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Abstract

:

There has been increasing pressure on water resources in cities due to the proliferation of urban green areas. In the Mediterranean climate, only a small part of the plants’ water needs is supplied by rainfall during the winter months. Thus, in Algarve (Portugal) irrigation of the urban landscapes is required almost all year round. The aims of this study were to evaluate the maintenance of the urban landscapes of São Brás de Alportel (Algarve) during a year, based on the characterization of the vegetation of the urban gardens, the climate data, the analysis of the irrigation systems, the calculation of the plants water requirements and the normalized difference vegetation index (NDVI). By crossing all this information, it was possible to understand if the current maintenance level is the most suitable for sustainable irrigated urban landscapes. In most of the gardens, it was possible to establish a relationship between the gross irrigation water requirements and NDVI. In general, the NDVI allowed us to study the urban landscape, through the monthly observation of the differences in the appearance and development of the vegetation.
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1. Introduction


The growing trend of urbanization combined with population growth associated with healthy living has changed urban landscapes. The urban green areas provide functions and services very important for the quality of life. The most relevant services and functions are rainwater infiltration, mitigation of the atmospheric pollution, improved city acoustics, aesthetics and habitats.



The existence of urban green areas has positive aspects but on the other hand, constitute a challenge as the water demand for irrigation increases [1]. The irrigation of urban green areas has been increasing in the region of the Mediterranean and nowadays constitutes an important part of the total water consumption in urban areas. In this region, irrigation is requited almost all year and, in most cases, the water used for irrigation is potable water from the domestic water supply network. The urban green areas are characterized by the heterogeneity of plant species with different plant water requirements [2]. This justifies the necessity of knowing in detail the hydric demands from the plants in order to understand if the irrigation system satisfies the design requirements or if it is being applied excess or deficit of water.



Taking as reference the visual quality of the urban green areas, studies in the field of Geographic Information Systems (GIS) and Remote Sensing (RS) open new possibilities to interact with the environment. The acquisition of aerial photography in the past had a high cost, but the paradigm has changed with the use of Unnamed Air Vehicles (UAV). The UAV can transport different sensors that collect data related to biophysical and vegetation factors [3]. For this reason, the UAV are being chosen to collect indicators to describe the environmental quality. Healthy vegetation presents a high contrast between the visible reflected light and the Near Infra-Red (NIR) [4]. The relation between the Normalized Difference Vegetation Index (NDVI) and the crop coefficient (Kc) [5] may be used for the analysis of the geographic distribution of the evapotranspiration and irrigation water management in large areas with vegetation.



This study aims to characterize the current maintenance of the urban green areas of São Brás de Alportel and define strategies to improve water use efficiency in order to minimize environmental impact while maintaining the visual quality of the landscape. To achieve these objectives, the gross irrigation water requirements, the applied water for irrigation by the municipality of São Brás de Alportel, the performance of the irrigation systems and the NDVI vegetation index were simultaneously analyzed.




2. Materials and Methods


The study was carried out in the urban landscapes of São Brás de Alportel (Algarve, south of Portugal) in 2016 (Figure 1). This village is located in the transition between the littoral and the mountains and has a total of 45 urban green areas (Figure 2) with a total area of 3.6 ha. The climate is moderate with smooth winters and dry and warm summers (classification Köppen: Csa). The average monthly temperature varies between 10.3 °C and 24.2 °C in January and August, respectively ([6]: 31J/01C, series 1942–2018). The rainfall is concentrated in the months from November to February with 59% of the annual rainfall (797 mm) ([6]: 31J/01C, series 2010–2018).



The irrigation systems of the urban green areas use domestic potable water from the public supply network. The systems more common are the sprinkler and micro-irrigation systems. However, there are urban gardens irrigated manually. Some gardens have simultaneously two irrigation systems, for example, sprinkler and micro-irrigation (Table 1).



The most usual plant cover is grass (Stenotaphrum secundatum and Zoysia sp.) with other kinds of vegetation such as olive trees (Olea europaea), rosemary (Rosmarinus officinalis), rosemary (Lavandula spp.), oleander (Nerium oleander) and cypress (Cupressus sempervirens).



The evapotranspiration of the urban green area or landscape [7], ETL (mm/day) was obtained by the equation:


  E  T L  =  K L  × E  T O   



(1)




where ETO is the reference evapotranspiration (mm/day), KL is the non-dimensional landscape coefficient. The KL [7] is obtained by the equation:


   K L  =  K v  ×  K d  ×  K  m c   ×  K  s m    



(2)




where the landscape coefficient (KL) equals the product of the microclimate coefficient (Kmc), the plant species coefficient (Kv), which accounts for plant type, Kd, which accounts for plant canopy density, and Kms which accounts for managed water stress.



The gross irrigation water requirements (GIWR) are defined by the equation:


  G I W R =   E  T L  − P   U D    



(3)




where P is the effective rainfall (mm) and UD is the distribution uniformity (%).



The evaluation of the irrigation systems was carried out according to the procedure described in [8,9], where UD is given by the equation:


  U D = 100 ×    z  l q      z  l a      



(4)




where Zlq is the water collected in the lower quartile (mm) e Zla is the average of the collected water (mm).



The vegetation index Normalized Difference Vegetation Index (NDVI) is defined by [3] and is the ratio of the difference of the maximum and minimum reflectance of the vegetation, by the sum of the same reflectance’s, allowing to distinguish the healthy vegetation (values of NDVI near 1) from the vegetation that has some kind of stress (values of NDVI approaching 0). The NDVI is defined by the equation:


  N D V I =    ρ  N I R   −  ρ  R E D      ρ  N I R   +  ρ  R E D      



(5)




where ρNIR represents the near-infrared reflectance and ρRed the red reflectance.



In the present study, images were collected with the camera Canon SX260 HS (sourced by Canon, Tokyo, Japan) coupled with the UAV (Phantom2 DJI). The camera has 6.16 × 4.62 mm, weighs 231 g and is equipped with Global Positioning System (GPS) technology to automatically record the locations in WGS84 coordinates. The focal length is 4.5–90 mm, and the resolution is 12.1 megapixels (4000 × 3000 pixels). This camera records images NIR-green-blue (bands: NIR, green and blue), for this reason in Equation (5) the red reflectance was replaced by the blue reflectance, being obtained the modified NDVI [10].




3. Results and Discussion


The location of the evaluated irrigation systems is shown in Figure 3: (A) sprinkler irrigation and (B) micro-irrigation. In the sprinkler irrigation, UD values of 40% were obtained from 50 collectors distributed in the irrigated plot and in the micro-irrigation system, UD values of 60% were obtained from 32 drippers. These results are considered low [8,9,10]. Water and soil conservation requires the implementation of good practices that decrease water loss and thus improve irrigation systems performance.



The analysis focused on the urban green areas irrigated by sprinkler irrigation: 1, 2, 14, 22, 25, 26, 27, 28, 30, 33, 34, 35, 36 and 37. In those areas, the ETL was obtained considering the plants’ species that were more water demanding. Figure 4 reveals, for the year 2016, the rainfall values (blue line), the water applied by the municipality (green bar) and the gross water irrigation requirement (black line). In the summer months, the rainfall was practically zero, however, in May 2016 it was observed high precipitation (135 mm), which is not usual. In most of the months in the same year, the irrigation water volume was higher than the GIWR. Thus, there is a potential for water-saving (approximately 19,800 mm/year) that could bring economic and environmental benefits to the municipality of São Brás de Alportel.



Figure 5 represents the orthomosaics located in the 45 urban green areas from São Brás de Alportel. The production of the orthomosaic was carried out with aerial photos NIR-Green-Blue taken from 100 m altitudes. The orthomosaic is represented in a false-color, where the vegetation is represented in orange.



The modified NDVI map of the urban green areas of São Brás de Alportel (1, 2, 3, 6, 8, 9, 20, 30, 32, 33, 34, 35, 36 and 40) is shown in Figure 6. The anthropic elements and the water bodies are represented in orange (negative values), the bare soil and the vegetation with hydric stress in yellow (values near zero) and the healthy vegetation in green (values near 1).



Figure 7 shows the modified NDVI maps of the green area number 33 at two distinct dates: 20 May (left) and 9 June (right). The 20 May image has the highest NDVI values (areas: A and B), suggesting greater photosynthetic activity (i.e., more biomass) in this area. It is also in May that rainfall is more intense (135 mm) and at the same time the urban green area is irrigated (73 mm). The 9 June image shows a decrease in the NDVI values in zone B, where rainfall is approximately zero and although the amount of water applied by irrigation reaches 158 mm is not enough to fill GIWR (187 mm). Overall, good visual appearance is observed in all urban green areas throughout the year (NDVI > 0.5), even in months when no rainfall has occurred, and irrigation has been used to meet the plant water demand. These results are in agreement with those obtained by [11,12,13], where NDVI has allowed a better understanding and improvement of the estimation of crop water requirements of urban landscapes.



The municipality intended to promote the sustainability of the urban green areas involving the population and promoting strategies for the efficient use of water in the Mediterranean region. A smartphone application was developed with the named: São Brás de Alportel GARDENS (Figure 8). In the application, it is possible to select the urban green area from the map and observe the related data, namely the evapotranspiration, the vegetation, the characteristics of the irrigation system and the sustainable practices in use.




4. Conclusions


Remote sensing methodologies applied to urban green areas, together with the microscale study of the gardens, allowed to evaluate the Mediterranean landscapes of São Brás de Alportel, Portugal. Thus, it was possible to identify the gardens that had higher water consumption values than the required irrigation water requirements and to determine the water saving potential (of about 19,800 mm/year) that could bring economic and environmental benefits to the municipality. The NDVI also allowed to map biomass production levels which shows that the vegetation can be subject to a slight water deficit maintaining its visual quality.
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Figure 1. Localization of São Brás de Alportel, Portugal. 
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Figure 2. Localization of the 45 urban green areas in São Brás de Alportel. 
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Figure 3. Urban green area number 30 and its irrigation systems. 
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Figure 4. Rainfall, evapotranspiration and gross irrigation water Requirements (GIWR) of the urban green areas from São Brás de Alportel in 2016. 
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Figure 5. Near Infra-Red (NIR)-green-blue orthomosaics of six urban green areas from São Brás de Alportel. 
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Figure 6. Modified normalized difference vegetation index (NDVI) from the urban green areas (white contours) maintained by the municipality of São Brás de Alportel. 
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Figure 7. NDVI from the urban green area number 33 observed in: 20 May and 9 June. 
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Figure 8. Application: São Bras de Alportel GARDENS. 
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Table 1. Irrigation systems of the São Brás de Alportel urban gardens.
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	GARDEN
	IRRIGATION SYSTEM
	GARDEN
	IRRIGATION SYSTEM
	GARDEN
	IRRIGATION SYSTEM





	1
	AMR
	16
	A
	31
	AMRM



	2
	A
	17
	MR
	32
	A



	3
	MR
	18
	A
	33
	A



	4
	A
	19
	A
	34
	A



	5
	A
	20
	A
	35
	A



	6
	A
	21
	A
	36
	AMR



	7
	A
	22
	AM
	37
	A



	8
	A
	23
	AMRM
	38
	A



	9
	A
	24
	A
	39
	AMR



	10
	A
	25
	A
	40
	MR



	11
	A
	26
	A
	41
	MR



	12
	MR
	27
	A
	42
	MR



	13
	MR
	28
	A
	43
	MR



	14
	AMR
	29
	A
	44
	AMR



	15
	AMR
	30
	AMR
	45
	MR







Legend: A = sprinkler; AM = sprinkler and manual; AMRM = sprinkler, micro irrigation and manual; MR = micro irrigation; AMR = sprinkler and micro irrigation.
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