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Characterized by dryness and immensity, the Alentejo 

Region, South of Portugal, reflects the predominance of non-

irrigated agricultural areas and the affirmation of a silvi-

pastoral system, Quercus suber and Quercus ilex woodlands, 

called by “Montado”. 

 

 

 

 

With the objective of improving the agricultural productivity of 

this region, it was constructed in 2002 a dam near the town of 

Alqueva, which created the largest artificial lake in Western 

Europe (submersion of 25 000 ha and with a total capacity of 

4150 million cubic meters). 

 

 

Alqueva dam landscape: rapid change 

Montado 

Alqueva dam lake 



 

 
  

With the new water availability, the Alqueva landscape has 

experienced rapid changes, which are expressed in the recent 

cultivation of vegetables, intensive olive groves and vineyards, 

both using irrigation, construction of small marinas, golf courses 

and rehabilitation of abandoned buildings of old farms of Alentejo into 

touristic resorts. 

 

 

Some of these changes may bring in future negative consequences, 

such as soil erosion, which could increase the level of soil deposition 

at dam’s bottom and contribute to silting up the dam before its useful 

time. 

 

 

Making Land Use/Cover Change (LUCC) Scenarios for 2025 and 

2050  for this landscape is the main goal of this article, a 

proactive way to later estimate the variation of RUSLE (Revised 

Universal Soil Loss Equation, by Renard et al., 1996) by the variation 

of factor C (vegetation cover factor). 
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Source: http://intechweb.wordpress.com/2011/11/30/soil-

erosion-raising-awareness-on-current-environmental-issues/ /  

Renard KG, Foster GR, Wessies GA, McDool DK, Yoder DC, 1996. Predicting Soil Erosion by water: A Guide to 

Conservation Planning with the Revised Universal Soil Loss Equation (RUSLE), USDA, Agricultural Handbook Nº 703. 
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1957 – Presentation of 

Irrigation Plan for the Alentejo 

Region with the goal of 

irrigation of more than 1000 

km2. 

 

1998 – Starts the dam’s 

construction. 

 

2002 – Beginning of dam’s 

filling. 

 

2010 – Water reaches the 

maximum level. 

Alqueva dam landscape: history 

Alqueva lake Surroundings integrates the 

municipalities of Alandroal, Reguengos de 

Monsaraz, Portel, Mourão, Moura e Barrancos. 
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BIOPHYSICS: 

 

• The climate is Mediterranean, type Csa, with continental influence, with very hot and dry summers, and mild winters. In the 

Guadiana watershed, which includes the reservoir of Alqueva, the weighted average annual rainfall is 561 mm, measured in 50 

year period (Ferreira and Panagopoulos, 2012); 

 

• The average annual temperature is 16ºC, with temperature values ranging between 9ºC in winter (minimum temperature - 

January) and 24ºC in summer (maximum temperature - July and August). The mean values of actual evapotranspiration varies 

between 500 and 600 mm. 

 

 

SOCIO-ECONOMICS: 

 

• The loss of population has marked this region since 1950. In the 60ths Alentejo lost 130 000 inhabitants – 20% of population 

of 1950, motivated by the mechanization of agriculture, use of insecticides and selectivity of the soils (Gaspar, 1993); 

 

• Currently, the situation of population loss continues with -9%, results observed in the last decade according to Census of 

2011 (Panagopoulos and Barreira, 2012). 
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• The landscape of Alqueva lake surroundings is caracterized by a set of islands and peninsulas in an immense 

body of water surrounded by "a landscape dominated by holm oak woodlands and bushes, with significant 

differences in altitude (generally between 100 and 200 meters). Non-irrigated arable land, olive groves and 

other agricultural areas still have some presence, especially in the eastern part of the unit in the municipality of 

Mourão” (Cancela d’Abreu et al., 2004). 

 

• The scenic quality of the lake is assignable, exacerbated by the contrast and antithesis of the presence of an 

immense mass of water in an environment distinctly arid. Currently, it is noted the presence of irrigated land for 

agriculture and golf courses. 
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Cancela d’Abreu A, Correia T, Oliveira R, 2004. Contribution for the identification and characterization of the 

landscape in Portugal. [Contributos para a Identificação e Caracterização da Paisagem em Portugal Continental] 
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• Construction of the transition matrix by a cellular 

automata LUCC model, using geographic data from Corine 

Land Cover Project (CLC). Knowing that the dam 

construction only started in 1998, it is only congruent to 

calculate and analyse the changes observed in CLC 2000 

and CLC 2006, which reflects the dam’s inductive dynamic of 

land use change. The projection of the past LUCC into the 

future will conduct to: 

 

 

 

• Creation of suitability maps to be established by Multi-

criteria Evaluation (MCE) and Analytical Hierarchy 

Process (AHP), using constraints and factors (digitized in 

GIS) and applying a combination of criteria and respective 

weights to define more suitable areas to prospective change. 

The conjugation of trend scenarios with the prospective 

objectives will result in: 

 

 

 

 

 

 

 

 

 

 

Materials and Methods: Multi-agent systems of Land Use/Cover change 
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Methodology: Forecasting and Backcasting Scenario building approach 



 

 
  

Creation of transition matrices by a cellular LUCC model: 

 

 

 

 

 

 

 

 

 

 

 

 

The Matrix of Land Use Change for the period 2000-2006 created data, which extrapation into the 

future produced the TREND SCENARIOS. 

 

Input data: CORINE LAND COVER 2000 and 2006. 
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Elaboration of suitability maps to be established by MCE, with criteria of change such as: 

 

• constraints like National Ecologic Reserve (REN) and protected areas; 

 

• planning zones of PROZEA (Regional Plan for the Surroundings of the Alqueva Lake) and 

POAAP (Plan for the Alqueva and Pedrógão dam Lakes); 

 

• proximity of accessibilities, villages and historic elements, among others; 

 

• others: slope (affects differentially the location of agriculture and tourism projects), etc. 

 

 

These criteria will be combined and with their respective weights, becoming possible to define the 

more suitable areas to, prospectively, change in terms of land use. The LUCC defined by these 

methods represents the construction of BACKCASTED SCENARIOS. 
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Between 2000 and 2006, the Alqueva landscape was characterized by the loss of consolidated forest (mainly the 

CLC class 311-Broad-leaved forest (4522,14 ha)) and 211-Non-irrigated arable land (2819,30 ha), as such: 

  

• The land use change was to 324-Transitional woodland/shrub and 244-Agro-forestry areas (indication 

of a high decrease in forest tree cover); 

 

• In the other case, the decrease of 211-Non-irrigated arable land areas resides in the abandonment of 

non-irrigated agriculture, contributing to the increase of other land uses: 1174,44 ha to 324-Transition 

woodland/shrub; demand of more profitable agricultural uses like 212 – Permanently irrigated land 

(410,56 ha). 

 

 

Therefore, the Surroundings of Alqueva lake have showed an important increase in the order of 6000 ha of 324-

Transitional woodland/shrub and 2000 ha 244-Agro-forestry areas, achieved through deforestation and 

abandonment of non-irrigated agriculture. On other hand, the new water supply has clearly influenced more 

intensive use development like the addition of 212-Permanently irrigated land and 221-Vineyards. 

 

 

 

Alqueva landscape: Matrix of Land Use Change 2000-2006 
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The trend scenarios for 2025 and 2050 

represent the projection of past trends (2000-

2006). So, in these two scenarios it is expected 

to continue the main following aspects (table I): 

 

• Loss of forest cover (311-Broad-leaved 

forest and 312-Coniferous forest);  

 

• Loss of 211-Non-irrigated arable land; 

  

• Increase of 212-Permanentely irrigated 

land, 221-Vineyards and 223-Olive groves; 

 

• Construction of all projected golf courses 

(142 – Sport and leisure facilities) (2025 

and 2050). 

Alqueva dam landscape: Trend Scenarios (TS) 

2000 2006 TS - 2025
Change 

2006/2025
TS - 2050

Change 

2006/2050

111 65 65 65 0 65 0

112 1300 1400 1666 266 2057 657

121 108 127 127 0 127 0

133 40 117 117 0 262 145

142 0 0 1236 1236 1236 1236

211 66514 64331 57900 -6431 51072 -13259

212 3248 3686 4764 1078 6317 2630

221 4587 4946 5966 1020 7383 2437

222 437 426 392 -34 357 -68

223 29934 30064 30315 251 30357 294

231 504 468 371 -97 275 -193

241 4533 4552 4478 -74 4415 -138

242 8868 8858 8830 -28 8757 -102

243 5978 5992 5937 -55 6382 390

244 69343 70609 74906 4296 81724 11114

311 59375 55248 44465 -10784 34059 -21189

312 2648 2197 1225 -972 581 -1616

313 981 989 1011 22 1263 274

321 2036 2062 2117 55 2279 216

321a 0 0 0 0 0 0

323 5783 5240 3847 -1393 2636 -2603

323a 0 0 0 0 0 0

324 16415 21321 32964 11643 41095 19774

324a 0 0 0 0 0 0

Past (ha)

CLC Class

Predicted (ha)



In the present research, the backcasted scenarios are not yet constructed. The methodology for its elaboration is 

the following (four prospective objectives): 

 

• Production of Biomass for Bioenergy: expresses the expectation of increase of forest area (311-Broad-

leaved forest; 312-Coniferous forest; 313-Mixed forest) increase due to biomass production for bioenergy. The 

agriculture could also contribute to bioenergy, but its intensification is studied on the next scenario; 

 

• Intensification of agriculture by irrigation: expresses the expectation of increase of agricultural and 

potential irrigated areas (212-Permanently irrigated areas, 221 – Vineyards, 222 – Fruit trees and berry 

plantations and 223 – Olive groves) increase due to intensification, given the new availability of water supply; 

 

• Rural Tourism and Golf Resorts developments: the tourism development scenario expresses the 

expectation of increase of golf resorts (142 - Sport and leisure facilities) and touristic urban sprawl (112 – 

Discontinuous urban fabric); 

 

• Climate Change: it’s predicted that the CLC land use type 32: Shrub and herbaceous vegetation associations 

will be less resilient in critical areas. For 2050, the shrub areas in most of the arid areas (<400mm/year and 

average temperature >17ºC) are predicted to change to: 321 - Natural grassland to 321a - Sparse grassland; 

323 - Scelophyllous vegetation to 323a - Xerophytic vegetation; 324 - Transitional woodland to 324a - 

Xerophytic vegetation. 
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TREND SCENARIOS: 
 

The trend scenarios for 2025 and 2050 presents a great loss of consolidated forest (311 and 312 classes, mostly) and a 

respective increase of less dense vegetation cover (324-Transitional woodland/shrub and 244-Agro-forestry areas). It is 

expected an increase of soil erosion, because the RUSLE’s factor C for the new land use is higher than the old one. 

 

The trend transition of 211-Non-irrigated arable land to 212-Permantely irrigated land and 221-Vineyards could also induce the 

increase of soil loss (higher value of factor C). 

 

 

BACKCASTED SCENARIOS: 
 

The backcasted scenario for 2050 and 2100 give information about prospective changes in future that can influence the soil 

erosion as the following aspects: 

• Biomass production for bioenergy by the increase of consolidated cover – less soil loss expected; 

• Intensification of agriculture and irrigation – induction of soil erosion (212, 221, 222 and 223 classes have high values of 

factor C); 

• Rural tourism and golf course developments – since the golf courses have permanent vegetation cover, it is not expected the 

increase of soil erosion risk after the construction phase; 

• Climate change will decrease the shrubland density and will rise the soil erosion risk. 
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TO MONITORIZE AND PREVENT SOIL EROSION: 
 

To prevent the silting up of the dam by soil loss, it’s crucial the monitoring of  Alqueva landscape, based on the 

following indications: 

 

• The structure of the landscape should be mapped in terms of land use for periods of 10 years to check any 

scenario change not contemplated at the present moment; 

 

• Afforestation of a protection zone of 500m measured from the lake maximum level and of the most susceptible 

areas to erosion and climate change; 

 

• Interdiction of vegetation control practice that can induce soil erosion on the 500m protection zone; 

 

• Control of the increase of intensive agriculture areas, based on the evolution of water availability and climate 

change. 
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From the study of Trend Scenarios of Land Use Change for Alqueva Landscape, it can be said that 

the risk of erosion at the Alqueva dam watershed will rise if the LUCC continue without any intervention 

for specific  land use planning to control soil erosion. 

 

 

The finalization of the Backcasted Scenarios will inform in a more congruent way the magnitude of the 

influence of prospective LUCC on soil erosion. 

 

 

Backcasting may also help Landscape Planners, presenting alternative ways to protect soil and 

safeguard the sustainability of Alqueva dam landscape.  
 

 

 



 

 
  

 

 

 

 

 

 

 

Thank you. 


