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Abstract 

This paper addresses the role of performance testing in the design of river spaces in 

drylands through an examination of dryland river regeneration projects. Through a case 

study method, we investigated two restorative wadi projects in the arid lands of the 

Arabian Peninsula across two different scales; the water catchment scale, and the urban 

landscape scale. The case studies selected were the Wadi Hanifah Project, located in 

Riyadh, Saudi Arabia, and the Wadi Adai Project, in Muscat, Oman. Both locations have 

experienced considerable urban regeneration and modernization within urban areas, and 

the wadis are considered as potential public spaces that can change the image of the city. 

In-depth analysis of the projects’ brief, documents and reports, and personal interviews 

with the engineers, designers and decision makers involved in the projects, were 

undertaken and two major aspects were interrogated and analyzed: the system-base 

approaches to design across different scales, and the role of performative design in complex 

landscape projects. 

1. Introduction  
Wadis as metasystems of process flows 

Landscapes embody a complex of biological, physical, and cultural subsystems engaged in a 

process of perpetual becoming (Murphy 2005). It is the result of human-environment co-

evolution, thus the ‘product’ of the act of shaping, and the ‘process’ of becoming and making 

sense of surroundings through shared meanings, values and common sense (Makhzoumi 

2009, 2012). 

Water landscapes and ‘processes’ cannot be regarded as separate. The Greek philosopher 
Heraclitus stated that ‘you could not step twice into the same river’, reflecting that rivers 

are dynamic systems, constantly shifting and continuously changing. What we perceive as a 

river at a certain point of time, is just a snapshot in one temporal and spatial scale of 

ongoing processes. These processes are neither constant nor linear, and occur in irregular 

phases with sudden flood events, especially in dryland rivers (wadis in Arabic), in which the 

sunbaked surfaces cannot absorb rainwater from sudden and short-lived storms (El-Baz 

2002, Shahin 2007). As a result of the dynamic processes associated with these rivers, any 

intervention for restoration, conservation and regeneration of these metasystems requires a 

system-based, adaptive and ecologically-informed design approach. But what are the 

factors that facilitate, or hinder a system-based approach in design? And how can designers 

tackle high levels of uncertainties? We explored these questions through two case study 

projects. 

Case study projects with different spatial and temporal scales were selected to address 

these questions. Interviews with the chief designers (or their representatives at the project 

site), hydrological engineers, environmental engineers, and main stakeholders of each 

project were conducted, with a focus on the process of design in the projects, the 

collaborative role of different players, and points of innovation, compromises and 

limitations. 

2. Wadi Hanifah Restoration Project 

The Wadi Hanifah project provides an exemplar for using a system-based approach in 

design. Wadi Hanifah is a 120-kilometre-long valley running from North-West to South-
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East of Riyadh. Wadi Hanifah was once the historic water source of Riyadh – which now 

pumps desalinated water over 350 km from the coast. The valley provided fertile lands 

suitable for settlement and agricultural purposes. After the 1970’s with extensive 

urbanisation and population growth the wadi deteriorated into a dumping-ground and open 

sewer (Teller 2012). In 2001 the Arriyadh Development Authority prepared the Wadi’s 

Comprehensive Development Plan and called for proposals through a competition. The joint 

venture teams of British Engineering Consultant Buro Happold, along with their Canadian 

Landscape Architect partners Moriyama & Teshima, were commissioned to develop the 

wadi’s Master Plan. 

The interviews with the designers and engineers revealed three major imperatives in the 

project. First was the importance of understanding the wadi as a metasystem of ongoing 

processes. Central to this project, as mentioned by landscape designers George Stockton 

and Drew Wensley, was to understand the processes with an ‘inquisitive curiosity to look 

for what’s happening’ on the ground (Stockton and Wensley 2013), by using a 

comprehensive research method and considering the underlying processes, flows and 

relationships in the system. The second aspect highlighted by the designers was 

considering ‘temporality’, which was looking at a 300-year forward timeframe for the 

project. The clients were initially looking at a short-term beautification project, despite 

their emphasis on ‘giving the wadi back to the future generations’ (High Commission for 

the Development of Arriyadh 2011). However, the designers and engineers focus on a long-

term horizon turned the project away from a short-term and immediate remedy for the 

degraded landscape of the wadi. Finally, as outlined by Drew Wensley, ‘land recognition’ 

and consideration of the existing built and unbuilt forms and their evolution through time, 

helped reveal how integrated these systems are, and how the mimicking of past and 

present natural processes can be effective in design. The designers noted that once a 

comprehensive understanding of how the system works was grasped, strong and robust 

arguments could be made for intervention. Further evidence of their system-based 

approach used in this project will be discussed. 

3. Wadi Adai Park 

In contrast to Wadi Hanifa, which covers more than 120 km of the wadi’s length, the Wadi 

Adai Park and Bridge is a small scale regeneration project of less than one kilometer in a 

highly urbanized residential and commercial district in Muscat. As one of the 24-mega-

urban regeneration projects that Muscat Municipality has been undertaking, Norwegian 

architects and landscape architects from Snøhetta are focusing on a segment of Wadi Adai. 

Their proposal aims at highlighting the uniqueness and potentials of the wadi as a public 

open space, connecting the mountains to the sea. Despite the small scale of the design and 

its confined scale and limited site boundaries, Wadi Adai has the largest catchment area of 

Muscat’s wadis, with 380 square kilometres (Soliman 2010). Thus, Snøhetta considered the 

dynamic nature of the wadi as an ecosystem, and its evolving ecological performances, in 

the design. Landscape features include a descending bridge that creates access to the dry 

wadi bed in the dry phase, and can also be used for quick evacuation from the wadi bed in 

floods, vegetative islands inside the wadi bed and terraced embankments. These features 

will be analysed in the following section. 

4. Evidence of pereformative design in wadi projects 

While ‘testing for failure’ is an integral domain of engineering disciplines, designing for 

performance in landscape architecture remains a comparatively new agenda. Performative 

design embodies ‘on ground’ practices, and iterative testing of outcomes in both pre-

construction and post-construction stages of restoration. This allows for rigorous and 

resilient design solutions. Wadi systems, particularly those in urban areas, require 

restoration strategies of integration and innovation across design, ecological, and 

engineering disciplines in order to develop designs which are ecologically performative and 
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environmentally responsive to the considerable levels of uncertainties and variability found 

in wadi systems. In order to understand how the case studies incorporated performative 

design approaches, we investigated evidence of experimental strategies for improving 

ecological performance, with a focus on responses to flood through berms and vegetative 

islands, as just two responses to the difficulties of working with water dynamism in dryland 

wadi systems. 

5. Testing flood berms in Wadi Hanifah 

In Wadi Hanifah an interesting experimental strategy was used to test a strategy for flood 

management. A series of earth berms were installed inside the wadi’s floodplain to create a 

barrier and reduce water flow velocity and mitigate erosive forces of flash floods and 

sedimentation (see Fig. 3.). These dune-shaped berms were constructed in the wadi bed 

against water flow to perform as microcatchments, and allow sediments and other organic 

detritus to accrue. They included a planting zone within the curve of each berm to 

accumulate fertile soil and seeds. The process of accretion was considered as a low-cost and 

low-maintenance re-vegetation technique at the regional scale (Margolis and Chaouni 

2014).The experimental nature of the flood control berms was fully revealed when these 

structures were washed out during a major flood event in Wadi Hanifah after they were 

implemented (Stockton 2013). Whether the ‘safe to fail’ (Lister 2007) experimentation was 

deliberate or unplanned, in-situ testing, using real-time data and actual forces, proved that 

the berms needed to be more robust to resist the flood velocity and to function as barriers. 

The failure of the berms clearly confirms the high levels of uncertainty and temporality in 

the wadis’ landscape, and highlights the need for both a robust and flexible design. 

Importantly, the berm failure demonstrated that testing system performances through in-

situ modeling can lead to trial and error, and lost opportunities for designers. Moreover, in-

situ testing of built form is expensive and might be beyond the scope of less well-funded 

projects. There are now alternative methods to in-situ modelling that overcome the time 

and budget limitations. 

  

Fig. 3. Details of flood control berms tested in Wadi Hanifah project [Source: Margolis and Chaouni (2014)] 

Digital modeling and simulations in landscape ecological design are new techniques for 

acquiring precise data and testing, and these have facilitated design in the vicinity of 

flooding rivers basins and coastal regions (Girot 2013). Digital approaches have become the 

center of attention in many academic writings related to landscape practice (Girot et al. 

2013, Reed and Lister 2014, Walliss et al. 2014). These methods provide designers with 

additional techniques for ‘achieving a higher level of complexities in performance’ (Girot et 

al. 2013), and ‘offer one path forward for exploration and experimentation’ (Grose 2014). 

For example, flow modeling, scripting, and processing software provide time-based 
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platforms for representing, programming, and speculating upon changes and evolutions of 

landscapes. Several engineering software programs are designed to simulate flood scenarios 

in a river channel. The engineers from Buro Happold, for example, used programs such as 

HEC-RAS (Hydrologic Engineering Centers River Analysis System) and 12D for their 

hydraulic and engineering design work in Wadi Hanifah. Based on the information shared 

by Alan Travers, the modelling approach that Buro Happold is currently using in similar 

projects is much more sophisticated; they take full 3D LiDAR survey data (Light Detection 

and Ranging which uses light to profile ground contours) into TUFLOW, which models the 

flood simulation in a 1D (main wadi channel) and 2D (floodplain) modelling process. Such 

detailed ‘engagement with performance testing’ from engineering gives good direction to a 

future of landscape architectural design. Using in-situ or scale prototyping, simulation 

software and real-time precise data offers opportunities to take design further into 

performative design, and this is an emerging field of inquiry in landscape architectural 

practices. 

6. Vegetative Islands in Wadi Adai 

In Wadi Adai the Norwegian designers Snøhetta proposed three vegetative islands inside 

the Wadi, which were technically opposed by the engineers for creating barriers to flood 

flow. These islands are integral to the natural hydro-morphological processes in a braided 

river system, where changes in flow result in accumulation of sediments and debris, and 

create teardrop-shaped patches that often capture organisms and nutrients. The designers 

considered that succession of vegetation on these islands provides stepping stone habitats 

for different species in addition to establishing more vegetation, thus reducing channel bed 

erosion, and enhancing connectivity and biodiversity of the corridor (Gurnell 2014). In 

addition, the vegetative islands with native plants can provide shade for people who wish to 

go inside the wadi bed when dry, and causes very little disturbance to the hydrodynamics of 

flow in wet seasons as a result of their shape (see Fig. 4 and Fig. 5). In addition, their 

elevated surface (one to two meters) is considered to act as safety zones in flood events. 

 
Fig. 4. Teardrop-shaped vegetative islands are designed inside Wadi Adai, in Muscat. [Source: Snøhetta’s image courtesy, 2013]. 
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Fig. 5. Vegetative islands, and terraced embankments in Wadi Adai, Mucat, [Source: Snøhetta’s image courtesy, 2013]. 

The extent to which the islands in Wadi Adai will be robust enough to resist a strong 

flash flood is a question which the designers are testing in the built form. Considering the 

layout of Wadi Hanifah and the failure of flood berms in that wadi bed, testing the islands’ 

resistance can provide more robust solutions. In Wadi Adai gabion rings have been used to 

fix the islands to the wadi bed with the intent of stabilisation. Diccon Round, the landscape 

designer from Snøhetta explained that ‘it is more an experiment, knowing that it is a 

temporal landscape; the islands will either grow by accumulating more debris, or they will 

disappear with the next flash flood’ (Round 2013). This is evidence of an open-ended design 

approach – to keep room for unanticipated changes and adaptations, and test how natural 

dynamics engage with site interventions. 

In addition to these features, vegetative gabion terraces were used as embankments, to 

allow partial flooding of the riverbanks for better connectivity and infiltration, as well as 

providing opportunities for visitors to access the wadi. It is an effective alternative to the 

engineered vertical concrete walls (the existing conditions) that block the visual and spatial 

connection of the surroundings to the wadi and prevent ecological flows to occur. 

Design strategies for improving ecological performance of a highly urbanized wadi in this 

project demonstrate the potential application of ecological thinking regardless of the 

project’s confined scale, even if site boundaries are limited and fully applying system 

approaches are restrained. 

7. Discussion 

Despite many emerging theoretical viewpoints that stress the fluctuating tendencies and 

ever-changing processes in landscapes, there has been little discussion as to how landscape 

designers can implement flux and processes in real projects. This research investigated the 

role of performance testing through in-situ modeling in designing for uncertainties in 

dryland river regeneration projects. In-depth analysis of two selected Wadi projects in 

Riyadh and Muscat revealed that design proposals based on experiment and performance 

testing are necessary in achieving ecological outcomes that are flexible, adaptive, and 

resilient. 

The main features of the projects articulated here (i.e. flood berms, and vegetative 

islands) underscore three major principles in system-based approaches to wadi projects: 
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processes, dynamics, and temporality. What is crucial in this approach is to consider that 

the final product is not entirely within our control, and to understand that design is 

experimentation. The decisions made for testing ideas at the two very different scales in 

Wadi Hanifah and Wadi Adai projects suggest flexibility with no fixed future for these 

landscapes, learning from natural processes, and reconstructing landscapes by mimicking 

natural processes. Limitations such as time and budget restrictions in in-situ prototyping 

can be addressed by incorporating scale prototyping and digital modelling programs that 

can test different scenarios based on changing variables. 

A major finding of this study was the lack of detailed information on the failures of 

design in complex, dynamic systems. Data regarding the failure of the earth berms in Wadi 

Hanifah had to be obtained from the designers. It was clear that while in-situ testing and 

failure can be highly beneficial to the design process and lead to resilient designs, they are 

often considered negatively by practitioners, and are not generally shared. However, it 

would be ideal if information regarding performative testing in complex projects were 

disclosed to landscape professionals in order to better inform similar designs and thus 

extend the knowledge held in the profession. The study also clearly showed that through 

close collaborations with engineers and ecologists, landscape architects can use integrative 

approaches that involve adaptive management of systems in large-scale complex projects 

for more situated and resilient designs. 
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