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| ABSTRACT | 

 

Water pollution affects water security, reducing water supply to economic water uses and 
threatening environmental preservation and human health. Controlling water pollution depends on 
efforts on two main sectors. One is water management, which provides regulatory instruments, 
including water quality standards, water abstraction and water discharge permits, as well as 
economic instruments, as water and wastewater charges. Another is sanitation, which is responsible 
for expansion of water and wastewater infrastructure and faces challenges in financing extensive 
infrastructure. While water management defines broader (watershed scale) strategies to address 
water quality, other decisions regarding infrastructure investment are made by the sanitation sector 
at the municipality scale, with limited perception of broader watershed context on water availability 
and pollution. When water management and sanitation decisions are not coordinated there are 
missed opportunities to (a) meet water quality standards at given river reaches due to lacking 
investment upstream and (b) find least cost investment solutions across municipalities, at the 
watershed scale. In this paper, we present methods and solutions to coordinate wastewater 
infrastructure expansion planning with water management instruments in the long-term planning 
to maximize economic returns and improve water quality. Our methods identify the regions where 
investments could be prioritized, coordinated with distribution of water permits and definition of 
water quality targets. Results show that restricting water permits on some watershed regions results 
in a small water availability trade-off but a significant reduction in costs to sanitation investments, 
while also meeting the water quality targets. We conclude that while there are several ways to reach 
predefined water quality targets, each way requires well coordinated decisions from the water 
management perspective (where and when to allocate water permits) and the sanitation sector 
(where and when to concentrate investments in wastewater treatment). Thus, as important as the 
decisions to improve water management instruments and to increase investments in sanitation is 
their coordination towards a common watershed goal. 
 
Keywords: wastewater infrastructure; water management instrument; integration 

 

 

| INTRODUCTION | 

 

Water security is an essential requisite for economic development and inclusive growth 

(Winpenny, 2015). With growing water scarcity, the awareness that water supply is affected by both 
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quantity and quality has increased concerns and efforts not just to expand infrastructure and 

improve management over water supply sources but even to deal with water pollution issues. By 

freeing water resources for other uses or for preservation, America (2019) points out water pollution 

control as one solution to deal with water scarcity and the problem of water security. Controlling 

water pollution towards water security depends on efforts on two main sectors. One is water 

management, which provides regulatory instruments, including water quality standards, water 

abstraction and discharge permits, as well as economic instruments, as water and wastewater 

charges. Another is sanitation, which is responsible for expansion of water and wastewater 

infrastructure. The latter requires significant amount of investments, imposing challenges on the 

economic agenda/budget of most countries (Winpenny, 2015). Hutton & Varughese (2016) estimate 

that the capital investments required to achieve the water supply, sanitation, and hygiene targets of 

the UN Sustainable Development Goals (SDGs) amount to about three times the current investment 

levels. In the Latin America and Caribbean region, the level of investment to meet sanitation targets 

estimates ranges between $3.4 and $11.8 billion per year for the period 2016–30, of which 

approximately 95 percent would be devoted to urban areas.  

Many studies have applied optimization approaches in order to find improved treatment 

portfolio and less expansive solutions for the wastewater infrastructure planning and expansion 

problem. Zeferino et al. (2010) proposed a model to determine an optimal economic solution 

for wastewater system design, which includes decisions about layout sewer networks, and the 

location, type, and size of treatment plants and pump stations. In Zeferino et al. (2012), the previous 

study was extended by including river flow uncertainty. Rehan et al. (2014) presented a system 

dynamics model to simulate the influence of interrelationships in wastewater collection network 

management and investigate financial and rehabilitation strategies. In Naderi & Pishvaee (2017), a 

stochastic programming model was proposed for the design of integrated water supply and 

wastewater collection systems, and Prouty et al. (2020) developed a system dynamic model to 

determine wastewater technologies portfolio and strategies to improve the portfolio's performance 

(i.e. nutrient loading and reliability) under extreme weather scenarios. 

From a water management perspective, it is necessary to decide on water abstraction and 

wastewater discharge permits, water quality standards, and water charges, which represent 

examples of regulatory and economic management instruments to deal with pollution control 

(Brandt et al., 2017; OECD, 2017). Such management instruments are interconnected and also 

present financial implications. For example, the definition of water quality standards is tightly 

associated with water availability and it is likely to reflect on other instruments like water permits, 

which affects both economic returns from water use and wastewater treatment investments to meet 
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the water quality standard. In order to investigate the relationship between water quality and 

treatment costs, Davidsen et al. (2015) proposed an optimization model to compare economic 

impacts of complying with various water quality grades analyzing pollution discharge and water 

treatment costs. In Martinsen et al. (2019), a water allocation model was proposed to optimize the 

water delivery to end-users following quantity and quality requirements while minimizing total 

costs of groundwater pumping and surface water treatment when the quality of the source did not 

comply with the quality demand. 

While water management typically defines broader, watershed scale, strategies to address 

water quality, other decisions regarding infrastructure investment are made by the sanitation sector 

at the municipality scale, with limited perception of broader watershed context on water availability 

and pollution. When water management and sanitation decisions are not coordinated there are 

missed opportunities to (a) meet water quality targets at given river reaches due to lacking 

investment upstream and (b) find least cost investment solutions across municipalities, at the 

watershed scale. For America (2019), implementing wastewater solutions isolated from the river 

basin planning also reduces the opportunity of creating more resilient systems. Although current 

literature in the field have explored at length solutions from either the sanitation or water 

management perspective, there is little work describing how those solutions could be coordinated. 

More recently, Dalcin & Marques (2020) proposed a method to integrate several water management 

instruments, which contributed to identify useful directives for their implementation.  

This paper builds upon the work on Dalcin & Marques (2020), and explores solutions to 

coordinate wastewater infrastructure expansion planning with water management instruments in 

the long-term planning to maximize economic returns and water quality at the watershed scale. By 

considering hydrological conditions and the interaction between upstream and downstream water 

uses, the modeling results goes beyond the local or municipal planning, allowing identification of 

basin regions where investments could be better prioritized along with water permits and water 

quality targets implementation. Those results should be useful to sanitation companies in two major 

aspects. One is to coordinate investments in water and wastewater to both reduce their cost and 

avoid contamination of each other’s supply sources (which increases water supply treatment costs). 

A second is to prioritize investments in the watershed regions that are most critical according to the 

watershed plan (for example, regions where the current water quality is the farthest from the water 

quality standard. From the perspective of the watershed committee and the water management 

administration body, the results should be useful to provide directives to water management 

instruments, that could be integrated among themselves and coordinated with the investments in 

sanitation infrastructure. Combined, all these aspects highlighted in our results will identify 
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innovative coordination opportunities for sanitation and water management decisions at the 

watershed scale. 

 

Study area 

The Sinos River basin is located in the northeast region of state of Rio Grande do Sul, Southern 

Brazil (figure 1). With a drainage area of 3,696 km2, the basin includes the territory of 32 

municipalities with an estimated population of 1,350,000 (Profill, 2013). The basin is divided in three 

main regions with distinct hydro and geology features. The main water demand activities are 

associated to urban supply (35%), industrial (11%), and rice irrigation practices (53%) (Profill, 

2013). The lack of wastewater infrastructure is a main basin issue, resulting in high water pollution 

levels. The Sinos river is classified as the fourth most polluted river in Brazil (IBGE, 2010). 

 

 
Figure 8: Sinos River Basin 

 

Water bodies are classified according to a Brazilian federal law, based on the expected uses of 

their water (Brasil, 2005). There are separate classes for water quality and each class has its own 

upper bounds for concentration of a list of different constituents. The first class is termed “special” 
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and it has the strictest limits, meaning that while the quality is the highest among the other classes, 

the land use in the watershed draining to this water body is also the most limited. This class is 

followed by other four, ranging from 1 to 4 (the higher the number, the higher the concentration 

levels allowed). Class 4 has the highest limits for concentration of constituents and a water body in 

this class has very few uses aside from navigation. By law, urban water supply systems can only 

withdraw from water bodies below class 4. The classification procedure is conducted during the 

preparation of the watershed plan, with feedback from local users through their representatives in 

the watershed committee and takes into account the local users’ expectation and desire towards 

water and environmental quality, as well as water availability for economic development. The 

classification thus defines targets for water quality standards that represent a compromise between 

water quality and economic water uses.  

The Sinos River is current classified as class 4 in its major length mainly due to phosphorous 

and thermotolerant coliforms concentrations exceeding class 4 thresholds. The domestic sewage 

discharges is the main pollution concern, in which only 4.5% of its total population has sewage 

collection and treatment (Concremat, 2014). In order to reduce pollution levels and protect the 

designated uses, the Sinos river Watershed Plan has stablished water quality targets to the main river 

(Sinos river) and some tributaries. The target constituents are biochemical oxygen demand (BOD), 

dissolved oxygen (DO), and thermotolerant coliforms since they represent domestic pollution and 

also for requiring wastewater treatment solutions that are less expensive if compared to other 

constituents like phosphorous. Table 1 presents the water quality targets along the Sinos River main 

channel, which vary from class 1 and 2 in the upper division to class 3 in the medium and lower 

division (see methodology for details). The Sinos River Watershed Plan estimates investments on 

urban sewage infrastructure amount to about R$ 1.5 billion for a twenty-year planning horizon in 

order to mitigate current pollution and meet the proposed water quality targets (Profill, 2014). 

Figure 2 represents the sum of all users’ observed water demand at each watershed region 

(reference year 2014 - Profill (2013). The lower watershed (n = 1, 2, and 3) is the one with higher 

water demand due to its strong industrial and urbanization characteristics combined with irrigated 

rice production. The lower watershed represents 85% of the total urban water demand, 66% of the 

total water demand for irrigated rice production, and 92% for industrial purposes. The 

concentrations above water quality targets at all reaches n, with exception of reach 8, indicate that 

the load emissions are higher than the river depuration capacity at minimum flows (Q90). Under such 

conditions, there is no water available to dilute additional loadings. Hence, in order to accommodate 

new users and meet the prescribed water quality targets, it is necessary to reduce the existing 

pollution levels in almost all reaches. An exception occurs at reaches 4 and 5 (at the middle 
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watershed). These regions present smaller population, industrial and irrigation water uses, so that 

the concentration in the corresponding river reaches is mostly affected by users upstream (in both 

quantity and quality). 

 

 
Figure 2: Representation of the observed water demand by watershed region and observed water quality 

concentration at the main river 

 

 

| METHODOLOGY | 

 

In order to identify solutions to coordinate wastewater infrastructure expansion planning with 

water management instruments, we simulate water quality considering withdrawals and discharges 

from watershed users. This simulation is integrated to an optimization model that searches for the 

least cost solution for the watershed considering the economic benefits from water use and the 

expansion cost of the sanitation infrastructure. The whole integrated optimization model is named 

VISTA Dalcin & Marques (2020). The model framework is composed by a main routine that uses 

dynamic programing algorithm to optimize the distribution of water permits along a planning 

horizon (divided in stages), following economic development projections and water use preferences 

(figure 3). Each water permit increment decision has implications on economic benefits generation 

and water pollution control costs. Sub-routine I applies a multi-objective linear programming 

algorithm (MOLP) to optimally distribute the water permits increments to different water use 

sectors (economic users and environmental use) and calculates the resulting economic benefits from 

the water use through economic water value functions. A second sub-routine uses an 
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optimization/simulation water quality algorithm based on a non-linear programming approach to 

spatially split the water permits of each water use sector over basin regions and calculates 

wastewater treatment costs to achieve the proposed water quality targets. 

 

 
Figure 3: Modelling routine and sub-routines flowchart 

 

Upstream water use effect downstream water quality conditions and hence its downstream 

use. Sub-routine II incorporates contaminant mass transport and depuration equations, in which the 

main river is divided into reaches or control volumes n with specific flow availability and quality 

constraints (see Dalcin & Marques (2019) for details). User’s withdrawals and discharges are 

represented as lateral contributions in the transport equation, and all loads located within each 

control volume are summed and characterized as a single punctual discharge at the end of each 

volume control (Figure 4). The total load to be removed in order to meet the water quality targets at 

each stage t and reach n, is set as decision variable in the model, which is represented by the product 

of a flow by a concentration removal efficiency of the contaminant modeled. The removal efficiency 

depends on the wastewater treatment techniques applied (i.e. primary, secondary, tertiary or 

advanced treatment). While non-point source pollution generated by agriculture can be partially 

removed through soil management practices (e.g. erosion control), and the costs of those practices 

could be associated to a removal efficiency and added to the model, we currently lack reliable data 

to include it in the model, thus it is limited to point source pollution removal through wastewater 
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treatment. We assume that industrial discharges follow the federal and state regulations for 

constituents’ thresholds. 

 

 
Figure 4: Division of the main river into control volumes n and mass balance representation for a control 

volume n 

 

To find the wastewater treatment cost resulting from the modeling load removal, the 

wastewater flow is then related to a cost value function. We adopted the basic residential tariff of the 

retail company to collect and treat municipal wastewater (Corsan, 2018). The tariff value includes 

operational costs and long-term investment recoveries, which is compatible with the long-term 

planning horizon used in the modeling scenarios. Given most part of the retailer’s companies adopts 

wastewater treatment plants with secondary treatment level, we adopted removal efficiency 

compatible with secondary treatment techniques.  

Although the economic water use (e.g. irrigation, urban, industrial) brings higher global 

economic returns from water use, water use interferes on the water quality (i.e. reducing water 

dilution capacity, increasing pollutants constituents), requiring higher water pollution control 

measures. The costs and benefits in sub-routine I and II are calculated separately since the 

wastewater treatment cost in sub-routine II is an incremental cost, which can only be calculated after 

spatial allocation of withdrawals and discharges are determined based on hydrological conditions 

and targets. All costs and benefits from sub-routines I and II are then relayed back to the main 

routine, in which modeling economic benefit results (economic benefits from water use minus water 

pollution control costs) allow to investigate optimized water allocation strategies. For example, it 
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shows where water permits should be restricted and where water quality targets can be adjusted 

considering water pollution control costs and the economic water value. 

 

Scenarios and projections 

The model was run for three scenarios and a 20-year planning horizon, divided in 4 stages of 

5 years each, and the results present and discuss decisions from both the sanitation and water 

management sectors. A decision must be made at each stage (i.e. at each 5 years). The scenarios are 

proposed to represent different users' preferences towards environmental quality and economic 

development. Those preferences also define local water policies and boundary conditions to the 

model, hence testing different preferences is also a way to include other dimensions of water 

management, in the form of which water preferences should be fostered along the time horizon. 

In scenario A, the economic use of the water (water permits incrementation) is prioritized 

along the planning horizon. This represents maintenance of a business-as-usual condition, where 

water is allocated exclusively based on its availability, without consideration of the externalities from 

its use (e.g. pollution) and its economic value to users. In scenario C, the water protection is 

prioritized by restricting the incremental allocable flow to economic uses and leaving more water in 

the streams (which may constrain water availability to meet economic growth). This represent an 

abrupt departure from scenario A, with more focus on environmental protection and river water 

quality, at the expense of economic water demands. Finally, scenario B is a mix between the economic 

water use preference and environmental protection. In the first stages the water permits increments’ 

decision follows economic priorities, while for the remaining stages it switches to higher priority to 

environmental protection. This represents a gradual change from a business-as-usual condition 

(scenario A) to an environmentally focused condition (scenario C). 

Given our focus is to find decisions coordinating wastewater infrastructure expansion with 

water management instruments, the following decisions are considered. From the perspective of 

water management, it must be decided: (a) How many water permits should be issued, when and 

where; (b) How strict should be the water quality targets and where; and (c) Which scenario should 

be pursued. From the perspective of sanitation, it must be decided: (a) Load removal from each site, 

and (b) How much to invest in infrastructure, when and where. 

We consider the three main water use sectors of the study basin (irrigated agriculture, urban 

supply, and industrial use) as economic uses plus the environmental use representing preservation 

and river protection. The 20-year planning horizon includes economic, water demand growth and 

population projections based on available census data followed data projections. The urban sector 
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considered an annual average growth of 1.1%, the industrial sector with an annual growth rate of 

2.4%, and the irrigated agriculture with an annual growth rate of 1.25 %. Intermediate water quality 

targets were defined for each stage along the planning horizon in the model before meeting the final 

ones (table 1), and the incremental water permits were based on the available allocable flow 

following the current water permitting criteria, which allows up to 70% of Q90 (14.04 m3/s) to be 

allocated for consumptive users (Profill, 2014). Finally, thermotolerant coliforms were used as the 

parameter for water quality simulation in sub-routine II. 

 

Table 1: Water quality classification and final water quality targets applied to the study 

Main river 

division 
River reach 

Water quality 

classification 

Water quality 

targets 
Reach length (km) 

upper 

9 2 1 198 - 168 

8 2 2 168 - 138 

7 4 2 138- 108 

medium 

6 4 3 108 - 97 

5 4 3 97 - 86 

4 4 3 86 - 75 

lower 

3 4 3 75 - 50 

2 4 3 50 - 25 

1 4 3 25 - 00 

 

 

| RESULTS AND DISCUSSION | 

 

Figure 5 shows the regions where higher investments in infrastructure must be done in other 

to achieve the prescribed intermediary and final water quality targets. The investments are for 

treating both the existing pollution and the pollution resulting from the allocation of new water 

permits along the planning horizon (the darker the shaded area, the higher the wastewater flow 

treated). The maps are organized by scenario and stage. For each scenario, it is possible to visualize 

the wastewater treatment flow increments at each stage t together with the resulting water quality 

concentration at each reach n, depicted by the color of the river line. 

For all scenarios, the lower watershed (reaches 1, 2 and 3) is the one that requires the highest 

wastewater treatment investments, mainly due to the concentration of urban demands combined 

with very limited sewage collection and treatment infrastructure. Despite the concern with high 

pollution, these reaches are still more favorable to the allocation of new water permits, since the 
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backwater effect at the river mouth (Jacuí delta) reduces the hydraulic speed and contributes to 

increase the auto depuration capacity of the reaches 1 and 2.  

In scenario A, water permits are provided to fulfill most part of the economic projected water 

demand (82% for irrigation, and 100% for urban and industrial sectors), resulting in an economic 

benefit increment of R$ 4,666 million (over the 20-year planning horizon). This scenario also results 

in the highest investment in wastewater treatment compared to the other scenarios, achieving 2.52 

m3/s at a total wastewater treatment cost increment of R$ 959 million (over the 20-year planning 

horizon) if the water quality targets are to be reached. At the lower watershed (reaches 1, 2 and 3), 

the load removal follows the allocation of new water permits to industrial and irrigated agriculture 

sectors, combined with incremental wastewater improvements to treat the existing pollution and 

meet the intermediate water quality targets. No allocation of new water permits occurs at the middle 

watershed (reaches 4, 5, 6) so that this region only depends on the upstream reaches resulting 

quality. For the upper watershed, reaches 8 and 9 achieve the final water targets at the first stage but 

they need incremental wastewater treatment along the planning horizon due to the allocation of new 

water permits to urban users. 

For the urban sector, the allocation of new water permits is constrained by the user’s water 

quality requirements. No new urban demand can withdraw water if the river has water quality class 

above 3. However, the current water permits for urban sector are maintained even if the reach is 

classified as class 4, since VISTA just considers new incremental flow allocation (although the current 

regulation imposes this restriction, withdrawals at class 4 is a common reality in most part of the 

urban regions of Brazil). Another consideration here regards the water quality modeling limitation. 

The spatial allocation sub-routine considers the impacts of all withdrawals and discharges in the 

main river channel only (tributaries are not modeled). Although the water for urban use may be 

withdrawn from a tributary classified under a lower class, this limitation is attenuated by the fact the 

main tributaries of the lower watershed are current also classified as class 4 and the effects are still 

persistent in the main channel. As the intermediary water quality targets of the upper watershed 

(reaches 7, 8, 9) meet urban requirements before the lower watershed (the lower watershed 

achieves class 3 only at the last stage), those are more favorable to receive new water permits to 

urban use, and thus some water permits are allocated to regions in the upper watershed. This result 

shows the relation between water quality and water supply, and its economic implications. The 

lower watershed has better water availability conditions to receive new urban water permits. 

However, due to water pollution, water supply can be affected. It does not mean that water supply 

must be restricted in the lower reaches but if done so it will bring in higher costs. 
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For Scenario B, which represents a gradual shift to water policies with increasing preference 

for environmental quality, the allocation of new water permits is reduced, falling behind the 

projected water demand by a larger margin if compared to scenario A. Irrigated agriculture has 20% 

of its demand unmet and the urban sector has 8% of its demand unmet, resulting in an economic 

benefit increment of R$ 4,658 million (over the 20-year planning horizon). However, scenario B also 

demands smaller investment in wastewater treatment compared to scenario A, as less wastewater 

is being produced (2.29 m3/s representing a total wastewater treatment cost of R$ 905 million). This 

can be verified in the upper watershed, in which scenario B achieves the same water quality 

concentration as scenario A, but with less investment in wastewater treatment due to its smaller 

water abstraction and wastewater discharges by users. In coordination with sanitation investments 

in wastewater treatment, new water permits are also reduced along the planning horizon. Despite 

this under scenario B the lower watershed needs similar wastewater treatment investments as 

scenario A in order to remove the existing pollution. 

For Scenario C, most of the investment in wastewater treatment must be done to remove the 

existing pollution. This sanitation sector decision reflects the water management decision to 

significantly reduce allocation of new water permits following a more environmental water use 

preference (resulting in a lower economic benefit increment of R$ 3,969 million over the 20-year 

planning horizon). As result, the river depuration capacity increases, along with less wastewater 

discharges to be treated. The wastewater treatment flow is 2.01 m3/s, which brings the total cost of 

new wastewater infrastructure from R$ 959 million in Scenario A to R$ 759 million in scenario C. 

These results show that it is possible to find least cost solutions for investment in sanitation 

and also meet prescribed water quality targets. Scenario B represents the best resulting economic 

benefit of R$ 3,753 million (economic benefit minus wastewater treatment costs). However, each 

solution requires coordinated decisions on how to allocate water permits (water management) and 

how to allocate wastewater investments (sanitation). In order to find such coordination, the analysis 

needs to integrate economic implications (both in terms of the economic value of the water and deal 

with the externalities of using it) and water management instruments (e.g. water quality targets and 

water permits) like it was presented here. 
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Figure 5: Load removal required and water quality concentration improvements.  
(The darker the shaded area, the higher the load removal and the necessary investment in wastewater 

treatment.  
For the river: red – class 4; orange – class 3, green – class 2, blue – class 1). 
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Finally, modeling results allow to identify different measures (as regulations economic 

instruments and decisions from the sanitation sector) that can be implemented to achieve the 

resulting optimal strategy, such as: (a) Improved water conservation measures to allow curtailment 

of new water permits; (b) more restrictive effluent discharges thresholds in order to mitigate the 

resulting elevation of the pollution and reducing of the dilution capacity at some river reaches, and 

(c) more restrictive water charges for water withdrawal or effluent emission thresholds could also 

be imposed at these regions in order to induce rational use and improve the efficiency of the water 

use and load removal efficiency. The sanitation sector can contribute to those strategies by 

increasing investment in loss reduction and other water conservation programs, adjusting block 

tariffs to motivate users to invest in more efficient water fixtures. The upper and middle watershed 

are good examples where efficient use of water should be prioritized. To allow irrigation expansion 

at these regions, water efficient use requirements should be imposed so that the curtailment on the 

new water permits would be mitigated by the water saved through application of such requirements. 

Similarly, the installation of new industries in some regions should require more restrictive effluent 

discharges thresholds in order to mitigate the resulting elevation of the pollution and reducing of the 

dilution capacity. More restrictive water charges for water withdrawal or effluent emission 

thresholds could also be imposed at these regions in order to induce rational use and improve the 

efficiency of the water use and load removal efficiency. 

 

 

| CONCLUSION | 

 

We conclude that while there are several ways to reach predefined water quality targets, each 

way requires well coordinated decisions from the water management perspective (where and when 

to allocate water permits) and the sanitation sector (where and when to concentrate investments in 

wastewater treatment). Thus, as important as the decisions to improve water management 

instruments and to increase investments in sanitation is their coordination towards a common 

watershed goal. When these decisions are aligned, the goals (in this example water quality targets) 

can be reached at lower costs and water can be more efficiently allocated in the watershed, avoiding 

conflicts and watershed “closures” (when no more water permits can be issued). 

To identify such coordination opportunities, it is important to first define priorities regarding 

water pollution control and preservation, followed by optimization of investments combined with 

the economic value of the water to different users across the watershed. Allocating new water 

permits at some regions may cause higher impacts on the water quality, requiring higher wastewater 
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treatment investments in order to achieve water quality targets. Hence users may decide if it is 

worthwhile to use more water (which has economic benefits), to conserve it and reduce the burden 

to the sanitation sector, (which has financial benefits) or to relax the water quality targets (which 

has environmental costs beyond economics). Only when the economic implications are considered 

one can identify the tradeoffs among those possibilities and derive long term coordination solutions 

to integrate sanitation and water management that are less costly to users and environmentally 

better. 
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