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EXECUTIVE SUMMARY 

The critical review (Task 8.1) is an analysis of the methods and results from previous and on-going 

research programmes that attempt to use (or have used) physical models to assess the potential 

impacts of climate change. The review considers models that represent coastal, estuarine and fluvial 

environments plus experiments that address climate adaptation with regard to sediment dynamics, 

morphodynamics, ecosystems, ice and structures. This review of existing experimental methods will 

outline the current state-of-the-art and will inform the experiments undertaken in Tasks 8.2-8.6 so 

that protocols and techniques are developed to add value and significantly advance the capacity and 

outputs of physical modelling facilities. 

Global climate change is a grand challenge facing the Earth over numerous spatial and temporal scales 

(IPCC, 2014). In addition to observing the natural environment and numerical modelling of future 

scenarios, physical modelling in the laboratory can assist in developing an improved understanding of 

how Earth systems operate and respond to environmental changes. Physical modelling provides an 

innovative approach to help understand the impacts of climate change on coastal, estuarine and fluvial 

systems and to test the efficacy of potential adaptation strategies. These are both essential to improve 

environmental management over long time-scales. Non-linear feedbacks between processes over 

different temporal and spatial scales, tipping points, increased variability and higher frequency and 

magnitude of extreme events such as storms, and complex interactions between biology, 

morphodynamics and hydrodynamics are considered knowledge gaps in our understanding of climate 

change impacts and are key focus areas for future research efforts. 

Climate change involves long time scales and physical modelling for climate change adaptation faces 

the challenge of incorporating and scaling non-linear responses across a range of temporal and spatial 

scales resulting from long-term changes in event frequency and magnitude. Until today, most 

considerations on the impact of climate change on the aquatic environment have been based on 

stationary boundary conditions reflecting a possible future climate state. Focusing solely on the final 

stage of a future scenario neglects that climate change is a progressive process which develops over 

time. In general, the ability to replicate the prototype system in the laboratory decreases with 

increasing spatial and temporal scales (i.e. 1:1 models versus analogue models). Adequate model 

replication of system change and adaptation for timescales of 10s-100s of years remains challenging 

but materials such as lightweight sediments may provide innovative solutions. 

For coastal environments, most climate-change scenarios predict an increase in sea level, increasing 

storminess, more frequent extreme events and changes in the dominant wave direction. This may 

induce responses such as beach and dune erosion, inundation of low-lying coastal areas, increases of 

wave penetration into harbours, failure of the existing coastal and harbour protection structures, and 

failure of structures to protect the coast from erosion. The studies on run-up, overtopping and damage 

evolution under climate change scenarios depend upon physical model testing, currently mostly tests 

are two-dimensional but improved results may be obtained from three-dimensional setups. Future 

research efforts will address the role of oblique waves, innovative storm event methodologies, sea-

level rise, artificial reefs and other Building with Nature approaches for coastal impact and adaptation 

studies. 
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Sea ice is found in remote polar oceans and covers, on average, about 25 million km2 of the earth which 

represents about 7% of the Earth’s surface and about 12% of the world’s oceans. The extent of the 

Arctic sea ice has reduced significantly in recent years with a large expanse of open water now present 

adjacent to a dynamically changing ice cover, called the Marginal Ice Zone (MIZ). Most engineering 

such as shipping and offshore activities take place in the MIZ but currently there is insufficient 

understanding of the air-ice-ocean system to operate safely and effectively in this region. Therefore, 

future physical modelling will focus on i) ship-ice interactions, ii) wave-ice interactions, and iii) the 

behaviour of different ice types. 

Understanding the complexity of the interactions between aquatic biological systems and their 

physical environment is a critical condition for the sustainable management of aquatic environments 

and their ecosystems into the future. Sea-level rise, temperature changes, increased storm intensity 

and frequency, and related flooding and erosion events are processes expected to trigger shifts in the 

dynamic interactions between ecology and hydraulics. Many aspects of these interactions are still to 

be investigated and many answers will most probably be found at the different discipline interfaces, 

which are the least studied and most poorly understood. A number of key focus areas for physical 

modelling of these biologically active surfaces are identified and include i) plant-flow interactions and 

behavioural integrity, ii) biofilm behaviour and biostabilization, and iii) replication of the behaviour and 

effects of plants and biofilms using physical and chemical surrogates to decrease timescales and 

increase the level of control.  

Physical and numerical modelling complement each other in studies exploring climate change impact, 

adaptation and mitigation. Numerical models can be useful predictive tools because they can cover 

multiple spatial and temporal scales and they can easily be forced with a multitude of climate change 

scenarios. For management purposes of the future natural environment, they will need to represent 

both physics (hydraulics and morphology) and ecology, and importantly, the interaction between these 

disciplines, which may be informed by innovative physical modelling experiments.  

This review is written to synthesise the state-of-the-art on environmental hydraulic modelling in 

recognition of the upcoming challenges associated with adaptation for climate change. It is intended 

to be used by the wider European scientific community, subject specialists, industry and a range of 

stakeholders. Future physical modelling experiments within the Hydralab+ network will be informed 

by this review and provide opportunities for the wider hydraulic community to engage with and 

collaborate on urgent issues associated with climate change impacts on rivers and coasts.  

 


