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Israël est l'un des pays les plus surpeuplés du monde développé, où les zones urbaines s'étendent sur des terres naturelles et agricoles pour répondre à la demande croissante de logements due à la croissance démographique. Les surfaces imperméables construites continuent d'augmenter, modifiant de manière irréversible le cycle hydrologique naturel. En conséquence, les précipitations se transforment en un ruissellement de surface important qui peut submerger les infrastructures de drainage existantes et les eaux réceptrices. Les toits verts, une couverture végétalisée, apparaissent comme un nouvel outil simple et efficace pour relever le défi de l'urbanisation rapide, principalement parce qu'ils ne nécessitent pas d'apports fonciers supplémentaires. Les données expérimentales confirment que les toits verts sont capables d'atténuer considérablement les eaux pluviales urbaines. En transformant les toits en zones perméables, les toits verts sont capables de retenir et de libérer lentement les eaux pluviales, réduisant ainsi le stress existant sur les systèmes de drainage artificiels locaux. Cependant, la plupart des efforts de recherche se concentrent sur les climats tempérés où les précipitations sont réparties tout au long de l'année, tandis que les recherches portant sur les régions climatiques méditerranéennes sont généralement limitées. Dans ce climat, l'eau peut être un facteur limitant pendant l'été, remettant en question la durabilité de l'utilisation de l'eau des toits verts. Alors que les toits verts sont de plus en plus mis en oeuvre, le besoin d'une compréhension approfondie des réponses hydrologiques spécifiques au climat est imminent. Cette recherche vise à développer un modèle temporel à haute résolution pour examiner les facteurs affectant l'équilibre hydrologique des toits verts et la manière de les atténuer, afin de permettre une meilleure compréhension des avantages et des limites de leur utilisation dans les climats méditerranéens.

INTRODUCTION

Overview

Israel is one of the most overcrowded countries in the developed world [START_REF] Tal | The Land Is Full: Addressing Overpopulation in Israel[END_REF], where urban areas are sprawling into natural and agricultural land to answer for the rising residential demand (over 90% of Israel's population resides in cities). Replacing open land with urbanized scenes may have severe consequences on human and natural conditions alike, affecting water and air quality, biodiversity, food availability, intraurban climate and more. One lesser-discussed effect is increased storm runoff volumes that can overwhelm existing drainage infrastructure and its receiving waters [START_REF] Brown | Blueprint2013 Stormwater Management in a Water Sensitive City[END_REF]. Future increase in impervious surfaces, as populations surge forward, is expected to aggravate this problem. Coupled with a changing and highly variable future climate and increased occurrence of extreme weather events, the challenge becomes even greater [START_REF] Brown | Blueprint2013 Stormwater Management in a Water Sensitive City[END_REF]).

To answer the imminent hazards, a new urban design approach is on the rise. This approach utilizes various green vegetated infrastructures to mimic the natural hydrological cycle, to retain and utilize urban stormwater. Of the variety of Sustainable Urban Drainage Systems (SUDS), green roofs are emerging as promising alternatives (Soulis et al., 2017b), mainly as they do not require additional land inputs. By capturing and then slowly releasing stormwater, green roofs are able to reduce runoff volumes and flows while improving water quality [START_REF] Krudner | City of Camden Green Infrastructure Design Handbook: Integrating Stormwater Management into Sustainable Urban Design[END_REF]. Several other environmental benefits are associated with green roofs -improved air quality, additional carbon sequestration, decreased urban heat-island effect, increased urban biodiversity and lower energy consumption in buildings [START_REF] Viola | Retention Performance of Green Roofs in Representative Climates Worldwide[END_REF].

Green roofs consists usually of three main layers: a vegetation layer, a media-substrate layer and a filteringdrainage layer. The depth of the media classifies the green roof as either extensive (< 15 cm) or intensive (> 15 cm) [START_REF] Yang | Saturation-Excess and Infiltration-Excess Runoff on Green Roofs[END_REF]. Extensive green roofs are shallower having smaller water holding capacity, however they require lower water inputs and are easier to install and maintain, commonly used in roofs where no additional structural support is needed [START_REF] Vijayaraghavan | Green Roofs: A Critical Review on the Role of Components, Benefits, Limitations and Trends[END_REF]. Green roofs can reduce total outflow volumes, delay initial time of runoff generation and distribute the outflow over a longer time period [START_REF] Palla | Compared Performance of a Conceptual and a Mechanistic Hydrologic Models of a Green Roof[END_REF]. This is achieved by plant cover interception, vegetation evaporative losses, detention and retention in the substrate and additional storage capacity found in the underlying drainage layer [START_REF] Poë | Parameters Influencing the Regeneration of a Green Roof's Retention Capacity via Evapotranspiration[END_REF].

The stormwater mitigation ability of green roofs is well established, following abundant research conducted in North America, Europe, and East Asia [START_REF] Poë | Parameters Influencing the Regeneration of a Green Roof's Retention Capacity via Evapotranspiration[END_REF]. Green roofs are found to significantly reduce stormwater runoff, with 40-80% reduction of the total annual runoff volume [START_REF] Palla | Compared Performance of a Conceptual and a Mechanistic Hydrologic Models of a Green Roof[END_REF]. It is well documented as stormwater best management practice (BMP) by many prominent organizations and design standards such as USEPA, Low Impact Design (LID), Water Sensitive Urban Design (WSUD) and Leadership in Energy and Environmental Design (LEED) [START_REF] Li | Hydrologic Performance Analyses , Modeling , and Design Tool Developme Nt for Green Roof Systems[END_REF]. Supporting research encouraged the implementation of green roof technology in many western countries, namely USA, Canada, Europe and Japan. In Germany, approximately 10% of buildings utilize green roof technology. In Toronto, Canada, by-law mandates green roof construction on roofs larger than 2,000 m2. In Tokyo, Japan, green roofs are required on all newly constructed buildings. In Portland, USA, all city-owned buildings require at least 70% of green roof cover [START_REF] Vijayaraghavan | Green Roofs: A Critical Review on the Role of Components, Benefits, Limitations and Trends[END_REF].

Green roof practice has been mainly developed for regions with continental or sub-arctic climates, that are favorable to the growth of vegetation year-round [START_REF] Fioretti | Green Roof Energy and Water Related Performance in the Mediterranean Climate[END_REF]. Therefore, green roof hydrological benefits are quantified typically in temperate mid-latitudes [START_REF] Poë | Parameters Influencing the Regeneration of a Green Roof's Retention Capacity via Evapotranspiration[END_REF], while research efforts into performance in Mediterranean climates are mostly limited [START_REF] Fioretti | Green Roof Energy and Water Related Performance in the Mediterranean Climate[END_REF]. Mediterranean climates, unlike temperate ones, are characterized by high rainfall intensity, varying precipitation patterns and distinct seasonspecific temperatures and precipitation. This climate is experienced in Mediterranean countries as well as regions in the United States, South Africa, central Chile, and Australia. In these regions, water can be a limiting factor during summer, questioning the water usage sustainability of green roofs. Therefore, before such systems can be implemented locally it is crucial to accurately assess their abilities and limitations under Mediterranean climate conditions.

Research Objectives

The goal of this study is to develop a temporal model to examine the different factors affecting the hydrological balance of green roofs and the way to mitigate them (e.g. vegetation, evaporation and evapotranspiration, substrate, long dry summers). The model will be developed with a final aim to simulate runoff dynamics from green roof systems under Mediterranean conditions, while also examining their behavior year-round.

In order to achieve this goal, the following objectives were set:

1. Develop a computational model, that can be easily integrated into decision support tools, and allow easy transferability between different locations and sub-climate zones. 2. Investigate the irrigation requirement of green roof systems under Mediterranean climate. Further, develop a model of water extracted from AC (air-conditioner, during the summer) systems, to be incorporated into the green roof model as a sustainable urban water resource. 3. Calibrate model results with measured green roof runoff data. 4. Identify the most important factors affecting the ability of green roofs to successfully mitigate urban stormwater runoff.

The utilization of green roof technology in an urban setting and under a Mediterranean climate has the potential to effectively mitigate stormwater runoff. Reduction of stormwater flow and peak discharge can help alleviate the strain on urban drainage infrastructure and its receiving environments into which runoff water is discharged. Additionally, water extracted from air-conditioning systems may sufficiently sustain green roof vegetation over the summer, asserting its sustainability under Mediterranean weather conditions.

METHODS

Model Outline

In order to quantify each part of the hydrological processes in the green roof system a one-dimensional computer model was written in MATLAB using a conceptual water balance approach (Figure 1). The equation (1, below) consists of all the major hydrological elements -precipitation, interception, evapotranspiration, dew, drainage, storage and runoff. The model provides a balance between the system inputs (precipitation) and outputs (runoff, evapotranspiration) to determine runoff mitigation ability for a single roof. During the rainy season, the model aims to calculate runoff depth and achieve rainfall-runoff analysis

The model is multi-seasonal, constructed to run in 10-min time steps during the rainy season (typically between September-April), and a 1-hour time step during the dry summer season (May-August). A higher temporal resolution during winter is needed in order to connect the model output to an urban drainage simulation model. During the dry summer season, the model aims to assess the water requirements of the green roof vegetation and the ability of AC-condensation water to fulfill these needs. The model is based on an alternative onedimensional water balance equation developed for 1-hour time step, defined as follows:

(2) 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝐸𝐸𝐸𝐸 -(𝑆𝑆 1 + 𝑆𝑆 2 ) Where: Irrg -water required for irrigation; ET -plant evapotranspiration; S1 -soil/substrate storage; S2 -Drainage layer storage. 

RESULTS

The model output (Figure 2), clearly shows the green roof's ability to reduce and mitigate the roof runoff. The amount of runoff that drains from a green roof following a rain event is lower compared to a standard roof. In addition, the runoff at the outlet of the green roof is spread over a longer period of time due to the slow drainage of the substrate. The volume of runoff absorbed through the green roof reduces the load on the urban drainage infrastructure. A slow release of runoff that drains through the green roof helps reduce urban flooding and damage to receiving environments. 

  𝑃𝑃 + 𝐷𝐷) -(𝐸𝐸𝐸𝐸 + 𝑆𝑆 1 + 𝑆𝑆 2 + 𝐷𝐷𝐷𝐷 + 𝑃𝑃𝑃𝑃) Where: R -Runoff depth; P-rainfall depth; D -dew depth; ET -plant evapotranspiration; S1 -soil/substrate storage; S2 -Drainage layer storage; Dl-Depression loss; Po -Surface Ponding.
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 1 Figure 1: Components of the green roof as represented in the model. Left rainy season, right dry season

Figure 2 :

 2 Figure 2: Green roof model output -Comparison of the roof runoff from a conventional roof and a green roof for 25.1.2018 rain event in Haifa Israel.