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Climate and land-use change are the most pressing medium- and long-term challenges affecting water availability in the 
agricultural sector. One way to mitigate this vulnerability is to understand when, where, and how much water is needed 
for agricultural production. This study contributes to water planning and management in semi-arid climates, where 
irrigation is mandatory, especially during the dry season, to compensate for plants’ water requirements. Specifically, this 
work aims to determine the citrus water requirements in the semi-arid region of the Souss-Massa, Morocco, where this 
crop plays a high strategic socio-economic role. The adopted approach consisted of o determining the total amount of 
water needed to meet the water loss through evapotranspiration. For this purpose, an eddy covariance (EC) tower was 
placed over a commercial citrus orchard in Souss-Massa that was planted with the Esbal clementine variety to measure 
sensible and latent heat fluxes. This tower was also equipped with sensors to measure net radiation, soil heat fluxes, and 
meteorological data. Soil moisture was measured continuously at different soil depths to monitor its changes in the root 
zone. The energy balance closure (EBC) approach was performed to ensure a quality check for the EC data, resulting in 
a good closure of 92 and 83 percent for daily and half-hourly scales, respectively. Later, actual crop evapotranspiration 
(ETa) was inferred from daily latent heat flux (LE) measurements for an eventual computation of crop coefficients (Kc) 
values. These values are used to optimize irrigation management in the specific conditions of Souss-Massa. The derived 
seasonal mean crop evapotranspiration (ETa) was about 2.56 mm/year with an annual value of about 938 mm. On 
another side, seasonal Kc values varied from 0.49 in February, corresponding to the pre-flowering phenological stage, to 
0.72 in October, with an average value of 0.62. October corresponds to the ripening period and requires significant water 
volume, not covered by the erratic rainfall. Measured crop coefficient values were then compared to the values 
tabulated by the FAO-56 paper usually used by the local farmers and other values reported by the literature. The 
comparison showed a significant discrepancy between the collected results in terms of the pattern and the values. The 
bottom line of this study is to suggest crop and region-specific Kc values for farmers and evaluate their added value. That 
is why the standard irrigation strategy adopted by the farmer was assessed, resulting in a 20 percent overestimation of 
water requirements. This excess can be saved by optimizing the irrigation water while maintaining profitable yields. The 
adopted approach and methodology revealed significant potential for more sustainable water use in the irrigation sector 
within the experiment conditions. 
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Climate change is one of the biggest challenges facing Middle East and North Africa (MENA) due to arid 
environmental conditions and poor management. Moreover, MENA countries represent different climatic, 
hydrological, storms characteristics and observational capacities which increase the ambiguity and the real 
consequences of climate change over different parts of the region. One of the most noticeable change 
recently is the increase frequency of extreme precipitation events and thus the increase of flash flood events. 
The importance of this analysis is that it provides the analysis of the change in the precipitation trend and the 
extreme events and generate the updated IDF curves which are used in the designs of flood mitigation 
structures. The development of the updated IDF curves under different future scenarios are extremely 
significant for the area to improve the responsiveness to the potential impacts of climate change and for 
better mitigation strategy.  Since the region lacks precipitation data, which is the basis for climate change 
impacts analysis, various satellite data such as CRU TS 4.04 (Climate research Unit) and GPCC (Global 
Precipitation Climatology Centre) were used to analyze the change in the historical precipitation over the 
region using Man-Kendal test.  Statistical downscaling (delta method) computed to produce the future 
precipitation from CIMP6 model datasets. The results showed some increasing trend in the extreme 
precipitation over Oman, Sudan, Yemen and Somalia. The IDF curves for all countries have shown an increase 
in the precipitation intensity over different duration and return periods under SSP5 scenario. The highest and 
most significant increase were for Iran, Sudan, Somalia, Morocco, and Oman. These results reflect the fact 
that this region is affected by climate changes, which confirms the need for further studies and analysis, in a 
wider and more intensive way, including other factors like topography, local climate, locations that may hold 
some different impacts on the small scale. 
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Iraq is located in the Middle East which is considered as an arid to semi-arid area. Iraq relies in its water 
resources on the waters of the Tigris and Euphrates and their tributaries. The country is located at the lower 
part of the catchment area of these rivers. The long term average annual flow that enter Iraq from these rivers 
is about 30 BCM from the Euphrates, 22.2 BCM from the Tigris, 24.78BCM from tributaries and 7BCM from 
side valleys between Iraq and Iran. Now, the flow of these rivers is decreasing due to climate change and 
hydrological projects established in the upper parts of the catchment. It is indicated that precipitation will 
decrease 15-25% during this century and that means that the flow of the Tigris and Euphrates Rivers will be 
reduced by 29-73%. This will cause a grave depletion of ground water resources. Turkey is trying to finish 
building 22 dams and 19 hydropower stations. Iran built 12 dams and diverted the flow of some tributaries 
inside Iran and blocked all the valleys that contributes water from its land to Iraq.For these reasons, Iraq is 
experiencing shortages in its water resources and there is some sort of friction and conflict between riparian 
countries within the Tigris and Euphrates basins because each country tries to secure its water resources. In 
this research, the factors affecting the hydro politics within these basin are: Water scarcity, Climate change 
and Hydrological projects, population growth rate, Energy issues, Water mismanagement, Economic changes, 
Expansions of projects and technology, Political issues, International water laws and Public awareness. To 
solve the problem of water scarcity in Iraq they should do the following: 
A. Reach  agreements with Riparian Parties 
B. Develop Long-term Strategy that should take acre of: Rehabilitating of dams, barrages & pump 
stations, Improving  the efficiency of diversion and supply, Using of Nonconventional Water Resources,  
Irrigation modernization using suitable techniques, Developing a Public awareness program and establishing 
an agenda for training 
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Ecological flow is the discharge required to maintain the vitality of a water ecosystem and preserve 
biodiversity and ecosystem services. Ecological flow is thus a matter of both water quantity and quality as 
defined by the EU Water Directive (60/200/EC). With respect to minimum low-flow discharges, usually 
estimated by means of statistical analysis of the discharge-frequency characteristic of a river reach, e.g., the 
7-day, 2-year discharge (Q7,2), ecological flow is more complex to determine because it depends on other 
environmental parameters, such as the river morphology, the presence of dissolved nutrients etc. 
Climate change might significantly affect ecological flow through alterations of precipitation regime and 
temperature. River District Authorities in charge of issuing Water Management Plans are required to 
determine ecological flows capable of preserving a good quality status with uncertain future climate 
conditions. The aim of this work is to determine the sensitivity of ecological flow to climate change with an 
explicit simulation of hydrologic balance. The hydrologic balance is evaluated by modelling of precipitation, 
runoff, evapotranspiration, and groundwater storage with a continuous, raster-based, distributed model. 
Fresh water withdrawals from domestic, agricultural and energy demands are also included. Future climate 
scenarios are based on the IPCC WGI Atlas dataset on mean temperature and total precipitation for the 
Mediterranean Region and several emissions scenarios. The method is applied to a river catchment in Tuscany 
(central Italy) and provides useful insights into water management practices at large scales. 
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In tropical regions of the world, groundwater recharge is favored by the presence of forests, and it occurs 
mainly during high-intensity rainfall events which are expected to increase in frequency due to climate 
change. It is therefore possible that climate change will benefit groundwater recharge in the tropical regions 
of the world, provided that ideal forest cover conditions are present. To investigate possible land use 
management scenarios in the face of climate change in the tropics, a groundwater flow model was built for 
the Estibaná River Sub-Catchment, located in Panama. Six different land use management scenarios were 
explored, each of which proposed a different strategy to increase forest cover with respect to the year 2019. 
Climate change effects were simulated using four different CMIP6 global circulation models (GCM). In general, 
scenarios with the highest percentage of forest cover have the highest groundwater recharge, independently 
of the distribution of forest cover within the study area. Similarly, climate change scenarios with the highest 
precipitation predict highest recharge disregarding of the land management scenario. These projections 
provide a tool to inform public policy regarding best land use management practices that secure water 
availability for present and future generations.
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Drinking water supply systems today are facing multiple challenges, forced by extreme phenomena or 
conditions that act as disturbances to the provision of water services: changing climate can stress water 
systems, increase the severity of both droughts and floods, while urbanization and population growth can 
increase the water demand (overall, seasonally, spatially alternation). Furthermore, water quality and 
disposal issues, infrastructure condition (aging, damages, misconnections) and poor management and 
monitoring can make it difficult to diagnose the exact problems and their location. Other challenges include 
the recent Covid-19’s effects regarding water demand increase for hygiene and possible alterations of 
pressures patterns; and other threats such as earthquakes, hurricanes, or tides that can negatively affect the 
systems’ performance and the provided services. Studying urban water supply in the context of System 
Theory has provided certain advantages in addressing the above challenges, including the exploration, 
understanding and optimization of the problem’s boundary conditions, its causal-effect relations, and testing 
its behaviour as a system of various interconnected structural and non-structural elements. 
The ultimate goal of studying such systems is to improve their performance, and make them resilient. The 
international literature has provided several interpretations of the term resilience, which translate into 
different quantification measures and metrics. This research sums the different definitions and mathematical 
representations of resilience for drinking water supply systems: Approaches based on recovery, necessary 
systems’ properties for resistance to supply and demand stresses, engineering resilience, ecological resilience, 
time-dependent status changes, magnitude of disturbance metrics (hazard–based definitions), adaptability, 
transformability, key performance thresholds, etc. are reviewed. The different methodologies, resilience 
focuses, and tools are also presented and assessed. The aim is to categorize them, for the first time to our 
knowledge in such a way, to facilitate their study. The resulted categories include failure followed by 
functional state, duration of unsatisfactory versus functional states, coverage of services (ability to supply, 
access, maintaining water service), dynamic representation of the system’s performance, recovery-related 
resilience, and functions of other features or indicators, etc. Through the analysis, this work provides a useful 
guide to academics, analysts and practitioners for selecting the most appropriate approach depending on the 
studied problem, the external threat(s), and the data availability.
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This study carried out the winter and summer design  flood routing of the Luis Donaldo Colosio Dam (Huites), 
Mexico, to obtain the discharge hydrographs by the spillway and the maximum elevations reached in the 
reservoir; for this purpose, the Modified Puls Method was applied  using Hec hms free software to take 
advantage of the non-licensed and  its wide use in  hydrology  and water management problems; additionally 
comparisons were made with the numerical method of the Federal Commission and Electricity (CFE) which is 
the unit in charge; the two methods are based on the continuity equation and  the  reservoir  curves elevations 
capacities data  but have some variants in the form of the algorithms. Different initial storage conditions were 
considered taking into account different Normal Water Level  (NWL)  in the time of winter and summer as 
well as different  discharge rules.  The Huites dam on the Fuerte River in Mexico, has special characteristics 
both for the importance of the winter floods that are typically presented in the northwest of the country, and 
for the main purpose of said dam that is hydropower generation, in addition its outflows represent 
contributions to another dam called Hidalgo Miguel whose main use is irrigation.  The results of the performed  
flood routing for return periods of   100 , 1000 and 10000 years ,  using the Modified Puls Method with Hec 
hms  reported more conservative maximum discharge  than those reported by the CFE numerical method  . 
The worst scenarios were also identified in the winter floods (from analyzing the average daily inflows to the 
reservoir during the months of October to March) than the summer floods (from April to September).
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Geophysical investigation has been carried out to explore the groundwater occurrence in the area between 
Wad Elhelew and Khashm El Girba towns, Kassala and Gedaref States, eastern Sudan. Vertical Electrical 
Sounding (VES) technique was applied using Schlumberger Array (configuration), with a maximum half 
separation (AB/2) = (900 -1000 m). The study area covered by (177) points of VES measurements distributed 
to cover the study area at the both sides of River Atbara and Setit. The VES points distributed to fill the gabs 
where there are no wells and to detect the boundary of the aquifers. Based on variations in apparent 
resistivity of various formations and sequences the study area was divided into three sectors; Upstream area, 
Middle area and Downstream area. Three geo-electrical sections constructed in the study area in E-W 
direction. From the data interpretation; the aquifer zones in the study area seems to be wider upstream and 
gets narrower downstream. The water bearing formations in the study area consist of; the River Atbara 
sediments extended from the midstream area to downstream area, Cretaceous sandstone which occurs in 
the upstream part of the study area and the saturated fractured basaltic rocks attached to the River Atbara 
banks. The recorded resistivity values are as follows; for the superficial deposits range from 2 to 300 Ω.m, for 
the River Atbara sediments range from 20 to 120 Ω.m, for the basalts range from 100 to 300 Ω.m, for the 
Cretaceous sandstone range from 20 to 80 Ω.m and for the basement complex ranges from 200 to 600 Ω.m. 
The investigations concluded that the River Atbara sediments and Cretaceous sandstone layers are 
considered the main water bearing formation in the study area.
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In the present work, a selection of drip irrigation emitters used in greenhouse horticultural crops in the 
province of Almeria, Spain, were hydraulically evaluated, studying their hydraulic behavior and whether they 
meet with quality standards. Since manufacturers are offering lower flow emitters less spaced, all drippers 
tested are low flow. The hydraulic characterization will indicate the discharge and emission uniformity of the 
manufactured emitters, which are the fundamental parameters for the study of water use efficiency in drip 
irrigation. In the province of Almeria, water is a limiting factor due to the existence of a semi-arid climate, 
and, in addition, these limited water resources are used by intensive agriculture which causes a high 
consumption of these resources.  
In total, 21 emitters have been evaluated, including all possible drippers according to their type of insertion 
(inline, pinched or online and interlinea), hydraulic behaviour (non-compensating and self-compensating) 
and, within the compensating ones, (anti-draining and non anti-draining). Its flow rates are between 1 and 
2.4 l/h, except for a non-compensating interlina emitter of 3.8 l/h. 
To carry out these tests, the criteria of the ISO 9261:2004 standard have been followed, calculating the 
coefficient of manufacturing variation and the emitter discharge equation on a test bench located in the La 
Mojonera Centre (Almeria) of the IFAPA (Andalusian Institute of Agricultural and Fishing Research and 
Training). 
The results of this study show very good behavior in most of the emitters, and, as a consequence, a low 
coefficient of manufacturing variation has been obtained. The discgarge equation obtained in the laboratory 
shows a low emisión exponent in the self-compensating emitters, being, therefore, the compensation of the 
pressures very high in all cases. No statistically significant differences have been found between self-
compensating and non-compensating emitters by analysing their manufacturing variation coefficients. Nor 
have any significant differences been found between self-compensating emitters according to whether they 
are anti-draining or non-anti-draining, considering also the coefficient of variation. In anti-draining emitters, 
all closing pressures are not satisfied according to the standard, and are exceeded with very high values. The 
opening pressure is met for two of the four emitters, and one of those that does not meet it does so with a 
very large value.
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Hydrological modelling is one of our main tools for flood forecasting. It is essential to help stakeholders 
planning disaster emergency response. Although a consensus has been reached in the scientific community 
accepting as beneficial the integration of satellite data with hydrological models, the related assimilation 
techniques are still evolving. Particle filter-based assimilation techniques have proven their usefulness in 
various hydrological studies, but degeneracy and sample impoverishment remain their main limitations, as 
the ensemble of particles lose variety and only a few of them retain a significant weight in the posterior 
probability distribution after one or a few assimilation steps. Although this new technique has already started 
to be implemented in large-scale hydrological models, it has still been briefly applied to fully distributed high 
resolution hydrological models. In this study, a particle filter-based method (Tempered Particle Filter) is 
utilized to jointly assimilate SMAP soil moisture data and discharge timeseries into Iber+, a fully distributed 
hydrodynamic model that combines rainfall runoff and shallow water modelling. We use as a case study a 200 
km2 catchment located in the northwest of Spain. The results indicate that: (1) soil moisture prediction can 
be strongly biased if only the streamflow at the catchment outlet is assimilated; (2) streamflow prediction, 
and especially surface soil moisture prediction, can be improved through the joint assimilation of streamflow 
and soil moisture observations; (3) it is possible to directly relate the antecedent soil moisture condition of 
the catchment to some of the hydrological model parameters. 
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United Nations recognized access to safe drinking water as a human right, yet many countries in the 
developing world lack access to potable water. Recurrent incidences of water-borne illnesses have a 
devastating effect on the morale and personal well-being of many people living in developing countries, 
contrasting the achievement of the UN’s objective.  Qualitative and semi-quantitative approaches used for 
risk assessment are often ineffective, time-consuming, and do not discern the risk due to ingestion of unsafe 
drinking water at the global scale. This research utilizes a global dataset of drinking water facilities to evaluate 
the risks using a clustering approach. Extensive data analysis involving predetermined risk thresholds, the 
exceedance of which indicates the potential adverse risk. These risk-thresholds are based on the JMP Service 
Ladder, which effectively utilizes density-based spatial clustering of applications. Risk analysis of 132 datasets 
was conducted to designate the risk categories ranging from low, medium, and high-risk. Of the dataset 
analyzed,  90 areas were designated as a low-risk category while 42 were medium-risk. Overall, the clustering 
approach is an excellent tool to analyze a large dataset for risk assessment which will help the potential 
stakeholder, including the water utility manager, to assess the potential risk due to declining water quality 
quickly. Additionally, the clustering approach can be further harnessed for better data visualization, long-term 
performance evaluation of water utility, and real-time drinking water quality monitoring.   
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Recently, the management of environmental flow (EF) has become a key issue in water policy due to the 
ongoing climate change, with longer, more frequent drought periods, and competing water uses stressing the 
resource.  Therefore, the issue of balancing ecosystem needs and human demands has become an important 
matter to be tackled, when allocating EF and managing water resources.  
In this framework, this study aims to analyse the trade-off between water requirements in terms of multiple 
anthropic demands and environmental needs. The study case concerns the Santa Teresa Reservoir in the 
Tormes river, in the Castilla y Leon region of Spain. The reservoir supplies water for the irrigation demand and 
the urban demand of Salamanca district. The urban demand and the EF represent constraints to be absolutely 
fulfilled.  
Trade-off optimization is carried out by comparing three different scenarios in which multiple water needs 
and the EF follow a prioritisation. Scenario #1 is defined as the reference basis, in which existing conditions, 
consisting in the water supply to the Salamanca urban district, Tormes, La Maya, Villagonzalo irrigation 
systems, are implemented. User defined thresholds at the Santa Teresa Reservoir alone are implemented in 
Scenario #2, whereas the inflow of Rio Almar, tributary of Tormes, is considered in conjunction with the 
reservoir thresholds in Scenario #3.  
Among the considered environmental flow methods (EFMs), four allowed the definition of the EF with 
minimum deficits at the users. Trade-off between multiple water needs and the EF was assessed with the eco-
deficit EFd, defined as the difference between the specified ecological flow and the actual flow released. For 
the Tormes River, EFd ranged from 0.04 hm3/y, for the 20% of average summer flow (20%ASF), to 56,14 
hm3/y, for 40% of mean monthly flow (40%MMF). Demand satisfaction in the analyzed was evaluated using 
the supply reliability index Ir defined as the ratio between the yearly averaged supply to the users and the 
water demand. The obtained mean at the network nodes of the maximum Ir, are 81,7 %; 95,8%; 96,5%; for 
scenarios 1,2 and 3 respectively.  
Results highlighted that no single action, even if operated on a simple system, is decisive in isolation. Only the 
combination of actions can generate a good compromise between water demand for irrigation and urban 
supply and environmental needs.
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Water scarcity exacerbated by growing demand in multiple sectors has created environmental, social, and 
economic challenges in the Urmia Lake Basin (ULB), Iran. Tackling this problem requires an integrated 
approach considering the basin as an interconnected system where a change in one sector affects others. A 
System Dynamics Model is developed to simulate the water-energy-food nexus in the ULB as a holistic multi-
sectoral system, with the aim to assess nexus-wide impacts of proposed lake restoration measures, especially 
looking for negative trade-offs. Besides considering climate change impacts, the impacts of different sets of 
measures including increasing irrigation efficiency, increasing return flows, inter-basin water transfers, 
cropland retirement, and reviving a portion of the lake on the natural resources and socio-economic state of 
ULB are analysed. Urmia Lake level is sensitive to climate change scenarios. A holistic restoration approach 
could be effective in returning the lake level to an ecological level threshold by 2040. However, in doing so, 
electricity demand in the agricultural sector could grow significantly. It is shown that a 20% retirement of 
irrigated wheat land to curb water demand, if coupled with 20% increase yield increases on 80% and 50% of 
irrigated and rain-fed fields respectively, will not reduce wheat production, addressing food security concerns. 
The effectiveness of water demand management measures is highly dependent on monitoring and 
enforcement, particularly in restricting growth in agricultural water consumption. This study considered all 
nexus sectors together to assess the total impact of proposed measures which on paper look positive, but 
may have unexpected consequences such as increasing energy demand for electric pumps. Nexus studies 
should strive for an integrated, holistic approach. With dialogue with Urmia Lake restoration practitioners, 
this work can feed in to inform effective decisions for the effective restoration of Urmia Lake.
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The purpose of the research was to provide support to the Water Observatory of the Peruvian Water National 
Authority through a Plan for the Improvement of the Water Resources Monitoring Network in the Chillón, 
Rímac, Lurín and Alto Mantaro basins (PMRMRH –CHIRILU). The PMRMRH-CHIRILU methodology had as a 
vision a proposal that ensures data in sufficient quantity and quality to be used in studies such as future 
simulation of the behavior of water resources. In this sense, the PMRMRH-CHIRILU was validated and derived 
from the analysis of the lack of information and the specific proposals of the diagnosis of the situational state 
of the existing surface and underground water monitoring networks in the basins. The methodologies used 
to propose new monitoring stations were the Voronoi diagrams for climatological stations, the Karasiev 
method for hydrological stations, the geomorphology and geological fault location for piezometric monitoring 
wells and the water quality index for surface water quality monitoring stations. Three new climatological 
stations, four hydrological stations, eighty piezometric monitoring wells and four surface water quality 
monitoring stations were proposed. The PMRMRH-CHIRILU, was validated by the institutions related to the 
management of water resources in the basins of the Chillón, Rímac and Lurín and Alto Mantaro – CHIRILU. 
Likewise, it considered the accessibility conditions and the feasibility of financing the installation and 
maintenance costs of the proposed stations.
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The intensification of water stress as a consequence of climate change along with population growth 
generates new water-food challenges for which the implementation of sustainable solutions able to close the 
water-food-energy nexus and to sustain current and future agriculture are needed. The agro-food sector is 
one of the larger water consumers associated with the cultivation and industrial vegetable processing. In this 
sector, the industry that marketed fresh products “ready-to-eat” (mainly leaf salads) stands out due to its 
extended and growing presence in the global market joint with its huge water consumption, linked with the 
intensive cultivation mode of the vegetables (ca. 54 m³ per ton) and their exhaustive washing during the 
industrial processing (up to 11 m³ per ton).  
Water chlorination is the most common sanitization strategy used to wash the vegetables avoiding 
subsequent health risks associated with the raw ingestion. However, this practice has been forbidden in some 
European countries due to the generation of unhealthy disinfection by-products (DBPs) during the washing 
step as a consequence of the presence of dissolved organic matter.  Besides, the wastewater of this industry, 
excessively chlorinated, could not be directly used in other activities like irrigation in agriculture due to its 
toxicity against plants, being commonly discharge to surface waters and municipal sewage treatment plants. 
In this regard, the implementation of solar water treatments as environmentally friendly processes able to 
reclaim agro-industrial wastewater (without harmful by-products formation) for its subsequent agricultural 
reuse highlight as a sustainable solution to close the water-food-energy nexus in these industries.  
In this study, the capability of two solar processes (H₂O₂/solar and a novel photo-Fenton like process based 
on a commercial iron fertilizer Fe³+-EDDHA/H₂O₂/solar) for the simultaneous disinfection (E. coli O157:H7 and 
Salmonella enteritidis) and organic microcontaminants (OMCs) removal (a cocktail of 5 OMCs) of synthetic 
fresh-cut wastewater has been assessed at pilot plant scale and under natural sunlight using a solar 
Compound Parabolic Collector (CPC, 60 L). Later, reclaimed wastewater was used for in-vivo irrigation assays 
of vegetables to evaluate contaminants translocation and the potential associated benefit of the fertilizer use 
(chlorophyll content). Finally, a techno-economic (treatment costs), environmental (eco-toxicity) and health 
risk viability (quantitative chemical and microbiological risk assessment) evaluation of the global process was 
done including chlorination as a reference process.  
Results showed the suitability of solar processes as sustainable alternatives to chlorination in the fresh-cut 
industry allowing to close the industrial water circle through wastewater reuse reducing the industrial water 
footprint and the water scarcity through the principles of the circular economy. 
 



Theme 5 

Water resources management, 
valuing and resilience 
 
 

Water Has no Regard for Political Borders. Managing Agriculture-Energy-
Water-People Nexus is the Way Forward in the Nile Basin 

Prof. Amin Elshorbagy1, Mr. Ahmed Abdelkader1 

1Department of Civil, Geological, and Environmental Engineering, and Global Institute for Water Security, University of 
Saskatchewan, Saskatoon, Canada 

Theme 5: Water resources management, valuing and resilience (11), Andalucía I, junio 24, 2022, 15:00 - 16:30 

The recent heated conflict in the Eastern Nile River Basin (ENB) over the filling and operation of the Grand 
Ethiopian Renaissance Dam (GERD) is only a symptom of a chronic regional syndrome. The ENB countries of 
Egypt, Sudan, South Sudan, and Ethiopia have been suffering from water, energy, and food (WEF) security 
problems. Limited resources, exacerbated by excessive population growth rate and inadequate resource 
governance, cause the WEF problems to worsen over time. There is a need for plans that increase WEF supply 
to meet the rapidly increasing demands, which is challenged by resources scarcity and climate change. WEF 
development plans that rely on shared water resources in the region might contradict and diminish the 
expected outcomes and falsely reduce the problem into water apportionment issue. Egypt, as the 
downstream country of the Nile, is mainly concerned about the ongoing and future development plans of the 
upstream countries that rely on the Nile and how they might exacerbate the country’s water scarcity problem 
and harm Egypt’s WEF planning objectives. On the other hand, Ethiopia wants to access the easiest and 
cheapest water resource (Blue Nile water) to boost its energy production, which jeopardizes water flows 
downstream to Sudan and Egypt. 
In this context, we introduce a multi-model framework that simulates the ENB countries’ water resources, 
food (agricultural) production, and hydropower production systems. The framework was calibrated for the 
period between 1983 and 2016, then utilized to project a wide range of future development plans up to the 
year 2050. Four indices were used to evaluate the WEF system performance under each of the development 
plans. Subsequently, a thematic pathway of development in the ENB region that showed high potential of 
country-based regional benefits was identified as the least conflicted pathway. Results indicated that the ENB 
might be food self-sufficient before 2050 and generate an additional 42000 GWh/ year of hydropower, 
without significantly diminishing Egypt’s water security. The analysis revealed the high sensitivity of the WEF 
development outcomes to changes in mean annual precipitation (MAP). Under reductions of up to 10% of 
the MAP of the region, Egypt would be the large sufferer with increased water scarcity, 10% increase in its 
food gap, and 70% and 30% reduction in its hydropower generation, and gross margin, respectively. Under 
the full range of climate variations of  -10% to 30% change in the MAP, and increases in annual mean 
temperature of up to 4 oC, the compromise pathway food production system is able to keep the food gap of 
the four countries stable at low levels, while creating much less impact on the water security of Egypt. Such 
food gap can be filled under low population growth rate of 1%.
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Precipitation of 1200-1400 mm in the upper Bahr el Ghazal Basin is the highest in South Sudan and generates 
a number of seasonal tributaries. The tributaries of Bahr al-Ghazal are lost in the swampy area, and only about 
half a billion of them reach the White Nile each year. Due to the political instability in the region, it is extremely 
difficult delineate and estimate to the wetlands in-situ. Remote sensing techniques are essential in providing 
the most up-to-date spatial-temporal information for wetland investigation and characterization. An analysis 
of satellite imagery datasets is presented in this paper, in order to evaluate the Bahr el Ghazal swamps over 
a six-year period between 2014 and 2019. The size of wetlands varies greatly in response to seasonal and 
interannual changes in inflows. The findings showed that the areas flooded from each tributary were actually 
quite separate, and not a continuous swamp. Papyrus and grasslands dominate the flooded areas. Minimum 
wetland area is noticed in May and June at the end of the dry season and the maximum is noticed in November 
and December at the end of the wet season. The mean annual wetland area in Bahr el Ghazal during the study 
period was 7158 km2.
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In Colombia, around 70% of the energy is from hydropower source, and its associated hydraulic infrastructure 
is located in the macro-basin of the Magdalena and Cauca rivers. These projects are generating a drainage 
network fragmentation and a significant alteration of the natural flow and sediment regime, which is having 
negative impacts on freshwater ecosystems and their ecosystem services. Nowadays, there is no regulation 
to estimate the Environmental Flow in Colombia, thus, it is defined in many cases by the subjective criteria of 
the actors involved, creating wide gaps in the integrated water resources management and in many cases 
conflicts between water users. Further, Colombia has a great potential to expand hydropower generation as 
well as a growing demand from sectors such as agriculture. Therefore, it will generate new issues and 
challenges for water governance. 
In 2018, the Colombian Ministry of Environmental and Sustainable Development published a draft related 
with environmental flows allocations which must be applied by two set of stakeholders: environmental 
authorities to distribute water at local scale in a context of integrated water resources management at 
regional scale and for holders of new projects with high impact on the natural flow regime of rivers. This 
implementation is a novel fact and, therefore, there is no precise idea about its effectiveness in terms of 
reduction of both environmental impacts and social conflicts. The opportunity to carry out a validation of its 
premises for a wide variety of contrasting case studies has emerged in order to provide solid support and 
consistent recommendations for practical applications. That is why we have developed a computer model 
(HeCCA 1.0) which is composed of the most important methods contemplated in the methodology proposed 
by the mentioned Ministry. Based on it, and using hydrometeorological data of different river systems, the 
methodology in question is being tested. As a worldwide robust referent, we use the IHA (indicators of 
hydrologic alteration) approach to compare results in terms of river flow alteration considering environmental 
flow allocation rules. These references can help identify weaknesses, strengths and opportunities for 
improving the methodology that is being developed. 
 
After the validation of the tool, any interested person or entity can use it without difficulty with the help of 
the user manual that was developed. The tool would allow performing a detailed analysis of the components 
to be taken into account in the development of river intervention works and the calculation of percentages 
of the water resource for different uses, without altering the ecosystem and its dynamics. 
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Most indigenous communities in the Ecuadorian paramo do not have an infrastructure for irrigation.  
Afterwards, a collaborative study project was developed between the community of Pull-Quishuar and the 
Central University of Ecuador (UCE) which started from a survey of information in different areas and 
determined the feasibility of the irrigation project through undergrad graduation projects in two phases: (a) 
hydrological, geographical and preliminary of meteorology, and (b) land data such soil mechanics, 
topographic and plot of land maps of the arable soils and conduction system. 
Currently, the Pull Quishuar community has 358 inhabitants and depends exclusively on seasonal agriculture 
for food self-sustenance. This community is located at 3736 m.a.s.l. In the Guamote canton, Chimborazo 
province, its average temperature is 8 ᵒC, its homes do not have thermal insulation or drinking water and 
sewerage services. This situation would improve by implementing an irrigation system that allows them to 
increase agricultural production and market their products; Therefore, it establishes the following research 
question: is it possible to establish an alternative that improves the agricultural area in an indigenous 
community in the paramo using the least number of resources? 
The four main elements of the project are: 1) The spring water is located on the other side of the highest 
point of the system, 2) it requires a pumping system to raise the water to a height of 380m, 3) due to the 
weather conditions it is possible to generate up to 37.15 kW using wind energy (20 km/h) for the pumping 
system, and 4) the design of irrigation uses a flow of 20 lt/s, with two models of sprinkler irrigation 
management of 35.17 ha that are distributed by parcels and equals. 
The methodology was based on: the compilation of information with the collaboration of the community 
labor (minga), cabinet work, proposal of alternatives, selection of the appropriate alternative, final design and 
technical economic feasibility analysis. The definitive design is composed by the sprinkler irrigation system 
with a 110mm diameter impulsion line, a conventional catchment, and two 148.24 kw/day wind turbine 
towers to supply two centrifugal pumps. 
Finally, using the multicriteria analysis methodology, it is concluded that this project is technically possible, it 
does not have an economic rate of return; however, socially it is indispensable. The UCE, through the 
graduates, carried out this study free of charge in order to support the community; it is expected that there 
are governmental entities and NGOs that will be able to support the financing of this project. 
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This pioneer work provides a bivariate modelling of the outstanding characteristics of (i) the extreme rainfall 
during winter on the small island of Madeira, Portugal; (ii) associated with the most prominent mode of 
atmospheric variability in the Northern Hemisphere, i.e., the North Atlantic Oscillation (NAO). The island of 
Madeira (with an area of 741 km² and quite pronounced relief) spans a wide range of rainfall regimes, or 
microclimates clearly affected by the island’s location in the North Atlantic, which altogether hamper the 
analyses of extreme rainfall. Previous studies showed that the influence of the NAO on extreme rainfall is 
largest in the North Atlantic sector with the likelihood of increased rainfall events from December through 
February particularly during negative NAO phases. It is worth mentioning that such studies are based on 
seasonal mathematical definitions of the NAO contrasting to this work using a daily NAO definition. Thus, a 
copula-based approach was adopted for teleconnection aiming at assigning return periods of daily values of 
a NAO index (NAOI) coupled with extreme daily rainfalls (for the 50-year period from 1st of December 1967 
to February 2017) at six representative rain gauges located in the northern, southern, eastern and western 
coastal zones, and in the central highlands of Madeira. In other words, with the hypothesis that the NAO can 
explain extreme rainfall, and assuming that the phenomenon has a multivariate nature, the return periods of 
the bivariate problem were computed as joint return periods using selected copulas. Results show that: 
(i) the constructed copulas can characterise the dependence of the underlying joint distributions, which in 
turn provide useful analytical expressions of the return periods of the bivariate problem (i.e., of previous NAOI 
and extreme rainfall); and that (ii) in recent years there is strong evidence of an increasing climate variability 
with more anomalous and persistent daily negative NAOI accompanied also with higher extreme rainfall 
events. 
Note that small island environments are highly vulnerable to natural disasters such as cyclones and storm 
surges. They are also susceptible to flash floods, landslides and debris flows as a result of extreme rainfall. It 
is therefore, essential to study variability of extreme rainfall at shorter time scales along with atmospheric 
observations from a multivariate perspective. This in turn may help to understand the atmospheric physics 
and the mechanisms that can shift a heavy rainfall event into one producing floods and alluviums on the 
island. Even though the teleconnection was not well established for all the analysed rain gauges, the use of 
copulas still provided relevant information towards the understanding of the vulnerability of Madeira Island 
to large-scale climatic variations. 
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The Central American Dry Corridor (CADC) is a dry forest ecoregion which extends from Southern Mexico 
through Guatemala, El Salvador, Honduras, Nicaragua and the northern part of Costa Rica. It also includes a 
region of Panama known as the Dry Arc.  The CADC is characterized by dry periods longer than six months and 
relatively low precipitations ranging from 400 mm/y to 1200 mm/y in the areas of more severe drought. There 
are about 10.5 million people living in this ecoregion, out of which 3.5 million need humanitarian assistance 
and 1.5 million face food insecurity. Most literature about the CADC is related to the precipitation and aridity 
regimes, soil use and livelihoods. To our best knowledge, there is no comprehensive analysis of the 
hydrogeology. Groundwater resources could buffer the impact of droughts in this regions, given their slower 
reaction to precipitation changes than surface water resources.  This work aimed at analyzing the 
hydrogeological characteristics of the CADC, identifying the most promising aquifers to provide water for 
these vulnerable populations, taking into account geologic and hydrogeological properties. We produced the 
first general hydrogeological map of the CADC, identifying porous and fractured volcanic aquifers as the most 
promising. We propose that the identified aquifers need to be studied in more detail to allow smart and 
sustainable groundwater development planning. This is very much needed to improve preparedness and 
resilience of populations vulnerable to hydroclimatic extremes. The map can be a useful guide for 
groundwater investigation and development for decision makers and local stakeholder organizations, such as 
the Community drinking water and sanitation committees from Nicaragua (CAPs). However, this general map 
needs to evolve into a more advanced instrument, incorporating more detailed information on aquifer 
potentials and analysis of aquifer vulnerability, especially to climatic events.
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In order to understand the future changes of water resources and its impact assessments, it is necessary to 
have reliable projections of temperature and precipitation. A high-resolution regional climate change 
ensemble is available for Europe within the World Climate Research Program Coordinated Regional 
Downscaling Experiment (EURO-CORDEX) initiative. These simulations should be validated against 
observations before they can be used in hydrological models or other assessment tools. The Var catchment, 
located at the southeast part of France is the largest river basin in the French Mediterranean Alps region. This 
Var low valley and its unconfined alluvial aquifer is the main water resource for around 600,000 inhabitants 
who live in the cities and towns near the river mouth such as Nice and St Laurent du Var. Here in this study, 
the future changes of temperature and precipitation derived from five RCMs. The delta changes approach 
was used as a downscaling and bias correction method. The results of analysis shows that the future 
temperature might increase, with higher values under RCP 8.5 as it is expected, for all over the basin. The 
changes are larger for the upstream part of the basin. The results of precipitation changes indicate that in the 
future period (2031-2050) compared to the baseline (1986-2050), the annual precipitation will might 
decrease for the most areas of the basin while it is slightly expected to have an increase for the upstream 
part, under both RCP scenarios. 
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Semi-arid high mountainous environments have a very sensitive response to changes in hydro-meteorological 
forcings, with a direct impact on water resources. The variability of meteorological drivers and associated 
hydrological processes, make these areas of special interest as observatories of climate change. To design 
management strategies for upcoming decades, it is critical to estimate the impact of future scenarios and to 
assess its uncertainty. However, the available climate projections from global circulation models (GCM), even 
regionalized (RCM), present important limitations especially in areas with a complex orography. Indeed, the 
spatial resolution is not sufficient to capture the local behavior of variables such as precipitation and 
temperature, that have significant impacts on the flow regime. The bias adjustment of time series, usually 
done with the well-known empirical quantile mapping, does not consider the high seasonal variability. In 
contrast, a better frequency adaptation of dry/wet days with non-stationary approaches of bias correction 
have been previously reported in basins with complex topography. In this work, a non-stationary quantile 
mapping technique have been used in order to better adapt the results of different regionalized global 
circulation models to a semi-arid high mountain basin. The method was based on the fit to data of theoretical 
non-stationary piecewise marginal distributions that allowed to better characterize the behavior of the upper 
tails along time and its seasonal variability. It therefore permits the treatment of intense precipitation events 
out of range of observed data. Corrected projections of precipitation and temperature were then used to 
estimate the hydrological response of the Guadalfeo river basin, a semi-arid high mountainous basin 
conditioned by snow dynamics. Results from the physical-based distributed hydrological modelling show that 
the non-stationary bias adjustment better gives more precise estimations than other bias adjustment 
techniques, improving the inter-annual behavior of modelled flow response, which is clue for hydrological 
impact assessment and, hence, for future resilience strategies and water resources management 
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This paper assesses the potential efficiency gains of reforming the water rights regime in the Spanish 
agricultural sector by replacing current allocation procedures based on the proportional rule with a priority 
rule establishing security-differentiated water rights. This assessment is useful for evaluating whether said 
change in water rights can be considered a suitable policy instrument to improve water management during 
cyclical scarcity events (i.e., droughts). For this purpose, a mathematical programming model is built to 
simulate the performance of the proposed reform, taking the Guadalquivir River Basin (southern Spain) as an 
illustrative case study. The results obtained show that this change in the water allocation regime would yield 
moderate economic efficiency gains, justifying its implementation in a real-world setting.
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Climate change is defined as global variation of the Earth's climate. This variation occurs at various time scales 
and over all climatic parameters such as temperature or precipitation. Its impacts are widespread and 
substantial. Climate change studies show that the Mediterranean area is one of the most vulnerable zones to 
climate change. Most of the impacts of climate change are attributed to warming and changes in precipitation 
patterns. Water-temperature increase will affect the ecosystems associated with water bodies and water 
uses.  
This work establishes a methodology to determine the hazard, exposure, impact, vulnerability, and risk maps 
associated with different climate change scenarios in a River Basin District (RBD), which are a tool to prioritize 
the adaptation measures to be applied in the RBD. The risk maps are derived from the hazard, exposure and 
vulnerability maps. The results of this work show that the impacts of climate change on the riverine biota 
such as cold-water fish species and macroinvertebrates, the effect in the dissolved oxygen and the coastal 
wetland ecosystems are relevant. In relation with macroinvertebrate families, climate change may produce a 
variation in the number of individuals in the 35% of families in the forthcoming years and a variation in the 
number of individuals of practically all macroinvertebrate families that inhabit the Júcar RBD at the end of the 
21st century. Risk maps highlight the importance to develop adaptation measures in order to improve 
resilience to climate change impacts, which become more intense as the 21st century progresses.
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Water resources planning and management are every day more crucial due to climate change influences. 
More frequent and powerful extreme events feature them in the short term. Therefore a good forecasting 
model is essential to deal with proper management of water resources. It allows to reduce the 
hydrogeological risk, to optimize the energy production and to ensure a balance between the various uses of 
water. This water-food-energy nexus approach needs precise prediction to avoid wrong decisions.  
 
Hydrological short term forecasting (up to 5 days) is the main topic of this work. This lead period is crucial to 
manage the energy production of hydropower plants and to address flood hazards. 
 
Uncertainties are common in forecasting models. Three types of uncertainties are usually considered in 
hydrological models: input data, model parameters and model structure.This contribution aims to validate 
the ICON forecasting regional climate model (RCM) as input data in hydrological modelling. The validation is 
carried out on an Alpine basin in Alto Adige Province (Passirio/Passer basin). Alpine regions are even more 
affected by climate change due to their intrinsic complexity. A dense spatial and temporal meteorological 
input is crucial and DWD ICON regional climate model seems to satisfy these requirements. 
 
The entire Alto Adige region is the benchmark for a preliminary meteorological comparison of precipitation 
and temperature data sets. The high number of weather stations in this area allows to build a reliable gridded 
observational data set. The comparison validates the goodness of DWD ICON and it identifies the biases. 
 
Passirio/Passer basin is the benchmark of the hydrological model. The calibration is carried out with the 
observational data set. The validation is done on three extreme events. At this step, a gridded version of ICON 
meteorological outputs are used as precipitation and temperature input for the hydrological model. The 
performance of the meteorological-hydrological chain is evaluated with a comparison between the modeled 
and the measured streamflow. On this comparison a post processing analysis is carried out to understand the 
goodness of this provider as input for hydrological models in Alpine regions. 
 
The validation aims to understand how the hydrological model propagates the uncertainty of the input data 
(precipitation and temperature) to the output (streamflow). The streamflow forecasting can be used to 
organize the alerts and to manage the energy production for the next few days. The uncertainty confidence 
bands allow one to get a visual understanding of the results goodness.
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The Vinalopó River is the main waterway within the province of Alicante, with a length of 96 km, and a 
watershed area of 1692 km2. Its geomorphological diversity is notable and differentiated between its 
headwater, middle and final sections, which in turn allows for the existence of a wide variety of ecosystems. 
In parallel, its hydrological behaviour also varies substantially along its course. Since its source, in the Sierra 
de Mariola Natural Park, the river has a low but permanent flow, which disappears by diversion of its waters 
10 km downstream, at the Beneixama weir. From this point, and except for periods of intense rainfall, the 
riverbed remains dry along a segment of around 22 km, and it is even occupied by crops. The channel only 
regains some flow after receiving the effluents from the Villena WWTP. Successive discharges from other 
treatment plants allow it to maintain a continuous flow until its mouth in the Salinas de Santa Pola. However, 
the inadequate management of the water resources in the basin and the numerous anthropic pressures on 
the river system have notably altered its hydrodynamics, its ecomorphological integrity, and the ecosystem 
services it provides to society. One of the most relevant pressures is the overexploitation of aquifers to meet 
the growing water demands in the Alicante territory, causing not only the depletion of underground 
resources, but also the river-aquifer disconnection. On the other hand, wastewater discharges and agriculture 
have primary responsibility for the poor physical-chemical water quality. Additionally, transversal obstacles, 
such as dams and weirs, successive canalizations, and the occupation of the fluvial corridor, have caused 
alterations in hydrogeomorphological processes and in longitudinal and transversal connectivity, thus 
increasing the risk of flooding and erosion in certain basin areas. Finally, the presence of both plant and animal 
invasive alien species endangers autochthonous communities, threatening the Vinalopó riparian biodiversity 
since it constitutes an ecological corridor for the dispersal of numerous species among existing protected 
areas. The range and extent of these pressures in the present global change scenario demands a necessary 
sustainable land and water resources management, including active population involvement and European 
Environmental Directives compliance. In this context, the CEDEX has drawn up a study, which aims at aiding 
the Generalitat Valenciana’s Master Plan in holistically addressing this situation, and which proposes 
restoration alternatives for the comprehensive environmental recovery of the basin.
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Current approaches on water resource management in many developing countries still focus on surface water 
with technical approaches. However, groundwater also provides support for raw water, especially in non-
serviced piping networks in rural regions. In addition, applied water resources managers are also starting to 
realize the linkage of water use for the allocation of raw water (water), energy (electricity generation), and 
food (food). In this case study, the complexity is added with the condition of volcanic basin. This study 
criticizes and tries to complete the BWRMP of Progo Opak Serang document with the sensitivity to WEF nexus 
assessment. With a specific case of the volcanic basin of Progo, special arrangements have to be made, 
especially in the phases of volcanic disasters. The method used is a qualitative method on purposive sampling 
for the dominant actor of water resource management in the case study. Policy analysis is carried out with 
the framework of multi-level scale and multi-stakeholders. Further analysis investigates the WEF Nexus 
balance by calculating the water usage comparisons  between 'water-energy-food.' The results of this study 
are expected to be an inspiration to add similar studies to other existing BWRMPs, so that they are more 
sensitive to groundwater use and the WEF Nexus relationships. The results show that the WEF nexus is a 
complex undertaking, but it proposes a revelation beyond current knowledge on how different stakeholders 
within each level have different roles on the WEF balance. It shows less prioritization is given on the energy 
aspect of the WEF Nexus, but it shows potentials for further developments. This study is expected to be an 
inspiration to incorporate similar holistic studies to other existing BWRMPs. 
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In the last decade, drastic changes have been observed in the variability of the global hydrological regime as 
a result of climate change. These variations affect the quantity and variability of the resource in the main river 
basins, having a negative impact on the sustainable use of the resource to meet certain demands (water 
supply for consumption, irrigation, hydroelectricity). Thus, there is a great need for the use of hydrological 
models for a better estimation of future flows under climate change scenarios that will allow better water 
management and planning in river basins. This type of study is also essential for the design, implementation 
and maintenance of civil works for different purposes. In the region, there are very few infrastructure designs 
for hydroelectric development that have considered climate change scenarios, mainly due to the lack of a 
robust set of hydrological data. As a result, these infrastructures have suffered significant damage caused by 
unexpected flood events that cause the operations shutdown to avoid damage in the mechanical 
components. On the other hand, during dry season, low water availability reduces energy production resulting 
in significant monetary losses. 
The study aims to estimate future flows in the Alambi catchment (Ecuador), located in the northwestern part 
of the country, which drains to the Amazon River basin. The WEAP (Water Evaluation and Planning System) 
hydrological modeling tool was used to determine the water variability and distribution to cover the different 
demands in the catchment considering climate change scenarios. For the climate change analysis, climate 
projections of precipitation and temperature from Armenta et al. (2019) were used. The hydrometeorological 
information considers the available stations in the area of influence. However, due to the deficiency of 
hydrometeorological information, satellite information and the transfer of flows from a nearby basin with 
proven hydraulic similarity were also required. The time series for modeling was determined based on the 
available flow, precipitation and temperature data. Model calibration and validation showed acceptable 
performance. Preliminary results showed that the flows will have a wider range of variation implying to a flow 
deficit during the summer and an excess during the rainy season. 
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The aim of urban water management is to provide safe and reliable water supply to consumers maintaining, 
at the same time, the sustainability of this water supply. Establishment of District Metered Areas (DMAs), 
when implemented correctly in conjunction with other measures, can significantly assist an effective and 
sustainable water resources management. The present work aims at combining modern geoinformatic tools, 
such as Geographic Information Systems (GIS), with hydraulic modeling techniques, to study the hydraulic 
characteristics of an urban district in Thessaloniki Greece. The present study focuses on: (a) a detailed 
description of the hydraulic system of Evaggelistria, an urban region of the city of Thessaloniki which satisfies 
the principal District Meter Area (DMA) design criteria, and (b) a hydraulic simulation of its water distribution 
system investigating and analyzing different scenarios of the system’s operation, taking into account its 
topology and topographical features. In the frame of a DMA zoning, i.e. a closed hydraulic region where 
consumed water is measured, detailed mapping of the water meters of the consumers in the area of 
Evaggelistria was conducted. This product GIS layer of water meters together with other features such as 
water pipes, water tanks and water pipe descriptive information (length, material, diameter) were utilized as 
input to the hydraulic simulation software platform and hydraulic simulation and analysis followed.
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Hydrological models at catchment scale have become essential tools in water resources planning and 
management. They are highly useful in the context of climate change, which River Basin Administrations need 
to consider when developing their management plans, following the EU requirements. However, the 
development of catchment scale hydrological models with a detailed level of hydrological and water 
management processes representation is still limited. The Soil and Water Assessment Tool (SWAT) has 
become one of the most used catchment scale models worldwide. It allows the addition of detailed spatial 
information and management operations, although very often its applications remain rather simplistic. A new, 
completely restructured version, SWAT+, has been recently launched overcoming some previous limitations, 
but studies using it are still limited. 
We have set up a detailed hydrological model for the upper, most populated part of the Tagus River basin 
using SWAT+. The high-detail level has been achieved both through the use of adequate spatial data inputs 
and, most importantly, through the incorporation of water management processes that are commonly 
overlooked or left as default, namely: 
- Defining crops at a province level according to their real coverage and simulating their management 
operations (rotations, irrigation and fertilization) after collecting farmers information. 
- Simulating reservoir release using decision tables that fit their actual operational rules. 
- Incorporating water movement within the catchment to represent drinking and industrial water supply and 
return, which is particularly relevant in Madrid area.  
The modelling workflow presented is innovative and could contribute to a more realistic and comprehensive 
representation of the Tagus River basin hydrology, which would eventually turn into a more reliable climate 
change scenarios simulation. It could also help other modellers and water managers to improve their 
hydrological simulation strategies.
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In Mediterranean areas groundwater resources are assuming an increasingly prominent role in fresh water 
supply under the conditions of climate change. Urban and agricultural groundwater demand is rising as a 
consequence of urban growth and food demand, respectively, whereas climate change is affecting the timing 
and the distribution of precipitation and heat waves.  
The lack of relevant information on groundwater resources (e.g. groundwater levels, aquifer storage, 
recharge, and pumping rates) in Mediterranean basins, represents a critical drawback for an integrated and 
optimized management of water resources. This kind of knowledge is fundamental to an in-depth 
understanding of the current status of aquifer systems, to identify the impacts of climate change on water 
availability, and to set up adaptation and mitigation measures coping with future potential threats. Earth 
Observation technology can help to fill this gap by assessing and monitoring various environmental features 
associated with subsurface water resources at adequate temporal and spatial scales, with low-cost and non-
invasive approaches. 
The RESERVOIR project, financed by the PRIMA Foundation, will provide new products and services for an 
efficient and sustainable management of groundwater using Earth Observation technology. Four water-
stressed Mediterranean basins (the coastal aquifer of Comacchio in Italy, the Alto Guadalentin basin in Spain, 
the Gediz River basin in Turkey and the Azraq basin in Jordan) are selected as pilot sites. In these sites, 
agriculture is traditionally the most important economic activity, but it is being progressively replaced by 
urban and touristic activities, which also have a significant impact on groundwater resources.  
The objectives of RESERVOIR project are the following: 
1. to develop an innovative methodology for the hydrogeological characterisation of large-scale aquifer 
systems using low-cost and non-intrusive data such as satellite-based Earth Observation techniques;  
2. to integrate advanced Earth Observation techniques into numerical groundwater flow and geomechanical 
models aimed at improving the knowledge about the current capability of an aquifer to store water and the 
future response of aquifer systems to natural and human-induced stresses;  
3. to enhance the knowledge on the impacts of agricultural and tourist activities on water resources by 
quantifying land displacement;  
4. to engage water management authorities and provide models for an optimal management of the aquifer 
systems.  
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In this work, the preliminary results of the project will be presented. Firstly, stakeholders in each pilot site 
were engaged with the aim to discuss the knowledge gaps in relation to sustainable groundwater 
management. Engagement consisted of interviews with local authorities, farmers, and technicians and the 
distribution of questionnaires to investigate user requirements. At this time, low-cost and non-invasive Earth 
Observation data (A-DInSAR) are processed to obtain ground displacement maps of the pilot sites. This 
information will be used for aquifer characterisation and modeling. 
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Climate change is already affecting nearly every part of the planet according to the recent IPCC report 
published in 2021. Water as a vital component for life but also for economy and development is at the heart 
of the climate crisis. Alterations in the hydrological cycle, water scarcity, extreme events in the form of floods 
and droughts, water depletion and water quality degradation are some of the impacts of climate change into 
water resources. 
Generally, the Mediterranean basin is characterized as a “hot spot” area in relation to climate change impacts. 
Water availability in the Mediterranean basin is expected to experience one of the largest decreases in the 
world, as a consequence of precipitation decrease, temperature increase, and population growth.  
To effectively deal with this threatening context on water resources a re-orientation is needed in water 
resources management and engineering. A wide range of interconnected drivers and interdependencies 
among sectors are needed to be taken into account to help adopt a new thinking and practice in water 
resources management and engineering. This paper highlights the reorientation of strategic water policy 
options to cope with the new climate conditions in management and engineering in the water sector to meet 
SD6s. 
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Aiming at closing the gap between the academy and the civil society, participatory research initiatives set the 
favourable framework for public engagement and awareness raising on environmental issues. Local 
communities and stakeholders can play an active role in the research process, also by sharing their experience 
and field knowledge. The academy can benefit from this approach collecting data and information for the 
validation of theories, models and methodologies. 
A Science Shop (www.watshop.it) focusing on 'Sustainable water resources managament, control and 
consumption in a changing climate' is running at University of Brescia since 2019. A few projects have already 
started, showing the potentials of this approach to promote active engagement and knowledge sharing. 
Addressed topics span from water consumption and water availability for water supply systems to sustainable 
urban drainage to mitigate the hydraulic risk. New methodologies aiming at evaluating the socio-economic 
impact of non-structural measures are also investigated.  
From one hand recent European directives require participatory processes in the management of water 
systems, on the other hand environmental sustainability is being addressed by an increasing number of 
citizens' associations willing to act in line with the SDGs. 
Moreover national and international networks of participatory research initiatives can provide a continuous 
and very precious support through their case study and best practices collection. 
The  WatShop experience is presented here, outlining its potentials and limits and promoting further 
international cooperation. 
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The Blue Nile basin is the main source of water for Egypt and Sudan. Most of the population in the basin 
depend on the water in their incomes and livelihood aspects. In the recent years, the water resources in the 
basin are experiencing many challenges due to climate and land use changes impacts, poor land management, 
and population growth. Consequently, the study of the water balance has become an urgent issue throughout 
the basin, especially associated with climate and land use changes as well as impacts on natural and human 
systems. This study was conducted to evaluate the water resources in the Blue Nile basin using water balance 
technique. To achieve this objective, the water balance has been established and analyzed using the semi-
distributed hydrological model, via the Soil and Water Assessment Tool (SWAT). The model was built using 
ArcSWAT software.  The calibration and the validation of the SWAT model have been carried out utilizing 
observed data and the Sequential Uncertainty Fitting version 2 (SUFI-2) which is embodied in SWAT_CUP 
software was used to calculate the coefficient of determination (R²) and Nash and Sutcliffe (NS) as likelihood 
measures. The findings showed the difference in the water balance components with using different 
evaluating approach and weather datasets resolutions and sources. In addition, adopting the advanced 
methodologies and data acquisition technologies have significantly contributed to improve the quality of the 
hydrological models’ outcomes. These results in turn will assist in resolving water management and planning 
problems in the basin. The used methodology could be used for similar basins in evaluation of their water 
resources.
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Changes in hydrological systems under changing climate may result in more frequent occurrence of extreme 
floods and droughts. The increase in extreme floods and droughts could threaten existing water resources 
management systems such as reservoir systems. More integrated operation of water resources systems is 
therefore needed to adequately deal with these extreme water-related disasters with existing systems. 
Considering the circumstances described above, this work investigated an optimal method for prior release 
operation of a multi-purpose reservoir considering operational medium-range ensemble hydrological forecast 
in order to enhance flood management capability of the reservoir without sacrificing its functions for water 
supply or power generation. In the proposed method, ensemble prediction of basin rainfall for the coming 
eight days is estimated from the grid point values of One-Week Ensemble Forecast of precipitation provided 
by Japan Meteorological Agency. Ensemble prediction of reservoir inflow for the coming eight days is then 
calculated by use of the Hydro-BEAM, a distributed rainfall-runoff model. The optimized timing and amount 
of prior release from the reservoir are determined with consideration of ensemble inflow prediction based 
on the accuracy analysis of ensemble hydrological prediction considered, maximizing the effect of prior 
release operation in management of large-scale floods while minimizing long-term impacts on water use by 
securing water recovery after the flood event as much as possible. A case study applied to the simplified 
Hiyoshi Reservoir, a multi-purpose reservoir located in the upper Katsura River in Japan, showed the potential 
effectiveness of prior release operation in flood management while impacts of prior release on water supply 
and power generation were not very significant in the simulation period. 
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The Comprehensive Participatory Decision-Making (CPDM) tool was designed to support the institutional 
framework of watershed management in Bolivia. However, it is scalable and can be applied elsewhere. The 
CPDM facilitates the dialogue and participation of interested stakeholders, mainly during the evaluation of 
future projects and management strategies coherent between the different interests, regions, and planning 
horizons.  
 
The graphical user interface (GUI) of the CPDM was built using the shiny R package. It integrates four analytical 
and simulation tools, the Water Evaluation And Planning (WEAP), the Resource Value Mapping (REVAMP), 
the Watershed Topology (WaTT) and, the Water, Sanitation, and Hygiene (WASH) – flows. WEAP is the central 
component to which the other tools are coupled.  The coupling has a dynamic functionality controlled from 
the GUI where the actions are evaluated comprehensively and considering a basin and participatory 
approach. The stakeholders only need to interact with the GUI, allowing them to analyze the results in a visual 
manner without dealing with the complexity of the models but supported by them.  
 
The CPDM was designed to display dynamic maps, charts, and tables according to the type of result. The GUI 
shows the baseline of the basin, incorporates drop-down options to evaluate different scenarios under the 
defined uncertainties, such as climate and demographic changes. In addition, it has a decision panel where 
an action package can be selected and subsequently evaluated through indicators. The actions included so 
far have been implemented to improve access to safe water, irrigation management, crop patterns, 
management of water losses, and environmental functions of the basins. The package of actions to be 
evaluated, as well as the results of the indicators, are discussed in a participatory process. The iterative 
process will allow the construction of management strategies within the framework of the formulation of 
Basin Master Plans.  
 
Analytical tools, such as WEAP, REVAMP, WASH, and WaTT, allow the estimation of quantitative performance 
indicators. In some cases, the indicators can not be obtained from analytical tools, mainly those related to 
institutional, cultural, legal, and conflicts. In that case, qualitative indicators were proposed. The CPDM is 
flexible and integrates quantitative and qualitative indicators. The indicators were organized by components, 
such as safe water for people, sanitation, hygiene, and solid waste, irrigation, hydro-climatic risks, sustainable 
mining, gender and poverty, and environmental functions. 
 
The CPDM aims to provide stakeholders with practical and easy-to-use tools that can ensure that science 
plays a leading role in decision-making. 
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One of the specific problems that revolves around the control and use of water is the management of the 
resource in regulated basins and the possible impacts that climate change may have. Addressing the problem 
of efficient use of large volumes of reservoir water has motivated countless studies and research on the 
management of water resources in regulated basins. 
Among the methodologies for the study of water basins, the numerical simulation of flows is presented as a 
powerful tool to characterize and obtain innovative results applied to a variety of domains and scenarios, 
which will provide technical criteria around distribution of the water resources. The study domain is on the 
Paute River basin, where around 30% of Ecuador's hydroelectric energy is generated with the Paute Integral 
project. Therefore, studying the possible risks and optimizing its operation is a fundamental task. 
In the present work, the computational tools HEC-HMS and HEC-ResSim have been applied to characterize 
and optimize the volume of the Mazar (410 Hm3) and Amaluza (120 Hm3) reservoirs, which are used by the 
Mazar hydroelectric generation plants (170 MW) and Molino (1100 MW), respectively. In addition, two 
operation scenarios have been proposed with climate models RCP 4.5 and RCP 8.5, where the inflow flows 
have varied in quantity and temporal distribution, conditioning the operation of the reservoirs. 
The plants analyzed are built in a cascade, so it is interesting to analyze the operating levels of the Mazar 
reservoir as the main regulatory body in this hydroelectric complex. With the evaluation in HEC-ResSim of 
different operating scenarios, for the optimization of the regulation volumes of the Mazar and Amaluza 
reservoirs, it has been evidenced that the optimal performance of the series analyzed (between 2014 and 
2015) has a level of operation of the Mazar reservoir that can be reduced to 2135 meters above sea level (250 
Hm3) to be stored in the Amaluza reservoir and used by the Molino plant with greater hydroelectric 
production.
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Projected climate change impacts on water resource systems show a high urgency for adaption measures. 
Especially for large scale constructions with long planning and construction phases - such as new reservoirs - 
a design that is based solely on observed discharge time series can lead to considerable over- or undersizing.  
In order to include climate change effects into the planning process, often a multiplier based on hydrological 
impact studies is used. In the case of multi-functional and interconnected reservoirs, this approach is not 
suitable due to partially conflicting operation goals.  
In this ongoing study, we present a methodology that combines state of the art hydrological modelling of 
climate change impacts with the optimized planning of new reservoirs and constructional updates of existing 
reservoirs. For this purpose, a model chain is used that includes an ensemble of bias-corrected regional 
climate models (RCMs), a semi-distributed hydrological catchment model, a numerical reservoir operation 
model and 2D hydrodynamic models. 
The model chain is applied to the region of the Western Harz mountain range (Lower Saxony, Germany) and 
its directly affected downstream area. Here, in total six partially interconnected reservoirs serve the system 
services flood protection, drinking water supply, energy generation and low water augmentation. 
Supplementary constructional variants to support the reliability of the existing system in a changing climate 
are analyzed by implementing them in the described models.  
The simulation of the RCM ensemble allows a direct analysis of the mitigation of climate change impacts on 
relevant performance criteria like, e.g., flood damage, water supply reliability, drought resilience. Moreover, 
the non-linear translation of climate model uncertainties into the relevant performance criteria are analyzed. 
First exemplary results show that an additional pumped storage plant of about 16 hm³ connected to an 
existing reservoir of about 47 hm³ can contribute to significantly mitigate a projected increase of flood hazard 
in downstream settlements. At the same time it can increase the reliability of the drinking water supply and 
decrease the number and duration of low water events.  
The combination of a wide range of different hydrological projections with four partially conflicting operation 
goals leads to a challenging dissemination of results to policy makers and requires an innovative optimization 
scheme. One possible solution is a lexicographic optimization based on externally defined rankings of 
operation goals. 
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Global hydrological models (GHMs) provide a comprehensive view of the earth’s hydrological system by 
incorporating global climate datasets, rainfall-runoff modelling, and water routing components at the global 
scale . Most GHMs are descriptive and constructed to provide answers to specific research questions, hence 
they typically require large amounts of computational resources and only provide historical results. DHI has 
developed a GHM that not only provides historical simulations, but also functions as an operational service 
to provide real-time, 10-day forecast, and 9-month seasonal forecast simulations for the entire globe. 
DHI’s GHM is comprised of 1) a distributed rainfall-runoff model with more than 1.5 million grid cells at 0.1° 
resolution and 2) a routing model that routes water from grid cells to sub-basins and through the river 
network. The average sub-basin is 100-200 km2 and the outlet of each basin is a simulation node, resulting in 
over 1 million computational points.  The model produces not just river discharge, but also rainfall-runoff 
model results, such as overland flow and soil moisture. The computational run-time is less than one hour, and 
thus real-time and 10-day forecast simulations are produced hourly, as often as global precipitation datasets 
are updated. 
The data provided by the operational system is valuable to governments and institutions working to mitigate 
flood, drought, and food security risks and to inform national-scale climate change resilience measures. 
Because it provides continuous, real-time information, it can support preventative measures as well as 
disaster relief efforts while an event is occurring.  
The system is invaluable for areas and projects where data and resources are scarce. The data provided by 
DHI’s GHM has been used in a rapid integrated assessment of water resources in northern Kenya to evaluate 
current and future water scarcity issues and provide recommendations for improving water security. What 
little local observed data is available is difficult to assemble, and the nature of the project as a rapid 
assessment with limited time and resources further prevented development and application of a local model. 
Yet local decision-makers still need to develop water resource management plans and identify and implement 
appropriate integrated water resources management actions in the face of increasing uncertainty and climate 
change. DHI’s GHM is instrumental to such work, as 40-year hindcast simulations and up-to-date forecasts 
are available to support the needs of these decision-makers.
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Mediterranean is one of the most affected areas by climate change. The increase in air temperature, from 
1ºC (2010-2040) to 4ºC (2070-2100), together with the reduction in precipitation, will affect the ecosystems, 
the water bodies state and the socioeconomic activities. The adaptation river basin plans to climate change 
will be the instrument to define the adaptation strategies and measures to apply in the coming years. A 
prototype of Climate Change Adaptation Plan of the Júcar River Basin District was developed with the support 
of the Biodiversity Foundation, which serves as experience for the future Adaptation Plans of the Spanish 
river basins. 
 
The Plan includes the identification and analysis of the main risks derived from climate change that may affect 
the state of water bodies and socioeconomic activities. Including the risks associated with: changes in the 
flow regime, changes in the extreme regime, the temperature increase, the sea level rise and the 
management of the system. 
 
In relation to water bodies state, results obtained show that the increase in air temperature will produce an 
increase in the water temperature, which, in turn, will produce at the end of the 21st century a very significant 
reduction in the potential habitat of cold water species, 80% of current habitat would be at high or very high 
risk, also a reduction in the water dissolved oxygen, between 0.50 and 0.75 mgO2/l, and macroinvertebrates 
would be affected in the 90% of surface water bodies. Besides the sea level rise in the Júcar river basin will 
fundamentally affect the coastal wetlands and especially to the Albufera de Valencia wetland. Based on the 
results obtained, the main measure to reduce vulnerability to climate change in rivers, is the improvement of 
riverside vegetation, since it provides shaded areas, which reduces direct sunlight radiation on the water and 
therefore reduces the temperature of the water. In addition, this measure favours biodiversity and refuges 
for species.  
 
In relation to socioeconomic activities, the reduction in natural water resources can reach to -21% RCP4.5 - 
36% RCP8.5 scenario. This reduction will produce a decrease in the available water, increase the water stress 
of the vegetation and, also, reduce the hydroelectric production. By the other hand, irrigation needs will 
increase by 20% next years (2020-2050) to 40% by the end of the 21st century. The increase in the efficiency 
in the use of water, the increase in the reuse of regenerated water and desalination are necessary measures 
to reduce the risk associated with the reduction of natural resources and the increase in water needs. In turn, 
the integration of solar photovoltaic energy in these schemes can reduce the cost of the resources and 
contribute to the sustainability of the system 
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Hydro-climatologic processes are analyzed in climate models to predict future climate data. These data are 
used in the hydrological model to predict the hydrological behavior of watersheds which are very helpful in 
water resource management. In this study Soil and Water Assessment Tool (SWAT) is used with statistically 
downscaled General Circulation Model (GCM) climate data to estimate the streamflow in Periyar River Basin, 
Kerala in South India. Periyar River basin is a complex river basin located in the sub-tropical region that is also 
subjected to anthropogenic impacts with three major reservoirs in the watershed that alters the natural flow. 
The SWAT model was calibrated for monthly streamflow with a coefficient of determination (R-square), Nash-
Sutcliffe efficiency (NSE), and Percent Bias (PBIAS) 0.92, 0.84, and 6.5% during the calibration period (1998-
2004) and 0.85, 0.67, and 11.8% during validation period (2006-2012) respectively. It was then used to predict 
future streamflow till 2100 using MPI-ESM-MR GCM data under Representative Concentration Pathways 
(RCP) 4.5 scenario. To analyze the climate change impact, the time duration was divided into three scenarios 
near future (2021-2040), mid future (2041-2070), and far future (2071-2100). The results suggested a possible 
increment in streamflow in the near, mid, and far future till 2100 with maximum change in sub-basins near 
the river channel.
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Despite the simplified representation of basic hydrological processes, large-scale hydrological models are 
increasingly adopted for studying catchment water balance and developing water resources scenarios under 
changing climate conditions. 
In this work, we exploited the results of the BIGBANG model developed for the entire Italian territory (Braca 
et al., 2021) with a spatial resolution of 1x1 km and monthly time-scale. We considered its application in an 
ungauged semi-arid basin of Puglia (Southern Italy) by comparison with output of a distributed model 
(Giordano et al., 2003), validated at regional level and suitable for representing both the surface and sub-
surface water balance at daily scale. This exercise was carried out in the Canale Reale river basin, flowing for 
about 50 km and reaching the coastal wetlands of Torre Guaceto along the Adriatic, one of the most important 
nature reserve in Italy (SCI IT9140005; SPZ IT9140008).  
As happened in most of the Puglia region, the agricultural intensification in the last 50 years caused a 
progressive increase in groundwater withdrawals, also given the lack of surface water resources. 
Groundwater withdrawals have caused imbalance between inflows and outflows, highlighted by expanding 
phenomena of saline contamination affecting both the wetland and the surrounding aquifer system.  
From the hydrogeological viewpoint, this catchment is characterized by two locally overlapping aquifers, of 
which the top one interacts with the hydrographic network, draining the aquifer in the wettest periods and 
feeding it in the dry periods. While, the bottom aquifer is hosted in the fractured limestones below the sandy-
silty deposits. The massive groundwater exploitation is probably responsible for the transformation of the 
runoff regime from permanent to seasonal during the past decades and became a potential threat to the 
wetland conservation in the coming future.  
Dealing with the application of BIGBANG monthly model in ungauged basins, we started from the calibration 
of the daily rainfall-runoff model through the use of semi-quantitative information related to past flood 
events, acquired from newspaper reports, and seasonality of hydrological regime based on local knowledge. 
Among the calibrated parameters for the daily model, recession time of sub-surface reservoirs, together with 
storage capacity, were the most relevant for the likely reconstruction of hydrologic response in terms of 
simulated daily streamflow. Besides the monthly sum-up of daily flowrates, the comparison with the BIGBANG 
output, allowed to investigate dynamics in the groundwater basin area in representing the baseflow 
component of the simulated streamflow, based on the known conceptual model of the hydrogeological 
setting.  
This example application proved the effectiveness of the proposed approach for the exploitation of large-
scale models in ungauged semi-arid basins.  
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Today, the definition and harmonization with the rest of the uses of ecological flows is being one of the 
greatest challenges of hydrological planning. In the present study, this problem is addressed in the Lurin river 
basin (Peru). This river is characterized by being torrential in the humid months and with minimal flows in the 
dry season. In order to propose a comprehensive and sustainable management of the system, a series of 
studies were carried out. 
 
In the first place, the ecological flow was calculated by four hydrological methods, highlighting the method 
according to Peruvian legislation, in the middle zone (Antapucro) and in the Lurin intake. The second task 
consisted of carrying out a water balance of the basin using a management simulation model. For this, the 
SIMGES program of the AQUATOOL decision support system was used. With this model, the degree of 
satisfaction of supply of the demands was calculated, as well as the circulating flows through the river sections 
for the current situation and four proposals: implementation of ecological flows (i); reuse of treated water to 
supply agricultural demands (ii); construction of a reservoir (40 hm3/year) (iii) and integrate the reuse of 
reclaimed water with the construction of the reservoir (iv). Finally, the simulation results are combined with 
the calculation of hydrological alteration indices, which allow the estimation of the degree of hydrological 
alteration. 
 
The ecological flow obtained in Antapucro varies from 20,678 to 40,251 hm3/year. The population, livestock, 
industrial and recreational demand has a 100% satisfaction due to the source of water from the Lurin aquifer, 
but not the agricultural demand that is supplied by surface waters. Thus, with the implementation of the 
ecological flow, agricultural demand increases its deficit by 14.3% compared to the current situation, requiring 
the use of approximately 30 hm3/year of reclaimed water and the construction of the reservoir. The Lurin 
aquifer is hydraulically connected to the river, supplying 24,235 hm3 / year to all demands, this reaches a 
sustainable use with the implementation of the proposal iv. The hydrological alteration indices (AHI) show a 
good state of the river with a value of 0.78 in the current situation, since the river discharges most of the flow 
in the wet months (January, February, and March). But the indices that evaluate droughts have low values, 
due to the fact that in times of dryness the flows are minimal. The global IAH values obtained for proposals i, 
ii, iii and iv were 0.83, 0.80, 0.69, 0.70, as expected in the last two proposals the value is lower due to the 
construction of the reservoir. 
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A Water Bank can be defined as an institutionalised and centralised process that facilitates water transfers 
from specific users to others. Such instrument has been proven to be useful to palliate negative impacts 
derived from water scarcity, mainly in the Western United States and Australia. In Spain, water banks are 
underused and have been applied only under extreme water shortages. However, this paper aims to explore 
a more general use of this instrument for water resources management, since it may allow a smooth transition 
from the current and rigid concessional system to a more flexible approach that facilitates water reallocation. 
This is especially relevant considering climate change scenarios where the competition for resources among 
different users is expected to increase. In this context, this paper compiles all the experiences using water 
banks as a reallocation instrument. A systematic analysis is performed identifying the different 
variables/criteria used to define water banks worldwide. Pros and cons of each experience are analysed as a 
previous step to propose different alternatives for water banks development under the Spanish legislation.  
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The Himalayan mountains are the source of numerous rivers that together are the lifelines of some of the 
most densely populated and fast developing regions on earth. While these rivers are glacier fed, most of the 
water flowing through them comes from the Indian monsoon system. Monsoonal rain introduces a strong 
seasonality in river discharge, while the glacial input is of utmost importance to maintain the base flow. The 
objectives of the current study are i) to understand the influence of hydroclimate variation on snow cover for 
a high-mountainous basin, ii) to investigate historical drivers of river discharge using reconstructed snow-
cover records. Towards this, the study examines spatiotemporal variation in satellite-based estimates of snow 
cover. A wavelet analysis is carried out to link teleconnections (multiple large-scale atmospheric and oceanic 
circulations) with snow cover. Based on the statistical relationship between the snow cover and Sea Surface 
Temperature indices along with other hydroclimate variables, historical snow cover is reconstructed for the 
watershed. Finally, the study considers a lumped hydrological model to investigate the different controls of 
river discharge. Basin characteristics, teleconnections, hydroclimate, and snow are considered as primary 
drivers. A rigorous validation is carried out to eliminate data over-fitting issues in model development. Initial 
results suggest that there exists a significant inter-seasonal variation in snow cover on the high latitudes that 
has the potential to substantially influence river discharge. Hence, an accurate short-range forecasting of 
snow covers based on teleconnection is the key to a skilful flow forecast.
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Definition and implementation of water use plans require the use of diverse approaches that allow for a better 
description of the water availability. The use of long-term hydrologic data series is ideal for defining current 
trends and changes to water availability in response to management practices, but unfortunately, such long-
term data are not always available and in some regions data is almost a luxury. The use of modelling 
techniques can help overcome the limitations of scarce data as they provide a useful tool for exploring 
different management scenarios and help in the definition of water use plans, but at the same time good 
quality data is also necessary to setup such models.  
 
The Abangares River catchment, located in the northwest region of Costa Rica, presents a significant challenge 
for water resources management. The use of water for human consumption and agriculture is managed by 
the local government that must also ensure environmental water for ecologically protected areas within the 
catchment. In the past decades, water scarcity would commonly occur in the catchment, particularly during 
the dry season (December to May) when rainfall abruptly decreases. Significant efforts to improve the water 
management and planning of the catchment have been carried out over the last decade, with instruments 
for hydrologic data collection being installed and continuous research aimed at improving the water 
infrastructure and hydrologic description of the catchment.  
 
In this contribution, we present the calibration of a daily runoff model (SAC-SMA) for one of the sub-
catchments of the Abangares River making the best use of the data recently collected in the catchment. Data 
analysis revealed gaps and deficiencies in rainfall data, limiting the implementation of the hydrologic model. 
To overcome this, we applied a neural network algorithm to reconstruct missing rainfall data using observed 
data series from 2015 to 2019. The model was then calibrated for the period from 2015 to 2017, which 
corresponds to the available runoff data periods. While the implementation of this model is yet to be 
validated as more data becomes available over the next few years, the model represents a keystone for the 
water management of the catchment, especially given the pressures of climate change and variability. The 
period of 2015 to 2017 was one of the driest periods in the region. We discuss the implications of the use of 
such modeling tools in locally governed catchments and the importance of improving such techniques in the 
face of climate change. 
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Water scarcity is a growing issue across the world and especially in southern Europe, where agriculture, the 
sector that consumes the most (up to 70% of total water withdrawals), is a key economic sector. Among the 
policies for water management, water pricing (charging a fee for its use) is one of the most applied and 
effective, even though it is not in agriculture. This happens because irrigators are often subsidized and/or the 
fees are too low to have an effect in reducing water consumption or inducing a more efficient use. EU Water 
Framework Directive (WFD) forces member States to reach the full cost recovery of water services, but for 
irrigation this goal is still far away. The methodology proposed by WFD suggests that price is obtained with 
three components: the financial, the environmental, and the resource cost. The financial cost is usually the 
one charged to recover the cost of water services today, while environmental and resource costs are much 
more difficult to calculate and therefore normally ignored. This paper presents a methodology to calculate 
resource cost for irrigation water and an application in a sub-catchment of Duero River Basin, the Órbigo 
catchment, in central Spain. Following the socio-hydrology theory, a hydrological Decision Support System 
(DSS) model – AQUATOOL – is coupled with a multi-model ensemble of 4 microeconomic models (1 Linear 
Programming, 2 Positive Mathematical Programming, and 1 Positive Multi-Attribute Utility Programming) to 
evaluate the coevolution of the human and the natural systems. The DSS model simulates the water quantity 
provisioned to irrigators in a 38 years time series, considering the effect of climate change and the 
achievement of some environmental goals. Robust decision making theory suggests the use of multi-model 
ensemble to sample uncertainty through model spread and obtain a range of possible outcomes to evaluate 
the resource cost. Results show that the resource cost varies between 0.01 to 0.029 EUR/m3, depending on 
the model.
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Ensuring adequate water supply to meet societal needs while maintaining good ecosystem status is becoming 
increasingly difficult. This task is particularly challenging in areas characterized by water scarcity and with 
unfavourable projections due to change climate. This is the case of the Iberian Peninsula, where many water 
resources systems have already achieved high water use efficiency. If environmental water requirements are 
increased, it is very likely that, in the medium and long term, current water reliability standards will be 
impossible to maintain. The main objective of this study is to generate knowledge that contributes to the 
design and implementation of climate-change adaptation policies in water management. The goal is to 
achieve sustainability of the management of water resources systems in the medium and long term. Our focus 
is decision making to prioritize water allocation among different activities, accounting simultaneously for 
technical, economic, social and environmental aspects. To achieve this, we considered conceptual, 
methodological and operational innovations. First, we collected and processed geographic, hydrological and 
socioeconomic data for the Iberian Peninsula. Second, we estimated the future availability of water in the 
region (medium and long term) and quantified its uncertainty. We conducted a numerical experiment with 
the WAAPA model (Water Availability and Adaptation Policy Assessment) by combining hydroclimatic 
scenarios and management alternatives. Water availability is defined as the maximum demand that can be 
supplied at a given point of a river network under certain reliability requirements. The calculation was carried 
out in dam locations, confluences of the main rivers and basin outlets. The periods analysed were: control 
(1960-1990), short (2020-2059) and long-term (2060-2099). The study included 720 dams with reservoir 
storage greater than 1 hm3. Model topology was obtained from the HYDROSHEDS topographic database. The 
climate models were taken from the EURO-CORDEX initiative. Third, we evaluated the performance of water 
resources systems under the range of scenarios by comparing water availability to water needs. The 
comparison provides decision makers with information to optimize water allocation in conditions of scarcity, 
when a large number of demands fail to meet the reliability criteria. Our results showed a great sensitivity of 
the regulation capacity of the dams to the interannual variability of the runoff, which constitutes a challenge 
for the future management of the water resources in the different hydraulic systems.
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Konya is a semi-arid agricultural basin in south-central Turkey, increasingly affected by water scarcity in the 
last few decades. Water budgets are developed for the delta area of Çarşamba River, May River and Meram 
Creek and compared for past (16th century CE), present and future (2050-2100 CE) scenarios, to identify 
environmental and/or anthropic causes of water scarcity. Preliminary results confirm a severe water budget 
deficit in the present, especially in the summer months, only partially rectified by groundwater extraction 
through wells that has caused substantial lowering of the groundwater table since 1970. The significant 
increase in irrigation area and the change of cultivated crops are identified as the main causes of the present-
day water scarcity. Climate change appears to have not played a major role in the past but is expected to 
further aggravate water scarcity by the end of the century. Our study provides a quantitative framework to 
propose potential policy- or behaviour-based solutions for a more sustainable water management in the 
Konya basin, although their feasibility will also have to be assessed in terms of economic and quality of life 
expectations. 
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The work presents operational policies for the water of Cointzio dam, located 13 km south of the city of 
Morelia, in Michoacán, Mexico. This reservoir was opened in the early 1940s, and supplies water continuously 
to the purification plant at Vista Bella, which provides water to the south of city. It also feeds 4 of the 5 
modules for irrigation in Irrigation District 020. A streamflow record (1940 – 2016) was used to model the 
amount of water to be extracted from the Cointzio reservoir in monthly time intervals. Stochastic dynamic 
programming was used and two discretization intervals were used for the useful capacity of the dam. The 
months of the year were grouped into two stages. The probabilities associated with the input volumes were 
calculated and maximum and minimum extractions were defined according to the monthly water volumes 
required. Seven combinations of penalization for spill and deficit events were also defined. Based on results 
of the spill, deficit and minimum storage variables for the period, the best discretization interval and the two 
best operational policies were selected. The results show that the requirements of the water purification 
plant are almost always met. However, the demands of the irrigation modules are less often met. The 
operational policies obtained are easy to use, as they are presented as a state-extraction matrix. The very 
short running time (seconds) is a further advantage, and operators can set several combinations of 
penalization for deficit and spill events which allows new rules to be tested.
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In this work, I present a new conceptual model for the reservoir architecture of the El Tatio-La Torta 
geothermal system in northern Chile. Using the recent structural model for the chilean altiplano, we propose 
a complex and large reservoir system below El Tatio and La Torta, composed of a three-level reservoir system 
at different temperatures, connected by the intersection of NW-striking left-lateral and N-striking thrust 
faults. Furthermore, I give a physical explanation of the mechanisms controlling the upflow below La Torta, 
the possible location of the main catchment area at the Tocorpuri basin/caldera, located 15 km to 20 km to 
the east from the El Tatio geysers, and an explanation for the apparent hydraulic disconnection at El Tatio 
observed by pressure interference tests, which is coherent with the proposed structural setting for the 
geothermal field. This model offers an up-to-date representation of fluid circulation and heat transfer modes 
at different scales for this geothermal system in the Central Andes, illustrating potential problems related to 
hypothetical geothermal operations and groundwater management in the most wonderful geothermal field 
in South America.
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Rural-urban catchments are susceptive to flood nowadays in the context of climate change and urbanization. 
To cope with this situation, flood retention lakes (RLs) are increasingly employed. However, the dynamic 
influence of RLs on local hydrology, as well as the joint effects of multiple RLs with different geographic 
configurations are not clear. Thus, this study aims to model and evaluate how RLs affect catchment flooding 
processes, particularly considering the geographic relations of potentially blueprinted RLs in future 
development. A 2D hydrodynamic model is developed for the upper Shenzhen River Basin and calibrated with 
streamflow in a gauge station against typical flood events. Various storm events are designed with wide 
ranges of intensity and duration, and flood responses are modeled for both current and blueprinted 
situations. Results show that the as-built RL can be satisfactorily effective for events with moderate exceeding 
frequencies (5-50 year) and short durations (6 hours or less). Additional RLs are blueprinted based on 
preliminary simulation results as well as land use conditions to further reduce the maximum surface 
inundation and peak runoff on top of the current layout. The series connection shows slightly better capability 
viewed along the river channel, while the parallel connection can provide benefits to sub-watersheds. The 
distributed setting has a better overall performance compared to the aggregated setting with the same total 
capacity, with a larger area of maximum inundation reduction. The downstream control RL configurations 
tend to perform better for moderate events while the upstream ones are superior for more extreme events. 
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Surface runoff is one of the most important processes of the hydrological cycle and it is the main water source 
for different users in a river basin. However, its dynamics have been substantially influenced by natural 
variability and probably by climate change. On the other hand, in Peru, one of the fundamental problems 
related to water is the lack of information on the water availability of many hydrological units located in both 
coastal and Amazon basins, considering the influence of a changing climate in the next decades. Therefore, 
this research evaluates the surface runoff in the Huallaga river basin, using the curve number (CN) method 
coupled to geographic information systems that contributes to decision-making, planning and prediction of 
direct runoff. In general, the methodology includes the analysis of vegetation cover, soil types, 
geomorphology, digital elevation model (DEM), consistency analysis and evaluation of historical records in 
pluviometric and hydrometric stations, analysis of satellite images, development of the model coupled to 
geographic information systems, calibration and validation model, and daily flow prediction.  
For the meteorological data analysis, 40 rain gauge stations and records available from Peruvian Interpolated 
Data of the SENAMHI’s Climatological and hydrological Observations (PISCO) were used. PISCO has a high 
spatial resolution of 5 km x 5 km. Likewise, daily flow records from 4 hydrometric stations distributed along 
the Huallaga river were used for calibration and validation model, and a simple method to separate the base 
flow was used. The results shows that the model provides reasonable estimates of daily direct runoff that can 
help improve decisions in water resources planning and management in Peru's basins. 
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About 20% to 30% of Hong Kong’s fresh water supply (FWS) comes from yield collected in local catchments 
and the remaining is from raw water imported from Dongjiang, Guangdong Province in the Mainland of China 
(DJ water). With the rapid economic and population growth in the Greater Bay Area, the cities in the region 
are competing for the limited water resources. While the stable supply of DJ water could safeguard Hong 
Kong (HK) against extreme drought conditions, the Water Supplies Department (WSD) of the Government of 
HKSAR promulgated the Total Water Management Strategy (the Strategy) in 2008 with a view to enhancing 
HK’s resilience towards climate change, population growth and other uncertainties.  
The Strategy provides a foundation for the use of HK’s precious water resources and aims to manage HK’s 
water demand and supply in an integrated, multi-sectoral and sustainable manner. One of the key water 
supply management initiatives under the Strategy is to diversify the water supply arrangement by developing 
the option of seawater desalination. 
WSD completed a review of the Strategy and updated it in 2019. The updated Strategy (Strategy 2019) adopts 
a two-pronged approach emphasizing on containing fresh water demand growth and building resilience in 
the FWS with diversified water resources to meet forecast fresh water demand to 2040. Within this 
framework, the first stage of the Tseung Kwan O Desalination Plant (the Plant), using seawater reverse 
osmosis (SWRO) technology, is identified as one of the measures to build resilience which provides a strategic 
alternative source of water supply not susceptible to climate change effects and extreme weather events.  
The Plant will be integrated into the existing supply system of interconnected network of water treatment 
works (WTW), pumping stations, service reservoirs and over 6,000km of fresh water mains. In addition to 
maintaining a reliable water supply during climatic conditions, the Plant will also supplement supply deficits 
during the maintenance or upgrading of existing WTW within the water network. It will be operated to 
complement the water production requirements with enough flexibility to adjust to the actual water demand 
needs. 
Design and construction of the first stage of the Plant has commenced in December 2019 for operation in 
2023. It will have a fresh water production capacity of 50 million cubic metres per annum, equivalent to 
around 5% of the total fresh water consumption in HK.  
This presentation will discuss the role of the Plant to ensure the resilience of the FWS within the framework 
of the Strategy 2019; how the plant has been designed to ensure that train and pumps efficiencies will be the 
highest possible at all operating scenarios and how implementation of the state-of-the-art isobaric energy 
recovery devices will help optimize energy costs.
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With the continuous socioeconomic development of Morocco, water resources are being depleted rapidly 
whereas water demand is largely increasing. This situation has led to a structural unbalance in water resources 
budget with a continuous trend to worsen over time. Questions have arisen about how water should be 
allocated and which criteria should be applied to ensure not only social equity but also economic efficiency. 
The present study has been triggered by this situation. This paper reports the results of an empirical 
application using an Input-Output model for Morocco together with data on water consumption by sectors. 
The goal is to firstly analyze how water is reallocated within nineteen sectors in response to an increase of 
one monetary unit in final demand and secondly enable its variation effect through layers of a decomposition 
process (donor or receiver). From the reallocation matrix, exogenous inflows profit trade (sector 1) and 
damage agriculture, forestry and related services (sector 1). In addition, decomposition of water distribution 
matrix through layers confirmed that 21% of sectors changed effects from receivers to donors and vice versa 
starting from the second layer. The results provide a wealth of information for requesting strategies that 
aimed to reduce pressure on water resources, e.g. design measures to preserve water in an economy.
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Growing pressure on water sources from diverse water demands and uses threatened by uncertain regional 
climate conditions have increased the use of unconventional water resources (e.g. reclaimed water) to 
compensate water deficit in Spain. Specifically, recycled urban wastewater has become an attractive, reliable, 
and safe alternative to regulated groundwater pumping in over-drafted aquifers for agricultural irrigation. 
However, wastewater reuse for irrigation still lags behind stated national goals, that may even conflict with 
environmental and recreational water uses in this high water stress region. This study uses a hydro-economic 
model to explore the potential for reclaimed water reuse in agriculture and effective water resource 
management under climate uncertainties for water availability. Management alternatives include different 
levels of reclaimed water reuse from urban wastewater treatment plants in the region, while climate 
uncertainty is represented by projected precipitation and temperature changes from a selection of global 
climate models under different representative concentration pathways. We evaluate the quantity of 
groundwater abstraction averted, area of crops irrigated with reclaimed water, impact on farmers’ income, 
and streamflow available for environmental uses under the combined climate and management scenarios. 
Such evaluations are subject to reclaimed water availability and groundwater pumping restrictions 
determined for drought conditions. Our results provide valuable insights on economic and environmental 
implications of reclaimed water reuse, and can support responsible decision and policy options to maximize 
the uptake of such alternatives for integrated and sustainable water resource management in semi-arid 
regions.
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Barcelona city has its main origin of water in the Llobregat river. Due to the Mediterranean climate, rising 
temperatures for climate change and the increase in human activity around the river, the treatment of the 
water for human consumption purposes is challenging, as the quality characteristics are dynamic and 
complex. In recent years, an increase in the presence of algae in the river has been detected, which represents 
a challenge for the Drinking Water Treatment Plant (DWTP) with surface water catchment as algae could 
cause problems of smell, color and in some cases the generation of toxins in the tap water. The need of an 
action protocol at the DWTP of Sant Joan Despí (SJD), Barcelona (Spain) is a growing necessity as the number 
of algae blooms increases every year.  
The aim of this study is to define a strategy for the monitoring and control of algae blooms in the DWTP of 
SJD, based on the early detection of algae and an adjusted response to these events.    
For this purpose, three main tasks have been done:  
1. Selection and evaluation of offline and online sensors for algae monitoring in real-time and 
characterization. Three devices have been used for the detection of algae: an online fluorimeter with 
chlorophyll a measurement (Trilux, Chelsea technology), an offline fluorimeter with classification of 5 species 
of algae (AlgaeLabAnalyser, bbe Moldanke) and a flow-imaging microscope for the quantification and 
classification of the algae (Flowcam, Yokogawa). 
2. Historical data processing: With the data generated it’s been studied the behavior of algae in the river 
in different seasons, the correlation between algae and some physical-chemical parameters, the evolution of 
algae inside the plant and an identification of algae species. 
3. Algal removal experiments: with different doses of disinfectants and coagulant. Jar-test experiments 
have been carried out to determine strategies for optimal algae removal. It has been tested: two disinfectants 
(chlorine dioxide and potassium permanganate) and one coagulant (pax-18); in different doses and 
combinations of reagents and algae. 
 
Algae growth have been studied in the Llobregat river and in the DWTP of SJD, seasonal dynamics have been 
detected and the main species have been identified. It has been determined the action of the disinfectant 
and the coagulant in the elimination of algae. With all the data generated an action plan for algae bloom in 
the DWTP of SJD has been defined. 



Theme 5 

Water resources management, 
valuing and resilience 
 
 

Socio-hydrology: An integrated approach to address intrinsically linked 
issues of water resource management and human well-being  

Dr. Pankaj Kumar1, Dr Rajarshi Dasgupta1 

1Institute For Global Environmental Strategies, Japan, Yokohama, Japan 

Theme 5: Water resources management, valuing and resilience (7), Andalucía I, junio 23, 2022, 12:00 - 13:30 

Changes in demography, land use land cover along with local climate cumulatively affected local water bodies 
and resulted in unfavorable hydrological, ecological, and environmental changes in major river systems. 
Particularly, poor communities in the low-lying coastal zone are worse affected due to their poor adaptive 
capacities. The focal point for the vulnerability of these people lies in the water resources (drinking water 
availability, agricultural water quality, salt-water intrusion, flooding etc.) and the future interaction between 
human and water systems. With above background, socio-hydrology can be very relevant approach for 
enhancing social adaptive capacity as well as for developing resilient water environment. This work strives to 
explore how nexus of human–water relations can be applied to improve adaptive measures to maintain 
hydrological cycle along with managing local water needs. Socio-hydrological models is used to quantify the 
feedbacks between water resources and society at multiple scales with aim to expedite stakeholder 
participation for its sustainable management. The obtained result will be helpful to sketch projection of 
alternatives that explicitly account for different possible options for managing human-water interaction 
throughout the water cycle and hence human well-being. 
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River basins are unique dynamic systems shaped by hydrologic variation patterns, a dominant control of 
ecological resilience and ecosystem health. As resilient systems, river basins can adapt and thrive to changes 
in hydrologic patterns over time, absorb disturbances, reorganize, and continue to perform their function —
retaining their identity. Persistent forcing, either natural (e.g., extreme hydrologic events, climate change) or 
anthropogenic (e.g., impoundments, land-use change, increasing water demand), can bring the system to a 
critical threshold or limit, causing undesirable regime shifts or ecosystem switching to an alternative state. 
How ecosystems react to perturbations is a central question in ecology today because these can cause 
catastrophic, undesirable, and even irreversible changes in natural systems. This study addresses how much 
forcing a river basin can take until the system undergoes a regime shift and into an alternative state? As a 
representative case, the transboundary Rio Grande Bravo basin, shared between the United States and 
Mexico, is selected given that it is subject to a wide range of environmental, socioeconomic, and climatic 
challenges under a complex political climate. From a combination of highly variable climatic conditions and 
increased anthropogenic pressure, the RGB basin is considered one of the world's most stressed and impacted 
rivers. Resilient indicators for quantitatively assessing resilience require long-term records sampled as 
temporal and spatial scales. For instance, this study analyzes 110 years of daily natural flows in six control 
points from 1900 to 2010. First, the hydrologic variability of a river basin is analyzed to describe the hydrologic 
states or basins of attraction of the naturalized system compared to a regulated system using the Streamflow 
Drought Index (SDI). Second, the detection of regime shifts is captured by the quantitative indicator Fisher 
information, followed by quantifying anthropogenic pressures that have caused the shift. Third, the 
probability density of the SDI hydrologic states is used to compute a hypothetical stability landscape 
representation of resilience and its approximate shapes of basins of attractions. Preliminary results indicate 
that a resilience threshold was surpassed, and a regime shift occurred in the control point of the Rio Conchos 
subbasin after three substantial anthropogenic perturbations occurred by 1948. Additionally, the analysis of 
the naturalized streamflow data exhibits a warning for an upcoming regime shift, given that the instability of 
the system is increasing. The final results will be presented and discussed. Understanding the conditions 
under which a river basin is likely to cross a threshold and the mechanisms that underlie a regime shift 
behavior is critical for environmental management, in addition to broadening our conceptualization of river 
basin ecosystem dynamics, resilience, and regime shifts.
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Hand pump wells for water supply in two developing countries (Sri Lanka and Mauritius), is reviewed, and 
hand pumps as a disaster relief water supply, in Japan (current usage) and New Zealand (possible usage) are 
investigated.  
Data from one council area in Sri Lanka was obtained. Out of 45 wells installed, 17 (38%) Hand pumps wells 
are working. 20 (44%) wells were abandoned due to collapsing of the well (due to over pumping). 8 hand 
pumps (18%) were removed/ out of order. 
“India Mark II” and “Neera” pumps were selected for two reasons. Made in India and locally, they are widely 
used. The technology/ spare parts used were those from bicycle parts. This enabled daily pump maintenance 
to be done by anyone with know-how to maintain bicycles. Also, the spare parts were available in many 
villages. The village level mechanics trained by the water projects, migrated to cities, as they found other jobs 
with the skills acquired from well project. The councils had to take over maintenance from community 
organisations, and now councils cite lack of funds as the reason for hand pump well failure. 
Water Resources Board (Sri Lanka) has a detailed permit (form), which requires well-log data and GPS 
coordinates, and specifies the well drilling method (direct rotary, air, or hard rock drilling by DTH drilling), 
prior to granting permission to install wells. 
In Mauritius, where rural farmers depended on driven wells, the broken pumps were removed and taken to 
the city for repair. No one advised them to seal and protect the well bore, after the pump was removed. This 
led to the wind-carried manure entering the well, contamination of aquifer. This situation was remedied by 
providing know-how (and well-caps) to well users. 
A good water resilience example from a developed country, is city of Yokohama in Japan, where people in 
every street practice pumping water (regularly) using hand pumps, from pre-built water storage reservoirs, 
which are actually large pipes, installed in many streets. Having practiced hand pumping in normal days, the 
public can look after their water supply immediately after a disaster. 
Wellington in NZ also can enhance civil-defense water resilience in some areas of Wellington city, which may 
be without water for more than 100 days after a disaster event. Hand pump wells can be installed in public 
parks, within walking distance from homes. People can practice hand-pumping water when they visit the park. 
The water can flow to flower beds and grass swales, irrigating them. If water supply is disrupted after a 
disaster event, people can pump the water and use for drinking etc. The hand pumps usage in developing 
countries and in Japan, can be a useful guideline for NZ. 
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The present paper analyses sustainable and resilient city’s strategies that can support the development of a 
Local Climate Change Adaptation Plan (LCCAP). Emphasis is given in the strengthening of the resilience of an 
urban environment through the enrichment of Green Infrastructure. Resilient cities are the result of multiple 
interventions and systemic change across all four key components of an urban system: infrastructure, 
institutions, knowledge, and ecosystems. Infrastructure and ecosystems seem to be the most important key 
components to enhance city’s resilience. Local authorities play a key role in public administration that is 
crucial for CC adaptation including land use regulation, infrastructure protection, monitoring and inspection 
as well as emergency planning etc. (Vogel and Henstra, 2015). Local adaptation plans can succeed by 
correcting and verifying pointed assessments of the key pressures and threats (critical points) that result in 
CC in the local area (Leka et al, 2021). LCCAP enhances a city’s resilience in order to overcome environmental 
degradation and the existing threats caused by CC. The outcome of this study is to highlight the interrelation 
between a resilient city’s strategies and the under development LCAAP’s under the scope of GI.
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This study takes a cue from the research and monitoring activities held in the wastewater treatment plant in 
Castellana Grotte (Southern Italy), where an infiltration trenches system is used as final receptor of tertiary 
effluents from wastewater treatment plants.  
Water levels, as well as water inflow rate, were monitored in trenches, and variation in time of hydraulic 
heads was modeled simply using the Darcy law.  
More in detail, we start from considering the very basic mass balance law for each trench, and we also take 
into account water exchanges between adjacent trenches.  
The water flowing through the permeable septa that separate adjacent trenches, as well as the water 
infiltrating towards external walls of the trenches cluster was modelled by an ODEs system. Also anisotropy 
factors of the hosting rocks and differences in hydraulic heads among the trenches were considered for the 
modeling. To this purpose different data were used: a) coarse, daily data, used for estimating the behavior of 
cluster towards bottom and external lateral walls and b) high frequency data for estimating the mutual 
performance of trenches when pouring one into the other.  
Moreover, we also develop an algorithm for linking the water levels to inflow and therefore assessing the 
instantaneous inflow rate in each trench.  
As a result of such modeling, saturated hydraulic conductivities (both in horizontal and vertical direction) were 
estimated. Such a work is aimed to optimizing the management of the final receptor, and eventually to 
implementing managed aquifer recharge strategies. 



Theme 5 

Water resources management, 
valuing and resilience 
 
 

A GLOBAL E-FLOW ASSESSMENT TOOL 

Ms. Valesca Harezlak1, Dr. Mijke Van Oorschot1 

1Deltares, Utrecht, Netherlands 

Theme 5: Water resources management, valuing and resilience (7), Andalucía I, junio 23, 2022, 12:00 - 13:30 

Environmental flows (E-flows) are an important concept to explore current and possible future ecological 
states of fluvial systems. The ecological state of a fluvial system is directly related to the capacity of the system 
to provide ecosystem services, like water purification, fish production, and floodplain agriculture. The 
quantification and balancing of these services require the involvement of multiple stakeholders and lies at 
the heart of the more elaborated E-flow tools. However, those tools are generally time consuming as large 
amounts of data are required. As publicly accessible global data becomes increasingly available, as well as 
methods to extract and convert this data into ecologically relevant parameters, a Rapid Environmental-flow 
Assessment and Communication Tool (REACT) is proposed to aid data availability in E-flow studies. REACT 
aims at combining global data and tools with ecological knowledge. Global data holds information on river 
hydro-morphodynamics, water quality and ecology. Due to the relatively coarse nature of the data the 
ecological indicators in REACT are based on trait strategies rather than specific species. The included case 
study of the Tenryū river in Japan showed that discharge and water levels deduced from global data are 
comparable to those simulated by a calibrated 2D model. The trait strategy approach showed dominant fish 
guilds that are known to inhabit the Tenryū river in large numbers. Although some deduced E-flow parameters 
from global data show room for improvement and some parameters are still to be tested, REACT seems to be 
of added value to the existing E-Flow tools. 



Theme 5 

Water resources management, 
valuing and resilience 
 
 

INTEGRATED MODELLING FOR THE OPTIMAL RESOURCE USE, 
PRODUCTION-ECONOMIC OUTPUTS, AND EMISSIONS CONTROL: A GOAL 
PROGRAMMING MODEL FOR IRISH AGRICULTURE 

Dr. Angelos Alamanos1,2, Dr. Jorge Andres Garcia3, Dr. Suzanne Linnane1,2, Dr. Triona McGrath2 

1National Water Forum Of Ireland (An Foram Uisce), Civic Offices, Limerick Road, Nenagh, Co. Tipperary, Ireland., Tipperary, 
Ireland, 2Centre for Freshwater and Environmental Studies. Dundalk Institute of Technology, Marshes Upper, Dundalk Co. 
Louth, A91K584, Ireland, Dundalk, Ireland, 3The Water Institute, University of Waterloo, 200 University Avenue W, 
Waterloo, ON N2L 3G1, Canada., Waterloo, Canada 

Theme 5: Water resources management, valuing and resilience (7), Andalucía I, junio 23, 2022, 12:00 - 13:30 

Complex agricultural problems with conflicting economic-production and environmental objectives are 
becoming increasingly topical. Agriculture consumes environmental resources (soil, water, raw materials), 
emits pollution (fertilizers, pesticides, Greenhouse Gases – GHGs) and has high production expectations 
(reduce costs, increase yields, production, sales, and thus profits). The optimal way to cover the economic 
demand and achieve environmental sustainability through the most efficient use of resources and emissions’ 
control is a challenging multi-objective problem. Integrated approaches are required to balance those, often 
conflicting, objectives.  
Ireland seeks such approaches to enhance its capacity and achieve the objectives set by the recent Common 
Agricultural Policy (CAP), the Nitrates Action Plan (NAP), the 2030 Agri-Food Strategy, and the upcoming River 
Basin Management Plan (RBMP) (3rd Cycle). Agriculture is based on grassland and cattle, and is the dominant 
pressure to the quantitative and qualitative status of the Irish water bodies. So, these national and European 
policies are expected to improve water quantity, quality, enhance sustainable catchment management, 
reduce GHGs emissions, boost the production and the agro-economy, in efficient and socially acceptable 
ways. 
A Goal Programming (GP) model was developed to address the above objectives, for the first time in Ireland, 
to our knowledge. The targets set are: maximum sales, minimum production or capital costs, maximum 
exploitation of area for cultivation, minimum emissions of Phosphorus and Carbon, maximum organic 
fertilizer and minimum use of chemical fertilizer, and maximum expected productions. The model allows for 
deviations from one or more targets, and the policymakers can penalize those deviations (exceedances or 
deficits) by weighting them (degree of undesirability of deviations). The model minimizes these deviations 
from the desirable goals, and also provides the optimal values of different crops and animal types (decision 
variables), as well as for each goal set.  
The results prove that the multiple objectives must be planned together as a system in order to provide 
sustainable solutions. Such solutions are feasible, and the learnings that an integrated model can support 
policymakers and practitioners to address consider complex systems. Similar approaches are encouraged in 
terms of building integrated databases that will lead to a holistic monitoring-modelling of the system as a 
whole, ensuring that no discipline will act in the expense of another. 
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Sustainable ecosystems are critical for food security and well-being in sub-Saharan Africa (SSA). Prioritization 
of the intensive production of water-hungry crops for export has detrimentally impacted ecosystems. Land 
uses should be less water-intensive to increase the volume and quality of water in rivers. Governments should 
allocate water based on the total value (economic, socioeconomic and environmental) that the water will 
generate from a use, including flow-on and long-term benefits. Most people in SSA face many challenges 
causing multi-dimensional poverty: insecure access to food, WASH services, housing, education and jobs. 
Hence, reducing water allocated for domestic food production and WASH services in favor of ecosystems 
might not always be wise in the short term. On this basis, we discuss the short and long-term benefits flowing 
from allocating water for four major uses: i) domestic food production and job creation to provide physical 
and economic access to sufficient nutritional food for a healthy and productive life; ii) WASH services, for a 
healthier, better educated and more productive population with economic access to food; iii) export 
commodity production, allocation to this purpose should be limited to commodities, which generates the 
highest number of jobs and export revenue for Africa per unit of water and allows more water to remain in 
rivers and lakes; and iv) sustainable ecosystems, the focus should be on ecosystems, which generates jobs 
and nutrition such as fisheries and tourism. We provide a conceptual framework of benefits to guide 
policymakers making trade-offs between different uses when allocating scarce water. 



Theme 5 

Water resources management, 
valuing and resilience 
 
 

EVALUATION OF THE INFLUENCE OF LOWER NETWORK PRESSURES IN 
WATER CONSUMPTION REDUCTION 

Mrs. Daniela Bonazzi Sodek1, Dr. André Luis Sotero Salustiano  Martim1, Dr. Laura Maria Canno   Ferreira Fais2, 
Dr. José Gilberto  Dalfré Filho1, Dr. Edevar Luvizotto Junior1 

1Unicamp - State University of Campinas, Campinas, Brazil, 2School of Technology - State University of Campinas, Limeira , 
Brazil  

Theme 5: Water resources management, valuing and resilience (8), Andalucía I, junio 23, 2022, 15:00 - 16:30 

The quick urban population growth experienced around the world, has put many aspects of sustainability into 
perspective, amongst others, the efficiency of water distribution systems. Although water conservation 
should be the target, a substantial part of produced water is still lost thorough the distribution system. Water 
losses in a water distribution system refers to the volume of water produced but not consumed (real loss), or 
consumed but not charged (apparent loss). To reduce real water loss, pressure reduction has shown to be 
effective. The Fixed and Variable Area Discharge Paths theory (FAVAD) is used to estimate the impact of 
pressure on leakage volume. Likewise, FAVAD theory has been used to estimate consumption reduction due 
to pressure reduction. The operation of water distribution systems with lower pressure would not only reduce 
real losses and burst frequency, but also reduce some elements of consumption, therefore diminishing the 
demand. Although consumption reduction maybe seen as loss of revenue, it is a way to prevent water 
distribution systems expansions and promote water conservation, when operating the system at a lower 
pressure. This work studies consumption data and, by using statistics hypothesis test, estimates the potential 
consumption reduction of operating the distribution systems at lower pressures. The study compares the 
consumption data of two district metering areas (DMAs) of Palmas city, Tocantins, Brazil. The database 
presents two years consumption for one DMA operating at 15 mH2O (1.5 bar) with 285 connections and 
another operating at 57.1 mH2O (5.7 bars) with 436 connections. As a result, the costumer of the DMA 
operating with the highest pressure consumed 1.28m3 more in average, than the costumer of the DMA 
operating with the lowest pressure. 
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The Guad-ECHO (Guadalquivir Extended Continental-scale Hydroeconomic Optimization) model is applied to 
Guadalquivir Basin aimed to analyse the socio-economic impacts derived from water policy decisions (e.g., 
reallocation) in a context of climate change and the occurrence of drought events. Guadalquivir basin is 
representative of Mediterranean climate supporting a population of 4.2 million inhabitants, around 900.000 
ha of irrigated land (25% of Spanish irrigation) and some biodiversity hotspots (such as Doñana Natural Park). 
The hydrological model estimates existing water flows and stocks in the basin under different scenarios either 
derived from physical changes (climate change and drought events) or institutional changes (water policy). 
The link with micro-economic models is determined by the availability of water and individual agents’ 
response. Special care is given to irrigation water use (85% of basin abstractions) and farmer’s response is 
simulated with mathematical programming (PMP) which is calibrated for 2020 baseline while the rest of 
economic sectors (urban, industry, energy, navigation) are simulated with a simpler microeconomic model. A 
differential feature of irrigation in Guadalquivir is the large share of deficit irrigation strategies (in 80% of 
basin irrigated area the crop receives water below full production requirement) and ‘modernized’ irrigation 
schemes (80% of area incorporates high efficiency systems). Model results illustrate impact of droughts at 
regional economy and sectoral levels detailing indicators for: direct and indirect employment, regional GVA, 
prices and GHG emissions. The model shows the effects of alternative drought management policy (water 
markets, current re-allocation rules, etc.). The model is developed in GAMS and follows EU Open Science 
Criteria including open access to data and models to citizen.
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Saudi Arabia is an extremely dry country: without permanent river currents and virtually no rainfall 
throughout the year, inland Saudi water supply has been traditionally based on oasis and, since the 1940s, on 
a number of vertical wells.  
Population increase during the second half of last century brought about a decrease of 150 m in ground 
water+ level. Any feasible permanent solution pointed to the use of sea water. Nowadays, all inland Saudi 
population uses desalinated water coming from the Persian Gulf and the Red Sea.  
The Water Transfer Projects that AYESA is currently supervising in KSA ─ design and site supervision – are 
similar: tank farms, pumping stations and feeder lines. 
NSPW and QFD project comprises seven water transfer systems spread all along the Red Sea Coast. These, 
together with a new desalination plant on each site will dramatically improve water supply and enable 
development for minor cities located nearby. 
KKMC project is in the north-east end of Saudi Arabia, and transfers water from Hafr al Batin station to King 
Khalid Military City 80 km to the west. 
Modular construction for Pump Stations. The number of pumps and size of impellers (and thus flow rates, 
water pressure and velocity) will vary heavily in the coming years. Current design is ready for that.  
Weather conditions: high temperature, extremely low humidity and sandstorms determine some design 
parameters and equipment. The main feeder is a steel pipe lined with cement mortar, which needs special 
humidity supply during construction. Station piping would not resist the great temperature variations – from 
85°C under the sun to 20°C at night –, so a different lining and coating is used in aboveground station pipes; 
electric and electronic devices must withstand extreme temperatures; buildings must be overpressured to 
avoid sand intrusion. Any work inside pipes must follow thorough safety checks of temperature, available 
oxygen and presence of gases. 
Topography: inland Saudi Arabia is a plateau of some 500 km² without summits or low points, which means 
pipe slopes are quasi-horizontal. To guarantee air release from the pipe walls we apply a mechanic wiping 
device used in the petroleum industry, a scraper; it is a plastic piece hydraulically driven by water pressure 
itself, which scrubs the pipe walls and carries the bubbles to the vent stations. Scrapers need special launching 
and receiving devices, and a careful valves disposition. 
Control and monitoring: state-of-the-art systems are implemented for leak detection and location systems. 
The Operation Optimization System based on demand prediction and costs, and Process Automatic Control 
are supported by a fiber optic communication network. 
Reservoirs: Tanks are aboveground steel structures around 60.000 m3 with aluminium dome roofs, and a 
passive mixing system to guarantee the quality of water.
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Irrigated agriculture currently accounts for approximately 70% of the global water use. Under climate change 
and population growth, an immediate effect will be related to an increased demand for water resources and 
energy, to keep pace with growth in demand for production.  
In such context, the main challenges for agricultural water management are twofold. First, the growth of 
demand can significantly impact the operation of irrigation networks, increasing the occurrence of pressure 
deficits in irrigation networks which can bring to dangerous consequence for the quality of the service and 
for crop growth. Second, the challenge to respond to the environmental policies drives to implement climate 
mitigation measures that optimize resources availability and use (i.e. water and energy). 
As a response to these challenges, modernization processes are ongoing in the irrigation sector, both on the 
infrastructure and on network management. Especially the introduction of innovative management 
strategies, aimed at the energetic and hydraulic optimization of the network, necessitates the development 
of new technologies able to respond to new operating requirements: connectivity, real-time actions, 
reliability. 
Starting from these premises, the present study aims at demonstrating the potential associated to the use of 
the GreenValve System (GVS, patented by the Politecnico di Milano) in an on-demand pressurized irrigation 
network. Basically, the GVS is able to recover the energy needed for operation and to create a stand-alone 
real-time control and monitoring station. It is able to be remotely commanded and allows the introduction of 
management logic based on the real-time data acquired by the device, thus supporting a new concept of 
‘smart’ network management. Based on the EPANET-MATLAB-Toolkit, a simulation model has been 
developed to: i) model a wide range of network operating conditions (e.g. upstream pressure, variability of 
hydrants’ simultaneity), thus identifying failures; ii) characterize hydrant and network performances, 
according to the FAO59 indicators; iii) identify criteria and rules to improve network operation, 
limiting/avoiding the occurrence of failure conditions (i.e. hydrants with insufficient pressure or flow rate). 
The code has been used to support the identification of suitable and relevant locations for installing the GVS, 
thus supporting its optima operation. A well-known case study has been considered for the analysis (i.e. the 
District 25 in Capitanata, Southern Italy, which is detailed in FAO59). Despite the complexity of the analysis 
associated to the multiple operating conditions (e.g. variable demand and hydraulic conditions throughout 
the irrigation season), several potential benefits related to the use of the GVS to support an improved system 
management clearly emerged. 
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In regions where water is scarce, its use must be prioritized, and adequate criteria must be used to obtain 
maximum benefits for the population. This article summarizes the result of a series of research findings 
carried out in Peru related to water productivity, which is translated into the concept of the Extended Water 
Footprint (EWF). In these investigations, the amount of water to generate a unit of a product was estimated, 
as well as the value that is generated when a unit of water is used in a productive activity. The EWF of five 
representative agricultural products is compared: grape, asparagus, rice, potato and coffee, and a mining 
product, copper concentrate. Copper concentrate generates the highest gross income, US $ 11/m3, followed 
by asparagus and grapes, export products, with US $ 2.89/m3 and US $ 0.97/m3, respectively. Unit gross 
income from potatoes and rice is much lower, in the order of 59 and 30 US cents per m3, respectively. One 
m3 of water applied to coffee generates only 9 US cents. 
This article is aimed at providing information that may be useful to decision makers, economists, and 
researchers whose professional or academic practice is related to the economic value that natural resources, 
in particular water, can potentially generate. This criteria might be particularly necessary in regions located 
in arid zones where water may be used for different economic activities. 
Finally, this criterion that is intrinsically objective, may be used in conjunction with other State policies to 
prioritize the use of water in productive activities. 
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A well-developed Green and Blue-Green Infrastructure (GI/BGI) network provides a range of ecosystem 
services, which are defined as all benefits provided to humans from the natural environment. These might 
include improvements in water and air quality, flood risk mitigation, amenity and biodiversity values, as well 
as positive influences on the local residents’ wellbeing and mental health [1]. Detailed consideration of GI/BGI 
is an indispensable prerequisite for sustainable urban planning, and should therefore be part of any new 
urban development design process [2].  This paper applies the recently proposed Urban Planning 
Sustainability Framework (UPSUF) [3]  to the case study of Enfield borough in London, providing a series of 
design options and sustainability evaluation. A number of scenarios (including pre-development baseline, 
predominant use of grey infrastructure, predominant use of BGI, and combined use of grey and green/blue-
green infrastructure) have been considered to assess the variation of the projected environmental impacts. 
Following the UPSUF/CityPlan framework within the planning system process facilitated the search for a set 
of optimised designs that include a combination of grey and BGI techniques.  The overall approach is 
consistent with the NBS and integrated water management framework. Small and medium scale details of 
specific architectural, infrastructural and logistical changes are discussed with local stakeholders, and the final 
solutions will, therefore, be co-designed using a participatory approach. BGR_Calc (Brownfield Ground Risk 
Calculator and Groundscreen) will be used to assess potential complications  related to the legacy of previous 
land use. Stormwater management, enhanced flood resilience, and improvements in runoff and river water 
quality are among the main goals of this approach.  A key part of this process will be the application of the 
CityWat model, which has been successfully used for larger scale analysis of the London’s water system [4]. 
The discussion will address limitations of this work and its implications, summarise lessons learned, provide 
recommendations for further studies, and discuss the relevance of this study for further developments of the 
Blue-Green Cities conceptual framework.  
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Most studies in the field of groundwater management focus on regional management of groundwater 
resources, and only a few focus on monitoring individual wells in terms of improving the management system 
and applying effective wellfield management plans. The lack of reliable monitoring systems hinders the 
proper management, planning, maintenance, and operation of wells, which consequently increases the 
management and operational costs and could add additional pressure on the water resource. Several tools 
have been developed to manage groundwater resources; however, there is not a specific software that 
comprehensively tackles all groundwater management aspects on well and wellfield levels. This research aims 
to develop a user-friendly Decision Support Software and Database for Wellfield Management (DeMa) that 
aids the decision making process surrounding the management and operation of the wells, which will be a 
continuation of the work conducted in Alqadi et al., (2019). The software is divided into four modules (i) 
Database Management Tool (DbMT) (ii) Observation Based tool (OBT) to visualize the database in graphs, (iii) 
Research Based tool (RBT), which is a user-friendly tool to help wellfield managers to apply novel research 
methodologies to the user study area, and (v) Documents Management Tool (DMT) to manage all documents 
related to the wells. The software is conceived in a modular way, such that it can be enriched by plugging-in 
additional tools and options in subsequent versions. Future developments include water quality analysis and 
well rehabilitation support with the aim of creating an all-encompassing tool that meets the wellfield manager 
needs. 
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The developing world and Sub-Saharan Africa, in particular, are facing numerous challenges. Food security 
and poor nutrition, environmental degradation, social and economic inequalities, and slow economic growth 
can be addressed individually but may be better addressed following integrated systems approaches.  
Irrigation is crucial to increasing food production, but schemes often fail because developers focus on 
infrastructural development without incorporating critical system elements. Irrigation increases production 
potential in areas where rainfall limits productivity, but it increases the cost and complexity of production. 
Infrastructures are not maintained, resulting in high water losses, low productivity, and ultimately, irrigators 
inability to pay water bills and abandoned schemes.  
This paper argues that irrigation schemes can play significant roles in transforming local economies. To do 
that, a new irrigation development paradigm is needed to increase productivity and, more importantly, to 
widen the benefits beyond those with access to irrigated fields. We propose that integrating dry-land 
agriculture with irrigated cropping systems will generate synergies beneficial to both production systems and 
create more livelihood opportunities than the isolated systems combined. To further extend these integrated 
systems' benefits, we propose developing the local economy through small and medium enterprises 
supporting them, providing inputs and processing outputs while recycling the byproducts to offset input costs 
and reduce possible pollution. To achieve greater production efficiencies, we need to improve output/input 
ratios, reduce losses and wastage of all resources, reduce production costs, and increase the value of the 
produced outputs. Furthermore, these systems need to be socially, economically and environmentally 
sustainable and resilient.  
We propose that irrigation systems represent the central element around which circular food systems and 
associated economies can develop. Most irrigation systems acquire inputs over long distances, and export 
raw food products to urban areas where they are processed and packaged, for some to be transported back 
to consumers near their origin. The essence of circularity is to reduce the costs, financial and environmental, 
of transporting inputs to production areas and outputs to urban areas. Large industrial processors discard 
byproducts as waste as they may not have any value or use near cities and  transporting it to where it may 
have value as inputs in production, will be too costly. Processing and value addition near the origin reduce 
transportation costs of bulky raw products, and local small-scale processing will create jobs and provide rural 
entrepreneurial opportunities, which will generate local buying power and counter urbanization. In short, we 
want to reduce food miles and losses, recycle byproducts, and generate economic opportunities near 
irrigation systems and reduce the local cost of nutrient-dense food. We draw on examples from our projects 
in Tanzania and Zimbabwe to illustrate the potential socio-economic benefits from circular food system 
centred on smallholder irrigation schemes. 
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Climate conditions have a significant impact on energy demand and production. The project CLIM2POWER, 
completed in 2021, aimed to develop a climate service at European scale for the planning of the power 
infrastructures operations using seasonal forecasts and long-term climate projections. This work presents 
part of the project, and focus on assessing the climate change impacts on hydropower production of Torrão 
Dam. Torrão reservoir is located on the Tâmega river, a tributary of the Douro river in northern Portugal. The 
long-term (2016-2100) climate data used is obtained from the EURO-CORDEX simulations, on a daily time 
scale. Two different combinations of regional and global climate models for scenarios RCP 4.5 and 8.5 (four 
combinations) were used: ICHEC-EC-EARTH-CLMcom-CCLM4 (CCLM4) and ICHEC-EC-EARTH-DMI-HIRHAM5 
(HIRMAM5). Long-term precipitation data was bias-corrected using the multiplicative shift method, and for 
rainfall-runoff simulation, HEC-HMS model was used. The results showed that 30-years total annual 
precipitation for future periods (i.e, 2016-2040, 2041-2070 and 2071-2100) was 3.4%-28.1% lower than the 
historical one. 30-years annual total discharges of all future periods decreased for both models and RCPs 
(1.2%-30.2% less than the historical ones). Regarding future 30-year annual average capacity factors, there 
was reduction (1.8%-24.8%) with respect to historical one, except in two future periods for CCLM4 model of 
RCP 4.5 scenario i.e., 1.2% increased in the period 2016-2040 and 1.5% increased in the period 1971-2100. 
This suggest that hydropower production is not only dependent on future precipitation trends but also on the 
hydropower production procedures. 
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Water conservation service has an important impact on human well-being. Water balance method and 
Difference equation model are used to evaluate the water regulation value of ecosystem in Qinghai Province 
of Qilian Mountain National Park, China. The results show that: (1)Grassland plays an important role in water 
conservation in Qilian Mountain National Park, Qinghai Province. The annual physical water conservation 
amount is about 6.446 billion tons, and the value of water conservation accounts for about 29.58% of the 
total water conservation value. (2) Although the forest area is small, its ecological security is obvious. In 2020, 
the water conservation value is 5.111 billion RMB yuan (arbor forest and shrub forest), accounting for 7.62% 
of the total water conservation value. (3) From 2010 to 2020, the water conservation quantity of different 
ecosystems in Qilian Mountain National Park, Qinghai Province had little change, but its value decreased, 
which is mainly caused by the decline of water conservation value per unit ecosystem. (4) In 2030, the physical 
quantity and value of water conservation increased, with the physical quantity increasing by 4.166 billion tons 
and the monetary value increasing by 19.12% compared with 2020. The paper also discusses the related 
problems of water conservation and puts forward some suggestions for the management of Qilian Mountain 
National Park, Qinghai Province, China. 
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Irrigation constitutes an important aspect of agriculture; around 20% of the world’s agricultural land is 
irrigated producing 40% of the total food production. As water is becoming scarcer, water-saving irrigation 
methods such as drip or sprinkler irrigation are becoming more popular. However, these systems require 
power to pressurize water. Electricity is usually not available on agricultural lands, and e.g. petrol or diesel 
powered pumps become very expensive. At the same time, in many irrigation systems, a significant amount 
of ultralow-head hydropower is available either in ramps, drop structures or in supercritical flow channels. 
For instance, in the irrigation system near Llíria (Spain), there is a 300 m long supercritical flow channel section 
with a velocity of 5.5 m/s, a slope of 0.03, a width of 1.6 m, with a water depth of 0.16 m at a Froude number 
of Fr = 4.4. The total available hydraulic energy of the flow is 124 kW; the kinetic energy of the flow is 21 kW. 
This hydropower could be used to drive pumps directly. Supercritical flow channels are here of particular 
interest because of the high energy density of the flow.  
A waterwheel would be the simplest way to extract power from this flow. It is a simple machine, there is no 
alteration of the channel required, and the wheel would sit on the sidewalls of the canal. Debris and sediment 
can pass through the wheel. Tests of such wheels have been reported in the literature, but most of the 
reported tests were conducted in situations with a near-horizontal bed, and no consistent theoretical model 
was described. 
At Southampton University, a research programme was initiated to develop such a supercritical flow wheel 
as hydropower converter for this specific application. 1:5 scale model tests were conducted for Fr = 2.6 to 3.5 
and efficiencies ranged from 49% to 72% for tip speed ratios of 0.39 and 0.27 respectively. Based on the 
observations from the model, a theory for the s/c wheel in a sloped bed was developed. It was found that the 
hydraulic conditions obtained with a sloped bed are different from those of artificially induced supercritical 
flows in a near-horizontal bed as described in the literature. The theory showed good agreement with the 
model tests. It indicates that the efficiency increases with increasing Froude number.  Combined with model 
test results and observations, the theory allows to develop solutions for different real world scenarios. The 
results from the work so far indicate that the supercritical wheel offers a simple, robust and cost-effective 
solution for power generation in fast flowing irrigation canals.
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Basic human needs in the forms of water, energy, and food (WEF) are challenged across the globe by various 
limitations, with water being the most obvious one. The interactions and feedback loops among WEF systems, 
creating what is called WEF nexus, lead to trade-offs but also potential synergies under different natural 
conditions, policies, and management decisions. We developed a WEF nexus model that incorporates both 
supply and demands sides of WEF systems into a single system-of-systems model using the system dynamics 
approach. The model is applied to the province of Saskatchewan, Canada, and so is named WEF-Sask model. 
WEF-Sask includes the water resource system, rainfed and irrigated agricultural crop production, and the 
various sources of energy production (hydro, thermal, wind, and bioenergy) and their uses for residential, 
industrial, and agricultural activities. The results reveal the various levels of sensitivities of water, energy, and 
food sectors to the socioeconomic and climatic drivers. The analysis of trade-offs and synergies shows that 
the proposed large irrigation expansion in Saskatchewan boosts the provincial food production by 1.6% while 
reducing hydropower production by 2.7%. Wind expansion strategy makes synergies that not only contribute 
to electricity supply but also reduce greenhouse gas emissions, industrial water demand, and groundwater 
use by 2.0, 5.7, and 3.8%, respectively. Biofuel use in transportation cuts GHG emissions by 1.2% but reduces 
the potential food export by 5.0%. The WEF-Sask model allows for scenario analysis toward integrated 
resources management, which provides multi-centric assessment of water resource policies and 
management plans.  
Furthermore, the WEF nexus has been investigated under ensemble of climate change, transboundary 
inflows, and policy options. The time horizon includes a baseline (1986-2014) and the near-future climate 
scenarios (2021-2050). Results show that the WEF nexus in Saskatchewan is vulnerable, with 22% of 7500 
simulations cannot meet pre-set food and hydropower production targets. Decreasing transboundary inflows 
and local dry weather are the greatest threat to the WEF nexus performance, suggesting the critical role of 
hydroclimatic conditions and water policy in the upstream province of Alberta. Renewable energy expansion 
leads to the best nexus performance during 2021-2050, reducing total water demand, groundwater demand, 
and greenhouse gas (GHG) emissions by 2.6%, 8.2%, and 10.5%, respectively. Irrigation expansion plans are 
projected to improve the resilience of food production to climate change by turning two future scenarios 
(SSP126 and SSP245) from undesired scenarios to desired ones and increases food production by 3.6%. 
However, this policy also significantly increases total water demand (62.2%), resulting in reduced hydropower 
production by 3.2% and water transferred to the downstream province of Manitoba by 3.3%. This study 
provides a comprehensive modeling-based framework to assess water-energy-food nexus.
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The foundations of the circular economy are increasingly being laid in wastewater treatment plants (WWTPs). 
Thus, there is a new approach in the operation of these plants, redefining them as biorefineries in order to 
produce energy and move towards "zero waste". In this direction, an analysis of the screenings produced in 
the pretreatment of Biofactoría Sur (Granada, Spain), which are currently disposed of in landfills, was carried 
out. A one-year sampling campaign was carried out, in which 28 samples were collected for subsequent 
characterization. The first step of the analysis was to classify the fractions present in the waste, which turned 
out to be mainly composed of sanitary textiles (52.1%) with very little variation among the different samples. 
The other fractions present, which did vary, were paper and cardboard, vegetables, plastics and others/fine 
fraction.  In order to study possible alternatives to landfill disposal, the most relevant physical and chemical 
properties of the waste were measured in a second phase. The tests showed that the slurry has a high lower 
calorific value (24.29 MJ/kg for the dry sample), which, however, is reduced by the moisture content of the 
waste (77.3%). The composition of this residue could be compared to that of the rejects from the mechanical 
biological treatment of municipal solid waste, which could open up new possibilities for energy recovery.
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There is increasing interest in the water-energy-food (WEF) nexus and future trajectories considering global 
change, resource sustainability, and ecosystem functioning. Nexus studies show a number of shortcomings: 
not representing all sectors; specific studies that are not widely applicable; being large scale, losing fine detail; 
not representing feedbacks; using inconsistent approaches between sectors. Two examples are shown that 
start to tackle these issues.  
This work presents a global analysis of the WEF-GDP (Gross Domestic Product) system, integrating these four 
sectors into a single, coherent analysis and modelling approach, offering consistency where it has been 
previously lacking. A Monte-Carlo sampling approach is adopted to characterise global variability. A system 
dynamics modelling approach quantifies a previously qualitative description of the global WEF-GDP system. 
Seven GDP scenarios assess future trends to 2100.  Correlative and causal analysis shows links of varying 
strength between the WEF-GDP sectors. For example, the GDP-electricity consumption sectors are very 
strongly correlated while food and electricity consumption are more weakly correlated. Causal analysis 
reveals that ‘correlation does not imply causation’, often the case in complex systems. There are noticeable 
asymmetries in causal relationships between sectors. Historical values of WEF and GDP are well recreated. 
Future scenarios were assessed using seven GDP growth scenarios to 2100. Water withdrawals are close to 
other values estimated using very different approaches, and results suggest that humanity is at risk of 
exceeding the ‘safe operating space’ for water withdrawal unless it can be decoupled from economic groth. 
Food production estimates are also close to other studies by 2050, while electricity consumption is 
overestimated. This work is a valuable early step in providing a quantitative modelling framework to the 
previously qualitative descriptions of the water-food-energy-economic system. 
Key issues for nexus research are: 
• modelling between sectors is often inconsistent, making comparison challenging and prohibiting 
wider analysis; 
• ecosystem services are rarely reflected in nexus assessments, presenting an opportunity; 
• relating assessments to broader planetary targets/indicators (SDGs) is in its infancy; 
• a multi-disciplinary approach, with diverse stakeholders, is essential; 
• policy-relevant messages must be forthcoming.  
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Over-pumping of groundwater to satisfy the water demand for agriculture, industrial, and domestics uses in 
the central region of Taiwan has caused considerable drop of groundwater level and a large-scale land 
subsidence. However, the demand for groundwater resources is still increasing, and it is impossible, currently 
in Taiwan, to completely ban all pumping. There has been an urgent need to understand the groundwater 
situation in central Taiwan for several decades. In order to identify the over-pumping area in Chou-Shui Chi 
alluvial fan, this research proposes establishing a Linear Signal Model (LSM) for groundwater by using the 
hourly records of groundwater fluctuation level and the rainfall events observed in the Chou-Shui Chi alluvial 
fan for the past decades. Then, the LSM is used to identify the main pumping characteristics from the 
groundwater observation data and also simulate the variation of the groundwater level. By using LSM, four 
parameters, which are the natural loss, the recharge coefficient, the artificial pumping coefficient and the 
groundwater reference level, will be generated with different physical meanings, and this study try to 
understand the indication of those parameter in this groundwater system. The achievement of this study 
proves that LSM can be used for groundwater prediction and describe aquifer characteristics. The most 
relevant is the groundwater reference level (hb), our results demonstrate that hb can be used as the 
groundwater reference level in order to avoid the over-pumping that may lead to land-subsidence.  


