
Available online at   www.worldnewsnaturalsciences.com 

( Received 12 November 2019; Accepted 29 November 2019; Date of Publication 01 December 2019 ) 

 
WNOFNS 28 (2020) 51-66                                                                             EISSN 2543-5426 

 

 
 

Conceptual analysis of urban water management 
considering climate change scenarios 

 
 

Afera Halefom1,*, Deepak Khare2, Ermias Sisay1, Asirat Teshome1,  

Tesfa Worku2, Dessalew Tadesse3, Mihret Dananto4 

1Department of Hydraulic and Water Resources Engineering, Faculty of Technology,  
Debre Tabor University, Ethiopia 

2Department of Water Resources Development and Management,  
Indian Institute of Technology Roorkee, Uttarakhand, India 

3Department of Hydraulic and Water Resources Engineering, University of Gondar, Gondar, Ethiopia 

4Department of Water Supply and Environmental Engineering, Institute of Technology,  
Hawassa University, Hawassa, Ethiopia 

*E-mail address: aferahalefom@gmail.com 

 
ABSTRACT 

Since the trends of adverse climate change and integrated urban water management have 

continued in the twenty-first century, governments and other institutions seek reliable predictions as 

water resource requirements arise. Although uncertainty is never cut off from the need for a probabilistic 

movement, through current developments in science and the technology of hydrological modeling on 

urban water management analysis, researchers can improve the ability to create realistic scenarios that 

will benefit the water sector it adapts to these changes. Model studies on the combined effects of climate 

change and the water sector have found that the change can be significant, depending on scenarios and 

the assumptions of climate change, as well as the degree of urban development. In this work, conceptual 

analysis of urban water management has been applied to several scenarios of climate change in order to 

obtain new insights and uncertainties.  
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1.  INTRODUCTION 

 

Water is a very important substance and covers 73% of the Earth's surface as oceans, 

rivers, and lakes. Water has cultural and religious significance in many parts of the globe in 

terms of blessings, concepts of beautiful views or recreational activities and was fundamental 

to the development of agriculture and thus civilizations. Water is also used for other purposes, 

for example, as a coolant for industrial production and power generation, and it is thus it has a 

wide range of business functions. The Hydro- soil environment contains a huge amount of water 

(about 1.388 billion cubic kilometers), but about 97% of this amount is saltwater and only 3% 

is fresh water. Most of this freshwater is in the form of ice and permanent snow cover in 

Antarctica, Greenland, in other parts of the Arctic and mountain regions. However, 30% of all 

fresh water is available, as, among others, groundwater, while <1% of the total amount of fresh 

water on Earth is concentrated in lakes, reservoirs and river systems. Therefore, <1% of the 

total available water is available for our economic needs, yet at the same time, it is crucial for 

land-based water ecosystems [1]. Water resources are, therefore, limited in nature, and scarcity 

is increasing day by day. Thus, optimal utilization and management are needed for sustainable 

development. 

Integrated Urban Water Management (IUWM) describes the practice of management of 

drinking water, wastewater, and rainwater as components of a basin-wide management plan. It 

builds on the existing water supply and sanitation considerations within the urban complex part 

of the total current of Urban Water Management Participation [2]. In developing countries, 

there is still a significant proportion of the population that has no access to adequate water and 

sanitation. Herein, Integrated Urban Water Management (IUWM) refers to the practice of 

management of drinking water, wastewater, and rainwater as links in the resource management 

structure, within an urban area as a unit of management.  

IUWM within a municipal water system be carried out by applying new intervention 

strategies. Among these are performance evaluation, holistic approaches, systems analysis of 

water supply, sewage and various system elements such as rainwater and sustainability types 

[3]. IUWM is commonly seen as a strategy for achieving the goals of a water-sensitive urban 

design. It attempts to modify the effects of urban development on the natural water cycle, based 

on premises that are managed through assessing the urban water cycle as a whole. Within these 

are the efficient use of water resources. Doing so provides not only economic benefits, but also 

improvements in the social and environmental spheres. One approach is to establish an inner, 

urban, water cycle by implementing re-use strategies. This urban water cycle loop development 

requires an understanding of both the natural, pre-development, water management and post-

development water balance. Accounting of flows in the pre- and predicting post-development 

systems is an important step toward limiting the urban impact on the natural water cycle [4].  

 

 

2.  METHODOLOGICAL REVIEW 

 

To evaluate the current urban water management trends under the changing climatic 

conditions, a review analysis was carried out from research into this new frontier. The research 

output is based on the relevant research paper, web pages and other related documents on urban 

water management. The review approach was considered and used to treat certain indicator 

parameters important for the analysis. Research documents were reviewed during data 
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acquisition and thoroughly checked in the present paper. The collected data includes a summary 

of performance reports, scientific reviews and project completion reports and others. The 

specific methods used for the study were tested under each presented case study. The present 

paper provides a distinction among existing problems of urban water management and puts 

forward various options for a solution in enabling sustainable development. 

 

2. 1. Urban Water Management 

Integrated urban water management (IUWM) is described as the practice of managing 

freshwater, wastewater, and stormwater as components of a basin-wide management plan. It 

builds in considerations of the existing water supply and sanitation within an urban settlement 

by incorporating urban water management in an entire river basin [2]. IUWM within an urban 

water system can also be conducted by performance assessment of any new intervention 

strategies by developing a holistic approach that encompasses various system elements and 

criteria, including sustainability types in which integrations of water system components 

including water supply, wastewater, and storm-water subsystems would be advantageous [3]. 

In [5] a discussion is raised of the issues, challenges, and options of urban water management 

in New Delhi, India. IUWM is commonly seen as a strategy for achieving the goals of water 

sensitive urban design. Likewise, it seeks to change the impacts of urban development on the 

natural water cycle, based on the premise of managing the urban water cycle as a whole. Herein, 

more efficient use of resources can be achieved providing not only economic benefits, but also 

improved social and environmental outcomes.  

As listed in [6], activities under the term IUWM include: the efficiency of water-based 

services, water supply and fuel efficiency, waste-water and storm-water management, the 

inclusion of rainwater harvest, the use of alternative water sources, treated water improvement 

operations and investments to improve and engage communities reflecting their needs and 

knowledge for water management, the planning and implementation of policies and strategies 

to facilitate the activities and ways of strengthening the capacities of the previously mentioned 

concerns. 

Some challenges and obstacles for enhanced urban water management exist. These 

include strong climate fluctuations that are difficult to predict, extreme population density, 

uneven and scarce water resources, very rapid urbanization, food safety, the destruction of the 

environment, differences in economic and human development and institutional mismatches. 

An interactive two-stage stochastic fuzzy programming approach for the management of 

water resources is found in [7]. The developed approach was applied for a case study to 

demonstrate a water resource allocation problem. A number of solutions under various degrees 

of feasibility were estimated to plan allocation based on cost-effectiveness, satisfaction and the 

risk of a constraint violation. They concluded that interactive two-stage stochastic fuzzy 

programming (ITSFP) help the decision-makers to identify desired water-allocation schemes. 

A conditional value-at-risk (CVaR) was pointed out in [8] that is based on applying an 

inexact two-stage stochastic programming (CITSP) model to a water resource allocation 

problem involving a reservoir and three competing water users. They showed that the CITSP 

model was able to produce cost-effective decision-allocation schemes, gain insight into the 

depth of the impact of uncertainty and allow an analysis of the trade-offs between the cost-

effectiveness of the system and risk aversion. In comparison with other methods, CITSP 

reflected several advantages and limitations. It might reveal uncertainty in water resource 

allocation systems in different formats and help to establish a meaningful link between the pre-
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defined water policy, thus establishing associated economic impact and expected loss. CITSP 

would encounter difficulties, however, when the right side of the model coefficients are very 

uncertain. 

A model potential sources of demand for water resources is found in [9], this includes 

domestic, irrigation and industrial applications and management tools, including wastewater re-

use, water potential for Tabriz SD modeling, supply resources for municipal water systems 

(groundwater, freshwater and treated wastewater imports) and recycling, inter-basin water 

transfer, water price and maintenance tools. The model sizes are groundwater volume, surface 

water quantity, water consumption, lack, and benefits vs. costs as an index for water 

management. Since this model was created for the use of EAWWC, which has no authority 

over industrial and agricultural water use, it examines in detail only domestic water 

requirements. Model Tabriz SD (Fig.1) consists of five major subsystems: (1) the water balance, 

(2) population, (3) ground and surface water, (4) cost-benefit index based on new legislation 

and the government subsidies, and (5) back water resources. The model was developed based 

on data acquired at monthly intervals. Water supply and demand management strategies are 

used in the model in an attempt to suppress an anticipated increase in water shortage. They 

concluded that the SD model can be used as an effective decision support system (DSS) for 

urban water authorities.   
 

 
Figure 1. Causal diagram for the Tabriz SD model [9] 

 

 

An interactive, multi-stage stochastic fuzzy programming approach for optimal water 

resources referred to as allocation strategies, was applied in [10]. This led to an interactive 

multi-stage stochastic programming fuzzy (IMSFP) model. They concluded that such a model 

can be created that allows in-depth scenario analysis of different policies that are associated 
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with different levels of economic sanctions if the promised objectives water allocation are 

violated, and thus can help DMs practice desired water allocation schemes. 

In [11], the read can find an applied new optimization algorithm for urban water planning 

resource (particle swarm optimization with mutation similarity (PSOMS)). The use of PSOMS 

was successfully demonstrated on a municipal water problem for Tabriz city of Iran. The 

problem was formulated with an objective function to maximize cost, enhance water supply 

and to minimize the risks for the environment. Pipeline capacity, groundwater, demand and the 

effects of conservation tools were considered as limitations. Use of PSOMS improved the 

Pareto frontier, and enabled the correct choice of optimum solutions under uncertain conditions. 

Finally, PSOMS Pareto was developed to obtain optimal solutions. By measuring the variety 

of solutions, it is shown that the PSOMS approach was useful for comparing the distribution in 

GA. Therefore, finally, they concluded that improved PSOMS  can be applied to solve multi-

objective and non-linear urban water resources problems. 

The 21st century marks the first time in history that half of the global human population 

resides in urban areas [12]. The prediction and management of urban water demand are 

complicated by the close relationship that exists between human and natural systems in urban 

areas. This relationship results from multiple interactions between microscale (single, 

household, or packet level) and macroscale (local or regional) processes and patterns. For 

example, in complex systems, local interactions between individuals over space and time 

accumulate, producing mesoscale and macroscale variables which, in turn, must be addressed 

through individual decisions [13, 14]. This embedded nature of social and ecological systems 

in the area of natural resource management is a major challenge for water management. A 

separate analysis of these systems is not possible; the complex and often unpredictable 

responses to various shocks, policies and interventions remain extremely difficult [14, 15]. 

Currently, water manager demand estimates vary with long-term climate trends and the 

principle of stationarity (the idea that natural systems vary within a constant variable) [16]. 

However, climate change leads to uncertainties that can limit the accuracy of this method, as 

historical trends are no longer reliable for predicting the future climate-sensitive water 

requirements [16, 17]. 

The urban water supply is, of course, variable and is also subject to the complex 

interaction of social and ecological dynamics in the environment. A wide range of researchers 

and practitioners are, therefore, interested in gaining a better understanding of the complex 

spatial and temporal patterns of water consumption [18]. 

Urban water consumption is particularly sensitive to seasonal timescales. Peak water 

demand tends to occur during periods of hot, dry weather because of the increase in water 

consumption for the irrigation of lawns and gardens and because of the need to replace the water 

in swimming pools and other water games as water is lost through evaporation. Seasonal peak 

water demand is partly physical and partly psychological [19] since human behaviour reacts to 

both actual and perceived changes in the environment. Both considerations are going to 

determine how much water the vegetation needs to survive a dry spell. 

Climate change projections represent an additional challenge for water requirement 

modelling due to uncertainty as to the size, timing, and even the direction of changes 

experienced at a particular location [20]. Therefore, there is a need to assess existing methods 

that are capable of detecting, isolating and quantifying sources and sizes of uncertainties in 

water demand analysis. Research in the fields of climate change, remote sensing and land use 
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in changing science and hydrology has led the development and application of methods for 

quantifying and incorporating uncertainties in model predictions [21]. 

 

2. 2. Demand-Side of Urban Water Management  

Water is the most important natural resource without which human action and life would 

be impossible because there is no substitute for water. It is also an integral and important part 

of the environment. As with water scarcity, water excess can be a danger that can lead to great 

harm and unhappiness. People consume and conserve water because they cannot survive 

without it, but at the same time, they have to maintain ecological balance and protect themselves 

from the dangers of water excess and water limitation. Water is needed for agriculture, industry, 

household, recreation and the environment. However, water requirement already exceeds the 

supply in many parts of the world and more and more areas are expected to experience this 

imbalance shortly. The demand for water for agricultural, household, recreational and 

environmental protection is growing rapidly due to the ever-growing population, particularly in 

the developing countries and due to growing awareness of environmental, health and leisure 

issues. Fig. 2 shows the total water consumption of non-irrigation (household, industrial and 

livestock) for the different regions of the world [22]. This figure shows that it is in developing 

countries where there will be a drastic increase in consumption. 

 

 
Figure 2. Total non-irrigation water consumption by region [22]. 

 

 

However, rapid population growth and economic expansion have increased beyond the 

limits of local water supply in some urban areas [23] and water providers can consider demand-

side management to balance a stressed system [24, 25]. Demand-side management reduces the 

requirements of the utilities through implementing a range of water management measures, 

including promoting water efficiency, promoting indoor and outdoor conservation, setting 

water prices, recycling water, reusing water and identifying leakages [26]. 
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2. 3. Supply-Side Urban Water Management  

The water supply of the cities is crucial not only for the survival of the inhabitants, but 

also for healthy economic growth. Awareness of the lack of water is evident in many Third 

World cities, where poor living conditions and restricted access to adequate water and sanitation 

make a significant contribution to the health impact of the urban poor, which is often the case 

in inner cities [27]. For example, 85% of the Indian urban population has access to drinking 

water, but only 20% of this water meets minimum health and safety requirements. It is estimated 

that by 2050, half of the Indian population will live in urban areas and will face acute water 

problems [28]. The over-reliance of utilities in municipal water supplies to capital investments 

in new treatment and distribution networks has been increasingly criticized as the costs for the 

development of new sources or the expansion of existing sources are becoming ever higher as 

the most accessible water resources have already been used [27]. 

The management of water resources requires careful planning to adopt the requirements 

of human and ecological communities efficiently and sustainably to the limits of limited supply 

and to seasonal change in global climatic conditions. As population growth, urbanization and 

climate change are changing the expected timing and availability of water levels, water supply 

issues can be emphasized in the future [29]. Urban water management strategies have in the 

past been based on supply management, which increases the availability of water through 

activities including the development of water infrastructure systems and the acquisition of new 

sources [29, 30]. This cannot continue in the future. 

 

2. 4. Climate Change 

Climate is the description of the long-term pattern of weather in a particular region and 

period, usually for 30 and more years. It is an averaging of the patterns of weather for a 

particular region. With the increase in global temperatures, rising sea levels are expected, as 

well as changes in precipitation patterns and other local climate conditions. Changing regional 

climates will change forests, crop yields, and water supplies. This, in turn, will also affect 

human health, regional fauna, and many types of ecosystems. Climate change can be triggered 

by external factors. These include natural factors such as changes in the flow of energy from 

the sun, variations in the Earth's orbit and volcanic eruptions, and human activities such as the 

production of greenhouse gases and land surface modification.  

Because of global warming due to the enhanced greenhouse effect, a significant impact 

on the water cycle is expected, as stated by the Intergovernmental Panel on Climate Change 

[31]. Accordingly, the water cycle will intensify, with more evaporation and precipitation, but 

the additional precipitation will be unevenly distributed around the globe. Thus, some parts of 

the world will experience a significant reduction in rainfall or major changes over time of the 

wet and dry seasons. Global warming would, hence, cause an increase in floods and droughts. 

Many aspects of the environment, economy and society are dependent on water resources and 

changes in water resource base have the potential to greatly affect the quality of the 

environment, economic development and social well-being [32].  

Still, while on the global scale, climate change has potential impact on water resources, 

climate change is only one of the pressures affecting water resources and their management in 

the coming years and decades [33, 34]. Generally, there are both supply-side and demand-side 

pressures. The lowered pressure is climate change driven, but the destruction of the 

environment through pollution and clear-cutting will reduce the amount of water available for 
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use. Demand pressures are driven by population growth and concentration. Climate change may 

affect the demand side of the balance sheet and the supply side. 

In the paper [35], the authors applied the Integrated Quantity-Quality Model (IQQM) to 

simulate the effects of climate change on water resources, to simulate the output of a regional 

climate scenario generator of climate change and the proposed increase in forest area for 2030, 

to outflows in an Australian pool. Therein, the authors found that a 10% driven increase in 

forest areas results in a 17% decrease in outflows, while the climate scenarios only reduces 

runoff by 5%. 

According to [16], the principle of stationarity serves as the basis for an argument 

regarding the central concept in Water Resources Management that climate change will enhance 

variability in future hydrological events. Currently, water managers make decisions based on 

the probability density functions that are generated with the observed data on an inverse 

relationship between the frequency of occurrence and their size. Since climate change is 

expected to change the average conditions and variability of hydrological conditions, the long-

term management decisions on these functions will support highly problematic reality. This is 

increasingly recognized by water resource managers. 

In [36], the authors develop an Integrated Urban Water Management Model of Climate 

Change (IUWMCC), which is suitable for deriving an optimal distribution of water from 

multiple sources to meet the requirements of different users. Herein, the impact of climate 

change has been included in the non-linear mathematical model of resource allocation on behalf 

of climate change factors. The formulation of this IUWM model includes the definition of 

objective function and constraints of the various components. The model was designed to 

incorporate the impact of climate change on water availability. The formulated model is a non-

linear mathematical optimization problem; the standard successive linearization technique used 

was dissolved. The nonlinearity of groundwater pumping costs was then linearized by the 

successive linearization technique. Finally, they concluded that the model was suitable for use 

in the search for the optimal integration of different sources in the water supply system capable 

of enduring several changing climate scenarios. The presented model would be useful for 

decision-makers/authorities in urban areas in optimal water use planning. 

According to [37], the Blue Mountain Water supply in Australia can be used to assess the 

significant environmental and community factors on water demand. Herein, it was revealed that 

the Community Intervention factors are the dominant drivers of demand in urban water supply. 

Moreover, it was found that Community intervention and price behavior combine to play an 

important role in the management of water demand to maintain the balance between water 

demand and supply. With regard to climatic factors, the results show that rainfall has little effect 

on water consumption, while the temperature has a certain impact on water demand. This 

indicates that future water needs will be affected by climate change especially if there is a rise 

in temperature. The overall results of the study underline the fact that the intervention of 

Community factors is more important than environmental factors in the water demand forecast. 

The results of this study will help water authorities to develop effective demand management 

strategies and water demand forecast models to achieve sustainable management of water 

resources. The methodology of this study can be adapted to other water supply systems, to 

identify the factors in water demand modelling.   

The authors of [38] determined the impacts of climate change on water availability 

indicators in a semi-arid region, by modeling the downscaled output from different 

Atmosphere-Ocean Coupled General Circulation Models (AOGCMs).  
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Figure 3. The global climate system, shown is the many interactions among the different 

components of the climate system and water resources  

(http://what-when-how.com/climate-change/global-climate-change-and-its-impact-on-urban-

areas-urban-climate-processes-trends-and-projections/) 
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The case study shows that projected simulations can be used as a framework for water 

managers and decision-makers in the development of water resources planning and adaptation 

strategies under extreme climate conditions in semiarid regions. The authors describe the 

scenarios of climate change for the future in the Queretaro River Basin (QRB). Accordingly, it 

will see both dry and wet periods becoming more frequent, increasing the vulnerability of water 

resources and endangering its sustainability. In reviewing current water policies in this semi-

arid region, the results suggest that the authorities are aware of the impact of climate change on 

flood risks, but strategies for dealing with scarce water resources require much more attention. 

The paper concludes that water managers need to review current policies and regulations with 

a holistic approach that considers not only the growing demand of different users for the water, 

but also that water resources are unreliable. Moreover, water managers must adopt flexible 

adaptation strategies to enable planning under various potential scenarios in the long term. 

Rising global surface temperature, arctic and land ice loss, sea-level rise, irregular rainfall 

patterns and an increase in carbon dioxide concentration are the main indicators of climate 

change. The projected climate change in the upcoming century can have both positive and 

negative environmental impacts, but the greater the changes and the rate of change in the 

climate, the more negative they are [39]. The effects of climate change on the frequency and 

intensity of floods and droughts are likely to intensify changes in water and flood management 

practices in the 21st century. It is, therefore, necessary for policy-makers and decision-makers 

to take into account the potential impact of such fluctuations in the future climate, in the 

management of water resources and plans [40]. The climate of the Earth results from the 

interaction of many processes in the atmosphere, ocean, land surface and cryosphere. The 

interactions are complex and extensive (Figure 3) so that quantitative predictions of the impact 

on the greenhouse gas increase cannot be made simply by simple intuitive thinking. For this 

reason, computer models have been developed that try to mathematically simulate future 

climate systems, including the interactions between the system components. 

 

2. 5. Urban Water Management And Climate Change 

It is generally acknowledged that the global climate will warm up in the coming decades 

due to the anthropogenic release of greenhouse gases, largely by fossil fuels [41, 39]. The 

impact of climate change on the hydrological cycle has the potential to influence not only the 

natural environment, but also the human environment. To date, most studies have concentrated 

on the former with little regard for changes in human behavior against climate change, including 

adjustment and mitigation.    

To this end, the Intergovernmental Panel on Climate Change [41] has investigated real 

impacts on the water system with regard to water resources. Innovations in drainage network 

technology, for example, have a greater potential to alter wastewater inflows than does climate 

change. While the direction of climate change is fairly certain, there is great uncertainty 

surrounding the magnitude of those changes and their impacts [42]. 

Urban areas are arguably the most modified human environments, and urbanization 

affects all parts of the hydrological cycle. Herein, land-use change is rapid and has a major 

impact on the local climate [43, 44]. The removal of the increased permeability, vegetation, and 

efficient drainage through buried pipes means that high flow peaks and a fast reaction to low 

precipitation events characterize urban hydrographs. Although there are notable real-world 

studies of the environmental impacts on water resources [44] For a variety of activities, such as 
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water production and the irrigation of crops, only a few have been concerned with urban 

hydrology beyond the water supply. 

With regard to the aforementioned, [39] notes that the costs of infrastructure for rainwater 

harvesting and management require long-term planning that incorporates an unknown future. 

To this end, they state that the best adaptation strategy is one that can be changed if technology 

and knowledge of climate change are improved. While maintenance and rehabilitation of water 

supply and drainage systems can be expected over the decades, innovation is underway, but it 

remains to be seen which strategies will be adopted. Most clearly, there is a current paradigm 

shift towards urban water use and reuse [45] this has more to do with the philosophy of 

sustainable development than with climate change. Nevertheless, these strategies are often in 

the same direction as the adaptation behavior of climate change (Table 1).  
 

Table 1. Overview of urban water management considering climate changes 

 

S.No Authors Findings Limitation 

1. [46] 

 Control urban microclimate by suburban 

design features that maximize 

evapotranspiration, such as vegetated 

roofs. 

 Increase in weight load of 

the roof 

 Require extra 

maintenance  

 Climate change 

adaptation  

2. [47] 

 accounts for spatial autocorrelation, 

  forecast small area water consumption, 

 improvement over OLS (R2 = 0.64) 

versus GWR (mean R2 = 0.85) 

 calculates a set a unique regression 

equation for each observation defined by 

geographic coordinates, 

 availability of geo-tagged 

data continues is lacking, 

 each sample has its 

unique regression, 

difficult to interpret 

results for a large sample, 

 computationally and data-

intensive, 

 a model demonstrates 

spatial variation 

3. [48] 

 high ranked intervention strategies in the 

integrated UWS are those supporting 

both water supply and 

stormwater/wastewater subsystems (e.g. 

rainwater harvesting and greywater 

recycling schemes) 

 Stakeholder participation  

 Sanitation and re-use of 

wastewater  

4. [18] 

 model individual household-level 

consumption data, 

 visualize and quantify water use patterns 

at fine spatial scales,   

 correct for heterogeneity due to spatial 

autocorrelation, which otherwise causes 

biased parameter estimation 

 data usually must be 

aggregated to protect 

customer privacy, 

  water provider service 

areas do not match 

administrative boundaries 
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 no consistency between 

water providers regarding 

the collection of water 

use data 

5. [42] 

 innovations in drainage network 

technology have a greater potential to 

alter wastewater inflows than climate 

change and that, while the direction of 

climate change is fairly certain, 

 Policy response  

 Ecosystem services 

consideration  

 

 

3.  CONCLUSIONS 

 

The challenges that will be encountered in the water sector in the upcoming decades is to 

integrate cross-sectoral cooperation between different actors with regard to water supply 

management. The intent is to maintain crucial water supply to urban areas whilst also providing 

the maintenance and / or the high water services for urban residents. This will necessitate 

rainwater harvesting and management, inter communicating of water engineers with local 

planners, and meeting residents and taking in their input. The growing implementation of local 

solutions in rainwater harvesting and management will lead to changes in the city. Thus, the 

integration of rainwater management at all spatial and temporal scales of urban and rural 

planning throughout a river basin is required. 

Water requirement already exceeds the supply in many parts of the world, and more 

countries are expected to experience this imbalance shortly. The demand for water for 

agricultural, household, recreational and environmental protection is growing rapidly due to the 

ever-growing population, particularly in the developing countries. Such demand goes hand in 

hand with growing awareness of environmental, health and leisure issues. The new challenge 

is to develop methods to call for applications such as in toilet flushing or the irrigation of parks 

and local agriculture that involve the recycling and the use of rainwater in less quality. This 

process should, together with new sanitary fixture types, lead to new standards in new 

construction. 

Consistent application of all source control options in the management of rainwater will 

improve the ecological integrity of rivers and streams, reduce flooding in the city and 

downstream areas, minimize sediment transport and reduce the need for erosion mitigation. 

Urban hydrology and urban water managers, but as designers of water intake, pipelines and 

treatment plants, should be key players in a team looking for integrated efforts in sustainable 

water management, not only in a city or in a catchment area, but also in the entire human 

environment. The existing vital connections between the water sector and the environmental 

and economic future of many regions in the developed and developing countries bring the need 

for increased efforts to enhance the number of hydrologists and water engineers specialized in 

urban hydrology and trained as integrated water managers. Moreover, the need for research and 

training for field-level applications in urban water management must be fulfilled and this 

training must incorporate climate change aspects. Further adaptation policy needs to be evolved 

for urban water management, thus technical universities around the world should adapt their 

curricula accordingly – and technical issues cannot be divorced from social, political and 

economic factors. 
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