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Introduction

The world's population has almost doubled from 1990 to the present, from 4.9 to 7.8 billion people (U.S.Census Bureau, 2019). Representing roughly 6.8 % of the world's population, the Mediterranean region was home to approximately 537 million inhabitants in 2015 with projections to reach 670 million by 2050; of whom more than 250 million are distributed in hydrological basins (World Bank, 2015;FAO 2015). Consequently, food and water demands have increased in the Mediterranean region, putting higher pressure on water resources [START_REF] Godfray | Food security: the challenge of feeding 9 billion people[END_REF]Lopes, et al., 2020) and soils [START_REF] Karamesouti | Land-use and land degradation processes affecting soil resources: Evidence from a traditional Mediterranean cropland (Greece)[END_REF], especially in the east and southern parts, the most water-scarce areas [START_REF] Daccache | Water and energy footprint of irrigated agriculture in the Mediterranean region[END_REF][START_REF] Mekonnen | Four billion people facing severe water scarcity[END_REF]United Nations 2017;[START_REF] Tabari | Climate change impact on flood and extreme precipitation increases with water availability[END_REF]. Moreover, the Mediterranean basin is identified as a hotspot of climate change [START_REF] Giorgi | Climate change hot-spots[END_REF][START_REF] Diffenbaugh | Climate change hotspots in the CMIP5 global climate model ensemble[END_REF] with a foreseen increase in temperature, decline in precipitation, and an intensification of the number and intensity of extreme events in terms of floods and droughts, as well as a change in the seasonal distribution of rainfall [START_REF] Schilling | Climate change, vulnerability, and adaptation in North Africa with a focus on Morocco[END_REF]EEA, 2012;[START_REF] Tramblay | Trends and variability in extreme precipitation indices over Maghreb countries[END_REF].

Mountains around the Mediterranean are the water towers for the adjacent lowland basins [START_REF] Jarlan | Remote sensing of water resources in semi-arid Mediterranean areas: The joint international laboratory TREMA[END_REF][START_REF] Jarlan | Water resources in South Mediterranean catchments: assessing climatic drivers and impacts[END_REF]. these mountains supply water for irrigation and other water needs in piedmonts and downstream plains [START_REF] Viviroli | Mountains of the world, water towers for humanity: Typology, mapping, and global significance[END_REF][START_REF] Viviroli | Climate change and mountain water resources: overview and recommendations for research, management and policy[END_REF][START_REF] Immerzeel | Climate change will affect the Asian water towers[END_REF]. In a recent study, [START_REF] Viviroli | Increasing dependence of lowland populations on mountain water resources[END_REF] showed that almost 1.5 billion people would depend on runoff contributions from mountain areas by the mid-twenty-first century. However, mountains are also sensitive systems to climatic variability (Parry et al., 2007;[START_REF] Solomon | Climate change 2007-the physical science basis: Working group I contribution to the fourth assessment report of the IPCC[END_REF][START_REF] Viviroli | Climate change and mountain water resources: overview and recommendations for research, management and policy[END_REF]Cuni-Sanchez et al., 2016;[START_REF] Immerzeel | Importance and vulnerability of the world's water towers[END_REF]. In semiarid basins, the plains are characterized by low precipitation, high evapotranspiration, and deep unsaturated zones. However, the piedmont areas at the interface between mountains and plain benefit from milder climatic conditions and water availability from upstream runoff that have made them suitable locations for the settlement of rural communities and their farming activities [START_REF] Van Steenbergen | Status and potential of spate irrigation in Ethiopia[END_REF][START_REF] Bresciani | Using hydraulic head, chloride and electrical conductivity data to distinguish between mountain-front and mountain-block recharge to basin aquifers[END_REF][START_REF] Cody | Upstream with a shovel or downstream with a water right? Irrigation in a changing climate[END_REF]. Water availability in the piedmont areas is closely related to the rainfall and snowmelt in the surrounding mountains that feed streamflow and groundwater from winter to early summer. Those conditions have led to the development of traditional irrigation in these piedmont areas.

Piedmont traditional irrigation systems use networks of gravity-fed surface irrigation earth channels that divert floodwater from the river to supply irrigation from the piedmont to the plain. The traditional irrigation system is mostly based on redistributing water from streams and expanding the water flooded areas. In addition to satisfying the agricultural water requirements, this practice promotes groundwater recharge [START_REF] Bouimouass | Groundwater recharge sources in semiarid irrigated mountain fronts[END_REF]. Recent studies have shown that it has a positive impact on groundwater quality through irrigation returns from highquality snowmelt-fed streamflow [START_REF] Bouimouass | Traditional irrigation practices sustain groundwater quality in a semiarid piedmont[END_REF][START_REF] Rotiroti | The effects of irrigation on groundwater quality and quantity in a human-modified hydro-system: The Oglio River basin, Po Plain, northern Italy[END_REF]. Conversely, modern irrigation uses water from dams, and a distribution network of concrete channels and relies more on groundwater abstraction. This system uses also drippers that deliver water directly to the plant's root zone, losing any additional groundwater recharge supplies, thus generally inducing negative effects on groundwater quantity and quality [START_REF] Scanlon | Global impacts of conversions from natural to agricultural ecosystems on water resources: Quantity versus quality[END_REF][START_REF] Bouimouass | Traditional irrigation practices sustain groundwater quality in a semiarid piedmont[END_REF]. The so-called "spate irrigation" is one of the oldest traditional irrigation systems widely used all over the world. It is found especially in the Middle East, North Africa, West Asia, East Africa, Europe, and parts of Latin America [START_REF] Van Steenbergen | Status and potential of spate irrigation in Ethiopia[END_REF][START_REF] Fernald | Linked hydrologic and social systems that support resilience of traditional irrigation communities[END_REF][START_REF] Leibundgut | European traditional irrigation in transition part I: irrigation in times past-a historic land use practice across Europe[END_REF]. However, this irrigation system underwent a considerable decline in the second half of the 20 th century [START_REF] Leibundgut | European traditional irrigation in transition part II: Traditional irrigation in our Time-decline, rediscovery and restoration perspectives[END_REF]. This system has been in practical use in very different and contrasted environmental regions around the globe [START_REF] Fernald | Linked hydrologic and social systems that support resilience of traditional irrigation communities[END_REF][START_REF] Leibundgut | European traditional irrigation in transition part I: irrigation in times past-a historic land use practice across Europe[END_REF][START_REF] Mehari | Water rights and rules, and management in spate irrigation systems in Eritrea, Yemen and Pakistan. Community-based water law and water resource management reform in developing countries[END_REF][START_REF] Tesfai | The Eritrean spate irrigation system[END_REF]. For instance, in the semi-arid upper Rio Grande of the United States, [START_REF] Fernald | Linked hydrologic and social systems that support resilience of traditional irrigation communities[END_REF] reported that community irrigation systems, known as Acequia, which is derived from the word seguia in Arabic meaning an irrigation channel, have been governed by users to divert water from streams to irrigate northern New Mexico's agriculture for centuries. In the northern side of High Atlas in Morocco, traditional irrigation uses not only floods (like spate irrigation), but also the baseflow as long as the wadis might flow during several months, especially thanks to snowmelt [START_REF] Bouimouass | Groundwater recharge sources in semiarid irrigated mountain fronts[END_REF]. It is practiced through a secular network of irrigation channels locally named seguias. During the 20 th century, the main agricultural plains were converted to modern agriculture (Le [START_REF] Page | Projection of irrigation water demand based on the simulation of synthetic crop coefficients and climate change[END_REF], irrigated by dams, concrete canals networks, and wells, thus making the traditional irrigation systems a typical feature of the High Atlas piedmonts.

In a context characterized by droughts, water scarcity, and increasing water demand, particularly in the semi-arid Haouz-Tensift basin, it is necessary to know how those hydro-agrosystems are evolving in terms of agricultural activities and hydrological behavior. Towards the end of the century, average winter temperatures in the Moroccan High-Atlas are expected to increase by 2 to 4°C simultaneously with a 25% to 60% reduction in precipitations (Tuel et al., 2020b;Hadri et al., 2020;[START_REF] Ayt Ougougdal | Assessment of future water demand and supply under IPCC climate change and socio-economic scenarios, using a combination of models in Ourika Watershed, High Atlas, Morocco[END_REF][START_REF] Driouech | Assessing future changes of climate extreme events in the CORDEX-MENA region using regional climate model ALADIN-climate[END_REF]. Therefore, recent studies based on hydrological models have pointed to a potential decrease in water resources for the southern Mediterranean region [START_REF] Prudhomme | Hydrological droughts in the 21st century, hotspots and uncertainties from a global multimodel ensemble experiment[END_REF]Marchane et al., 2016;Tuel et al., 2020a). Snow constitutes a significant part of the precipitation over the High Atlas Mountains [START_REF] Hajhouji | Modélisation pluie-débit et analyse du régime d'un bassin versant semi-aride sous influence nivale. Cas du bassin versant du Rheraya (Haut Atlas, Maroc)[END_REF]Tuel et al., 2020a). Snowmelt contribute substantially to streamflow during spring, ranging from 7 to 50% depending on the year [START_REF] Boudhar | Evaluation of the snowmelt runoff model in the Moroccan High Atlas Mountains using two snow-cover estimates[END_REF], providing water for irrigation. Temperature rise may result in the degradation of the snowpack and rapid snowmelt inducing changes in the wadis hydrological regimes (Lopez-Moreno et al., 2004, 2017;[START_REF] Tramblay | Future scenarios of surface water resources availability in North African dams[END_REF], threatening irrigation period. Additionally, an overarching program, the Green Morocco Plan (GMP), was launched by the government to develop the agricultural sector while preserving water resources by promoting a large expansion of drip irrigation. However, the promised water savings allowed by this technology have been challenged by evidence from the field. Indeed, the benefits obtained by increased productivity and farmers' incomes, and the shift to high-value crops have been accompanied by a greater pressure on groundwater exacerbating its depletion [START_REF] Venot | Drip Irrigation for Agriculture: Untold Stories of Efficiency, Innovation and Development[END_REF]. Therefore, assessing the evolution of water resources and agriculture in a semi-arid context is a prerequisite for a prospective analysis of their evolution which will help to guide public policies toward sustainable management of water resources.

The present study aims firstly to assess the hydrological variability and water resource trends in the northern piedmont of the High-Atlas range from 1965 to 2020. Then the evolution of agricultural land use is analyzed from 1984 to 2020, with a focus on changes affecting the expansion of trees. The challenges that traditional irrigation systems in the piedmont face, as well as their sustainability issues are then discussed. Also, the study takes into account the spatial heterogeneity of the central High-Atlas piedmont, which is divided into three subareas with distinct characteristics (Fig. 1): the Central Haouz, which has high surface water availability as traversed by the basin's main wadis, the Mejjate, where groundwater is almost the only available water resource, and the Chichaoua valley, which is irrigated by the region's largest spring.

Study area

Water resources

The northern piedmont of the High Atlas, covering approximately 4400 km 2 , is located in the Tensift watershed, in central Morocco. It is a transitional area between the High-Atlas Mountains (culminating at 4167 m.a.s.l.) and the Haouz plain ranging between 300 and 600 m.a.s.l. (Fig. 1). This piedmont is fed by intermittent and ephemeral wadis issued from the mountains, but it is also crossed by larger wadis with mainly permanent streamflow, except during some drought summers. From East to West these wadis are the Rdat, Zat, Ourika, Rhiraya, N'Fis, Assif El Mal, and Seksaoua. During exceptional rainfall events, these wadis may flow until the Tensift wadi at the north of the Haouz plain. The streams of the Eastern piedmont have higher mean streamflow rates: Ourika 4.62 m 3 s -1 , Zat 3.33 m 3 s -1 , Rheraya 1.60 m 3 s -1 , and Rdat 2.34 m 3 s -1 . The peaking point of runoff occurs during the springtime, around April, as a result of snowmelt [START_REF] Boudhar | Evaluation of the snowmelt runoff model in the Moroccan High Atlas Mountains using two snow-cover estimates[END_REF][START_REF] Marchane | Climate change impacts on surface water resources in the Rheraya catchment (High Atlas, Morocco)[END_REF][START_REF] Hajhouji | Modélisation pluie-débit et analyse du régime d'un bassin versant semi-aride sous influence nivale. Cas du bassin versant du Rheraya (Haut Atlas, Maroc)[END_REF]. The average contribution of snowmelt to annual runoff represents around 19%, 36%, 41%, 22%, and 7% for N'Fis, Rheraya, Ourika, Zat, and Rdat basins respectively [START_REF] Boudhar | Evaluation of the snowmelt runoff model in the Moroccan High Atlas Mountains using two snow-cover estimates[END_REF]. The wadis in the western piedmont have a pluvial runoff regime and lower average flow: Seksaoua 0.65 m 3 s -1 . Groundwater is contained in a large Plio-Quaternary alluvial aquifer, which extends continuously over the piedmont and the Haouz plain. Groundwater flows from the piedmont to the plain. It is withdrawn by wells and boreholes for drinking water of rural population and irrigation in dry seasons. Spring discharge is uncommon in the area, and only a few springs have measurable flow rates. The largest one is Abainou which irrigates the Chichaoua valley.

Agriculture and Irrigation

Traditional family agriculture is still the main activity in the piedmont area, consisting mainly of olive trees and winter cereals (wheat and barley). Most of the olive orchards are associated with an understory of annual crops, mainly cereals or forage, in order to optimize water use.

Local farmers use an extensive network of seguias, to divert water from the streams (Fig. 2).

Each irrigation system is managed by local Water Users Associations (WUAs) jointly with the Office Regional de Mise en Valeur Agricole du Haouz (ORMVAH) which ensures the distribution of streamflow between seguias with respect of the water rights where the principle of upstream priority of water use is generally adopted [START_REF] Kharrou | Assessing Irrigation Water Use with Remote Sensing-Based Soil Water Balance at an Irrigation Scheme Level in a Semi-Arid Region of Morocco[END_REF]. The same system is applied to Abainou spring, located in the valley of Chichaoua (Fig. 1). This ancestral community-based irrigation system was built to share the water of snowmeltfed streams coming from the High-Atlas between farmers to support their local livelihoods.

Each major seguia ramifies into several secondary seguias, which in turn ramifies into tertiary seguias (Fig. 2). The major seguia is governed by a WUA and each secondary seguia has a delegate chosen in agreement by all the seguia members who are responsible for the water distribution between beneficiaries according to the historical and recognized water rights. A major seguia irrigates lands up to thousands of hectares and hundreds of users. 

Material and methods

Hydro-meteorological data and analysis

For this study, we used several hydro-meteorological datasets concerning rainfall, streamflow, irrigation water, groundwater level, and spring discharge (Fig. 1 S). Rainfall is measured by ORMVAH and the basin agency (ABHT, Agence du Bassin Hydraulique du Tensift), with records available since 1969. A large network of rain gauges was used to elaborate a spatiotemporal distribution map of the entire Tensift basin. Five gauges were selected within the piedmont area (Table 1, The daily streamflow dataset at the gauging stations of the main wadis from the High Atlas from 1965 to 2018 were provided by the ABHT. The diversion of streamflow for irrigation was monitored at the upstream uptake of the seguias jointly by the WUAs and ORMVAH and the distribution of water among seguias is made according to the recognized water rights. We also calculated the seguias diversion ratio using water diversion records from 2000 to 2020 provided by ORMVAH.

The variation of the groundwater level over the Tensift basin is monitored by the ABHT. In this study, four piezometers named 766/53, 2701/53, 1133/53, and 744/53 (Fig. 1, and 1 S) were selected to show the groundwater variation from 1984 to 2021 upstream and downstream of the piedmont area. Finally, the Abainou spring discharge was measured by the ABHT at a monthly timestep from 1973 to 2020.

Landsat imagery

To characterize the agricultural land use evolution, a time series of classifications based on multispectral Landsat imagery was achieved. Crop classification was performed using a decision tree (DT) approach based on expert rules. DT can be trained rapidly and executed quickly [START_REF] Gahegan | The classification of complex geographic datasets: An operational comparison of artificial neural network and decision tree classifiers[END_REF]. It performs well for land use mapping [START_REF] Yang | An approach for mapping large-area impervious surfaces: synergistic use of Landsat-7 ETM+ and high spatial resolution imagery[END_REF][START_REF] Waheed | Measuring performance in precision agriculture: CART-A decision tree approach[END_REF][START_REF] Otukei | Land cover change assessment using decision trees, support vector machines and maximum likelihood classification algorithms[END_REF][START_REF] Jiang | Woodland cover change assessment using decision trees, support vector machines and artificial neural networks classification algorithms[END_REF][START_REF] Sharma | Decision tree approach for classification of remotely sensed satellite data using open source support[END_REF], especially when phenological data or vegetation index threshold values are incorporated [START_REF] Wardlow | Analysis of time-series MODIS 250 m vegetation index data for crop classification in the US Central Great Plains[END_REF][START_REF] Simonneaux | The use of high-resolution image time series for crop classification and evapotranspiration estimate over an irrigated area in central Morocco[END_REF][START_REF] Masialeti | A comparative analysis of phenological curves for major crops in Kansas[END_REF][START_REF] Ozdogan | Remote sensing of irrigated agriculture: Opportunities and challenges[END_REF]. To that end, all available cloud-free Landsat images corrected in surface reflectance from 1984 to 2020 were downloaded from the USGS (the United States Geological Survey) website, including Landsat 5 (TM), Landsat 7 (ETM+), and Landsat 8 (OLI).

Methods

Statistical analysis of hydro-meteorological time series

The non-parametric statistical test of Mann-Kendall (MK) [START_REF] Mann | Nonparametric tests against trend[END_REF][START_REF] Kendall | Rank correlation methods[END_REF]) and Sen's slope estimator (Sen, 1968) was performed on precipitation and streamflow time series to assess the presence or absence of a clear trend in the long-term evolution of water resources within the High Atlas piedmont. In addition, the [START_REF] Pettitt | A non-parametric approach to the change-point problem[END_REF] test was used to determine the trend change points and check the homogeneity of the data. Also, the meteorological droughts over the piedmont were assessed by the Standardized Precipitation Index (SPI). SPI was developed by [START_REF] Mckee | The relationship of drought frequency and duration to time scales[END_REF] and Edwards and McKee (1997) and recommended by the World Meteorological Organization [START_REF] Hayes | The Lincoln declaration on drought indices: universal meteorological drought index recommended[END_REF]WMO, 2012).

Mapping agricultural land use

In traditional systems such as the High-Atlas piedmont, the use of Landsat imagery for monitoring agricultural activities is quite challenging because of the predominance of small agricultural fields of less than one hectare, as compared with the 30-meter resolution of Landsat.

However, the simplicity of the land cover, consisting of three classes, and the fact that they are often aggregated in homogeneous patches, limits the problem of confusion. Another problem is that historical Landsat data was not always acquired every 16 days and the occurrence of cloud cover, especially during the crop development phases of winter crops, reduces the availability of usable images. An additional key limitation was the lack of ground data to be able to train the classifier for past years. Thus, in order to be able to build a land cover time series for the period 1984-2020, we built a simple decision tree algorithm based on the temporal signature of the crops using a limited number of key periods for which the land cover classes have contrasted behaviors. Indeed, there are usually not enough clear Landsat images to be able to build a temporal profile of vegetation development that would be required to apply a decision tree approach as proposed by (Simonneaux and Francois, 2003;[START_REF] Simonneaux | The use of high-resolution image time series for crop classification and evapotranspiration estimate over an irrigated area in central Morocco[END_REF].

Instead, for most of the years, we were able to find images distributed over the agricultural season (February, April, June, and August).

The olive tree is an evergreen species and exhibits vegetation all along the year, which means an NDVI value (Normalize Difference Vegetation Index) is always higher than the ones of bare soils. Cereal crops are characterized by the first period of bare soil around December/ early January, then a peak of vegetation around March, and another phase of bare soil after harvest.

Based on these simple rules, a decision tree classifier has been built based on images selected at four periods (B1= February, B2 = April, B3 = July, and B4 = September) (Fig. 3). In order to validate the classification results, ground truth data were collected during a field mission conducted on December 4, 2020. A total of 76 parcels were observed, 26 plots of olive trees, 28 plots where cereals were grown in winter 2020, and 22 of fallow bare soil showing that no crop was present for at least one year. In addition to the field trip, trees and bare soil plots (parcels) were selected on Google Earth for the years 2005, 2010, and 2015 to check the presence or absence of trees. In figure (4, b), there are three altitude bands, the lowland to the north with altitudes between 300-600m where the rainfall varies between 150-300mm/year, the piedmont area with altitudes from 700 to 1100m where rainfall varies between 300-450mm/year, and finally the mountains with altitudes above 1500m and rainfall above 500mm/year. Also, the eastern stations receive more precipitation than the western ones, which can be explained by the higher altitudes in the eastern part of the Tensift (higher than 4000m) which allows it to benefit from additional precipitation in the form of snowfall. For a global view of the piedmont area, we computed the average rainfall series of the five stations. According to Pettitt's test, the rainfall time series presented a clear change point and the rainfall patterns could be divided into two periods: 1969-1979 with an average rainfall of 430 mm/yr, and 1980-2018 with an average rainfall of 310 mm/yr (Fig. 4,a). This breakpoint in rainfall series has already been observed in other sites in Morocco, occurring at various dates depending on the location, usually between 1970 and 1980 [START_REF] Driouech | Étude des indices de changements climatiques sur le Maroc: températures et précipitations[END_REF]Agoumi et Debbarh 2006;[START_REF] Benassi | Drought and climate change in Morocco. Analysis of precipitation field and water supply[END_REF][START_REF] Singla | Evolution des relations pluie-débit sur des bassins versants du Maroc[END_REF].

Results

Rainfall trends and meteorological droughts

Looking at each station individually, Tahannaout, Ait Ourir, and Sidi Rahal revealed a negative trend, but this trend is much weaker for Chichaoua, and Ourika (Fig. 5,b). In order to evaluate if this change was the result of a steady decrease or the result of a break, Pettitt's test was used on the rainfall data (Tab.2). Among these rainfall stations, only Tahannaout showed a significant change point in 1977 (Fig. 5,b).

The SPI analysis revealed that the High-Atlas piedmont witnessed several droughts over the period 1969-2018 (Fig. 5,a). Despite some differences, the four stations showed generally a similar behavior, with three main droughts periods identified in 1981-1988, 1999-2008, and 2013-2018. The second drought, 1999-2008, was particularly severe with an SPI index above -2.5. 

Streamflow trends and variability

The analysis of streamflow time series over 1965-2018 showed a general declining trend for all the wadis. The MK trend test revealed a decreasing trend for all streamflow stations over the period 1963 to 2018, with p-values less than 0.05 (Tab. 2). It is also worth pointing out that the streamflow showed a clear sensitivity to the three drought periods with alternations between low and high streamflow during dry and wet periods respectively. Pettitt's test results for streamflow at the Zat and Rheraya, Rdat, Ourika, and Chichaoua stations revealed transition points in 1973, 1980, 1997, and 1998 respectively (Fig. 6). 

Irrigation diversion

Agricultural activities based on irrigation water diverted from streamflow are a defining feature of the High Atlas piedmont. The highest diverted volume are linked to the wadis with high discharge, Ourika, and Rheraya. The diversion ratios were always maintained high, up to 80 % during both wet and dry periods, showing the very high exploitation of these natural resources by the population in this area. Given that irrigation diversions depend on streamflow rates which declined by nearly 40% during droughts, it follows that the volume diverted have also decreased substantially (Fig. 7,a). The streamflow is diverted all along the year by seguias. Two periods of high-water volume diversion have been identified in Ourika. A first peak is observed in November corresponding to rainfall, followed by a decrease due to the occurrence of snow. Then a second peak is observed between March and May, which corresponds to the snowmelt period [START_REF] Hajhouji | Modélisation pluie-débit et analyse du régime d'un bassin versant semi-aride sous influence nivale. Cas du bassin versant du Rheraya (Haut Atlas, Maroc)[END_REF]. For Rheraya, the autumn peak is not visible and the snowmelt peak only last in March, this may be due to the fact that more water uptake is conducted upstream. These variations reflect the pluvio-nival behavior of these basins (Fig. 7,b).

Groundwater level variation

Changes in groundwater level were analyzed using historical datasets of four piezometers (see location in Figure 1, a) since 1984. In the upstream part of the Central Haouz, the long-term variation of groundwater level is low in the piezometers Ourika (766/53), Ghmat (2701/53) (Fig. 8, graphs C and D); in this area, the groundwater is well recharged seasonally by streamflow and surface water irrigation returns, due to the proximity of the mountain and the rivers, over winter and spring. However, downstream of the piedmont of the Central Haouz in Chouiter (744/53) and in Mejjate (1133/53) where agricultural activities are based mainly on groundwater, the groundwater level showed a rapid decrease since the 2000s (Fig. 8, graphs A and B), which can be explained by droughts, high withdrawals, and lower recharge due to the geographical location away from the wadis, which constitute the source of water (Fig. 1, and1 S). In Chouiter (744/53, B), the decrease rate is around 2m.y-1 since 2000, while in Mejjate (1133/53, A) the pace was around 1.5 m.y-1 between 2002 and 2016 and is close to 5m.y-1 since 2016. 

The Abainou spring

The spring of Abainou supplies irrigation in the valley of Chichaoua (Fig. 7,c) that encompasses one of the oldest traditional irrigation systems in the basin. In the 1970s, the spring discharge was about 0.55 m 3 s -1 . A severe decline has been seen since 2000, however, the latest starting in 2013 is more drastic. The average spring outflow has been reduced by over 70%, from 0.55 m 3 s -1 in 1972 down to less than 0.2 m 3 s -1 in 2020. These spring discharge breakpoints are correlated with the major droughts identified in the region between 1999-2008, and 2013-2017.

Land-use mapping and change analysis

The piedmont of the High Atlas is generally known for subsistence agriculture (family farming), with cereals and olive trees as the main crops. Therefore, three landcover classes were targeted: annual crops, trees, and bare soil. The decision tree classification, based on NDVI thresholding, was applied to map those classes from 1984 to 2020. The limitations of the decision tree approach in our case were extremely wet years when weeds grow throughout the year leading to a possible land use overestimation, especially trees. To help the algorithm eliminate overestimation errors due to weeds, we tried to introduce more summer images in wet years (1989,1996,1997,2009). Thus, introducing additional summer images, when the weed cannot be irrigated and begins to disappear, increases the probability to detect bare soil and identify the right class. In addition, some other years (i.e., 1987, 1991, 1995, 2008, 2011, 2012) were not considered in the historical analysis due to the non-availability of Landsat images or the images presented a significant cloud cover. To assess the effectiveness of the applied algorithm, the overall accuracy (OA) method was used. This involves calculating the number of classified sites and then dividing by the number of reference sites. Using this method, an overall accuracy of 89.4% is obtained for the High Atlas piedmont land use map based on the field samples for validation (Table 3). Regarding Google Earth plots for the years 2005, 2010, and 2015, the algorithm was able to identify these classes with 100% accuracy, since tree and bare soil profiles cannot be confused.

The seasonal crops consist mainly of cereal crops, which constitute the most important nutritional crops for piedmont families. The inter-annual variability of areas cultivated with cereals is strongly correlated with the annual precipitation patterns. This confirms that these crops are mainly based on rainfall for irrigation. In wet years, when surface water is available and rainfall events are well distributed, cereals water needs are well satisfied thus enabling high production. In dry years, the cereal crops are either not or poorly cultivated as a result of water shortage (Fig. 2 Over the last 36 years, tree crops expansion across the High-Atlas piedmont showed two distinct periods : 1984: -2010: and 2011: -2020: . From 1984: to 2010, the expansion of trees over the area was generally slow and steady. Then, a rapid expansion occurred reaching its maximum pace during 2017-2020 (Fig. 9,c).

By 2020 the piedmont tree-covered areas (Fig. 9,b,c) reached 35332 Ha, about 8% of the cultivated areas, representing nearly seven times the initial surface (1984). The trees extended considerably both over the eastern piedmont irrigated by streamflow and groundwater, and over the western piedmont relying mainly on groundwater for irrigation.

Temporal and spatial changes in water resources

Even though the piedmont areas benefited from water availability favorably than the plain, all the analyzed hydrological variables have shown a decreasing trend over the past 50 years.

Therefore, the major hydrological changes were revealed since the 1980s. The precipitation has declined by 28% (Fig. 4a,5b). Recently [START_REF] Ouatiki | Trend analysis of rainfall and drought over the Oum Er-Rbia River Basin in Morocco during 1970-2010[END_REF] pointed out the same general decreasing tendency in rainfall over a neighboring basin, the Oum Er-Rbia basin. In addition, a decreasing trend in precipitation for most Mediterranean countries was revealed by [START_REF] Philandras | Long term precipitation trends and variability within the Mediterranean region[END_REF] through a detailed analysis of data from 40 meteorological stations between 1900 and 2009. Also, three main meteorological droughts were delineated : 1981: -1988: , 1999[START_REF] Benassi | Drought and climate change in Morocco. Analysis of precipitation field and water supply[END_REF]: , and 2013: -2018 (Fig.5a (Fig.5a). The longer and more severe one is between 1999 and 2008, which has also been reported in various countries of the Mediterranean basin [START_REF] Cook | Spatiotemporal drought variabilityin the Mediterranean overthe last 900 years[END_REF][START_REF] Hanel | Revisiting the recent European droughts from a long-term perspective[END_REF]. Additionally, streamflow has declined by almost 40% (Fig. 6). These findings are consistent with the recent study by Masseroni et al. (2020) who analyzed runoff data between 1965 and 2015 from more than 3,000 stations over the Mediterranean region. They found that the declining trend of annual streamflow started in 1965, and by 1980 the volumes were systematically below the average. The overall decrease in runoff resulted in a decrease in diverted volume of streamflow to irrigation. Despite that, the diversion ratios are high in both dry and wet periods, ranging from 70 % up to 80 %. They highlighted the great importance of streamflow-based irrigation to local farmers in a semi-arid context and their strong adaptation capacity to natural variations, as the area covered by cereals is strongly related to rainfall and runoff.

Concerning the groundwater, except for the upstream areas benefiting from consistent recharge by irrigation returns [START_REF] Bouimouass | Groundwater recharge sources in semiarid irrigated mountain fronts[END_REF], a severe decrease is observed in piezometric levels elsewhere since the early 2000s. The observed depletion of the piezometric level occurs over the downstream area at a rate of 2m.y-1 in Chouiter, while in Mejjate it was around 1.5 m.y-1 between 2002 and 2016 and is close to 5m.y-1 since 2016. These are in line with other studies highlighted rates, around 1-3 m/year on average [START_REF] Fakir | Multi-modeling assessment of recent changes in groundwater resource: Application to the semi-arid Haouz plain (Central Morocco)[END_REF]. The decline of groundwater level is attributed to recurrent drought periods and intensive groundwater pumping [START_REF] Boukhari | Origin of recharge and salinity and their role on management issues of a large alluvial aquifer system in the semi-arid Haouz plain, Morocco[END_REF]. Pump wells were introduced in the last century firstly in the Haouz plain by the French colonization. Those wells have spread in the area and currently, almost every farm has at least one well dedicated to irrigation during the dry season and in some cases used for drinking and domestic needs. Unfortunately, there are no records of the volumes being pumped or accurate statistics on the number of boreholes since most are dug illegally in the region. Additionally, the Abainou spring, which provides water to irrigate agriculture in Chichaoua valley, has also been declining since the 1980s, jeopardizing its socioeconomic importance and increasing the risks of its drying up (Fig. 7,c).

Agricultural land use dynamic

The evolution of annual crops (mainly cereals) extent was highly correlated to rainfall. The decreasing trend in rainfall and droughts resulted in a lower extent and production of rainfed cereals, which is considered critical for food security in Morocco [START_REF] Schilling | Climate change, vulnerability, and adaptation in North Africa with a focus on Morocco[END_REF][START_REF] Karrou | Water and land productivities of wheat and food legumes with deficit supplemental irrigation in a Mediterranean environment[END_REF] and rural population incomes. This is a common issue in the semi-arid regions of the southern Mediterranean, where about 80% of agricultural land is rainfed, therefore highly vulnerable to droughts [START_REF] Schilling | Climate change vulnerability, water resources, and social implications in North Africa[END_REF].

The past distribution of trees in the studied High Atlas piedmont showed a clear spatial variation. In the eastern piedmont of Central Haouz, the olive trees extended mainly along the main wadis; the water availability has encouraged the settlement of rural communities that logically led to the development of irrigated agriculture [START_REF] Awulachew | Water resources and irrigation development in Ethiopia[END_REF]. The western piedmont of Mejjate was known for rainfed seasonal agriculture. Over the last 36 years, the interannual evolution of tree crops across the High-Atlas piedmont showed two highly disparate trends. During a long period 1984-2013 (29 years), the expansion of trees remained near stable over the area, with 2 slight variations: an increase in 1995-1999 and a slight decrease in 2000-2007, which coincided respectively with a wet period and a dry period. Therefore, the development of trees during this long period seems to be controlled by climatic drivers.

However, during the last 7 years, 2013-2020, the expansion of trees was spectacular (Fig. 9).

Paradoxically, this rapid expansion is occurring in the context of severe droughts and could not be explained by climate variability. In fact, in recent years several governmental support programs were launched aiming at the development and modernization of the agricultural sector [START_REF] Faysse | The rationale of the Green Morocco Plan: missing links between goals and implementation[END_REF]Agricultural Development Agency. 2012, 2014). Particularly, the Green Morocco Plan (GMP) launched in 2008 aimed to make agriculture a pillar of the socioeconomic development in Morocco through the development of modern agriculture with high added value both in the irrigated and favorable rainfed areas; and the enhancement of agricultural income in the most vulnerable areas (ADA, 2018). The GMP helped increase the production of high-value perennial crops, such as citrus and olive trees, mostly by expanding cultivated areas thanks to the subsidies awarded [START_REF] Akesbi | L'Agriculture marocaine, entre les contraintes de la dépendance alimentaire et les exigences de la régulation sociale[END_REF]. In addition, the National Irrigation Water-Saving Program (PNEEI), which is a major component of the GMP, was implemented to ensure the rational and efficient use of irrigation water resources by promoting the development of drip irrigation technology [START_REF] Faysse | The rationale of the Green Morocco Plan: missing links between goals and implementation[END_REF][START_REF] Faysse | The rationale of the Green Morocco Plan: missing links between goals and implementation[END_REF]Simon, 2014 Akesbi, 2013). However, these measures have conversely favored the expansion of irrigated agriculture to traditionally rainfed or uncropped areas [START_REF] Jaramillo | Sustainable Transformation of Rainfed to Irrigated Agriculture Through Water Harvesting and Smart Crop Management Practices[END_REF][START_REF] Molle | Conflicting Policies: Agricultural Intensification, vs. Water Conservation in Morocco[END_REF], relying on groundwater withdrawals, which has subsequently led to increased water demand and groundwater overexploitation (Fig. 3 S).

Sustainability of piedmonts' traditional hydro-agro-systems

The piedmont of the High-Atlas Mountains has been sheltered for centuries and still adopt over a large area a traditional irrigation system. The latter use large networks of gravity-fed surface irrigation channels that divert the streamflow (baseflow and floods) at the outlet of the Mountain ranges [START_REF] Bouimouass | Groundwater recharge sources in semiarid irrigated mountain fronts[END_REF]. A key factor of survival for such an ancestral system is the sense of mutualism between the seguias users, which is defined by [START_REF] Gunda | The influential role of sociocultural feedbacks on community-managed irrigation system behaviors during times of water stress[END_REF] as the feeling of collective well-being including social identity, pride of place, and maintenance of historical traditions. This mutualism has not excluded conflicts that have been raised during periods of severe droughts. These hydro-agro-systems are also characterized by great flexibility to water resources fluctuations.

During the last years, the planting of trees has been performed at a rapid pace, mainly driven by socio-economic incentives under conditions of droughts and water scarcity. The trees expansion is creating an increasing and rigid water demand that should be satisfied whatever the conditions of climate and water resources. Thus, the observed decrease in precipitation and streamflow would change the traditional irrigation in the piedmont from a surface water-based irrigation to a groundwater-based one. This is already the case in the Mejjate area (western piedmont) where the observed expansion of trees is associated with a decrease in groundwater level. The same situation is spotted in the downstream limit of the central Haouz piedmont receiving less irrigation water, only during flood events. Also, the irrigation in the Chichaoua valley by the Abainou spring, whose discharge has been continuously reducing, is undergoing the same evolution. The consequences of the shifting from surface water-driven irrigation to groundwater-based irrigation are a severe depletion of groundwater, especially in the downstream areas. Beyond the question of the durability of this type of agriculture, it raises the question of the impact on the aquifer recharge downstream. In fact, in the Haouz plain, a dramatic groundwater depletion of 1 to 3 m year -1 in average is observed since the 1990s [START_REF] Boukhari | Origin of recharge and salinity and their role on management issues of a large alluvial aquifer system in the semi-arid Haouz plain, Morocco[END_REF][START_REF] Fakir | Multi-modeling assessment of recent changes in groundwater resource: Application to the semi-arid Haouz plain (Central Morocco)[END_REF]. Although the depletion of the piezometric level observed in these areas is due to extensive pumping by the plain agriculture itself, it may be exacerbated by the less recharge from the piedmont that is subject to increasing groundwater abstraction.

Indeed, this agricultural intensification is not only occurring in Morocco but also on a broader scale. Worldwide, the equipped areas for irrigated agriculture increased from 289 to 342 million hectares between 2000 and 2020, with nearly 38% being supplied by groundwater-based irrigation [START_REF] Crumpler | ORGANIZATION OF THE UNITED NATIONS Rome[END_REF][START_REF] Siebert | Groundwater use for irrigation-a global inventory[END_REF]. Furthermore, by employing the PCR-GLOBWB hydrological model for gross crop requirements for irrigation and the available water to meet that demand, [START_REF] Wada | Nonsustainable groundwater sustaining irrigation: A global assessment[END_REF] revealed that the use of non-renewable groundwater withdrawals for irrigation is highest in India, followed by Pakistan, the United States, Iran, China, Mexico, and Saudi Arabia. Their findings also suggested that globally this contribution has been tripled over the period 1960-2000. Now, there is no doubt that India, a country with a similar context as Morocco, has the largest extent of irrigated areas. Despite a low increase of irrigated area from 58.8 % to 60.4 % between 1961to 2016(World Bank, 2017;[START_REF] Siebert | Groundwater use for irrigation-a global inventory[END_REF], an intensification occurred, triggered by government irrigation facilities, cheap electricity for pumping, and a diversified crop basket since the 1970s [START_REF] Dangar | Causes and implications of groundwater depletion in India: A review[END_REF][START_REF] Paria | Irrigation-based agricultural intensification and future groundwater potentiality: experience of Indian states[END_REF]. The cropping intensity was also driven by the use of chemical fertilizers, and a rapid rise in the number of electric and diesel pumps to reach higher yields [START_REF] Paria | Irrigation-based agricultural intensification and future groundwater potentiality: experience of Indian states[END_REF][START_REF] Mishra | Groundwater depletion and associated CO2 emissions in India[END_REF]Shah, 2010). In such a context, the direct reliance on groundwater abstraction to meet the growing irrigation water demand exacerbates groundwater resource depletion, even in areas with abundant rainfall [START_REF] Dangar | Causes and implications of groundwater depletion in India: A review[END_REF][START_REF] Zaveri | Invisible water, visible impact: groundwater use and Indian agriculture under climate change[END_REF]Rodell et al., 2009;[START_REF] Gandhi | Groundwater irrigation in India: gains, costs and risks[END_REF]. This issue has also been highlighted in the northern side of the Mediterranean basin (FAO 2016). In Spain, for instance, agricultural policies have supported irrigated farming to increase food production and save water. Over the last three decades, the promotion of drip irrigation over surface irrigation had several consequences. Wells construction has intensified, redistributing access to groundwater and causing a significant lowering of the water table. In addition, the expansion of irrigation in the piedmont and Mountain areas, previously rain-fed, resulted in an increase in water consumption from 4% to 45% per hectare. There was also a shift to higher-value fruit crops with higher water requirements [START_REF] González-Cebollada | Water and energy consumption after the modernization of irrigation in Spain[END_REF]. and finally, the removal of traditional surface irrigation infrastructure dating back to the Middle Ages [START_REF] Sese-Minguez | Transformations accompanying a shift from surface to drip irrigation in the Cànyoles Watershed, Valencia, Spain[END_REF].

The socioeconomic and the hydrological functions of the traditional irrigation piedmont as a secular hydro-agro-system that was sustained for tens of centuries through a sound connection between natural and human elements to ensure food security, water balance, groundwater recharge, and droughts survival, are being altered. Their sustainability is currently of great concern and their degradation would be accelerated by climate change, particularly through decreased precipitation [START_REF] Polade | Precipitation in a warming world: Assessing projected hydro-climate changes in California and other Mediterranean climate regions[END_REF][START_REF] Barcikowska | Impact of large-scale circulation changes in the North Atlantic sector on the current and future Mediterranean winter hydroclimate[END_REF], increased evapotranspiration (Le [START_REF] Page | Projection of irrigation water demand based on the simulation of synthetic crop coefficients and climate change[END_REF], and reduced groundwater recharge [START_REF] Crosbie | Potential climate change effects on groundwater recharge in the High Plains Aquifer, USA[END_REF][START_REF] Wu | Divergent effects of climate change on future groundwater availability in key mid-latitude aquifers[END_REF]. Given that the traditional irrigation in the piedmont of the High-Atlas Mountains in Haouz region has been identified as the main source of groundwater recharge [START_REF] Bouimouass | Groundwater recharge sources in semiarid irrigated mountain fronts[END_REF], the preservation of this vulnerable hydro-agro-system should be considered in the agricultural and socio-economic development policies. Particularly by limiting the expansion of the irrigated agriculture over the Haouz plain which threatens the groundwater resources sustainability. Additionally, the government agricultural support should be revised in a such vulnerable hydro-agro-systems to mitigate the current changes and the future climate change impacts.

Conclusion

The traditional irrigation system in the High-Atlas piedmont is similar to several other systems around the world. They have played through centuries vital roles in socio-economic development while maintaining a balance between water resources and water needs. The present study of the High-Atlas piedmont has shown that the overall state of water resources is declining and deeply affected by droughts during the last 5 decades. Average precipitation has decreased by almost 28 % and the streamflow has decreased by more than 40% directly influencing the amount of water diverted by seguias for irrigation. The groundwater is depleting as attested by water table decline and by the Abainou spring's dramatic drying. Conversely, in recent years, there has been a spectacular expansion of tree crops despite water scarcity. Also, it was shown that the agricultural land use is changing from seasonal crops (cereals) to perennial crops (trees), which creates an increasing and rigid water demand to satisfy, whatever the conditions of climate and water resources. This challenge is also found in the northern parts of the Mediterranean basin as well as in northwestern India. Government subsidies intended to support irrigated agriculture in order to increase food production have led to a direct dependence on groundwater abstraction to meet the growing demand for irrigation water, thereby exacerbating groundwater resource depletion.

The uncontrolled expansion of trees, or generally irrigated areas, which is mainly driven by strict socioeconomic incentives induced by several governmental agricultural supporting programs, the multiplication of pumping, and the climate variability, threaten seriously the sustainability of such ancestral traditional hydro-agro-systems. The climate variability observed over the last 50 years has already had major impacts on water resources in the Mediterranean region, particularly in snow-related basins. The land-use changes are evolving in a direction that is incompatible with balanced hydro-agro-systems. Therefore, interdisciplinary research and management strategies are needed to assess the occurring changes and to provide adaptation and mitigation measures to preserve their long-term sustainability.

Figure 1 :

 1 Figure 1: (a) The High Atlas piedmont (purple line) is located within the Tensift basin (black line) and is divided into three subareas: the central Haouz which is the most important traditional surface water-based irrigation area, the Mejjat area relying mainly on groundwater for irrigation and the Chichaoua Valley with irrigation based on the Abainou spring; (b) represents a sentienl-2 scene displaying the main features of the High Atlas piedmont.

Figure 2 :

 2 Figure 2: Photos of seguias from the study area, representing Seguias network in the piedmont; A: tertiary seguia irrigating fields, B: secondary seguia uptake, and C: the major Seguia diverting water directly from the Ourika stream.

  Fig. 1 S) to analyze rainfall trends and evaluate droughts.
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 3 Figure 3: The decision tree classification based on NDVI over four key periods.

Figure 4 :

 4 Figure 4: (a) Monthly average rainfall evolution over the High-Atlas piedmont from 1969 to 2018, where mu1 is the mean annual rainfall (mm) before the change point and mu2 as the mean annual rainfall (mm) after the change point. (b) The Tensift basin with precipitation stations showing the spatio-temporal distribution of average annual precipitation (1969 to 2018).

Figure 4 :

 4 Figure 4: (a) SPI 12-month calculated based on rainfall monthly data. Droughts periods are highlighted in yellow, and wet periods in blue. Red arrows highlight major droughts. (b) The linear trend of annual average rainfall at the studied stations.

Table 2 :

 2 Monotonic trend (MK) test and significant change (Pettitt's homogeneity) test for the streamflow and rainfall stations in the High-Atlas piedmont for the period 1969-2018. MK: Mann-Kendall.

Figure 6 :

 6 Figure 6: Homogeneity test of the monthly streamflow for Ourika, Zat, Rheraya, Rdat, and Chichaoua streams from 1965 to 2018, where mu1 and mu2 are the monthly mean streamflow (m3/s) before and after the change point respectively. The y ellow shades indicate the three main drought periods observed in the region.
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 7 Figure 7: (a) Seguias monthly time-series diversions recorded by the ORMVAH over the period of 2000 to 2020 in Ourika and Rheraya streams. (b) Monthly water volumes diverted by seguias in Ourika and Rheraya between 2000 and 2020. (c) Abainou

Figure8:

  Figure8: Groundwater level variation from 1984 to 2021 in the upstream Ourika (766/53) and Ghmat (2701/53 C, D) and downstream piedmont Mejjat(1133/53) and Chouiter (744/53 A, B).

  S); local farmers in the country traditionally wait for the first rain event in late September or early October before sowing.The trees, dominated by olive orchards, occupied 5604 Ha in 1985 which represents barely 1.3 % of the piedmont area (Fig.9, and 2S). The main tree areas were located in the Eastern part of the piedmont (Central Haouz) where the trees were planted near the main streams Ourika, Zat, and Rheraya. They benefit from the most extensive traditional irrigation channel network of the High Atlas piedmont, and perennial irrigation from sustained snowmelt runoff.Paradoxically, along the largest stream of the area the Nfis wadi, the trees have not been developed as much. This could be explained by the presence of the Lalla Takerkoust dam which supplies water for irrigation since 1935 to N'Fis sectors downstream in the Haouz plain. Due to limited surface water, there were hardly any arboricultural farms in the western part of the piedmont, Mejjat, but rather a large area devoted to seasonal rain-fed crops. The Chichaoua valley was an exception since trees farming was developed essentially due to perennial irrigation by the Abainou spring.
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  Figure9: (a) Trees cover for the period from 1985 to 2020 (b) within the High Atlas piedmont, and (c) trees evolution from 1984 to 2020, with droughts outlined orange, and the main government programs over the period..
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 1 The piedmont rainfall stations network used in the study.
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 3 The confusion matrix.
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