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Abstract: The National Water Plan (NWP) is the management instrument, of strategic nature, that sets the national water policy 
key options, as well as the principles and guidelines of that same policy. This paper describes and discusses the work 
undertaken in the preparation of the NWP in the areas of water availability, scarcity, quantitative pressures and water 
quality, namely regarding the diagnosis, objectives and proposed measures, all performed taking into account the 
Water Framework Direct (WFD). The NWP included a characterization of both the available surface and underground 
water resources and the water use by the different economic sectors, which supported a sequential monthly water 
balance, for potential scarcity areas identification. Complementary to this analysis, a WEI+ scarcity index calculation 
was made. In a concurrent work stream, the quantitative pressures were identified, characterized and related to each 
water body and its ecological status, while the basin level unit was also considered. The main problems regarding the 
abovementioned issues were identified, which mostly relate to current water use knowledge, the availability of 
organized information and decision models that allow for an adequate management of potential scarcity. The analysis 
showed that there is presently no evidence of significant scarcity potential at the regional level, although the 
quantification of the pressures that can promote this scarcity, either at water body or at basin levels and its relative 
input to the consequent ecological status, recommended the adoption of the precautionary principle. The possible 
linkage between scarcity potential and water body status is explored. 
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1. INTRODUCTION  

In accordance with the provisions of Article 28 of the Portuguese Water Law (WL), the National 
Water Plan (NWP) is the water management instrument, of strategic nature that sets the broad 
options of the national water policy and the principles and rules guiding this policy. The NWP 
entails, among other issues, the analysis of the main problems of water nationwide in support of the 
strategic orientations, options and priorities for intervention and the administrative policy in this 
area. The preparation of the NWP is the responsibility of the National Water Authority (INAG). 

For the development of the 2010 NWP, INAG adopted a methodology of horizontal splitting of 
the work plan, distributed in seven thematic areas (Strategic Themes). This paper aims to discuss 
the work undertook under the Strategic Themes 2 (ST2 – Status, Water Quality and Associated 
Ecosystems) and 7 (ST7 - Availability/Demand, Scarcity and Water Efficient Use). 

The Water Framework Directive (WFD), transposed into national regulation by the Water Law 
(Law No. 58/2005 of 29 December) and Decree-Law No. 77/2006, of 30 March, states that the 
Member States shall protect, enhance and restore the waters (inland, transitional and coastal waters, 
surface and groundwater) with the overall environmental objective of achieving good water status 
by 2015 (Article 4 WFD). 

The new concept of water status (synonymous with quality or integrity) came in practice to 
promote a paradigm shift in the water management framework, focusing on issues of quality, 
including of ecosystems. This change of perspective, given the dominance of the issues associated 
to the quantity of the resource observed in the past (as stated in the Decree-Law No. 45/94 of 22 
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February), unquestionably translates to a significant difference in the approach of planning 
instruments for water resources, particularly in the NWP. 

Particularly innovative in European legal context is the concept of ecological status, an 
expression of the quality of the structure and functioning of aquatic ecosystems associated with 
surface waters (ECOSTAT, 2003). The deployment of this concept requires the ability to sort (i.e. 
assess quantitatively) the "quality of aquatic ecosystems", for which it is necessary to monitor 
various biological elements in addition to a set of physical-chemical parameters and hydro-
morphological support elements. 

The status of a given body of surface water was assessed in ST2 as the deviation of these 
elements and parameters in relation to those characteristics of a situation with low levels of human 
intervention (or pristine reference conditions). The classification status of a water body can indicate 
a good environmental quality (small deviation from the theoretical pristine conditions), or that 
improvements, more or less substantial, are necessary. The classification is also used to plan the 
recovery measures of water bodies and to evaluate the success with which environmental objectives 
are achieved. 

Within the scope of the present paper, the status and pressures that affect it were assessed for 
every water body delimited in Portugal. For the purpose of this paper, only the types “river” and 
“reservoir” – both surface waters – of the water bodies are considered. Also for the sake of this 
paper, only the results for the 8 mainland Hydrographic Regions are taken into account (i.e. the 
Azores and Madeira data is not dealt with). This approach grants a total of 1598 “river” water 
bodies and 98 “reservoir” water bodies. 

This characterization uses the best information available at the time of preparation of the NWP, 
incorporating elements of available Hydrographic Region Management Plans (HRMP) and data 
loaded to the WISE database, used by the Portuguese Water Authority to report results to the 
European Commission. 

The issues addressed in ST7 seek to frame the main problems underlying the objectives set forth 
in the Water Law, particularly with regard to the promotion of the water resource sustainable use. 
Regarding availability and water consumption, the main problems were previously identified in the 
first version of the NWP in 2002, with most of them presently keeping significant relevance. The 
availability and consumption characterization, the analysis of the macro structural balance between 
these two variables, as well as the definition of the corresponding prospective scenarios, allowed the 
assessment of the strategic relevance of the problems in this area. Water scarcity in Portugal was 
analysed in the NWP at a macro level, with a sequential monthly water balance and the calculation 
of the WEI + index. The following chapters present the NWP characterization of the Portuguese 
(mainland) current situation of water availability, water use, scarcity, water bodies’ status and 
explore the connexion of the two former parameters, as well as the shortcomings of the analysis. 

2. WATER AVAILABILITY 

In the assessment of the surface water availability in each spatial unit of analysis for mainland 
Portugal, the series of natural regime flow obtained during the NWP2002 (MAOT and INAG, 
2002) were used. This option is justified not only by the lack of new organized information to date, 
but also by the reduced variability of the specified parameter in the most recent period of data. 
Thus, it was assumed the non-occurrence of significant changes in historical patterns. 

The natural flow regime has been characterized using the Temez model. The mean annual runoff 
generated in mainland Portugal is estimated to be 30,8x103 hm3. 

Figure 1 presents the surface runoff estimates for wet year, dry year and average year in each 
Hydrographic region (HR). 
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Figure 1. Surface runoff in mainland Portugal. 

The existing water storage capacity in Portugal is estimated to be 12,2x103 hm3, which 
corresponds to a regulation coefficient of 40% (not accounting for transnational inflows). The 
storage volume is mainly concentrated at the centre and southern areas of the country. 

The evaluation of the groundwater availability was based on the most recent studies. The 
methodologies employed by the authors of several works essentially depend on the information 
available for each water body. These methodologies include expeditious annual water balance for 
groundwater bodies without information, water balances at soil level, sequential water balances, 
hydrograph decomposition, chlorides balance and numerical models of different complexities for 
groundwater bodies in which there is good support information. 

Figure 2 synthetizes the (average) Portuguese groundwater availability by HR. 

 

Figure 2. Groundwater resources. 

3. WATER USE AND QUANTITATIVE PRESSURES 

The application of the concept of water body status in the latest water resources planning, at the 
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HR level, made the framework of pressures on aquatic environments to gain a new and more 
operative relevance. In fact, the establishment for each water body of a given initial status and a 
final status (to be achieved after the application of the measures’ programs contained in 
Hydrographic Region Master Plans HRMP) makes the pressure variables subject to effective 
control and management. For water bodies with a status lower than Good, the main pressures 
should be identified and measures proposed under the HRMP should allow, directly and indirectly, 
reducing those pressures. 

One group of such pressures – the one relevant for the goal of the present paper – is the so called 
quantitative pressures. These are associated with activities that draw water for various purposes, 
including public supply, agriculture and industry. The water volume used by the energy sector is 
very important, albeit being considered markedly non-consumptive, since it is mostly due to 
hydropower generation (above 99% of the total). The annual estimate of water used for electricity 
generation is 102 000 hm3. Nevertheless, given the fact of being a non-consumptive use, it was not 
considered as a quantitative pressure for the purpose of the analysis. 

Table 1 depicts a summary of the water consumptive uses for each HR and economic sector. 
 

Table 1. Water consumption by the different economic sectors (2010) 

Hydrographic 
Region Urban (hm3) Industry 

(hm3) 
Agriculture 

(hm3) 
Livestock 

(hm3) 
Turism (1) 

(hm3) Golf (hm3) Total (hm3) 

HR1 18,7 7,0 88,0 0,8 0,1 0,5 115,1 
HR2 46,1 12,0 314,0 3,0 0,4 1,8 377,3 
HR3 105,4 1,0 441,0 2,5 0,5 2,7 553,1 
HR4 123,1 58,0 594,0 5,5 0,6 2,7 783,9 
HR5 362,4 58,0 1038,0 6,8 1,9 8,6 1475,7 
HR6 35,0 31,0 436,0 3,2 0,2 1,4 506,8 
HR7 52,4 0,0 356,0 3,4 0,4 0,9 413,1 
HR8 35,5 0,0 144,0 0,2 2,8 15,8 198,3 

Total 778,5 168,0 3411,0 25,4 6,8 34,4 4424,1 

(1) Excluding golf. 
 

Taking into account the information supporting the referred figures, the Portuguese Water 
Authority has reported (through WISE) that only 1 “river” type water body and 15 “reservoir” type 
water bodies suffered from a relevant quantitative pressure. 

4. WATER BODY STATUS 

It was possible to assess the status of about 94% of the surface water bodies (types “river” and 
“reservoir”), although at different accuracy levels. Considering the length for rivers and grouping 
the classified water bodies in each river basin/sub-region, it is possible to analyse the distribution of 
the proportion of rivers with status Good or superior, as shown in Figure 3. 

It is very important to note, however, in order to fully understand the abovementioned results, 
that a fair amount of water bodies was not monitored – at least regularly – or had all the relevant 
parameters assessed. This scenario has led to the status of an important number of water bodies 
being estimated (using several modelling methods, different from one HR to another, which goes 
beyond the scope of the present paper) instead of being truly “measured”. 

From the Figure 3, the following conclusions can be drawn: no area has all its rivers in Good 
status; about 50% of the river length with good status is the most common condition; the “Ribeiras 
do Oeste” and Leça river basins are the areas with the worst performance regarding river length 
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with Good status. Figure 4 shows a similar analysis regarding the status for reservoirs (calculated as 
percentage of area at normal pool level). 

 

Figure 3. Water bodies’ status - Rivers. 
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Figure 4. Water bodies’ status - Reservoirs. 

As the previous Figure shows, the quality of the reservoir-type water body is considerably worse 
than that of river, with several basins showing very few (if any) reservoirs with Good or above 
status. Although this result apparently means that the status of reservoirs is poorer than that of rivers 
(even in the same basin), one shall note the fact that water quality and phytoplankton – biological 
quality element evaluated in reservoirs – are more regularly sampled and monitored in reservoirs, 
since many of them have public or agricultural supply purposes, where water quality values are vital 
standards to suppliers. This can prove to be a significant bias towards the general depletion of 
reservoir status. This fact is also consistent with the observation that the main factors responsible 
for the lower status of water bodies are qualitative pressures and not quantitative ones. 
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5. WATER SCARCITY 

The country level water scarcity was assessed with a water balance at a monthly scale, which 
allowed the estimation of the vulnerability levels of each geographical unit, based on the number of 
shortages (failures) observed during each simulation. The balance model includes four components: 
surface water availability, groundwater water availability, water consumption by economic sector 
(surface and groundwater) and ecological flow (Figure 5). The balance model rests on a number of 
simplifying assumptions, which are generally conservative for the purpose at hand. 

The reservoirs simulation initial condition assumed maximum storage. An initial volume 
equalling half the available water availability for the groundwater bodies was also considered. 

The monthly flow time series of the relevant river basins were considered for modelling the 
available surface water under natural regime. The simplified criterion adopted in the calculation of 
inflows from Spanish basins assumes that, in average or wet years, runoff from Spain represents 
50% of the runoff generated in Portugal. In dry years, however, it is assumed an exceptional regime 
(under the Albufeira Covenant) and null inflow from Spain is considered. The threshold dry year 
evaluation is the 80% runoff guarantee. 

The reservoirs considered in the water balance computation had a capacity exceeding 1% of the 
total capacity of the unit under analysis. 

Regarding the groundwater availability, it was assumed that recharge is uniform over each 
region area and that it occurs entirely at the beginning of each hydrological year. Aquifer discharges 
were not considered, so the only underground extractions concerned water withdrawals. The 
underground storage volume was considered to be equivalent to the renewable water availability. 

The consumption component was differentiated by sector and by origin (surface or 
groundwater). In addition to the consumptions referred in the previous chapter, for which the 
corresponding monthly variation was also calculated, 10% of the monthly modular flow was 
considered for ecological maintenance. The consumption patterns at the annual level are admitted to 
remain constant over the years for all sectors. 

The agricultural and golf flow returns were deemed to account for 20% of the abstracted 
volumes. For the urban and industrial sectors the returns were set at 65% and 85%, respectively. 

The water balance simulations were performed at the basin level, and it was assumed for the HR 
the worst result obtained for each basin or sub-region in it (spatial units of calculation). An Annual 
failure is assumed to occur whenever there is at least one monthly failure in the corresponding 
hydrological year. The reliability level is calculated as the number of failures over the number of 
periods. 

 

Figure 5. Water balance model 

Table 2 presents the main results obtained, namely the monthly and yearly Reliability levels. 
 

Upstream 
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Table 2. Yearly and monthly reliability levels for mainland Portugal 

Hydrographic Regions and Basins/Sub-regions 
Monthly Reliability Yearly Reliability 

Total Surface Ground Total Surface Ground 
Minho e Lima (HR1) 100% 83% 100% 100% 8% 100% 
Minho 100% 83% 100% 100% 8% 100% 
Lima 100% 100% 100% 100% 100% 100% 
Cávado, Ave, e Leça (HR2) 80% 80% 78% 0% 10% 0% 
Cávado  100% 100% 100% 100% 100% 98% 
Ave  99% 

100% 94% 88% 98% 56% 
Leça 80% 80% 78% 0% 10% 0% 
Douro (HR3) 100% 100% 100% 100% 100% 98% 
Right Bank East 100% 100% 100% 100% 100% 100% 
Right Bank West 100% 100% 100% 100% 100% 98% 
Left Bank East 100% 100% 100% 100% 100% 100% 
Left Bank West 100% 100% 100% 100% 100% 100% 
Vouga, Mondego, Lis e Ribeiras do Oeste (HR4) 100% 68% 100% 100% 2% 100% 
Vouga 100% 93% 100% 100% 62% 100% 
Mondego 100% 100% 100% 100% 100% 100% 
Lis 100% 68% 100% 100% 2% 100% 
Ribeiras do Oeste 100% 78% 100% 100% 10% 100% 
Tejo (HR5) 100% 100% 100% 100% 100% 100% 
Right Bank East 100% 100% 100% 100% 100% 100% 
Right Bank West 100% 100% 100% 100% 100% 100% 
Left Bank 100% 100% 100% 100% 100% 100% 
Sado e Mira (HR6) 100% 96% 100% 100% 80% 100% 
Sado 100% 96% 100% 100% 80% 100% 
Mira 100% 100% 100% 100% 100% 100% 
Guadiana (HR7) 100% 100% 100% 100% 100% 100% 
Upstream Pedrogão 100% 100% 100% 100% 

100% 100% 
Downsteream Pedrógão 100% 100% 100% 100% 100% 100% 
Ribeiras do Algarve (HR8) 100% 100% 100% 100% 96% 100% 

 
Failures are observed, both at the monthly and annual levels, for the surface origins in HR1, 

HR2, HR4 and HR6, and reduced annual reliability in HR1, HR2 and HR4. This outcome is 
justified by the absence of a significant storage capacity in some of the watersheds that comprise the 
abovementioned regions, leading to frequent imbalances in summer months. For the groundwater 
origins, the calculated Reliability levels were high, except in HR2. The same applies to the Total 
reliability figures.  

It shall also be noted that the performed water balances are hypothetical exercises with the aim 
of providing a broad view of the scarcity situation, considering the resources that could be 
mobilized. As such, it is quite conceivable that there might be structural or frequent scarcity water 
shortage situations in existing water systems within the considered units, although such an 
identification and characterization requires a more detailed analysis. 

Figure 6 displays the results for the Monthly Surface origin reliability levels, including also the 
WEI+ index estimated for each HR. The WEI+ is a development of the widely used WEI (Water 
Exploitation Index) to incorporate environmental and return flows (EEA, 2015). A WEI+ below 
10% indicates no scarcity, from 10 to 20% low scarcity, from 20 to 40% moderate scarcity, and 
severe scarcity above 40%. 

As the following Figure depicts, there is a certain discrepancy between the water balance results 
and the WEI+ that is mostly explained by the seasonal variation an storage effects that the index 
does not capture. 
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Figure 6. Monthly reliability for surface origins and WEI+ 

6. SCARCITY AND STATUS 

When trying to classify at the national level a vast amount of water bodies, in order to cope with 
a large scale management plan, it is of no big surprise that aggregations and simplifications tend to 
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dilute the individual problems that any water body – and even each basin or HR – has to deal with. 
Notwithstanding, as seen above, quantitative pressures do not seem to be responsible for major 

depletion in water bodies’ status, of both rivers and reservoirs. 
In fact, it can be safely stated that status does not deal with scarcity from the perspective of water 

needs and uses in mainland Portugal. Indeed, water bodies’ status tends to favour the impacts of 
qualitative, hydromorphological or biological pressures, i.e., those related to the quality, rather than 
the quantity of water resources. 

The current approach, thus, deals with the quantity aspects of water management as an almost 
completely detached reality from the water quality and status as arising from WFD. 

Given such scenario, it is almost impossible to presently relate scarcity issues with the status 
assessed for a given water body. This state of affairs is reinforced by the fact that different units are 
being used when considering quantity (river basins) and quality (water bodies) aspects of water 
management. 

In fact, one can observe that basins Ave (HR2) and Ribeiras do Oeste (HR4) both show a 
reduced number of rivers with Good or above status and, concurrently, some lower than average 
reliability values. Nevertheless, the status results can probably be attributable to intense industrial 
polluting activity and not necessarily to high quantitative pressures. 

7. CONCLUSIONS AND RECOMMENDATIONS 

The discussed scenario seems to reinforce the idea that the current water management principles 
– deriving from WFD – tend to put a special emphasis on quality issues, neglecting quantity 
aspects. 

This line of thinking is based on the belief that the status of a said water body is a complex 
enough reality that is, per se, able to cope with the different conditions that concur to impoverish 
the quality of any water body. It is an approach more based on water itself than, as previously usual, 
on the diverse uses and human needs. 

On the present scenario it is, therefore, very hard – if not impossible – to correctly assess the real 
impact of water scarcity on the status of any given water body. 

It is important to note, however, that the NWP and the various HRMP were the first attempt to 
deal with new and complex concepts that actually represented a major shift in the mind frame that 
used to base traditional water management and planning. This circumstance favours an optimistic 
perspective that lessons should be learned from this planning cycle and can be incorporated in the 
next cycle (2016-2022), which is scheduled to start in the second half of 2013. 

It is recommended that the next management plans (either regional – HRPM, or national – NWP) 
favour an approach that enables the discretisation of the real impacts that any pressure (either 
qualitative, quantitative, hydromorphological or biological) is responsible for when assessing the 
status of water bodies. In order to maximize the efficacy of this recommendation it would also be 
paramount to: reduce the number of identified water bodies, enabling each of them to become more 
representative of a wider array of occurring conditions; strengthen the diverse monitoring networks, 
thus enabling that, at least, a majority of national water bodies to have its status accurately assessed; 
enable a convergence of the planning units used when considering the diverse aspects of water 
management. 
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