
River temperature, climate change and the 

potential of bankside tree planting to 

mitigate high temperatures 

 
http://www.gov.scot/Topics/marine/Salmon-Trout-

Coarse/Freshwater/Monitoring/temperature 

 



Outline 
• Background and context 

 

• Processes controlling Tw 

 

• SRTMN: Using statistical models to understand and predict where 

river temperatures are hottest and most sensitive to climate change 

 

• Using process-based models to understand where riparian shading 

most effective in reducing Tw? 

 

• Combining outputs from statistical and process models to prioritise 

tree planting 

 

• Future directions 



Temperature and salmonids 

• Influences: 

– spawning location and timing 

– Embryo development and timing of hatch 

and emergence 

– Feeding and growth 

– Productivity 

– Size at age 

– Population demographics (age at 

smolting, lifetime mortality) 

– Survival at temperature extremes 

 

 



Temporal trends 

• Very few continuous high resolution records > 2 

decades in Scotland 

• Especially sites independent of significant land use 

change 

• MSS data from Girnock Burn   

• First 30 years published by Langan et al., 2001, 

reported 1966-2006 Ca. 0.6 degree increase in mean T 

Unknown logger Grant Squirrel 
Tinytalk II 

-40 - +75 
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Significant long-term trends, punctuated by 

decadal variability. QC is critical 

 

Raw 

Corrected 

• Significant long-term 

temporal trends 

 

• Long-term trends did 

not vary with DoY 

(seasonally) 

 

• Corrected trends 

accentuated, but could 

have been reduced or 

eliminated depending 

on logger order 



Summer 2018; an indication of things to come? 

 



Mitigation: riparian tree cover 

• Riparian woodland can 

reduce high temperature 

extremes 

• Strategically target effort: 

– Where are rivers hottest 

(SRTMN) 

– Where are rivers most sensitive 

to effects of climate change 

(SRTMN) 

– Where does riparian tree planting 

have the greatest effect on river 

temperature (process based 

models) 

– Management tools that combine 

above 

 



Controls on River Temperature 



Processes controlling Tw 



Consider how landscape affects  

processes 

 



SRTMN: Using statistical models to 

understand and predict where river 

temperatures are hottest and most 

sensitive to climate change 

 

 



Objectives of SRTMN 

1. Characterise river T across Scotland 

 

2. Identify areas susceptible to climate 

change 

 

3. Improve understanding of controls on T 

 

4. Develop models to predict T change 

 

5. Determine optimum areas for riparian 

tree planting 



SRTMN 



Use models to predict river temperature in  

unmonitored locations 
Large-scale spatio-temporal statistical models 
 

Twmax ~ Tamax + s(DoY)  +   s(DoY)×Tamax +    Elevation 

+ Elevation×Tamax  + %RW    +   %RW×Tamax +  

Orientation + HAS  +  HAS:Tamax +  RNS:Catchment + 

RE(Site) + RE(Site):Tamax 

 

 

 
 

 

 

 

 

 
 



Predictions of daily maximum river 

temperatures under ‘extreme’ conditions 
(highest Ta observed in 2003) 

Results: 

 

Spatial patterns reflect Ta, 

landscape covariates, HA 

and RNS 

 

Warmest temperatures are 

in low altitude (high Ta) 

unshaded rivers, particularly 

in North. 
 
 



Predictions of climate sensitivity 

How much Twmax will change for a 1 degree C change in Tamax 

 

Results: 

 

Biggest changes are seen in 

northern rivers and in the 

Cairngorms  
 
 



Current Prioritisation layer (s)  

Combine “maximum temperatures” and “climate sensitivity” 

Considers two metrics to be equal importance: 1 are the 

highest priority for management (i.e. high river temperature 

and high climate sensitivity) and 9 the lowest 
 
 



Using process-based models to 

understand where riparian shading 

most effective in reducing Tw 



“Woodland effects” 
Observational and 

statistical studies 

(including BACI):  

– effect size highly 

variable between 

studies, sites and 

years 

– Reductions in Max 

and Mean and 

increases in Min T 

 

 

 



How does riparian woodland influence 

river temperature? 

• Shading can reduce 

incoming shortwave 

radiation 

 

• However, also 

reduces heat loss 

through evaporation 

& net longwave 

radiation 



Processes based Tw models 



 



No trees 

trees 



 



What factors influence the 

effects of riparian woodland on 

stream temperature? 

 
• Discharge (water volume) 

• Mean column velocity (how much 

time does water spend in shaded 

reach) 

• Channel width (how much radiation 

is received, and how much of the 

channel is shaded) 

• Channel Orientation (how does 

orientation of vegetation and 

channel interact with solar position 

to affect receipt of radiation) 

• Tree height and density 



Developing a simplified process based model to 

inform tree planting at large spatial scales 

Simplifying processes 

• Discharge & Hydraulics / 

Residence Time 

• Energy gains (Incoming 

shortwave) 

• Energy Losses 

 

 

Translation to DRN 

• Channel Orientation for 

SAM 

• Channel Width for SAM 

• Tree Height 

 

• Gauging data related to 

River Order 

• Solar Arc / shading model 

(SAM) 

• Simplified representation 

not readily possible 

 

 

• Mean Orientation DRN 

reach 

• OSMM river polygon width  

• Literature derived 



Hydrology and hydraulics  

(river order) 

SEPA gauging  

Data (Q) 

Obtain River  

Order 

NRFA Flow  

Statistics Q95 

Model Velocity  

~ Q 
Mean column  

velocity at Q95 

Summarise median  

Q and V by river  

Order.  

Model response 

Width scenarios 

by river order 

Orientation 

scenarios 

Hydrological & 

Hydraulic data 

By river order 

Solar Arc model 
Cumulative 

shortwave 

Tw gain over 

reach 

(assuming 

no losses) 

TwDiff: 

difference 

from no tree 

baseline 

Map of 

planting 

potential 



Planting 

Potential 

(to come 

2020) 



Deciding where to plant trees 

Decide planting objective 

Protect the rivers 

that are hottest 
Protect the rivers that 

will change most 

Identify hottest 

locations 

Identify locations with 

will change most 

NMPi layer; SRTMN – 

Predictions of maximum daily river 

temperatures for the hottest year 

in the last 20 years (2003). 

NMPi layer; SRTMN – Predictions 

of the change in river temperature 

that would result from a 1°C 

increase in air temperature 

Combine SRTMN risk layers with planting 

potential 

MSS Topic Sheet; Where should we plant trees to protect rivers 

from high water temperatures? 
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Catchments to 

 kilometres 

Kilometres to 

 metres 

Protect rivers are hottest 

& will change most  

Identify highest 

priority locations 

NMPi layer; SRTMN - Management priority 

on a scale of 1:9 where 1 is highest priority 

(i.e. high river temperature and high climate 

sensitivity) and 9 is lowest 

Please let us know your 

experiences of using these tools 



Future work 
• Combine current prioritisation tool with Planting potential tool to 

provide single ranking of rivers 

 

• Climate change predictions for Scotland’s rivers using UKCP18 & 

update prioritisation tool 

 

 



Where can I get more information? 
http://www.gov.scot/Topics/marine/Salmon-Trout-

Coarse/Freshwater/Monitoring/temperature 

NMPI 

Peer 

reviewed 

Papers 

Topic sheets 

R Shiny App 


