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Effects of climate change on the habitat availability of brown trout were predicted using a 1D MIKE 11 hydraulic 

model. Flows were simulated along a 600 m reach of the River Lambourn, Boxford, UK. In-channel macrophyte 

growth exerts an acute effect on water levels, incorporated into the model by manipulating channel bed roughness 

(Manning’s n). An assessment of climate change relied on outputs from the UK Climate Projections 2009 

ensemble of global climate models for the 2080s to obtain monthly percentage changes in river discharge. Outputs 

were disaggregated to provide velocity and depth profiles for 41 cross sections along the reach. These were 

integrated with habitat suitability criteria for brown trout (Salmo trutta) to generate available physical habitat. The 

influence of macrophyte growth caused the habitat-discharge relationship to be unusable. Projected time series 

showed overall reductions in habitat availability were accentuated through low flow periods. These also revealed 

the impact of river management and potential for mitigating flood risk and ecological impacts of climate change. 

 

1 INTRODUCTION  

Climate change is likely to have a major impact on fluvial ecosystems, their biota, and the many services which 

they provide. A direct relationship between physical habitat and flow enables assessment of ecological responses 

to changes in the flow regime due to climate change [1]. Hydraulic changes may be linked to the depth and velocity 

requirements for different species and provide a measure of available physical habitat as a function of flow. 

However, physical habitat modelling is site specific and resource intensive [2], requiring extensive collection of 

field data at several different flows [3]. Furthermore, any alterations to the river that affect the parameters of depth 

and velocity, such as instream macrophyte growth, are not accounted for. 

Hydrological impacts of climate change are commonly evaluated by using climatic projections, derived from 

forcing General Circulation Models (GCMs) with alternative emissions scenarios, to drive hydrological models. 

The hydraulic component of such models merits application to physical habitat assessment through standard 

outputs of flow, depth and velocity. These allow calculation of velocity and depth profiles at each time step and 

flow for a simulated period, rather than the limited measurements from field surveys. The resultant physical 

habitat-discharge relationship will be more representative of the range of flow and can incorporate dynamic 

processes. Such a use of hydraulic models in assessing physical habitat availability demands fewer resources and 

is applicable through a range of scales and conditions. Yet, there are no studies to this effect, despite import for 

evaluation of the impacts of environmental alterations, such as climate change, on fluvial ecosystems. 

 

2 STUDY AREA 

The Centre for Ecology & Hydrology (CEH) River Lambourn Observatory is located in Berkshire, UK (51.445o 

N 1.384o W). The site contains a 600 m stretch of the River Lambourn bordered to the east by c. 10 ha of riparian 

wetland. The River Lambourn and wetland owe their designation as a Site of Special Scientific Interest (SSSI) 

and Special Area of Conservation (SAC) to the presence of brook lamprey (Lampetra planeri), bullhead (Cottus 

gobio) and Desmoulin’s whorl snail (Vertigo moulinsiana). Brown trout (Salmo trutta) is managed in the river.  



Figure 1. Simulated relationships between: (a) flow and physical habitat availability, (b) flow and percentage 

exceedance, (c) flow and stage, and (d) flow and velocity 

 

The macrophyte community is dominated by water crowfoot (Ranunculus spp. pseudofluitans mixed with smaller 

quantities of R. penicillatus spp. pseudofluitans × Ranunculus peltatus hybrid). Current management focus on 

periodic cutting of instream macrophyte growth to maintain flood conveyance, lower water levels, and maintain 

viable fisheries. 

 

3 METHOD 

A hydraulic model of the River Lambourn and Westbrook was produced with MIKE 11 as part of a fully integrated 

MIKE SHE hydrological model of the Observatory. To account for macrophyte (weed) growth and its cutting 

within the Lambourn the hydraulic resistance, expressed as a 15 minute time series of Manning’s n coefficients, 

was adjusted as proxy. Weed cuts on 1/5/2013, 16/7/2013, 21/5/2014 and 23/7/2014 represent rapid drops in 

Manning’s n with no equivalent change in discharge.  

Climate change scenarios were derived for the 2080s using the dataset Future Flows Climate from the Future 

Flows and Groundwater Levels project [4], based on the Hadley Centre’s HadRM3-PPE ensemble projection for 

the Medium emission SRES A1B scenario [5]. Parameter uncertainty is represented through model variants with 

different climate sensitivity. Climate change delta factors for discharge were obtained through development of a 

rainfall-runoff model of the Lambourn catchment using MIKE NAM with catchment averaged precipitation and 

PET under each of the 11 HadRM3 ensemble members. These factors were applied to the original stream inflows 

used within the MIKE 11 model. 

To assess physical habitat, depth and velocity characteristics of the River Lambourn were combined with 

Habitat Suitability Indices (HSI) for adult and juvenile brown trout, following the PHABSIM methodology [3], 

to produce a measure of physical habitat availability. Depth and velocity outputs from the hydraulic model were 

disaggregated to 41 cross-section profiles. These were evaluated against the HSI and combined over the full range 

of discharges for the baseline, ensemble members and ensemble mean, to produce available physical habitat, 

expressed as weighted usable area (WUA) in m2 1000 m-1 of river. 

 



 

Figure 2. Simulated baseline, projected ensemble member and mean physical habitat availability for adult and 

juvenile brown trout (Salmo trutta) 

4 RESULTS AND DISCUSSION 

Physical habitat modelling approaches, such as PHABSIM, include assumptions that water depth, velocity and 

substrate are the only variables determining fish presence, cross-sectional variations in velocity have no influence, 

and large areas of suboptimal habitat have the same productive capacity as small areas of optimal habitat. Despite 

this they are widely used for research and regulatory purposes [6], relying on time invariant relationships between 

discharge and hydraulic characteristics. However, the influence of macrophyte growth on stage-discharge, 

velocity-discharge and physical habitat-discharge relationships (Figure 1) precludes their use to assess impacts of 

environmental change on habitat availability. 

Output time series from a MIKE 11 1D hydraulic model of the River Lambourn allowed the effects of 

macrophyte growth and its management to be incorporated into an assessment of climate change impacts on 

physical habitat availability. The method is applicable to other species with available HSIs. Rather than using a 

single rating curve, the area of available physical habitat was calculated at each time step over the full simulation 

period for baseline conditions along with each climate change scenario and their mean. This allows a more flexible 

approach that is more in line with common hydrological/hydraulic assessments of climate change and opens the 

way for similar use of models that are able to represent dynamic systems. 

Adult brown trout are more susceptible to low flows than juvenile trout (Figure 2). At high flows differences 

in habitat availability between the two life stages become less apparent. Periods of low flow are associated with 

an amplified response of available physical habitat to climate change in most scenarios. There is an overall 

reduction in habitat availability; however, the responses reflect some uncertainty in the projected 

hydrometeorological drivers for discharge inputs to the MIKE 11 model. Inter-ensemble member variations differ 

over time, showing seasonality. Nevertheless, the available physical habitat for brown trout would decline under 

the majority of climate change scenarios. 

The effects of weed cuts are just as noticeable as those of climate change, with coincident sharp and relatively 

large reductions in habitat availability. Periods of high flow and abundant macrophyte coverage are associated 

with large areas of available physical habitat, while at low flows following weed cuts the habitat availability is at 



its lowest. Without weed cuts, it is debatable whether flow responses to climate change would have had such 

subsequent effects on habitat availability. There is potential to rethink the management regime in order to reduce 

negative environmental effects whilst maintaining flood resilience, yet also mitigate for the impacts of climate 

change. 

 

5 CONCLUSION 

Assessment of physical habitat availability for brown trout sequentially over the model simulation period revealed 

the projected impacts of climate change. These were seen to be most pronounced through summer months, 

accentuating periods of low flows. An overall reduction in habitat availability was greater for adult rather than 

juvenile brown trout. Evaluation over the whole simulation period also highlighted the impact of weed cutting, 

along with its possible use in simultaneously mitigating both flood risk and the ecological impacts of climate 

change. 

The influence of macrophyte growth and its management on stage and velocity caused the physical habitat-

discharge relationship itself to be unusable in evaluating the sensitivity of brown trout to changes in flow. As 

macrophytes are a feature of many lowland river systems this raises concerns over the established use of standard 

physical habitat modelling methods to regulatory applications. Any process that causes different velocity and 

depths for a particular flow renders the physical habitat-discharge relationship irrelevant. Such processes are 

common features of fluvial systems and lend rivers their unique character. This shortcoming would be overlooked 

in a field survey, where profile measurements are taken for a few specific flow rates. Application of the MIKE 11 

hydraulic component of the MIKE SHE model has elucidated the variability in flow conditions and, thus, habitat 

availability for a macrophyte dominated river. The use of outputs from hydraulic models in assessing impacts of 

environmental change on physical habitat availability is cost-effective, efficient, and has wide applicability. 
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