity levels (heavy metals presence) in reuse facility effluent and marine resources, and local share of food products sold in markets that are locally produced., 
3.54 Counterfactual scenarios will be identified through the identification of adequate comparison groups. Specifically, for BOD and heavy metal presence in reuse facility effluent, a potential comparison group includes other treatment plants not subject to the improvements of the project such as the Bridgetown Sewerage Treatment Plant (BSTP) which has the same technology and the same level of treatment (secondary) that the SCSTP before the project. The data for these evaluations will come mainly from treatment plants operational administrative records and other existing data sources; however, the evaluation budget considers financial resources for potential data collection efforts (Table 13).
3.55 Additionally, an evaluation on the effect of adopting reuse water for irrigation [during dry season] will be carried out. The project team will carry out an assessment of available data to identify potential complementary impact evaluations using quasi-experimental methods, most likely Differences on Differences (DID). Current data on production volume, yields, type of crops, acreage, and farm prices and costs are collected by BADMC. The data from this evaluation will come mainly from BADMC records and a field survey of beneficiary farmers. A comparison group of farmers who do not benefit from the project will be identified during start-up.       

1. [bookmark: _Toc305003948][bookmark: _Toc167303980] Main results indicators

3.56 The outcome indicators that will be measured as part of the program evaluation are those shown in Table 12.
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[bookmark: _Toc167294025]Table 12 - Outcome and Impact Indicators
	Indicator
	Unit of Measurement
	Frequency of Measurement
	Calculation Formula
	Verification Source
	Attribution Analysis
	Comments

	GENERAL OBJECTIVE: to improve the efficiency, quality, sustainability and resilience of potable water supply service and water security in Trinidad and Tobago

	PROGRAM IMPACTS

	I.1 Yearly per capita water availability
	m3/hab./year
	End of Project
	
	Reports from BWA’s Monitoring, Reporting and Verification (MRV) system based on operational reports from SCWTP and SCWRRF
	Before and After
	
Using 2020 data (285m3/hab./day for a population of 281,693,  and under CC scenario RCP (8.5) with water availability of 29,000,000 m3/yea, the availability per capita in 2030 w/o project  was calculated, using a hyperbolic function , to be 251 m3/hab./year (71,604,335 Mm3 of water / 285,396 inhabitants (population rate of 0.16% according to data from census and World Bank projections https://data.worldbank.org/indicator/SP.POP.GROW?locations=BB ).
Source Renewable internal freshwater resources per capita (cubic meters)
Food and Agriculture Organization, AQUASTAT data.  https://data.worldbank.org/indicator/ER.H2O.INTR.PC

For the scenario with intervention, it is estimated that water injected in the aquifer [4 months’ worth of water (648,000 m3 of reverse osmosis water + 360,000 m3 of secondary level treated wastewater)] minus demand, will equal 6,424,269 m3/year. Adding this to the forecasted hyperbolic decrease in aquifers sustainable yield (71,604,335 m3/year) equals 78,028,604 m3/year in 2030, equivalent to 273 m3/hab./year for a forecasted population of 285,358 inhabitants in Barbados.

For the calculation of the numerator, data from BWA on RO water output and water from the SCWTP (secondary level treatment) will be collected monthly. This water will be either distributed and used for irrigation (dry season) o distributed and used for aquifer recharge (rainy season) PLUS data on precipitation and aquifer sustainable yields (Mm3 that should come from models being developed by BWA (groundwater) and data from the meteorological services).

For more information on the assumptions and calculations, refer to Annex IV.

	I.2 Biochemical Oxygen Demand (BOD5) in reuse facility effluent
	 (mg/l)
	
End of Project
	
	Reports from BWA’s Monitoring, Reporting and Verification (MRV) system based on BWA's operational reports for SCSTP and GAS lab reports
	Before and After
	Effluent data for 6 months (Jan-Feb, July – Oct) in 2023
Parameters tested –
    Chemical: Phosphorus, Nitrogen, TSS, TDS, BOD, COD 
     Biological: Faecal coliform, enterococci 
     Heavy metals: 
     Other: Oils & Greases

However, data is inconsistent – testing for all parameters does not occur consistently across all months and some months do not test for all parameters. For e.g., all chemical parameters are only tested on 9 days across data set: Jan – 1, Feb – 1, July – 4, Aug – 2, Sept – 1, Oct – 0)

Local Marine Pollution Control Act (MPCA) standards – parameters include BOD, TSS, N, P, pH, faecal streptococci, faecal coliform, chlorine, fats, oils, and greases. 

BOD as an index of the degree of organic pollution in water and therefore an indicator of the effectiveness of wastewater treatment. High BOD indicates (i) high amount of oxygen required to remove waste organic matter from water due to the presence of bacteria and other microorganisms and (ii) low availability of dissolved oxygen, which is critical for maintaining the health of connected water bodies including the Graeme Hall Swamp and nearshore marine environment. For discharge into Class 1 waters, the end-of-pipe standard for BOD is 30mg/l (Table of Prohibited Concentrations,, EPD 2023). The BOD target of 30 mg/l used in the RM is higher than the requirements set forth in the bidding documents for SCWRRF but aligns with the Barbados EPD current guidelines for discharge (Table 2, p 9/11: end of pipe standards, Class 1 waters). See Annex V for further information.

	I.3 Greenhouse gas (GHG) emissions reduction
	tCO2eq
	End of Project
	
	Reports from BWA’s Monitoring, Reporting and Verification (MRV) system.
Theoretical calculation based on energy (MW) not produced using fossil fuels and energy efficiency and sludge management SCWTP
	Before and After
	To be observed and monitored annually during the life of the project. The calculation of the goal is associated with the treated water reuse (energy efficient equipment replacement and sludge management at SCCTP) and irrigation component (energy efficient pumping equipment) and with, photovoltaic electricity generation plant. interventions. Current emissions are estimated that 6,558 tCO2eq. With the project, it is estimated that 2,224 tCO2eq from SCWTP and SCWRRF will be emitted by 2028, for a reduction of emissions from sewerage system of 4,334 tCO2eq. 

The total MW solar capacity plus storage will increase the renewable share of power for BWA’s operations; increase grid resiliency by providing ancillary services on demand; provide additional revenue for BWA, potentially increasing the resiliency of Belle pumping station; and provide dual mitigation and adaptation benefits. Once completed, the 7MW of solar will generate about 16.8 GWh/year of renewable electricity, which can yield a GHG emissions reduction of around 11,000 tons CO2eq/year.

Calculation method: Defined in Annex IV. 

The BL and goal will be updated in the Initial Plan.

	I.4 Percentage of volume increase in local share of food products sold in markets that are locally produced
	Index
(base=100)
	End of Project
	
	Farm surveys during ex -post socioeconomic analysis and official records (MAFS/BADMC)
	Before and After
	Food sovereignty is a Government target, and local products are sustainable, as of today it has been considered that Barbados imports 95% of its food, including products that can be cultivated in Barbados. The target is based on current data related to the crop rotation samples considered in the analysis for a basket of crops currently being produced at River Plantation, compared with imports of onions, sweet potato, watermelon, carrot, squash, cantaloupe, cucumber. It is based on import data for 2021. 

Production is estimated assuming that at the volume of water proposed by the BWA (8,100 cubic meters), the opportunity will be created for farmers at River Plantation and other areas to bring approximately 578 acres into full cultivation.  Currently there are 373.5 acres of land available for crop production at River Plantation that could increase up to 477. The volume of water projected to be supplied is, according to MAFS, more than it is required to keep the lands at River Plantation operating at full capacity. 

With the aquifer recharge (Component 2.2), it is expected that 96 farmers in 2 districts at Silver Hill and Gibbon’s Boggs (630 acres) will benefit from improved groundwater abstraction from the Christ Church aquifer. It is estimated that at least 100 acres could go into production year-round.

Source: Cost Benefit Analysis of the Provision of reclaimed Water for Irrigation Purposes. Agricultural Planning Unit. MAFS.

	PROGRAM OUTCOMES

	SPECIFIC OBJECTIVE 1:  Diversify Barbados's water supply sources and reduce water insecurity through the reuse of reclaimed wastewater

	R.1.1  Yearly volume of reclaimed water available for productive uses that meets local and international standards.
	Mm3/year
	Annually
	
	Operational reports from BWA and readings from distribution system BADMC
	Before and After
	From the new South Coast Water Reclamation and Reuse Facility (SCWRRF) with an average daily flow of 5,400 m3.  Total water availability will be around  8,100m3/day of mixed secondary treated from Bridgetown Plant (2,700 m3/day)+ Reverse Osmosis water produced by the SCWRRF (5,400 m3/day).

It is estimated that the agricultural sector will use most of the reclaimed and reuse water primarily during the dry season. 

The target assumes that there are 8 months of dry season every year.

Measurement will be taken on the main distribution pipeline meter.

	R.1.2 Percentage of agricultural stakeholders adopting reused water as part of their water sources in the area of influence of the program.
	# of days
	Annually
	
	WASA Operational Reports verified by PEU/PMO
	Before and After
	It is expected that the project will benefit some 114 small farmers leasing government land mainly in the River Plantation farming district on 477 acres of arable land,  with a sustainable water yield for irrigation . 

With the aquifer recharge (Component 2.2), it is expected that 96 farmers in 2 districts at Silver Hill and Gibbon’s Boggs (630 acres) will benefit from improved groundwater abstraction from the Christ Church aquifer.

75% of stakeholders adopting reused water equals to 158 farmers.

Other accessible BADMC farming districts which would potentially benefit from reclaimed water are located in the irrigation networks of Haggatt Hall ( 60 farmers – 100 acres), Salters ( 72 farmers – 110 acres), Marchfield (36 farmers – 50 acres), and  Sandford (88 – 140 acres).

	R.1.3 Yearly volume of reclaimed water injected to the Christ Church aquifer
	Mm3/year
	Annually
	
	Operational reports from BWA and readings from distribution system BADMC
	Before and after
	From the New South Coast Water Reclamation and Reuse Facility (SCWRRF) with an average dry weather flow (ADWF) capacity of 9,000 m3/day

Measure volume of treated effluent discharged to recharge wells, infiltration basins etc. to replenish aquifers, using flow meters. Compare annual volumes. It is expected that Aquifer recharge will occur only during the winter months (if the expected demand from agricultural sector is realized).

Christ Church Aquifer Non-Potable Water Aquifer, Christ Church: 1 Mm3 per year. Equal to 4 months of potable water recharge during the wet season @ 8,100m3/day of mixed secondary treated (2,700 m3/day)+ RO water produced by the plant (5,400 m3/day).

	SPECIFIC OBJECTIVE #2: Strengthen key sector institutions on water resource management, operational efficiency, monitoring, and gender and PwD mainstreaming
	

	R.2.1  Percentage coverage of operating expenses with BWA’s operating revenues
	percentage
	Annually
	{[𝚺t=year BWA total operating expenses] / [𝚺t=year BWA operating revenues]} x 100.
	Operational reports from BWA
	Before and after
	Operating revenues and operating expenses based on BWA’s financial statements. Operating costs do not include cost of depreciation and amortization. BWA’s fiscal year ends in March each year, and the latest available data is March 2023. 

The minimum target at the end of the project is 111%. It is expected that BWA will maintain the current level by implementing efficiency improvement measures, despite the expected cost increases owing the project as well as inflation

	R.2.2 Verification reports from the Monitoring, Reporting and Verification (MRV) system for the Project produced
	Report
	Annually
	
	Operational Reports from BWA validated by an independent verification agent
	Before and After / Ex-post Economic Feasibility Study
	Monitoring, Reporting and Verification (MRV) system to track water and climate-related parameters (Debt for Climate).

By investing in MRV systems and processes, BWA can improve the accuracy, accountability, decision-making, continuous improvement, transparency, and stakeholder engagement related to its environmental performance, ultimately contributing to more sustainable and resilient water management practices.

The reports must include information on the use of resources and the impact of the project, in particular, on whether or not the milestones included in the Resilience Commitments and KPIs have been met. 

Yearly reports. The report for year 3 will be a baseline (w/o project) and annual and final targets of agreed milestones and the protocol to measure progress.

	R.2.3 Operational reports from the integrated information systems of BWA approved by the Board.
	Report
	Annually
	
	Report from the planning and monitoring platform for BWA approved by the Board
	Before and After / Ex-post Economic Feasibility Study
	Recommendation from the institutional assessment of BWA.  In particular, from the lack of a software platform and procedures to discharge the overall strategic, operations and investments planning of the Institution (physical and financial).  This also involves the integration of the planning systems to the financial and administrative platform(s) of BWA.  As it stands today, there are three key aspects/weaknesses.  First, absence of formal planning procedures and tools, including those related to the monitoring and reporting capacities.  Second, the restructuring plan of BWA, which incorporates the merging of the project management responsibilities with strategic planning.  Third, the results of previous technical cooperation support to BWA did not provide the expected outcomes in terms in systems integration and corresponding support to the overall internal control system.

Yearly reports.

	R.2.4 Percentage of BWA technical and operational personnel that are certified on O&M practices for the SCWRRF
	% 
	0
	
	Certification lists from the course (part of the Firm building SCWRRF) validated by BWA
	Before and after
	It is expected that the training will be imparted by the same Firm(s) that will design and build the SCWRRF and SCSTP works. The training will take place as part of the contractual obligations of the firm to O&M the infrastructure for at least 1 year post construction. 

Technical and operational staff operating Bridgetown Sewage Treatment Plant (BSTP) and SCSTP will be rotated and require training (currently 44 employees total, expected to increase).

GDI flag: Disaggregated by sex and persons with disabilities.

	R.2.5 Results-based management plan for the Natural Heritage Conservation Area implemented
	Plan
	0
	Dichotomous variable: 0 = NO, 1 = YES
	Reports of activities approved by Ministry of Environment and National Beautification (MENB), Blue and Green Economy
	Before and after
	For the Plan to be considered in implementation, at least the following  activities identified in the Plan have been implemented (resources budgeted and in execution):

1. At least one report on the State of the GHS Ecosystem has been approved and published.

2. At least on meeting of the Interministerial coordination committee has taken place and a Minutes of the Meeting is available.

3. At least one report on the performance of the Hydraulic System at GHS has been produced, including verification that the operation and maintenance is being performed according to specifications.

4. At least three reports on the results of the collection and analysis of samples on the condition of the flora and fauna of the freshwater sedge, mangrove  swamp, seagrass bed and coral reef.

	R.2.6 Internal policy aimed at promoting the participation of PWD within BWA approved by the Board
	%
	Annually
	Dichotomous variable: 0 = NO, 1 = YES
	BWA Board Meetings Minutes
	Before and after
	GDI Flag

	R.2.7 BWA personnel that are women who complete the leadership training program
	%
	Annually
	
	Completion lists from the courses and training sessions approved by BWA
	Before and after
	Specifically targeted at women, which may include mentoring plans, self-esteem, and assertiveness courses, and why gender and diversity matter in WASH, among others.

GDI Flag: Disaggregated by Gender

	R.2.8 Technical assistance packages on sustainable agriculture practices in implementation through BADMC Farmers' Empowerment and Enfranchisement Drive (FEED) Program in the area of influence of the Program
	Assistance package
	Annually 
	
	Reports from BADMC
	Before and after
	Technical assistance packages include assessment and implementation of activities and training on sustainable agriculture practices.

In implementation means that at least one technical assistance activity identified in the FEED assessment has resources budgeted and is in execution.



1. [bookmark: _Toc167303981]Reporting Results
[bookmark: _Toc305003956]
3.57 Midterm and final performance evaluations. PEU/PMO will send a report containing the results of the performance evaluations to the Bank. The results of the midterm and final performance evaluations will feed into the PMR and prepare the PCR. 
[bookmark: _Toc305003957]
3.58 Ex-post socioeconomic evaluation. The results of the ex post socioeconomic evaluation will be presented in reports. These evaluations, by their nature, occur during program execution, as is the case with activities implemented during the first years of execution; after completion of execution, as is the case for projects implemented in the last two years of execution. For the first case, the results of the evaluations will feed the PMR and the PCR. For the second case, resources must be found to finance the evaluations.

3.59 Complementary Evaluations. PEU/PMO	must send a report to the Bank containing the results of the complementary evaluations.
[bookmark: _Toc324763998]
1. [bookmark: _Toc167303982]Evaluation Coordination, Work Plan and Budget
[bookmark: _Toc305003958]
3.60 Coordination and Responsibilities. The PEU/PMO will be responsible for carrying out the follow-up activities agreed in this Evaluation Plan. PEU/PMO is responsible for managing resources, consolidating planning, and submitting technical reports to the Bank. PEU/PMO will be directly responsible for the actions envisaged in the different elements of the Plan, as well as providing in a timely and complete manner all the information required by the Bank to supervise progress, regulatory compliance, and evaluate the achievements of the program.
[bookmark: _Toc305003959]
3.61 Bank’s supervision. The Bank will define a schedule, together with the PUE/PMO, for the execution of the ex post socioeconomic evaluation. The PUE/PMO will be responsible for carrying out the activities related to these evaluations during the execution of the Program. The Bank will be responsible for carrying out the activities related to these evaluations once the program is closed.
[bookmark: _Toc305003960]
3.62 [bookmark: _Toc305003961][bookmark: _Toc305003962]Initial and final performance evaluations. Based on the semiannual progress reports, PEU/PMO and the Bank will jointly carry out the midterm evaluation, during which compliance with the agreed goals, as well as the other contractual commitments, will be verified. If this review demonstrates the need to adjust in the execution, the executing agency must present a plan to correct the deficiencies found.

3.63 Based on the final evaluation, the Bank and PEU/PMO will prepare the Project Completion Report (PCR). PEU/PMO will be responsible for collecting and keeping available all the information, indicators, and parameters necessary for the preparation of the PCR. Likewise, the evaluation reports, including the supporting documentation and statistical information, will be available to carry out the ex post socioeconomic evaluation. 

3.64 Socioeconomic ex post evaluation. PEU/PMO will be responsible for carrying out the activities related to the evaluation and analysis of the information during the execution of the program. The Bank will be responsible, in addition to monitoring and evaluating the results, for carrying out these activities once the program has been closed.

3.65 Complementary Evaluations. PEU/PMO will be responsible for carrying out activities related to any complementary evaluation agreed with the Bank to be completed during program execution, for which it will have the Bank's support throughout the process. The Bank will be responsible, in addition to the supervision and evaluation of the results, for carrying out these activities once the program has been closed.
[bookmark: _Toc305003963]
3.66 Table 13 shows the follow-up period, budget assigned to each of the main activities and source of financing.

[bookmark: _Toc167294026]


Table 13 - Evaluation Work Plan
	Main monitoring activities / Products by activity
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Responsible
	Cost
(US$)
	Source

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

	Mid-term Evaluation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO
	50,000
	Program

	Final Evaluation (before and after analysis)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO
	50,000
	Program

	Ex-post socioeconomic evaluation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO / IDB
	50,000
	Program

	Information gathering
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	30,000
	

	Information processing and analysis
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 
	
	
	
	15,000
	

	Ex-post economic evaluation report 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	5,000
	

	Complementary Evaluations (Impact Evaluations)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO 
	195,000
	

	Evaluation design
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO 
	40,000
	Program

	Information gathering (base line)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO
	120,000
	Program

	Information processing and analysis
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO 
	30,000
	Program

	Evaluation report
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	PEU/PMO
	5,000
	Program

	Project Completion Report - PCR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	IDB / PEU/PMO
	30,000
	IDB

	
	
	
	
	
	Cost covered by Program
	345,000
	

	
	
	
	
	
	Cost covered by other sources
	30,000
	

	
	
	
	
	
	TOTAL EVALUATION COST
	375,000
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Mid-Term Evaluation Indicative Terms of Reference

[Text in red and/or in square brackets must be adapted to specific cases.] 

[Country/Unit]
[Name and Number of operation and loan number]

Terms of Reference
Consultancy to carry out Mid-Term Evaluation with PCR format1
1. Background
[Include a brief description of the operation: objectives and main components, financing and executing unit].
1. Objectives and Activities of the Consultancy
The Mid-Term Evaluation (MTE) report allows to analyze and document the progress of the products and create the conditions to achieve the committed results, through the evaluation of the operation in terms of effectiveness, efficiency, relevance and sustainability of the execution. The evaluation will present recommendations and an action plan to be implemented until the completion of the program.  
The overall objective of this consultancy is to carry out the TME of the [include program name] program. This will require working closely with the Executing Agency [include name of Executing Agency], related institutions, companies and the Bank (IDB) in the collection of information for analysis.
For the preparation of the MTE report, the core criteria (relevance, effectiveness, efficiency, sustainability) must be evaluated, including a section with specific recommendations so that the Borrower, the Executing Agency, with support from the IDB, can correct any deviations that will impact the relevance, effectiveness, efficiency and sustainability of the program, based on the MTE.
The purpose of following the PCR guide is to measure the effectiveness and efficiency with which the operation's resources are being used and to replicate successes, as well as to avoid repeating errors in the second half of the operation's execution for its closing. The MTE document should present recommendations on how to achieve the sustainability of the operation considering the provisions of the approved loan document. The evaluation must be objective and supported by evidence, including citations to relevant documentation and records. 
The MTE report shall consider two sets of criteria and six (6) sections for evaluation, as follows:
1. Core Criteria: 
Section 1. Relevance. Assesses how well the design and development objectives of the operation continue to be aligned with country realities, needs and the Bank's Country Strategy. The assessment in this section should provide the team with the inputs to justify adjusting the operation's execution plan to ensure the achievement of the objectives at closing. To this end, the following subsections will be detailed:
1. Analysis of program objectives and their alignment with the country's development needs and with government plans/strategies (both at the national and municipal levels).
2. Strategic alignment with the priorities of the Inter-American Development Bank.
3. Relevance of the Design (vertical logic of the operation):
a. Analyze the appropriateness of the proposed intervention: whether the proposed activities (components) respond to the design problems/causes.
b. Analysis of the original vertical logic of the program, analyzing the logical relationship between the outputs, outcomes and specific objectives of the program.
c. Identify contract modifications to date (changes in outputs, delivery models, and other modifications that have been made) and identify the relevance of these modifications to the achievement of the specific objectives. In particular, if there are outputs that it will not be possible to produce, alert whether these are critical to the achievement of outcomes.
d. For delivered products, assess their sufficiency in terms of quantity, quality and timing for the achievement of the specific objectives at the close of the operation.
e. Analysis of the adequacy and validity of the indicators of the results matrix (specific, measurable, achievable, realistic - SMART).
 
f. Critical analysis of the changes that the results matrix (output and outcome indicators, baselines, targets) has undergone since the approval, start-up workshop to date.
g. Changes in local conditions that make the solution inadequate.
h. Analysis of the program execution model and the institutional performance of the executing unit to date. Analysis of the need to adapt/modify the execution model, improve institutional capacities and existing coordination channels, among other things.
i. Proposal of an updated execution plan that will allow the achievement of the specific objectives at the close of the operation.
4. Relevance rating 
a. The evaluator should classify this section as “alert” if any of the following conditions are met:
i. More than 30% of the products are expected to be cancelled.
ii. There is no critical path of actions that would allow the achievement of the operation's objectives.
b. If none of these conditions are met, the evaluator will classify the section as “satisfactory”.
Section 2. Effectiveness. This section assesses progress in measuring, monitoring and evaluating the achievement of the operation's objectives taking into account changes made to date. This section also assesses, where applicable, the operation's progress on performance indicators. The evaluation in this section should enable the team to assess whether the operation is conducting itself to achieve and measure the results associated with its objectives. The following subsections will be detailed:
1. Mission statement
a. State the overall objective, specific objectives, and associated indicators to verify their achievement.
b. 
2. Measurement
a. Evaluation of the relevance of the indicators and identification of the need to include indicators or make adjustments to the indicators in relation to those proposed in approval and the start-up workshop.
b. Alert of indicators associated with the objectives without baseline values. In these cases, identify mechanisms to estimate values.
c. Alert of indicators associated with objectives that do not have active measurement mechanisms. In these cases, identify mechanisms to activate measurement.
3. Results monitoring
a. For indicators that have intermediate values in the results matrix, and have active measurement mechanisms, define the current progress of the operation.
b. Identification of the main factors that affected/are affecting the program implementation (exogenous and endogenous risks) and that are contributing or limiting the achievement of the specific objectives, including outputs and outcomes.
c. Identify whether there are materialized risks, risks without active mitigation mechanisms that prevent the achievement of the specific objectives despite the possible successful delivery of critical outputs.
d. Alerting on indicators with targets for which there is no realistic trajectory for their achievement.
4. Product Monitoring
a. Evaluation of the program's output indicators obtained to date, identifying quantitatively and qualitatively the achievements attained. This evaluation will include a comprehensive explanation of the implementation of the outputs and the goals achieved (how they were achieved, relevant activities, etc.).
5. Evaluation
a. Progress on the evaluation plan to carry out the counterfactual analysis at the close of the operation.
6. Identification of possible achievement of unanticipated results.
7. Proposal of an updated monitoring and evaluation plan to verify the achievement of the specific objectives at the end of the operation (measurement).
8. Effectiveness rating
a. The evaluator should rate this section as “alert” if any of the following conditions are met:
i. There are objectives without indicators to verify their achievement or a significant percentage of the indicators associated with the specific objectives do not have baseline values, have unrealistic targets or do not have active measurement mechanisms.
ii. The evaluation plan for the counterfactual analysis is not in execution.
b. If none of these conditions are met, the evaluator will classify the section as “satisfactory”.
Section 3. Efficiency[footnoteRef:89]. The analysis should identify whether cost and schedule overruns exist and are expected to continue during the life of the project. The analysis should identify the reasons, amounts and timing and determine whether the original schedule for project execution is feasible. This analysis can be supported by historical information, emphasizing the reasons behind the main differences between plans and the physical and financial execution during the life of the project, as well as identifying actions to be taken to reduce cost overruns and delays. The following subsections will be detailed: [89:  	This section does not apply to policy-based lending or performance-based lending.] 

1. Cost and schedule overruns. 
a. Assessment of the use and level of disbursement of resources to date, both from the IDB and the counterpart identified for the program. Analysis of the difference between the expected costs per product in the design and the actual costs, cost overruns or modifications to the initial budget forecast.
b. Analysis of program execution times, analyzing the reasons for program execution extensions and how they are influencing the achievement of planned outputs.
2. Budget changes and reallocations
3. Implications on the achievement of objectives (in magnitude and time).
4. Proposed adjustments to the schedule or budget structure to mitigate or reduce schedule and cost overruns.
5. Efficiency assessment
a. The evaluator should classify this section as “alert” if any of the following conditions are met:
i. The current budget is not sufficient for the achievement of objectives at project closing.
ii.  Achievement of objectives will take more than 12 additional months beyond those initially planned.
b. If none of these conditions are met, the evaluator will classify the section as “satisfactory”.
Section 4. Risks and Sustainability. Evaluates the conditions that could influence the scope and continuation of the results once they are achieved. This section should enable the team to identify resources to implement mitigation measures for previously unidentified risks, as well as measures to support the sustainability of the results over the long term. The following points will be discussed in the section:
1. General Aspects 
a. Analyze the conditions that could influence the continuation of the results achieved up to the time of evaluation and the achievement of future expected results during the life cycle of the project. Including the evaluation of whether the works that have been constructed to date have been maintained. 
b. Identify active risks with high residual levels (high or medium-high) to delivery of key deliverables. Update the results matrix to integrate new risks to achievement of objectives and their mitigation measures. List potential impacts of residual or new risks.
c. Alert if no mechanism is foreseen with the country to allocate funds for the continuation of results after the program closes.
2. Environmental and social safeguards
a. Discuss environmental and social safeguards performance, summarizing monitoring supervision reports to date.
b. Establish if there are MICI reports and if there are activities pending response.

3. Proposed adjustments to the risk matrix to identify mitigation actions for high and medium-high risks and adjustments to response activities to ensure good performance in environmental and social safeguards.
4. Sustainability assessment. 
a. The assessor should classify this section as “alert” if there are high or medium-high latent risks to the achievement of objectives and no mitigation measures.
b. Otherwise, the evaluator shall classify the section as “satisfactory”.
1. Main findings and lessons learned
The report concludes with a summary of findings and lessons learned as well as updated action plans. As part of this process, key stakeholders should be consulted during the implementation of the program to date, especially in the following dimensions: technical-sectoral, organizational and managerial, public processes / stakeholders, fiduciary and risk management.
1. Action Plan for the second half of the implementation period
The evaluator should propose an action plan to ensure that the operation has a success rating under the Bank's PCR guidelines. If it is not possible to identify a realistic action plan for achieving results associated with the specific objectives of the operation, the evaluator should alert the team. The action plan should include a list of identified problems or risks. For each problem or risk the plan should suggest:
1. Corrective actions or mitigation measures.
2. Actionable steps to address those problems or risks 3.
3. Nominate the most appropriate agency to address it (potential primary responsible party).
4. Estimate the resources needed to implement the corrective actions or mitigation measures.
5. Deadlines for taking action.
6. Possible measure of verification of progress. 
7. References to relevant documents.
8. Observations that will enable the team to have the necessary information to take action.
1. Considerations
Review of project documentation. Coordinate with the Executing Agency and the Bank for the collection of required documentation. In addition, review archived material related to the program in general, as well as background material used in the preparation of the operation, approved documents, monitoring documents (PMRs), disbursement reports, audit reports, progress reports, action plans and other information available at the Executing Agency's office and at the Bank.
Special attention should be given to documenting data sources while respecting authorship, evaluation studies and analytical work. In addition, the evaluation will provide recommendations for improving implementation and thus the likelihood of achieving its development objectives.
All information gathered and generated from this consultancy shall be provided to the Executing Agency.
Review of comments. Comments and recommendations from the Executing Agency and the Bank shall be incorporated into the final MTE report. The comments with their responses shall be documented in separate minutes and shall be part of the deliverables of this consultancy. 
Field visits and interviews. Field visits may be carried out to review the progress of the operation's projects located in the Executing Agency's country. Likewise, interviews will be carried out with the actors directly or indirectly linked to the Program (Executing Agency staff, government authorities (local, municipal, national) linked to the program, IDB staff associated to the design and execution of the financing operation, individual consultants or consulting firms in charge of the execution of studies or specific activities of the program, sample of program beneficiaries including women and vulnerable population to whom a survey will be applied to collect socio-economic information of households that will allow updating the values of the coefficients used for the ex-ante evaluation of the program (if applicable), civil society through the support of the Executing Agency (if applicable), as well as representatives of the private sector (if applicable), service providers or other relevant stakeholders). For each of these interviews, the consultant must first develop and present its ideas for the content and format of the survey/interview forms to be used to capture the required information, as well as the method to be used to administer and tabulate them. Prior approval must be obtained from the Executing Agency.
Mid-Term Management Workshop. At the beginning of the implementation period of this consultancy, the Executing Agency with support from the Bank will conduct a management workshop to review the project's objectives, indicators and the progress of the planned outputs, according to the original program planning. The workshop will document the physical and financial progress of the operation, as well as its consistency with disbursements made. The workshop will also identify mechanisms to achieve the project's objectives and verify their attainment. As a result, the main execution tools will be updated, including: the Multi-Year Execution Plan, the Annual Operational Plan, the Procurement Plan, the Cash Flow, and the risk matrix that will allow reorienting the program to achieve the goals set for its closure. If necessary, the monitoring and evaluation plan will also be updated. The consultant should coordinate with the Executing Agency to attend this workshop in order to be consistent with the data used in the preparation of the TMA. The results of the workshop will be documented in a memory aid and the updated management tools should be reflected in the monthly monitoring tool designed to accompany implementation[footnoteRef:90].  [90:  Monitoring and follow-up tool ] 

1. Deliverables
Work Plan. The consultant shall submit a work plan including a reasonable schedule of activities that includes a coherent agenda of field visits to the country, interviews and participation in the Management Workshop. The work plan shall be submitted to the Executing Agency and the IDB for review and approval.
First draft MTE. The consultant shall submit:
a. A draft MTE report shall be submitted within [eight (8) weeks] after approval of the Work Plan, and.
b. Based on comments provided by the Executing Agency and the Bank, the consultant shall provide the final MTE report no later than two (2) weeks after receipt of such comments.
Meeting for presentation of main findings and recommendations. The consultant, with support from the Executing Agency, will organize a meeting to present to the government and Bank authorities the main findings of the final MTE report.
1. Characteristics of the Consultancy
Characteristics:
1. Type of consultancy: Consultant [define national or international]. Lump sum. 
2. Duration: [12 weeks] from the signing of the contract, over a period of four months. 
3. Location: [define according to whether it is a national or international consultancy]
4. Requirements:
a. Academic degree / Level and years of professional work experience: Professional in [Engineering, economics], or areas related to this consultancy. Must have a master's degree or equivalent years of experience.
b. Specific experience: five years in evaluation of development programs with [infrastructure]. Experience in similar work with Multilateral Organizations will be an advantage. 
c. Languages: [to be defined according to the country of the program].
d. Skills/Knowledge: data research and analysis; coordination and dialogue with public and private stakeholders. Knowledge for the development of economic-financial analysis. 
The consultant must be a citizen of one of the 48 member countries of the IDB.
Consanguinity. In accordance with applicable Bank policy, candidates with family members (including fourth degree of consanguinity and second degree of affinity, including spouse) working for the Bank as staff members or Supplemental Workforce Consultants will not be eligible to provide services for the Bank.
Diversity. The Bank is committed to diversity and inclusion and equal opportunity for all applicants. We embrace diversity on the basis of gender, age, education, national origin, ethnicity, race, disability, sexual orientation, religion and HIV/AIDS status. We encourage women, people of African descent and people of indigenous origin to apply.
1. Payment Scheme
Payments shall be made upon approval of the following deliverables:
1. First payment. Detailed work plan. [15%] of the contract amount. To be delivered [5] days after signature of the contract.
2. Second payment. [40%] of the contract amount, upon delivery of the first draft of the MTE, eight [8] weeks after approval of the Work Plan.
3. Third payment. [40%] of the contract amount, upon delivery of the approved final MTE report. Two weeks after the second payment is made. 
4. Fourth, and final, payment. Closing meeting according to these TOR. [5%] of the contract amount, within the term of the consulting contract.
1. Coordination of the Work
Oversight of this consultancy will be provided by [include first name/last name/email] Operation Manager of the Executing Unit within the Executing Agency [include name of Executing Agency] or his/her designated delegate. The Operation Manager or designated delegate will be responsible for providing the official information or source of information on program data for evaluation, as well as conducting the Management Workshop within the duration of this consultancy, and with support from the Bank. 
XI. Resources
1. Project Closeout Report Courses for Clients and Consultants ES|EN
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TÉRMINOS DE REFERENCIA
Evaluación final
Programa NOMBRE DEL PROGRAMA


1. Contexto
El Banco Interamericano de Desarrollo (BID o el Banco) es la mayor fuente de financiamiento multilateral para el desarrollo económico, social e institucional en América Latina y el Caribe (ALC). El objetivo de la División de Agua Potable y Saneamiento (WSA) del BID es renovar el compromiso del Banco de apoyar a los países de la región en el desarrollo del sector agua y saneamiento, con vistas a conseguir el acceso universal a servicios adecuados, de acuerdo a las responsabilidades y mandatos de los países y de los acuerdos internacionales.
BREVE EXPLICACIÓN DEL PROGRAMA: OBJETIVOS Y PRINCIPALES COMPONENTES (breve descripción); FINANCIAMIENTO DEL PROGRAMA; UNIDAD EJECUTORA
En cumplimiento a lo dispuesto en el Contrato de Préstamo XXXXX, el Organismo Ejecutor ha solicitado la contratación de una firma consultora/consultor para la evaluación del Programa, con la finalidad de verificar el cumplimiento de las obligaciones contractuales e indicadores de desempeño, así como para concretar lecciones aprendidas y recomendaciones.

2. Objetivo de la consultoría
El objetivo de la consultoría es realizar una evaluación de los resultados del programa NOMBRE DEL PROGRAMA, proporcionando un análisis completo y sistemático, incluyendo medidas cuantitativas y cualitativas de relevancia, efectividad, eficiencia, sostenibilidad,  y posibles impactos del programa.

3. Principales actividades
3.1. Plan de trabajo y metodología
Para el desarrollo de la consultoría se deberá proponer una metodología y plan de trabajo con un cronograma definido que permita asegurar el cumplimiento de los objetivos de la consultoría. Esta metodología tendrá que ser validada por la unidad ejecutora y los especialistas del BID. La metodología incluirá las actividades y visitas de campo, la selección de comunidades a visitar, las entrevistas con los principales actores del programa y el cronograma de plan de trabajo, entre otros aspectos importantes para la ejecución de la consultoría. El plan de trabajo incluirá, si fuera el caso, la metodología utilizada para el análisis socioeconómico expost.
3.2. Análisis de documentos
El consultor o la consultora deberá considerar, al menos, los siguientes documentos:
· Material de justificación para la preparación del programa
· Documento de préstamo del programa
· Reglamento operativo del programa
· Herramientas de planificación del programa, como el Informe de Monitoreo del Programa (PMR), el Plan de Adquisiciones, el Plan de Operaciones, entre otras
· Documentos de seguimiento y supervisión
· Informe de evaluación intermedia del programa, si existe
· Ayudas memoria de las misiones y reuniones de seguimiento
· Estados financieros del programa auditados
· Otros documentos relevantes

3.3. Visitas de campo
El consultor o consultora deberá organizar una o varias visitas a PAÍS para realizar una visita a la sede del programa en CIUDAD, así como a las áreas de intervención del programa. Dependiendo del número de comunidades intervenidas, el consultor escogerá una muestra representativa, que será validada por la unidad ejecutora y los especialistas del BID. Como mínimo se visitarán XXXXX comunidades beneficiarias del programa / XXX instalaciones intervenidas en el programa / XXXX ciudades intervenidas en el programa

3.4. Diseño y aplicación de entrevistas y consultas
El consultor o consultora deberá elaborar y llevar a cabo un programa de entrevistas con los principales actores del programa, que incluirán al menos:
· Personal del BID responsable de la supervisión técnica del programa en la representación de CIUDAD 
· Personal de la unidad ejecutora vinculadas directa o indirectamente al programa 
· Consultores individuales o firmas consultoras encargados de la ejecución de los estudios y actividades específicas del programa, dentro de lo posible
· Autoridades gubernamentales (locales, municipales, nacionales) vinculadas al programa
· [bookmark: _Hlk484697534]OPCIONAL Muestra de beneficiarios del programa, incluyendo mujeres y población vulnerable a los que se les aplicará una encuesta para relevar información socioeconómica de los hogares que permitirá actualizar los valores de los coeficientes usados para la evaluación ex ante del programa. Tanto a una muestra de proyectos durante la preparación, como la muestra de proyectos usada para actualizar los valores de corte aplicados a las inversiones de agua y saneamiento financiadas por el programa. A esa misma muestra se le aplicará el cuestionario usado para la línea base de evaluación de impacto en curso con el objeto de intentar realizar un análisis de atribución de las actividades del programa a la consecución de los objetivos de desarrollo esperados
· Actores de la sociedad civil y organizaciones vinculadas con el área del programa
· Otros actores relevantes
[bookmark: _Hlk484697582]Estas entrevistas podrán llevarse a cabo vía telefónica o teleconferencia si no es posible reunirse en persona.

3.5. Evaluación de objetivos, resultados y productos
La evaluación deberá contemplar al menos, las siguientes actividades:
Diseño y estructura del programa
· Análisis del diseño y relevancia del programa, incluyendo el plan de monitoreo y evaluación (diseño e implementación), la calidad de la matriz de indicadores y los cambios durante el programa
· Análisis de la lógica vertical del programa
· Análisis de la adecuación y validez de los indicadores de la matriz de resultados
· Análisis de riesgos del programa, las medidas de mitigación y su implementación a lo largo de la vida del programa (revisión de la matriz de riesgo actualizada anualmente durante la implementación del programa)
· Análisis del modelo de ejecución del programa y el desempeño institucional de la unidad ejecutora
· Análisis de la evaluación de medio término, si existiera, y la inclusión e impacto de las recomendaciones realizadas 
· Evaluación el desempeño de las instituciones involucradas en la ejecución del programa, incluyendo el apoyo y la supervisión brindada por parte del Banco y la coordinación entre agencias 
· Reporte de la relevancia de los resultados del programa en relación a los programas nacionales/estatales del país

Procesos del programa
· Evaluación de los indicadores de producto del programa obtenidos durante su ejecución, identificando cuantitativa y cualitativamente los alcances logrados en los marcos técnico, administrativo, financiero e institucional. Se analizarán los cambios que la matriz de indicadores ha sufrido durante la ejecución del programa, analizando las causas y consecuencias para la implementación y resultados finales.
· Identificación de los principales factores que incidieron en la implementación del programa y que contribuyeron o limitaron en el logro de sus objetivos
· Análisis del estado de cumplimiento de plazos, procedimientos establecidos y condiciones contractuales
· Análisis del uso de sistemas locales (incluyendo adquisiciones) y procesos de comunicación entre los principales actores del programa
· Descripción y evaluación del rol de los principales actores involucrados en el programa, incluyendo a los beneficiarios, que contemple los criterios de participación y apropiación del programa 

Resultados del programa
· Análisis de la matriz de resultados del programa (original y vigente) atribuibles al programa. Se analizarán los cambios que la matriz ha sufrido durante la ejecución del programa, sus causas y consecuencias para la implementación y resultados finales.
· Identificación de los posibles impactos directos e indirectos del programa como resultado de la ejecución de las actividades que no fueron originalmente previstos
· Evaluación de la sostenibilidad del programa a nivel financiero, técnico, institucional y social 
· Recopilación y sistematización de lecciones aprendidas y buenas prácticas durante la ejecución del programa, diferenciando la fase del programa y los actores implicados en las lecciones aprendidas 
· Análisis de la replicabilidad del programa
· Análisis de la atribución de los resultados del programa a las actividades implementadas 
· Evaluación del uso y nivel de desembolso de recursos, tanto del BID como de la contrapartida identificada para el programa, incluyendo los criterios de eficiencia y transparencia
· Descripción y valoración de los productos de conocimiento y divulgación resultado del programa
· Conclusiones y recomendaciones de la evaluación, dirigidas a los actores específicos con participación en el programa
[bookmark: _Hlk484697875]Evaluación Socioeconómica Ex post del Programa 
· Revisión de las evaluaciones ex ante realizadas para el programa.
· Plan de Trabajo: el consultor presentará un plan de trabajo detallando la como replicará la metodología usada en la evaluación ex ante, proponer una metodología alternativa, de ser necesario, y los tiempos necesarios para realizar las actividades a continuación descritas, así como otras que a juicio propio considere necesarias para la realización de la consultoría. El consultor presentará una propuesta (tipo de información, variables relevantes, etc.) para el levantamiento de la información necesaria para realizar el análisis de viabilidad socioeconómica ex post de la operación. La información será relevada tanto de fuentes existentes (Censo, Encuestas Permanentes de Hogares, etc.) como también de visitas a comunidades beneficiarias para lo cual el consultor deberá usar las comunidades de la evaluación ex ante y, de ser necesario proponer una muestra (número de comunidades) adicional representativa de la población objetivo del programa. Esta muestra deberá contener proyectos ya ejecutados en el marco del programa bajo análisis. 
· Actualización de las variables socioeconómicas: el consultor deberá proponer que información considera necesaria para realizar la evaluación ex post y deberá incluir como mínimo: información sobre ingreso familiar medio mensual, número de habitantes por vivienda, número de viviendas, fuente actual de abastecimiento (cantidad consumida y precio), cuando relevante actualización del valor tiempo de viaje para obtener el agua y quién lo hace, costos de inversión finales.
· Evaluación: En base a la información recabada, se realizará una evaluación ex post de la viabilidad de las inversiones para las mismas comunidades para las que se realizó la evaluación ex ante, así como aquellas comunidades que se hayan incluido en la muestra adicional (si aplica) y usando la misma metodología de la evaluación ex ante complementada con la metodología alternativa, de ser el caso. El análisis deberá ser Costo-Beneficio y se deberá obtener para cada caso indicadores de rentabilidad del proyecto: TIR y VAN.  
Borrador de reporte final de programa (PCR)
· Descripción de los resultados de la evaluación final del programa siguiendo la metodología y la plantilla establecida para el “Reporte de final de programa”, adjunta en el Anexo 2. Esta plantilla se focaliza en algunos aspectos de la evaluación final del programa, y otorga una valoración cuantitativa para los criterios de relevancia, efectividad, eficiencia y sostenibilidad. El borrador de reporte final de programa (PCR) se presentará como anexo al informe final.

SE AGREGARÁN, SI FUERA NECESARIO, LOS ASPECTOS ESPECÍFICOS A ANALIZAR SEGÚN LAS CARACTERÍSTICAS DE CADA PROGRAMA 

3.6. Taller de divulgación y consulta de los resultados de la Evaluación Final
Los resultados finales del programa deberán ser presentados en un foro público con los actores relevantes de forma clara y transparente, con el objetivo de rendir cuentas y socializar los resultados del programa. Los resultados tendrán en cuenta, además del criterio independiente del consultor o consultora, las opiniones de todos los actores relevantes en el desarrollo del programa. 
El taller se realizará en PAÍS y será coordinado con la agencia ejecutora y el responsable del programa en las oficinas del BID en el país. El consultor o consultora será el responsable de preparar una presentación de los resultados de la evaluación (ej. Power Point) que será aprobada por el BID, para someterla a la consideración de los actores relevantes del programa. La presentación tendrá un enfoque en los resultados logrados, las lecciones aprendidas y el nivel de apropiación y replicabilidad del programa.

4. Productos e informes
El consultor o consultora deberá entregar los siguientes productos:
4.1. Metodología y plan de trabajo con un cronograma de actividades establecido a los DÍAS días de haber suscrito el contrato. 
4.2. Informe de avance de la evaluación final a los DÍAS días de haber suscrito el contrato. Incluirá un breve informe sobre el trabajo de campo realizado
4.3. Informe final de la consultoría a los DÍAS días de haber recibido los comentarios al informe borrador por parte del BID y la agencia ejecutora. Incluye, como anexo, el borrador de PCR según la plantilla en Anexo 2.
Los informes de avance y final tendrán una estructura que contenga la información descrita en el apartado 3.5 de estos términos de referencia, a excepción del PCR que se entregará sólo con el informe final. Deberán contener, pero no limitarse a:
· Información general del programa
· Evaluación de la relevancia del programa
· Evaluación de la ejecución del programa
· Evaluación del logro de objetivos del programa y resultados, incluyendo la matriz de indicadores del programa.
· Evaluación de la atribución de los resultados del programa
· Evaluación del grado de apropiación del programa por parte de las autoridades públicas y los beneficiarios
· Evaluación de la sostenibilidad del programa
· Información de la planificación financiera del programa y análisis de su ejecución
· Lecciones aprendidas de la ejecución del programa
Asimismo, el informe final incluirá los documentos anexos necesarios que soporten el informe, así como un borrador de PCR, según el anexo 2. Los anexos incluirán el material gráfico disponible resultado del trabajo de campo (ej. fotografías, materiales de capacitación, entre otros)
Durante la consultoría el Banco realizará un acompañamiento para verificar que los contenidos del informe se ajustan a los términos de referencia definidos en este documento. El Banco podrá solicitar al consultor o consultora reuniones de seguimiento, especialmente tras la visita de campo y recogida de información.
Todo informe deberá ser entregado al Banco en forma electrónica en un solo archivo que incluya la portada, el documento principal y los anexos. En el Anexo 1 de estos términos de referencia se adjunta un modelo indicativo de índice de contenidos del informe final.
El informe deberá ser presentado en IDIOMA. 

5. Forma de pago
· Primer pago: PORCENTAJE% del monto total, contra aprobación del producto 4.1. Metodología y plan de trabajo 
· Segundo pago: PORCENTAJE % del monto total, contra aprobación del producto 4.2. Informe de avance de la consultoría 
· Tercer pago: PORCENTAJE % del monto total, contra aprobación del producto 4.3. Informe final de la consultoría

6. Coordinación
· Jefe de equipo: NOMBRE DEL JEFE DE EQUIPO
· Departamento/División: INE/WSA 


7. Perfil del consultor / equipo consultor
Grado académico y años de experiencia profesional, idiomas, áreas de experiencia

8. Características de la consultoría
· Categoría de consultoría y modalidad: CATEGORÍA/MODALIDAD
· Duración del contrato: DÍAS días a partir de la firma del contrato
· Lugar de trabajo: Consultoría externa. Se deberá viajar a VIAJES PROGRAMADOS para completar la consultoría

Pago y Condiciones: La compensación será determinada de acuerdo a las políticas y procedimientos del Banco. Adicionalmente, los candidatos deberán ser ciudadanos de uno de los países miembros del BID. 
Consanguinidad: De conformidad con la política del Banco aplicable, los candidatos con parientes (incluyendo cuarto grado de consanguinidad y segundo grado de afinidad, incluyendo conyugue) que trabajan para el Banco como funcionario o contractual de la fuerza contractual complementaria, no serán elegibles para proveer servicios al Banco.
Diversidad: El Banco está comprometido con la diversidad e inclusión y la igualdad de oportunidades para todos los candidatos. Acogemos la diversidad sobre la base de género, edad, educación, origen nacional, origen étnico, raza, discapacidad, orientación sexual, religión, y estatus de VIH/SIDA. Alentamos a aplicar a mujeres, afrodescendientes y a personas de origen indígena.
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Apéndice 1 del Anexo III. Índice indicativo

Índice
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Acrónimos y abreviaciones
Información básica del proyecto
Resumen ejecutivo
I. Introducción a la evaluación final 
A. Antecedentes
B. Objetivos de la evaluación
C. Metodología
D. Trabajo de campo 
E. Limitaciones
II. El programa
A. Descripción general
B. Diseño del programa 
C. Lógica vertical y horizontal del programa
D. Análisis de riesgos
E. Plan de monitoreo y evaluación
i. Diseño
ii. Implementación
iii. Salvaguardas sociales y ambientales
F. Relevancia del proyecto
i. Contribución a los objetivos estratégicos del BID
ii. Contribución a la estrategia de país
iii. Otros aspectos
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i. Análisis de recomendaciones y acciones realizadas
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D. Implementación y modelo de ejecución del programa
E. Efectividad del programa (matriz de resultados)
i. Resultados del programa  
ii. Productos (por componente)
iii. Análisis de la atribución de los resultados al proyecto
iv. Resultados imprevistos  
IV. Análisis financiero
A. Presupuesto y ejecución
B. Avances financieros
C. Desembolsos
V. Sostenibilidad
VI. Lecciones aprendidas
VII. Conclusiones y recomendaciones
Anexos


[bookmark: _Toc167303986]Annex IV
Water availability under Climate Change Scenarios and the Effect of the Project

1. Background of the analysis.
[bookmark: _Hlk162213422]A study (Cashman, et al. 2016)[footnoteRef:91] based on hydrogeological modelling using MODFLOW 2000, indicated that by 2050 under RCP 2.6 groundwater yields could be reduced to 26.9 Mm3/year and 25.5 Mm3/year under RCP 8.5, as compared to a no climate change estimate of between 65.7 Mm3/year and 82.3 Mm3/year, depending on which estimate of annual average rainfall was used. The modelling work did not account for the potential impact of sea level rise or fluxes between the freshwater and seawater interface and therefore should be treated with some caution. Another study (Cashman, et al., 2012) which took a mass-balance approach to changes in groundwater storage indicated that under all climate change scenarios aquifers would be progressively depleted. In other words, abstraction would be consistently greater than recharge. More recent work (Gohar, et al., 2019),[footnoteRef:92] which has looked at the impact of abstraction regimes on aquifer storage and yield, have supported the view that under RCP 4.5 sustainable yields could be in the order of 31 Mm3/year and 29 Mm3/year under RCP 8.5. [91:  	Cashman, A., Laing, T., Mackey, T., Payne, K. and Maharaj, A. 2016. UWI-CERMES Technical Report on "Modelling the Impact of Climate Change in a Water Scarce Island Context".]  [92:  	Gohar, A, A Cashman, and F Ward. 2019. "Managing Food and Water Security in Small Island States: New Evidence from Economic Modelling of Climate Stressed Groundwater Resources." Journal of Hydrology 569: 239-251.] 

Based on this information, four models were developed using the expected yield by 2050 and simulating linearly yield reductions yearly. The first, under RCP 2.6, [footnoteRef:93]  with a firm production 
(or safe production) of the aquifer equal to 26.9 Mm3/year by 2050, which corresponds to estimate of the 2016 study by Cashman, et, al. The second, under RCP 4.5[footnoteRef:94] with a firm production equal to 31 Mm3/year in the year 2050, which corresponds to estimate of the study by Gohar et, al. (2019). The third scenario, under RCP 8.5, [footnoteRef:95] with a firm production (or safe production) of the aquifer equal to 25.5 Mm3/year by 2050, which corresponds to estimate of the 2016 study by Cashman, et, al. Finally, a fourth scenario, also under RCP 8.5 with a firm production equal to 29 Mm3/year in the year 2050, which corresponds to estimate of the study by Gohar et, al. (2019). Current firm production from the aquifer for is set at 74.5 Mm3/year.  [93:  	Representative Concentration Pathway. According to the IPCC, RCP 2.6, is a “very stringent scenario” that requires that carbon dioxide (CO2) emissions start declining by 2020 and go to zero by 2100.]  [94:  	RCP 4.5 is described by IPCC as a moderate scenario in which emissions peak around 2040 and then decline. ]  [95:  	RCP 8.5 is the highest baseline emissions scenario in which emissions continue to rise throughout the twenty-first century.] 

To obtain firm aquifer production between 2025 and 2050, it was assumed that it would fall linearly between the current value and the 2050 value. We acknowledge that this assumption when constructing the models is a strong one. Nonetheless, in the absence of comprehensive hydrological models for groundwater in Barbados on which superimposed climate models and obtain yearly rainfall projections, and the corresponding aquifer recharge and yields, the approach will allow us to estimate marginal gains/losses on social returns under the four scenarios, when the socioeconomic value of the water stock under different scarcity scenarios is quantified and introduced in the CBA for the project.
In order to relax the linearity assumption, a simulation was performed where we assume a non-linear function that explains the reduction in aquifer yields due to  CC that follows an exponential function since CC effects on rainfall associated with temperature changes occur slowly over time, but their effects are cumulative. 

2. Behavior of the aquifer under different climate change scenarios. 
Currently, the aquifer has the capacity to safely offer 74.5 Mm3 per year. By 2050, this capacity is expected to be reduced to a value between 25 to 32 Mm3, depending on the CC scenario mentioned (RCP 2.6, 4.5 or 8.5). This value, like climate change, should begin to reduce gradually and little by little this annual reduction will begin to accelerate like most climate phenomena. This behavior, where the annual change (first derivative with respect to time) increases with time, can be modeled with a hyperbolic function. Thus, the change in capacity ΔY is less than 0 and the change in time of ΔY is also less than 0 for the expected acceleration to occur. A simple model that represents these conditions is a hyperbolic function of the following form was chosen:

[bookmark: _Hlk165973835]Yt= a-b* tϵ

Where its first derivative is - bϵ t(ϵ-1) and the second is -bϵ (ϵ-1)t(ϵ-2). For both conditions to be met, ϵ must be greater than 1, and
 
Y = aquifer yield at any given year t
a = aquifer yield at t = 0
b = a constant that we assumed to be an annual reduction of  100,000 m3 in aquifer yield.
ϵ = rate of change over time

Wastewater system capacity. The project will use the available wastewater treated to the level  it can be reuse. The expected amount is around 2.9 Mm3 per year.[footnoteRef:96] The potential of water that can be used in irrigation is much greater. BWA supplies the public drinking water network with 75.9 Mm3 per year (64.4 from groundwater and 11.5 from desalination) assuming 30% physical losses and 20% consumptive use of the water by users, Barbados would have a potential of 42.5 Mm3 per year. This water would allow irrigation between 7,800 and 3,900 hectares depending on the efficiency, which can vary between 100 and 50%. [96:  	As stated earlier, wastewater treated to the level that can be reused for either productive or nonproductive uses or both. The amount available will depend on  the  aquifer recharge points needed. One for potable water (St. Michael/Constant, lower volume of water) and one for non-potable water (Christ Church/Lowlands, higher volume of water). Therefore, the average from the options was used for the economic analysis. The recharge will occur during the 4 months of rainy season per year, when there is less demand for water for irrigation. The other 8 months per year the water will be used for irrigation purposes. The options are recharge Belle Aquifer Potable Water Aquifer, St George: 648,000 m3 per year. Equal to 4 months of potable water recharge during the wet season @ 5400m3/day of pure RO water produced by the plant; or recharge Christ Church Aquifer Non-Potable Water Aquifer, Christ Church: 1 Mm3 per year. Equal to 4 months of potable water recharge during the wet season @ 8.400m3/day of mixed secondary treated (from Bridgetown wastewater treatment plant) plus  RO water produced by the SCWRRF. In the first option, the total amount of water available yearly for both productive and nonproductive uses will be an estimated 2.70 Mm3/year. For the second option the total amount of water available yearly for both productive and nonproductive uses will be an estimated 3.07 Mm3/year. The average of both options  would be 2.89 Mm3/year.] 

The parameters are based on known information about current aquifer yield and expected yields in 2050 for each RCP, the rate of change was calculated to fit those parameters. It is intended as a demonstrative exercise in an effort to incorporate into the analysis CC scenarios. The following table (Table 1) shows the values of the parameters for each CC scenario. T=0 corresponds to year 2028, first year of operation of the SCWRRF. The assumption (strong) is that the sustainable yield reported by BWA’s Water Unit of 74.5 Mm3/year for 2024 will hold in 2028.

[bookmark: _Toc167294027]Table 1. Parametric Yield Decrease Functions under Climate Change Scenarios
[image: ]

Based on the values in Table 1, annual yields were forecasted to 2050 (T=22). Table 2 shows the values for each RCP scenario used in the economic analysis of the project. 
[bookmark: _Toc167294028]Table 2. Annual Yield Forecasts under Different Climate Change RCP.
[image: ]

The following figure shows the curve of yield decrease over time for each of the four CC scenarios used in this analysis.
[image: ]

Figure 1. Reduction in Aquifer Yield under Different Climate Change Scenario

3. Water balances
Water requirements are the difference between evapotranspiration and rainfall. Annual evapotranspiration in Barbados is 1.638 mm while precipitation is 1,270 mm. Monthly water requirements are presented in the table below. The evapotranspiration information was obtained from the Stantec report[footnoteRef:97]. The rainfall from the Barbados Meteorological Services, and it represents the average rainfall per month for the last 40 years.[footnoteRef:98] The balance of the water used is presented in the following table (Table 3). [97:  	River Plantation Drainage and irrigation study; Barbados Agricultural development and marketing corporation (BADMC). Stantec Consulting Caribbean Ltd. June 2017.]  [98:  	https://www.barbadosweather.org/ ] 

[bookmark: _Toc167294029]Table 3. Monthly irrigation requirements 
(Values in mm/month)
	Month

	Precipitation
(mm)
	Evapotranspiration
(mm)
	Balance
(mm)

	1
	68,1
	122
	93,9

	2
	41,7
	112
	99,5

	3
	38,9
	154
	138,4

	4
	58,1
	158
	114,3

	5
	74,1
	159
	77,9

	6
	101,2
	146
	33,7

	7
	121,5
	152
	39,7

	8
	150,6
	149
	2,3

	9
	162,6
	125
	0

	10
	179,3
	117
	0

	11
	172,6
	118
	0

	12
	91,0
	126
	41,7

	Total
	1.260
	1.638
	641



Considering that the area to be irrigated is 230 hectares, and assuming irrigation efficiency of 100%, the daily requirements, and the balance with the supply of 8,100 m3 per day produced by the system would be:

[bookmark: _Toc167294030]Table 4. Monthly irrigation requirements
	

	Month
	Daily Demand
	Suply
	Balance

	
	m3/day
	m3/day
	m3/day

	1
	                   3.999 
	          8.100 
	                4.101 

	2
	                   5.775 
	          8.100 
	                2.325 

	3
	                   8.540 
	          8.100 
	                (440)

	4
	                   7.659 
	          8.100 
	                  441 

	5
	                   6.299 
	          8.100 
	                1.801 

	6
	                   3.435 
	          8.100 
	               4.665 

	7
	                   2.300 
	          8.100 
	               5.800 

	8
	                          -   
	          8.100 
	               8.100 

	9
	                          -   
	          8.100 
	               8.100 

	10
	                          -   
	          8.100 
	               8.100 

	11
	                          -   
	          8.100 
	               8.100 

	12
	                   2.597 
	          8.100 
	               5.503 



The total annual demand for River Plantation is 1,245,039 m3, while the supply is 2,964,600 m3 leaving 1,719,561 m3 to be used in other irrigation districts or aquifer recharge.  If water is used to increase irrigation during the dry season, the amount of water that will go to aquifer recharge will be drastically reduced depending on the acreage under irrigation. For example, if as was modelled in the economic analysis, if Government decides to maximize the areas under irrigation given the amount of reuse water produced (539 hectares), the balance with the supply of 8,100 m3 per day produced by the system would be 8,626 m3/year that will go to recharge aquifers.

[bookmark: _Toc167294031]Table 5. Monthly irrigation requirements
	

	Month
	Daily Demand
	Suply
	Balance

	
	m3/day
	m3/day
	m3/day

	1
	                   9,546 
	          8.100 
	               (1,446)

	2
	                 13,784 
	          8.100 
	               (5,684)

	3
	                 20,384 
	          8.100 
	             (12,284)

	4
	                 18,282 
	          8.100 
	              (10,182)

	5
	                 15,036 
	          8.100 
	               (6,936)

	6
	                   8,198 
	          8.100 
	                    (98)

	7
	                   5,490 
	          8.100 
	                2,610 

	8
	                         -   
	          8.100 
	                8,100 

	9
	                         -   
	          8.100 
	                8,100 

	10
	                         -   
	          8.100 
	                8,100 

	11
	                         -   
	          8.100 
	                8,100 

	12
	                   6,198 
	          8.100 
	                1,902 



This analysis is an oversimplification since we are not considering water filtration after irrigation has taken place that will seep back to the aquifer and assumes that there will be 8,100 Mm3/year of reclaimed water for distribution. Tables 6 and 7 show detailed calculations for water demand balances under two different irrigation areas.

[bookmark: _Toc167294032]Table 6. Water Balances for area under irrigation (230 ha.)
[image: ]

[bookmark: _Toc167294033]Table 7. Water Balances for area under irrigation (549 ha.)
[image: ]


Under an alternative scenario were the only reuse water available is the reclaimed water produced by the SCWRRF (5,400 m3/day or 1,976,400 m3/year), considering daily demand for agriculture, the amount of water available yearly for recharge aquifers will be 741,634 m3.  Table 8 shows detailed calculations of water demand balances under this scenario.
[bookmark: _Toc167294034]Table 8. Water Balances for area under irrigation (230 ha.) 
when only reclaimed water from SCWRRF is available
[image: ]

4. Population growth. 
To determine the amount of water available per capita, a projection of population to 2030 was determined. Using data from the World Bank’s data repository (https://data.worldbank.org/indicator/SP.POP.TOTL?locations=BB) a simple regression was fitted to forecast population in Barbados using data from 2010 to 2022. The following table shows the data used.

[bookmark: _Toc167294035]Table 6. Barbados Population growth (annual) and Total Population
2010-2022
	Year
	2010
	2011
	2012
	2013

	Population growth (annual %)
	0.335459438
	0.281717462
	0.257756862
	0.241564354

	Total Population
	        273,791 
	        274,711 
	        275,486 
	        276,197 

	 
	2014
	2015
	2016
	2017

	 
	0.226568488
	0.212392264
	0.2033295
	0.192888292

	 
	276,865
	277,493
	278,083
	278,649

	2018
	2019
	2020
	2021
	2022

	0.179288798
	0.175755759
	0.182929163
	0.180461454
	0.15457464

	279,187
	279,688
	280,180
	280,693
	281,635


Source: World Bank Data Repository

The following figure shows the data and the fitted function used to calculate forecast population growth rate. Using this function, total population in Barbados from 2023-2050 was forecasted. The series is presented in Table 6.

[image: A screenshot of a computer

Description automatically generated]
Figure 2. Forecasted annual population growth rate based on historical data (2010-2022)

Using this function, total population in Barbados from 2023-2050 was forecasted. The series is presented in Table 10.
[bookmark: _Toc167294036]Table 10. Barbados Population Projections (2023 – 2050)
	Year
	Population projections
	Year
	Population projections
	Year
	Population projections

	2020
	280,693
	2031
	285,853
	2041
	290,460

	2021
	281,142
	2032
	286,310
	2042
	290,924

	2022
	281,592
	2033
	286,768
	2043
	291,390

	2023
	282,103
	2034
	287,227
	2044
	291,856

	2024
	282,571
	2035
	287,687
	2045
	292,323

	2025
	283,040
	2036
	288,147
	2046
	292,791

	2026
	283,510
	2037
	288,608
	2047
	293,259

	2027
	283,981
	2038
	289,070
	2048
	293,728

	2028
	284,452
	2039
	289,532
	2049
	294,198

	2029
	284,924
	2040
	289,996
	2050
	294,669

	2030
	285,396
	
	
	
	




5. Yearly water availability per inhabitant.  
Having calculated yearly water balances for agriculture and aquifer recharge, forecasted total population in Barbados to 2050, and modelled aquifer sustainable yields under different CC scenarios (RCP), we can calculate yearly water availability per person to 2050.
The calculation is dependent on the coefficients and assumptions used to determine the indicator m3/hab./year. Some of those coefficients are observable over time. For example, Mm3/year of reclaimed water from the SCWRRF and Mm3/year of treated water from the SCWTP and Mm3/year of reclaimed water distributed to irrigation and aquifer recharge. Also, population growth can be determined when new census data becomes available. However, the climate change scenarios and their effect on yields (through increases in temperature and its effects on rainfall) can be updated and refined as more data and techniques become available. Nonetheless, there will still be theoretical forecasts.
The main assumption of the calculated value of the indicator (m3/hab./year) for 2030 is, however, the area under irrigation and the efficiency of irrigation (assumed to be 1005 since the only technology allowed in Barbados is micro irrigation). If this area changes or irrigation efficiency decreases, the calculated value for 2030 changes. These two assumptions determine the volume of water recharged into the aquifer to build water stocks. Table 11 shows the results of the calculation under RCP 8.5 (2019) only utilizing the hyperbolic function.[footnoteRef:99] Two scenarios were modeled, once in which 8,100 m3/day of reclaimed water are available and another were only 5,400 m3/day are available. Table 12 shows how the value of the indicator changes under different acreage and efficiency scenarios. [99:   	Under a linear assumption on the function, yearly water availability per person in 2030 was calculated to be 
230 m3/hab./year without project and 241 m3/hab./year with project.] 


[bookmark: _Toc167294037]Table 11. Barbados Yearly Water Availability per Habitant 
(RCP 8.5 (2019)
[image: ]

[bookmark: _Toc167294038]Table 12. Barbados Yearly Water Availability per Habitant 
(RCP 8.5 (2019) and different acreages and irrigation efficiency)
	m3/hab./year 2030
	Reclaimed water from SCWRRF + SCWTP
(8,400 m3/day)
	Reclaimed Water only from SCWRRF
(5,400 m3/day)

	Efficiency
	Acreage
	Acreage

	
	230 ha.
	539 ha.
	230 ha.
	539 ha.

	
	w/o project
	w/ project
	w/o project
	w/ project
	w/o project
	w/ project
	w/o project
	w/ project

	90%
	251
	272
	251
	259
	251
	262
	251
	249

	80%
	
	271
	
	256
	
	261
	
	246

	70%
	
	270
	
	253
	
	259
	
	242

	60%
	
	268
	
	248
	
	257
	
	237

	50%
	
	265
	
	241
	
	254
	
	230




Annex V
South Coast Water Reclamation Scenarios and Quality Requirements[footnoteRef:100] [100:  	Extracted from AECOM 2020. South Coas Water Reclamation Pre-Feasibility Study.] 


Reclaimed Water End Uses
Reuse of municipal wastewater effluent is not new. Well-known reuse projects have been in practice since the 1980s. However, the methods for providing advanced treatment to wastewater and the realistic options for reuse water have changed significantly as new technologies are developed and increased public education occurs. The new water planning paradigm considers all water in the hydrosphere as “one water.” The possibilities for water reuse at SCSTP are a continuum, much like a spectrum of light. Within the water reuse spectrum, the varying uses of treated product water (e.g., aquifer recharge, crop irrigation) are key factors in determining the degree of treatment needed and the required reliability of that treatment.
Potable Reuse
In potable reuse projects, highly purified wastewater effluent is used to augment potable drinking water supplies. Within the potable reuse approach, there are four methods of potable water augmentation: groundwater recharge, surface water augmentation, raw water augmentation, and treated water augmentation. The first two methods are generally grouped under “indirect potable reuse” (IPR), and the last method is referred to as “direct potable reuse” (DPR). Southern California, Virginia, Singapore, and Namibia are currently planning and implementing potable reuse projects as a more economical alternative.
Potable Aquifer Recharge
Municipal wastewater effluent is highly purified to generate exceptional quality treated water that meets all regulatory requirements for potable reuse (including drinking water standards) and that is recharged and stored in potable water aquifers (e.g., the St. Philip or St. Michael aquifers). With potable water aquifer recharge projects, both regulators and the public are concerned about pathogens, potential carcinogens (such as disinfection byproducts (DBPs), pesticides, heavy metals), and chemicals of emerging concern (CECs) which include hormones, pharmaceuticals, and personal care products. Treatment approaches for the Project under study will be developed to address concerns related to pathogens, potential carcinogens, and CECs.
Non-Potable Aquifer Recharge
Treated municipal wastewater effluent is recharged and stored in aquifers that do not serve as potable drinking water supplies (e.g., the Christ Church aquifer). Although the end use for this type of recharge is not potable water augmentation, the treatment approach for this type of end use will be developed to address pathogens, turbidity, and nutrients.
Food Crop Irrigation
Highly disinfected and filtered reclaimed water that is safe for edible food crop and other agricultural irrigation will be distributed to agricultural users. The use of reclaimed water for agricultural irrigation provides a reliable water source that can support the expansion of agricultural practices, production and food security in Barbados. Use of reclaimed water for both uncooked and edible food crop irrigation has been practiced in Salinas, Monterey, and the Central Valley in California, and throughout the State of Florida, USA, for several decades. The reclaimed water can also be safely used for irrigation of sports fields and public parks in addition to being utilized by the Barbados Fire Services for firefighting purposes.
It should be noted the soil problems most commonly encountered and used as a basis to evaluate water quality are those related to: salinity, water infiltration rate, toxicity and a group of other miscellaneous problems.
Salinity: Salinity, or salts in soil or water reduces water availability to the crop to such an extent that yield is affected.
Water Infiltration Rate: Relatively high sodium or low calcium content of soil or water reduces the rate at which irrigation water enters soil to such an extent that sufficient water cannot be infiltrated to supply the crop adequately from one irrigation point to the next.
Specific Ion Toxicity: Certain ions (sodium, chloride, boron) from soil or water accumulate in a sensitive crop to concentrations high enough to cause crop damage and reduce yields.
Miscellaneous: Excessive nutrients such as nitrogen reduce yields in that there is excessive vegetative growth, delayed crop maturity or fruiting; unsightly deposits on fruit or foliage reduce marketability; excessive corrosion of equipment increases maintenance and repairs.

Applicable Water Quality Standards for Reclaimed Water End Uses
In the 2018, Barbados established a National Water Reuse Policy, which was approved in principle by Cabinet. The Environmental Protection Department (EPD) has recommended water quality standards for both potable aquifer recharge and non-potable water reclamation (including non-potable aquifer and agricultural reuse). The newly developed Barbados reclaimed water quality standards are summarized in Tables 2-1 and 2-2. Reclaimed water standards from other jurisdictions are provided in Appendix A.
Reclaimed Water for Potable Aquifer Recharge
Table 2-1 is a summary of recharge water quality standards recommended by EPD for potable aquifer recharge.
Table 2-1: Potable Aquifer Recharge Water Quality Standards
	Parameter
	Reclaimed Water Quality
	Basis for Standard

	Total Organic Carbon (TOC)
	Less than 3 mg/L
	USEPA 2004 Guidelines for Water Reuse (“USEPA”)

	Turbidity
	Less than 2
Nephelometric Turbidity Units
	USEPA

	Total Nitrogen (as N)
	Less than 5 mgN/l
	USEPA

	Total Phosphorus (as P)
	As needed, depending on site-specific factors.
	

	pH
	Between 6.5 and 8.5
	USEPA

	Fecal Coliform
	<1 CFU fecal coliforms/sample volume (ml)
	USEPA

	Total Coliform
	<1 CFU total coliforms/sample volume (ml)
	WHO

	Chlorine residual
	Below 0.1 mg/L prior to recharge or discharge to marine environment
	USEPA

	Drinking Water Standards
	Meet primary and secondary drinking water standards
	USEPA

	Total Dissolved Solids (TDS)
	Less than 450 mg/L
	WHO/FAO




Reclaimed Water for Non-Potable Reclamation (Non Potable Recharge and Food Crop Irrigation)
Table 2-2 is a summary of non-potable reclamation water quality standards recommended by EPD for non-potable reclamation (including non-potable aquifer recharge and agricultural food crop irrigation).
Applicable Water Quality Standards for irrigation are shown in WHO Agricultural Reuse Guidelines and WHO Guidelines for Safe Use of Wastewater, Excreta and Graywater. A list of prohibited concentrations is shown in Appendix A – Prohibited Concentrations.
Table 2-2: Non-Potable Reclamation (Non-Potable Aquifer Recharge and Food Crop Irrigation)Water Quality Standards
	Parameter
	Reclaimed Water Quality
	Basis for Standard

	Biochemical Oxygen Demand (5-day)
	Less than 30 mg/L
	List of prohibited concentrations
(see Appendix A)

	Total Suspended Solids
	Less than 30 mg/L
	List of prohibited concentrations

	Total Nitrogen, as N
	Less than 5 mgN/l
	List of prohibited concentrations 
(see Appendix A)

	Total Phosphorus
	As needed, depending on site-specific factors.
	List of prohibited concentrations (see Appendix A)

	Total Dissolved Solids
	Less than 450 mg/L
	WHO/FAO (see WHO Guidelines)

	pH
	Between 6.5 and 8.4
	List of prohibited concentrations (see Appendix A)

	Fecal Coliforms & Total Coliforms
	<1 CFU/100ml
	WHO and USEPA

	Chlorine residual
	Below 0.1 mg/L prior to recharge or discharge to marine environment
	List of prohibited concentrations (see Appendix A)





Appendix A

Public Consultation 

List of Prohibited Concentrations 
 
 
Produced for: 
Environmental Engineering Division and Coastal Zone Management Unit, 
Ministry of Housing, Lands and the Environment,  Government of Barbados. 
Prepared by: 
University of the West Indies 
 In association with: 
[image: ]	 October 2004 
FOREWORD 
 
It is with great pleasure that I present this public consultation document to the Barbadian public on behalf of the staff at the 
Environmental Engineering Division and the Coastal Zone Management Unit. It is anticipated that the Coastal Zone Management Act and Marine Pollution Control Act will greatly enhance Government’s ability to manage and protect our coastal resources for this and future generations. The coast and the many activities that take place within the Coastal Zone are fundamental to our society and economy and it is imperative that we protect it so that it may continue to be a source of pride to our Nation. 
The tables included in this document give the preliminary compliance standards for each pollutant as well as the reasons for including them and where the standard originated. The Government cannot achieve its aims of protecting the coast without the assistance of the Barbadian public and the companies operating here. It is for this reason that the Consultation is taking place; to ensure that a system is put in place and that everyone understands the role they play in protecting our environment. 
I encourage you to read the document and provide us with any feedback so that we can all work together to protect and manage our resources for the benefit of all. 
 
 
 
Jeffrey Headley 
Chief Environmental Engineer. 
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	µg/l –   
	micrograms/liter ≡ 1000 mg/l ≡ parts per billion. 

	µg P/l or µg N/l –  
	The mass of the phosphorous or nitrogen in a liter rather than the mass of the atoms they are attached to, e.g. oxygen in nitrates. 

	% Saturation –  
	The measured concentration compared with the normal atmospheric equilibrium concentration at that temperature. 


Best Available Technology -  The most accurate and available methods of detection. 
	Bioaccumulation –  
	The retention and accumulation of a chemical within the tissues of a biological organism. 

	Geometric mean –  
	The list of values are multiplied together and then the taken to the power 1/n, where n is the number of values. 

	Half-life –  
	The time period required for a process to remove half of the original quantity. 

	Organic/inorganic –  
	Organic compounds contain Carbon. Inorganic compounds do not contain carbon. 

	psu –  
	Practical Salinity Units, numerically equivalent to parts per thousand or grams/kilogram. 

	NTU –  
	Nephelometric Turbidity Units. Turbidity is measured using a Nephelometer that measures the amount of sediment in the water by measuring the light that is scattered at a 90-degree angle by the suspended material. This measurement generally provides a very good correlation with the concentration of particles in the water. 

	Toxic –  
	Poisonous to biological organisms. 

	Volatile –  
	Prone to evaporate rapidly. 
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Table 1. List of Pollutants and Ambient Standards. 
	Parameter
	Rationale
	Current Status in Barbados
	Basis of Standard
	Ambient Water Quality Standard (µg/l) unless otherwise stated.

	General Parameters and Nutrients 
	
	

	Chlorophyll a 
	An indicator of the presence of algae, which can be an indicator of high nutrient levels.  
	Elevated levels detected occasionally, up to 3.23 at the Careenage. 
	Anzecc, 2000 for tropical marine systems. 
	0.5 

	Dissolved Oxygen[footnoteRef:101]  [101:  Dissolved Oxygen – is measured as a concentration then the saturation level is calculated based on the Normal Atmospheric Equilibrium Concentration (NAEC). At 35psu and 24°C the NAEC for oxygen is 5.5ml/l. Around Barbados we typically measure 6.5-7mg/l, which is equivalent to approximately 4.6-4.9ml/l assuming these measurements were taken at standard pressure. ] 

	Essential for aquatic life. Requirements vary depending on species, life stage, and life processes. Many compounds become more toxic as Dissolved Oxygen decreases; so can have an indirect effect. 
	Oxygen levels are often supersaturated but can dip quite low where there is an outfall with high oxygen demand. 
	Anzecc, 2000 for tropical marine systems. 
	90 (% saturation) 
-actual concentration varies with temperature. 

	Faecal streptococci / enterococci 
	Public health indicator of sewage pollution in seawater. This is generally the preferred indicator of health risk. 
 
	Priority pollutant that has previously been detected at high levels. 
	US EPA, 2002. UNEP, 1999 - LBS Protocol. 
	Geometric mean of min. 5 samples should not exceed 35 colonies/100ml in any 30-day period. 

	Faecal coliform 
	Public health indicator of sewage pollution in freshwater, but historically used in seawater as well. 
 
	Priority pollutant that has previously been detected at high levels. 
	UNEP, 1999 - LBS Protocol. 
	Geometric mean of min. 5 samples do not exceed 200 colonies/ 100ml in any 30day period. No more than 10% of samples exceed 400 colonies/100ml. 

	Phosphate 
(Filterable Reactive) 
	Primary nutrient causes high algal growth, which then impacts on coral by blocking light and smothering.  
	Priority pollutant. The recommended level is often exceeded. 
	Delcan, 1994 
	2.48 (µg P/l) 

	Oxides of Nitrogen 
(nitrate/nitrite) 
	Primary nutrient causes high algal growth, which then impacts on coral by blocking light and smothering. 
	Priority pollutant. The recommended level is often exceeded. 
	Delcan, 1994 
	9.8 (µg N/l) 

	Ammonia 
	Form of nitrogen most easily used by plants. Causes high algal growth, which then impacts on coral.  
	Priority pollutant. Not regularly measured, but the recommended level is exceeded.
	Delcan, 1994 
	9.8 (µg N/l) 

	Total nitrogen (inorganic and organic) 
	Better indicator of nutrient loading as measures organic load as well. 
	Not measured. 
	Anzecc, 2000 for tropical marine systems. 
	100 

	Total phosphorous 
(inorganic and organic) 
	Better indicator of nutrient loading as measures organic load as well. 
	Not measured. 
	Anzecc, 2000 for tropical marine systems inshore. 
	15 

	pH 
	General indicator of acidity/alkalinity. Change in pH can be either toxic directly or indirectly by changing the toxicity of other pollutants. 
	Rarely measured. 
	CCME, 1999 
	7.0-8.7  

	Salinity 
	General parameter describing the total salt content of seawater. An indicator of the presence of freshwater or hyper saline discharges. 
	Ambient levels generally within the range although not always measured. 
	Delcan, 1994. 
	30-38 (psu) 

	Temperature 
	Indicator of thermal pollution from, for example, cooling water discharges. Changes in temperature can affect the toxicity of chemicals or kill coral directly through bleaching. 
	Isolated cases, but typically between 2629°C. 
	Delcan, 1994. 
	<31°C 

	Total Suspended Solids (TSS) 
	Suspended solids increase turbidity, reduce light penetration, and decrease photosynthetic activity – the basis of coral growth. Also important in the transport of other pollutants that are strongly associated with the solids, such as metals. 
	Can be problematic during construction or near freshwater discharges such as drains and gullies. Occasionally exceeds standard. 
	Delcan, 1994 standard is 4mg/l, but given observations, the standard is set at 5mg/l. 
	5 (mg/l) 

	Sedimentation Rate 
	Indicator of the amount of solids that settles on the seabed. Settling solids can smother a reef. Bank reefs are more susceptible than fringing reefs. 
	Can be problematic during construction or near freshwater discharges such as drains and gullies. Not frequently measured but can exceed standard. 
	Delcan, 1994. 
	Fringing reefs: 25 mg/cm2/day 
Bank Reefs: 5 mg/cm2/day 

	Turbidity 
	Aesthetic impact; reduced water clarity; impact on photosynthetic capacity of corals. Another measure of the amount of sediment in the water column. 
	Typically, <1NTU 
	Delcan, 1994. 
	1.5 (NTU) 

	Non-metallic Inorganics 

	Chlorine (Total Residual Chlorine) 
	Chlorine is commonly used as a disinfectant in potable water and in sewage treatment, toxic to many marine species.  
	Not measured. 
	Delcan, 1994. 
	2 

	Cyanide (un-ionised HCN) 
	Used in metal plating / metal finishing and photoprocessing. Toxic. HCN (hydrocyanic acid) is the most toxic form of cyanide as it can cross biological membranes. 
	Not detected in past samples. 
	Anzecc, 2000. 95% protection level[footnoteRef:102].  [102:  The 95% protection level means that at this concentration it is expected that 95% of species will be protected.] 

	4 

	Metals 

	Cadmium 
	Used in metal plating, in batteries, and in the manufacture of semiconductors. Toxic. Bio-
concentration can be significant for bivalves. If shellfish from the area are consumed an even lower trigger value of 0.2 µg/l is recommended. Causes kidney damage in humans. 
	Not detected in past samples. 
	Anzecc, 2000. 99% protection level[footnoteRef:103].  [103:  The 99% protection level means that at this concentration it is expected that 99% of species will be protected.] 

	0.7 

	Chromium III (trivalent) 
	Used in metal plating, leather industry and as a corrosion inhibitor in cooling systems. Toxic. Chromium III less toxic than Chromium VI. 
	Low values have been detected. 
	Anzecc, 2000. 95% protection level84. 
	27.4 

	Chromium VI (hexavalent) 
	Used in metal plating, leather industry and as a corrosion inhibitor in cooling systems. Toxic. 
	Low values have been detected. 
	Anzecc, 2000. 95% protection level84. 
	4.4 

	Copper 
	Commonly used metal, specifically by the rum industry. An essential trace element, but toxic at higher concentrations. Readily accumulated by plants and animals. Copper toxicity to marine species generally increases as salinity decreases. Long-term exposure causes liver and kidney damage in humans. 
 
	Detected occasionally. 
	Anzecc, 2000. 95% protection level84. 
	1.3 

	Lead 
	Historically added to paint and gasoline; used in old water pipes. Toxic.
	Detected occasionally, primarily in Careenage and Port.
	Anzecc, 2000. 95% protection level84
	4.4 

	Mercury (inorganic) 
	Used in switches, thermometers, and dentistry. Can be converted by microorganisms in sediment to methyl mercury. Methyl mercury is soluble, more toxic than inorganic mercury and bio-accumulates.  
	Not detected in past samples. 
	Anzecc, 2000. 99% protection level85. 
	0.1 

	Nickel 
	Used in metal plating, present in batteries. Nickel toxicity increases with decreasing salinity. The 95% protection level not deemed to provide sufficient protection to juvenile mysids and molluscs. 
	Low values have been detected. 
	Anzecc, 2000. 99% protection level85. 
	7 

	Silver 
	Used in the electronics and photography industries. The acute toxicity of silver to marine fish is considerably lower than to freshwater fish. Toxicity to most species increases with decreasing salinity. 
	Historically present in at least one local industrial effluent. Low values have been detected. 
	Anzecc, 2000. 95% protection level84. 
	1.4 

	Vanadium 
	Occurs in 4 valency states. Vanadium +5 (Vanadate) is the most common in water and the most toxic. 
	Low values have been detected. 
	Anzecc, 2000. 95% protection level84. 
	100 

	Zinc 
	In greater than trace concentrations, harmful to aquatic organisms. Zinc uptake and toxicity generally decrease as salinity increases. 
	Low values have been detected, primarily in Careenage. 
	Anzecc, 2000. 95% protection level84. 
	15 

	Organotins

	Tributyltin 
	Highly toxic to marine bivalves. Present in marine antifouling paints and wood preservative. 
	Used in Barbados, but not detected. 
	Anzecc, 2000. 95% protection level84. 
	0.006 

	Organic Alcohols 

	Ethanol 
	Present in alcohol distillery waste. Volatile and completely mixable with water. Large inputs can significantly reduce Dissolved Oxygen levels. Limited marine toxicity data. Anzecc present a low reliability value taken from the freshwater value, which should be considered only as an interim working value. It is recommended for inclusion due to the known presence of ethanol in marine waters off of the west coast of Barbados.
	Not measured. 
	Anzecc, 2000. 95% protection levela in freshwater. 
	1400 

	Chlorinated Alkanes and Alkenes 

	1,1,2- trichloroethane 
	Volatile and relatively soluble in water. Commonly used industrial solvent. Not expected to bioaccumulate significantly. 
	Not measured. 
	Anzecc, 2000. 95% protection level84. 
	1900 

	1,1,2,2-tetrachloroethylene 
(perchloroethylene) 
	Commonly used in the dry cleaning industry in 
Barbados. Not expected to bioaccumulate or to bind to sediment. Volatile with a half-life of 1-6 days in water. Due to its known use in Barbados the Anzecc marine low reliability value is recommended as an interim working value. Anzecc considers that there is insufficient data to generate a marine medium reliability trigger value. 
 
	Not measured. 
	Anzecc, 2000. Low reliability value. 
	70 

	Aromatic Hydrocarbons 

	Benzene 
	Benzene, toluene, ethyl benzene and xylene (BTEX) are the simplest aromatic hydrocarbons. Products of oil refining and important common aromatic solvents. Commonly associated with contaminated petroleum sites (e.g. Needham’s Point). BTEX compounds are highly volatile, have low water solubility and have low bioaccumulation potential. However, water managers should be aware of possible additive effects (mixture toxicity). Anzecc 99% protection level is recommended to provide protection against chronic toxicity to crabs. 
	Rarely measured. Below detectable limits.  
	Anzecc, 2000. 99% protection level85. 
	500 

	Toluene 
	Insufficient data. Low reliability value recommended as an interim value. 
	Rarely measured. Below detectable limits. 
	Anzecc, 2000. Low reliability 95% protection value. 
	180 

	Ethyl benzene 
	Insufficient data. Low reliability value recommended as an interim value. 
	Rarely measured. Below detectable limits. 
	Anzecc, 2000. Low reliability 95% protection value.
	80 

	Xylenes 
	Insufficient data. Low reliability value recommended as an interim value for m-xylene. 
	Rarely measured. Below detectable limits. 
	Anzecc, 2000. Low reliability 95% protection value. 
	75 

	Naphthalene 
	Naphthalene is the simplest polycyclic aromatic hydrocarbon (PAH), used as an insect-proofing agent for stored materials and clothes. Will absorb strongly to sediment. UV light increases the toxicity. Only PAH that Anzecc considers there are sufficient data to generate a moderately reliable guideline value. Due to chronic toxicity to the crab C. magister, the Anzecc 99% protection level is recommended. 
	Rarely measured. Below detectable limits. 
	Anzecc, 2000. 
Moderate reliability 
99% protection level85. 
	50 

	Polychlorinated Biphenyls

	PCBs 
	Used as a dielectric fluid in transformers and capacitors. No longer used by the Barbados Light & Power Company Ltd. High persistence and potential to bioaccumulate. Moderate reliability trigger values have been derived for Arochlors 1242 &1254 in freshwater. These numbers have been converted to marine low reliability figures and should be considered as interim values. 
	Not detected. 
	Anzecc, 2000. 
Moderate reliability 99% protection level85 in freshwater. 
	Arochlor 1242: 0.3 
Arochlor 1254: 0.01 
 

	Phenols

	Phenol 
	Commonly used raw material in the manufacture of a wide range of products. A common by-product of oil refining. Readily soluble in water and low 
bioaccumulation potential. Imparts taste and odour in fish and shellfish at low concentrations. Variable toxicity. 
 
	Not detected. 
	Anzecc, 2000. 
Moderate reliability 
95% protection level84. 
	400 

	Pentachlorophenol (PCP) 
	A biocide, disinfectant, pesticide, and wood preservative. Found in chlorinated effluents from sewage treatment plants. Impair taste, more toxic at lower pH. The Anzecc 99% protection level is recommended in the absence of local bioaccumulation data.
	Not detected. 
	Anzecc, 2000. Moderate reliability 
99% protection level85.
	11 

	Pesticides, Insecticides, Herbicides and Fungicides

	All organochlorine (OC) pesticides 
	The use of OC pesticides was phased out in Barbados more than a decade ago. However, the compounds are persistent with high bioaccumulation potential. The detection limits for most OC’s are greater than the standards, so it is recommended that OC’s should not be detectable in marine waters. 
	Some have been 
detected at low levels, but not in exceedance of guidelines. 
	Anzecc, 2000. 
	Not detectable, based on Best Available Technology. 

	All organophosphate  (OP) pesticides 
	Commonly used in Barbados. Toxic to most species. 
Detection limits in the order of 0.02 µg/l in water. Recommended standards are lower. Therefore, it is recommended that OP’s should not be detectable in marine waters. 
	Some have been 
detected at low levels, but not in exceedance of guidelines. 
	Anzecc, 2000. 
	Not detectable, based on 
Best Available Technology. 

	Other Insecticides, 
Herbicides and Fungicides 
	Insufficient data currently exists to allow Anzecc to generate moderate reliability trigger levels for other pesticides at this time. To be precautionary, it is recommended that a No Detection limit be used as a default in the absence of other data. 
	Some have been 
detected at low levels, but not in exceedance of guidelines. 
	Anzecc, 2000. 
	Not detectable, based on 
Best Available Technology. 


a The 95% protection level means that at this concentration it is expected that 95% of species will be protected. b The 99% protection level means that at this concentration it is expected that 99% of species will be protected. 
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	Parameter
	Rationale
	Current Status in Barbados
	Basis of Standard
	End of Pipe Standard

	Biochemical Oxygen Demand 
	When there is a large quantity of biological matter in the water bacteria will break it down but use up oxygen at the same time. This is a measure of that oxygen demand and will lead to a drop in dissolved oxygen levels. 
	This can be high for specific types of discharge such as sewage effluent and rum distillery waste. 
	UNEP, 1999 - LBS Protocol. 
	Class 1 – 30mg/l Class 2 – 150mg/l 

	Total Suspended Solids (TSS) 
	Suspended solids increase turbidity, reduce light penetration, and decrease photosynthetic activity – the basis of coral growth. Also important in the transport of other pollutants that are strongly associated with the solids, such as metals. 
	Can be problematic during construction or near freshwater discharges such as drains and gullies. 
Occasionally exceeds standard. 
	UNEP, 1999 - LBS Protocol. 
	 
Class 1 – 30mg/l 
Class 2 – 150mg/l 

	Total nitrogen (inorganic and organic) 
	Better indicator of nutrient loading as measures organic load as well. 
 
The end-of-pipe standards have been set to meet the ambient standard in Class 1 waters within a 50:1 mixing zone. 
	Not measured. 
	Class 1 based on 50:1 dilution with nutrient removal. 
Class 2 based on no or advanced preliminary treatment. 
	Class 1 – 5mg/l Class 2 – 45mg/l 

	Total phosphorous 
(inorganic and organic) 
	Better indicator of nutrient loading as measures organic load as well. 
 
The end-of-pipe standards have been set to meet the ambient standard in Class 1 waters within a 50:1 mixing zone. 
	Not measured. 
	Class 1 based on 50:1 dilution with nutrient removal. (CEHI, 1998) Class 2 based on no or advanced preliminary treatment. 
	Class 1 – 1mg/l Class 2 – 10mg/l 

	pH 
	General indicator of acidity/alkalinity. Change in pH can be either toxic directly or indirectly by changing the toxicity of other pollutants. 
	Rarely measured. 
	EEC, 1976 and World Bank, 1999. 
	6-9 in Class 1 and 2 waters. 

	Faecal streptococci 
	Public health indicator of sewage pollution in seawater. This is generally the preferred indicator of health risk. 
 
	Priority pollutant that has previously been detected at high levels. 
	US EPA, 2002. UNEP, 1999 - LBS Protocol. 
	Class 1 - Geometric mean of min. 5 samples should not exceed 35 colonies/100ml in any 30- day period.

	Faecal coliform 
	Public health indicator of sewage pollution in freshwater, but historically used in seawater as well. 
 
	Priority pollutant that has previously been detected at high levels. 
	UNEP, 1999 - LBS Protocol. 
	Class 1 - Geometric mean of min. 5 samples do not exceed 200 colonies/ 100ml in any 30-day period. No more than 10% of samples exceed 400 colonies/100ml. 

	Total Residual Chlorine 
	Chlorine is commonly used as a disinfectant in potable water and in sewage treatment, toxic to many marine species.  
	Not measured. 
	CEHI, 1998. 
	Class 1 - 0.1mg/l 

	Fats, Oils and Grease 
	Found in urban runoff and domestic waste. Smothers shoreline ecosystems. Can be toxic. 
	Not measured as a general group. Generally, below detectable limits. 
	UNEP, 1999 - LBS Protocol. 
	Class 1 – 15mg/l 
Class 2 – 50mg/l 

	Floatables 
	Plastics and other materials that are not easily removed by natural processes. They can smother or be ingested by organisms. 
	An important problem. 
	UNEP, 1999 - LBS Protocol. 
	Not visible in Class 1 and 2 waters. 
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Table 3. Petroleum Hydrocarbons End of Pipe Standards for Class 1 Waters. 
 
	Parameter
	Rationale
	Current Status in Barbados
	Basis of Standard
	End of Pipe Standard

	Total Petroleum 
Hydrocarbons (TPH) 
	Important chemicals used in the production of oils and fuels. Found in industrial discharges and urban runoff. Smothers shoreline ecosystems. Lighter fractions are most toxic. 
	Not measured as a general group. Generally, below detectable limits. Longer chain hydrocarbons found at detectable limits in 
Careenage and at tanker moorings, but below standards. 
	Max - State of Wyoming, 2000.  Av. Daily value is interim value 
recommended by 
consultants to allow some flexibility. 
	Max. daily discharge 
(mg/l): 10 
Av. Daily concentration over 30 consecutive days 
(mg/l): 5 

	Total Oils & Greases 
	Found in industrial discharges and urban runoff. Smothers shoreline ecosystems. Can be toxic. 
	Not measured as a general group. Generally, below detectable limits. 
	Max - World Bank, 1999.  
Av. Daily value is interim value 
recommended by 
consultants to allow some flexibility. Based on US EPA, 1995. 
	Max. daily discharge 
(mg/l): 10 
Av. Daily concentration over 30 consecutive days 
(mg/l): 5 

	Total Organic Carbon 
	The level of organic carbon can influence the availability of other pollutants. Directly non-toxic. 
	Not measured. 
	Max - US EPA, 1995.  Av. Daily value is interim value 
recommended by 
consultants to allow some flexibility. 
	Max. daily discharge 
(mg/l): 110 
Av. Daily concentration over 30 consecutive days 
(mg/l): 55 
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OUTPUTS

Corresponding 

Outcomes

Year 1 Year 2 Year 3 Year 4 Year 5 Total

Component 1: Water Reclamation Infrastructure 7,000,000.00 $            20,200,000.00 $          27,200,000.00 $         9,000,000.00 $          - $                        63,400,000.00 $                 

I.1 Direct costs

I.1.1 New South Coast Water Reclamation and Re-use Facility 

(SCWRRF) constructed and operating

R.1.1, R.1.2, 

R.1.3, R.1.4, 

R.1.5

3,538,000.00 $            10,878,000.00 $          14,416,000.00 $         4,770,000.00 $          - $                        33,602,000.00 $                 

Subproduct  I.1.1:  New South Coast Water Reclamation and Re-

use Facility (SCWRRF) to provide secondary and tertiary 

treatment constructed

Subproduct I.1.2:  Upgraded, refurbished, and replaced 

equipment in the existing South Coast Sewage Treatment Plant 

(SCSTP)

Subproduct 1.1.3 O&M training of SCWRRF developed and 

implemented

I.1.2  Existing South Coast Sewage Treatment Plant (SCSTP) 

upgraded and operating

R.1.1, R.1.2, 

R.1.3, R.1.4, 

R.1.5

3,462,000.00 $            9,322,000.00 $            12,784,000.00 $         4,230,000.00 $          - $                        29,798,000.00 $                 

Subproduct I.1.2.1 Lift pump station upgraded

Subproduct I.1.2.2 headworks installed

Subproduct I.1.2.3 Pipe interconnecting SCSTP to SCWRRF 

installed

Component 2: Reclaimed Water Reuse 720,000.00 $              9,080,000.00 $            9,800,000.00 $           - $                        - $                        19,600,000.00 $                 

II.1 Agriculture Reuse of Reclaimed Water Pipeline 

R.1.1, R.1.2, 

R.1.3, R.1.4, 

R.1.5 526,000.00 $              6,614,000.00 $            7,140,000.00 $           - $                        - $                        14,280,000.00 $                 

Subproduct II.1.1:  Installation of pipeline for irrigation, and a high-

water mark catchment area

370,000.00 $              6,380,000.00 $            6,750,000.00 $           13,500,000.00 $                 

Subproduct II.1.3 Ancillary Equipment installed

Subproduct II.1.2 High-water mark catchment constructed

- $                                 

II.2 Aquifer Recharge Infrastructure constructed and operating

R.1.1, R.1.2, 

R.1.3, R.1.4, 

R.1.5

194,000.00 $              2,466,000.00 $            2,660,000.00 $           - $                        - $                        5,320,000.00 $                  

 Subproduct II.2.1:  Installation of water pipeline, injection and 

monitoring wells, and ancillary equipment for aquifer recharge

130,000.00 $              2,370,000.00 $            2,500,000.00 $          

5,000,000.00 $                  

Financial Projections 

Physical 

Progress 

Projections

3,087,500.00 $           10,427,500.00 $          13,515,000.00 $       



4,770,000.00 $         - $                        31,800,000.00 $                

3,062,500.00 $           8,922,500.00 $            11,985,000.00 $        4,230,000.00 $         - $                        28,200,000.00 $                
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OUTPUTS

Corresponding 

Outcomes

Year 1 Year 2 Year 3 Year 4 Year 5 Total

Component 3: Climate Change and Biodiversity Opportunities 860,000.00 $              4,260,000.00 $            4,685,000.00 $           3,097,500.00 $          3,097,500.00 $          16,000,000.00 $                 

III.1 Natural Heritage management Plan developed R.2.4 160,000.00 $              760,000.00 $               485,000.00 $              297,500.00 $             297,500.00 $             2,000,000.00 $                  

Subproduct 3.1.2 Environmental monitoring and reporting program 

developed and implemented

- $                          100,000.00 $               50,000.00 $               50,000.00 $              50,000.00 $             

250,000.00 $                     

Subproduct 3.1.3 Management, monitoring and control plan developed 

and implemented

40,000.00 $                40,000.00 $                 40,000.00 $               40,000.00 $              40,000.00 $             

200,000.00 $                     

Subproduct 3.1.4 Inter-ministerial coordination and collaboration with the 

private sector and academia plan developed and implemented

5,000.00 $                  5,000.00 $                   5,000.00 $                 5,000.00 $                5,000.00 $               

25,000.00 $                       

Subproduct 3.1.5 Hydraulic system refurbished and upgraded and 

operating and maintained according to specifications

- $                          500,000.00 $               375,000.00 $              187,500.00 $             187,500.00 $             1,250,000.00 $                  

Subproduct 3.1.6 Plan for collection and analysis of samples collected by 

various agencies during project life developed and implemented

15,000.00 $                15,000.00 $                 15,000.00 $               15,000.00 $              15,000.00 $             

75,000.00 $                       

3.2 Solar Energy Generation Plant with Battery Storage 

implemented

R.2.1 700,000.00 $              3,500,000.00 $            4,200,000.00 $           2,800,000.00 $          2,800,000.00 $          14,000,000.00 $                 

Subproduct 3.2.1 MW solar photovoltaic plant installed and operating

700,000.00 $              3,500,000.00 $            4,200,000.00 $           2,800,000.00 $          2,800,000.00 $          14,000,000.00 $                 

Subproduct 3.2.2 Energy storage batteries installed and operating  - $                          - $                           - $                         - $                        - $                        - $                                 



Financial Projections 

Physical 

Progress 

Projections



Subproduct 3.1.1 Baseline assessments for Natural Heritage 

Conservation Area (Land and Marine, inclusive of the Graeme Hall 

Swamp,

200,000.00 $                      100,000.00 $              100,000.00 $               - $                         - $                        - $                       
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OUTPUTS

Corresponding 

Outcomes

Year 1 Year 2 Year 3 Year 4 Year 5 Total

Component 4: Institutional Strengthening  357,500.00 $              484,000.00 $               245,500.00 $              245,500.00 $             167,500.00 $             1,500,000.00 $                  

4.1 Aquarating action plan developed and  implemented

R.2.1,

R.2.4.

29,000.00 $                58,000.00 $                 72,500.00 $               72,500.00 $              58,000.00 $              290,000.00 $                     

4.2  Implementation and training of/for a Ground Water 

Modeling System (GMS) in BWA

R.2.1,

R.2.4.

18,000.00 $                12,000.00 $                 12,000.00 $               12,000.00 $              6,000.00 $                60,000.00 $                       

Subproduct 4.2.1 Groundwater Modeling System (GMS) in BWA 

designed

Subproduct 4.2.2 Training on the use of the Groundwater 

Modeling System (GMS) in BWA implemented

4.3 Plan to increase participation of women and people with 

disabilities (PWD) within BWA technical and operational roles 

developed and implemented

R.2.5,

R.2.6,

R.2.7.

34,500.00 $                23,000.00 $                 23,000.00 $               23,000.00 $              11,500.00 $              115,000.00 $                     

Subproduct 4.3.1 Institutional Gender and PwD Policy developed

34,500.00 $                - $                           - $                         - $                        - $                        34,500.00 $                       

Subproduct 4.3.2 Institutional Gender and PWD Action Plan 

developed and implemented

- $                          23,000.00 $                 23,000.00 $               23,000.00 $              11,500.00 $              80,500.00 $                       

Subproduct 4.3.3 Leadership training program specifically 

targeted at women development and implemented

4.4 BWA’s Monitoring, Reporting and Verification (MRV) to 

track water quality, quantity, and climate-related parameters 

implemented 

R.2.1,

R.2.2,

R.2.3.

103,500.00 $              69,000.00 $                 69,000.00 $               69,000.00 $              34,500.00 $              345,000.00 $                     

Subproduct 4.4.1 Monitoring, Reporting and Verification (MRV) 

system to track water and climate-related parameters (Debt for 

Climate) designed

103,500.00 $              - $                           - $                         - $                        - $                        103,500.00 $                     

Subproduct 4.4.2 Monitoring, Reporting and Verification (MRV) 

system to track water and climate-related parameters (Debt for 

Climate) implemented

- $                          69,000.00 $                 69,000.00 $               69,000.00 $              34,500.00 $              241,500.00 $                     

Financial Projections 

Physical 

Progress 

Projections
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OUTPUTS

Corresponding 

Outcomes

Year 1 Year 2 Year 3 Year 4 Year 5 Total

Component 4: Institutional Strengthening  357,500.00 $              484,000.00 $               245,500.00 $              245,500.00 $             167,500.00 $             1,500,000.00 $                  

4.5 BWA's  planning and monitoring platform designed, 

integrated, and implemented 

R.2.2,

R.2.3.

23,000.00 $                92,000.00 $                 - $                         - $                        - $                        115,000.00 $                     

Subproduct 4.5.1 Systems design of planning and monitoring 

platform for BWA designed

23,000.00 $                - $                           - $                         - $                        - $                        23,000.00 $                       

Subproduct 4.5.2 Planning and monitoring platform for BWA 

integrated and implemented

- $                          92,000.00 $                 - $                         - $                        - $                        92,000.00 $                       

4.6  Government Analytical Service (GAS) laboratory capacity 

plan developed and implemented

R.1.3,

R.2.1,

R.2.2.

69,000.00 $                161,000.00 $               - $                         - $                        - $                        230,000.00 $                     

Subproduct 4.6.1 Assessment of laboratory capacities of 

Government Analytical Service (GAS) and action plan developed

69,000.00 $                69,000.00 $                       

Subproduct 4.6.2 Action Plan for the provision of equipment, 

supplies and training to GAS implemented

161,000.00 $               161,000.00 $                     

4. 7 BADMC's Farmers' Empowerment and Enfranchisement 

Drive (FEED) Program strengthened.

R.1.2,

R.2.1,

R.2.2.

46,000.00 $                46,000.00 $                 46,000.00 $               46,000.00 $              46,000.00 $              230,000.00 $                     

Subproduct 4.7.1 Assessment on technical support on sustainable 

agrculture practice devloped

46,000.00 $                46,000.00 $                 92,000.00 $                       

Subproduct 4.7.2 Technical support program on sustainable 

agrculture practices implemented

46,000.00 $               46,000.00 $              46,000.00 $              138,000.00 $                     

4.8 Stakeholder awareness and engagement plan 

designed/upgraded and implemented

R.1.1,

R.1.2.

34,500.00 $                23,000.00 $                 23,000.00 $               23,000.00 $              11,500.00 $              115,000.00 $                     

Subproduct 4.8.1 Stakeholder awareness and engagement plan 

updated

34,500.00 $                - $                           - $                         - $                        - $                        34,500.00 $                       

Subproduct 4.8.2 Stakeholder awareness and engagement 

campaigns implemented

- $                          23,000.00 $                 23,000.00 $               23,000.00 $              11,500.00 $              80,500.00 $                       

Total Components  8,937,500.00 $            34,024,000.00 $          41,930,500.00 $         12,343,000.00 $        3,265,000.00 $          100,500,000.00 $               

Financial Projections 

Physical 

Progress 

Projections
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OUTPUTS

Corresponding 

Outcomes

Year 1 Year 2 Year 3 Year 4 Year 5 Total

Program Management 624,200.00 $              495,200.00 $               495,200.00 $              495,200.00 $             495,200.00 $             2,605,000.00 $                  

Moniting and Evaluation 120,000.00 $              - $                           50,000.00 $               - $                        125,000.00 $             295,000.00 $                     

      Monitoring

- $                          - $                          - $                         - $                        - $                        - $                                 

     Evaluation (Mid-tern, Final, Impact, and Ex post Economic Analysis)

50,000.00 $               50,000.00 $              100,000.00 $                     

     Baseline and Impact Evaluation

120,000.00 $              - $                          - $                         - $                        75,000.00 $              195,000.00 $                     

Audits 50,000.00 $                50,000.00 $                 50,000.00 $               50,000.00 $              50,000.00 $              250,000.00 $                     

Total Program Management, Monitoring and Evaluation, and 

Audits

794,200.00 $              545,200.00 $               595,200.00 $              545,200.00 $             670,200.00 $             3,150,000.00 $                  

Other costs (contingencies)

1,270,000.00 $            1,270,000.00 $            1,270,000.00 $           1,270,000.00 $          1,270,000.00 $          6,350,000.00 $                  

PROGRAM TOTAL 11,001,700.00 $          35,839,200.00 $          43,795,700.00 $         14,158,200.00 $        5,205,200.00 $          110,000,000.00 $               

ANNUAL DISBURSEMENT PERCENTAGES 10.00% 32.58% 39.81% 12.87% 4.73% 100.00%

Financial Projections 

Physical 

Progress 

Projections
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Escenario

T Y T Y T Y T Y

0 74,500,000        0 74,500,000        0 74,500,000         0 74,500,000        

22 26,900,000        22 31,000,000        22 25,500,000         22 29,000,000        

b 100,000         100,000              100,000             100,000               100,000              

a 74,500,000        74,500,000        74,500,000         74,500,000        

ϵ

1.99 1.97 2.00 1.98

RCP 2.6 (2016) RCP 4.5 (2019) RCP 8.5 (2016) RCP 8.5 (2019)
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Year

T 2.6 (2016) 4.5 (2019) 8.5 (2016) 8.5 (2019)

2024

0

74,500,000     74,500,000     74,500,000     74,500,000     

2025 1

74,400,000     74,400,000     74,400,000    74,400,000     

2026 2

74,128,764       74,135,810        74,126,467      74,132,310        

2027 3

73,700,397      73,724,317        73,692,543      73,712,470       

2028 4

73,121,837         73,173,655        73,104,733       73,148,043       

2029 5

72,397,737       72,489,224      72,367,417       72,444,075      

2030 6

71,531,584        71,675,040       71,483,885      71,604,335       

2031 7

70,526,158       70,734,285      70,456,760     70,631,816        

2032 8

69,383,760      69,669,584      69,288,223      69,528,994      

2033 9

68,106,351        68,483,163       67,980,133       68,297,972      

2034 10

66,695,639       67,176,953        66,534,107       66,940,577      

2035 11

65,153,128         65,752,651        64,951,577       65,458,419       

2036 12

63,480,167       64,211,775         63,233,823       63,852,939       

2037 13

61,677,974       62,555,690       61,382,004      62,125,434       

2038 14

59,747,660      60,785,638      59,397,178       60,277,088     

2039 15

57,690,243      58,902,759       57,280,314       58,308,984     

2040 16

55,506,664      56,908,102       55,032,311        56,222,123        

2041 17

53,197,799        54,802,638      52,654,002      54,017,434       

2042 18

50,764,462      52,587,275       50,146,166       51,695,783       

2043 19

48,207,418      50,262,858       47,509,533      49,257,978      

2044 20

45,527,385       47,830,184       44,744,788    46,704,781      

2045 21

42,725,042      45,290,002      41,852,579       44,036,910      

2046 22

39,801,028       42,643,019       38,833,520      41,255,042       

2047 23

36,755,952       39,889,905      35,688,192       38,359,820      

2048 24

33,590,392       37,031,299        32,417,148       35,351,856        

2049 25

30,304,899      34,067,804      29,020,916       32,231,731         

2050 26

26,900,000   31,000,000    25,500,000   29,000,000   
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Month Precip P Real Evapot Balance Suply Balance To aquifer

1 9 68.1 122 53.9 3,999                   8,100                 4,101                  4,101                   

2 4 41.7 112 70.3 5,775                    8,100                 2,325                 6,426                 

3 5 38.9 154 115.1 8,540                   8,100                 (440)                  5,987                 

4 14 58.1 158 99.9 7,659                   8,100                 441                    6,428                 

5 26 74.1 159 84.9 6,299                   8,100                 1,801                  8,229                 

6 36 101.2 146 44.8 3,435                    8,100                 4,665                 12,894               

7 36 121.5 152 30.5 2,300                   8,100                 5,800                18,694               

8 47 150.6 149 -1.6 (119)                       8,100                 8,219                  26,913                

9 65 162.6 125 0 -                       8,100                 8,100                 35,013                

10 71 179.3 117 0 -                       8,100                 8,100                 43,113                 

11 67 172.6 118 0 -                       8,100                 8,100                 51,213                 

12 27 91 126 35.0 2,597                    8,100                 5,503                 56,716                

1638 40,484                97,200              56,716              

Total 407 1270 1540 1,234,766         2,964,600      1,729,834      

Year 1,729,834       

MIX RO + Wastewater (secondary tretament level) from Bridgetown WWTP

Daily 

Demand 

m

3

/year
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Month Precip P Real Evapot Balance Suply Balance To aquifer

1 9 68.1 122 53.9 9,546                   8,100                 (1,446)                (1,446)                

2 4 41.7 112 70.3 13,784                  8,100                 (5,684)               (7,129)                 

3 5 38.9 154 115.1 20,384                 8,100                 (12,284)              (19,413)               

4 14 58.1 158 99.9 18,282                  8,100                 (10,182)               (29,595)              

5 26 74.1 159 84.9 15,036                  8,100                 (6,936)               (36,530)              

6 36 101.2 146 44.8 8,198                    8,100                 (98)                     (36,629)              

7 36 121.5 152 30.5 5,490                   8,100                 2,610                  (34,019)              

8 47 150.6 149 -1.6 (283)                     8,100                 8,383                 (25,635)              

9 65 162.6 125 0 -                       8,100                 8,100                 (17,535)               

10 71 179.3 117 0 -                       8,100                 8,100                 (9,435)                

11 67 172.6 118 0 -                       8,100                 8,100                 (1,335)                 

12 27 91 126 35.0 6,198                    8,100                 1,902                  566                    

1638 96,634                 97,200              566                   

Total 407 1270 1540 2,947,332         2,964,600      17,268           

Year 17,268             

MIX RO + Wastewater (secondary tretament level) from Bridgetown WWTP

Daily 

Demand 

m

3

/year
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Month Precip P Real Evapot Balance Daily Demand Suply Balance To aquifer

m3/day

1 9 68.1 122 53.9 3,999                   5,400                1,401                  1,401                   

2 4 41.7 112 70.3 5,775                    5,400                (375)                   1,026                  

3 5 38.9 154 115.1 8,540                   5,400                (3,140)               

4 14 58.1 158 99.9 7,659                   5,400                (2,259)                (4,372)                

5 26 74.1 159 84.9 6,299                   5,400                (899)                  (5,271)                 

6 36 101.2 146 44.8 3,435                    5,400                1,965                  (3,306)                

7 36 121.5 152 30.5 2,300                   5,400                3,100                 (206)                   

8 47 150.6 149 -1.6 (119)                       5,400                5,519                  5,313                   

9 65 162.6 125 0 -                       5,400                5,400                10,713                 

10 71 179.3 117 0 -                       5,400                5,400                16,113                  

11 67 172.6 118 0 -                       5,400                5,400                21,513                 

12 27 91 126 35.0 2,597                    5,400                2,803                 24,316                

1,638       40,484                64,800             24,316              

Total 407         1,270         1,540      1,234,766         1,976,400       741,634         

Year 741,634          

RO ONLY 
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The following figure shows the data and the fitted function used to calculate forecast population growth
rate. Using this function, total population in Barbados from 2023-2050 was forecasted. The series is
presented in Table 6.
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2020 280,693 79,997,050        285

2021 281,142

2022 281,592

2023 282,103

2024 282,571 74,500,000        264

2025 283,040 74,400,000       263

2026 283,510 74,132,310           261

2027 283,981 73,712,470          260

2028 284,452 73,148,043         257 2,964,600                       1,976,400                    268                        240                        

2029 284,924 72,444,075        254 4,694,434                      2,718,034                     271                         235                         

2030 285,396 71,604,335          251 6,424,269                       3,459,669                    273                        263                        

2031 285,853 70,631,816          247 8,154,103                         4,201,303                     276                        262                        

2032 286,310 69,528,994         243 9,883,938                       4,942,938                    277                        260                        

2033 286,768 68,297,972         238 11,613,772                        5,684,572                    279                        258                        

2034 287,227 66,940,577        233 13,343,607                      6,426,207                    280                       255                         
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2037 288,608 62,125,434          215 18,533,110                        8,651,110                       279                        245                        

2038 289,070 60,277,088        209 20,262,945                     9,392,745                    279                        241                         

2039 289,532 58,308,984        201 21,992,779                      10,134,379                   277                        236                        

2040 289,996 56,222,123           194 23,722,614                      10,876,014                   276                        231                         

2041 290,460 54,017,434         186 25,452,448                     11,617,648                    274                        226                        

2042 290,924 51,695,783          178 27,182,282                      12,359,282                   271                         220                        

2043 291,390 49,257,978         169 28,912,117                        13,100,917                    268                        214                         

2044 291,856 46,704,781         160 30,641,951                       13,842,551                    265                        207                        

2045 292,323 44,036,910         151 32,371,786                      14,584,186                   261                         201                         

2046 292,791 41,255,042          141 34,101,620                      15,325,820                   257                        193                         

2047 293,259 38,359,820         131 35,831,455                      16,067,455                  253                        186                         

2048 293,728 35,351,856          120 37,561,289                      16,809,089                  248                       178                         

2049 294,198 32,231,731            110 39,291,124                       17,550,724                   243                        169                         

2050 294,669 29,000,000        98 41,020,958                     18,292,358                   238                        160                         

Availability projections with and w/o swater stock increases
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