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Outline 

• Background and context 

 

• SRTMN: Using statistical models to 

understand and predict where river 

temperatures are hottest and most sensitive 

to climate change 

 

• PP: 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 

 



Background 

• River temperature is important control 

on the health of freshwater ecosystems 

 

• Expect rising river temperatures under 

climate change 

 

• Potentially consequences for cold water 

adapted species like salmonids 

 

 



Summer 2018; an indication of things to come? 



Mitigation: riparian tree cover 

• Riparian woodland can reduce high 

temperature extremes 

• One of few management options 

• Preliminary GIS analysis indicates only 

ca. 35% of rivers are protected by any 

substantial tree cover 

• New woodland creation can be costly 

and logistically challenging 

• Strategically target effort: 

– Where are rivers hottest  

– Where are rivers most sensitive to 

effects of climate change  

– Where does riparian tree planting 

have the greatest effect on river 

temperature 



SRTMN:  

 

Where river temperatures are hottest? 

  

Where are rivers most sensitive to 

climate change? 

 



Developing a model to predict current and future 

river temperatures  

Management tools 

Air temperature & river 

characteristics (elevation, 

orientation, riparian woodland) 



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  
 
 



Planting Potential  

 

Where does riparian tree planting 

have the greatest effect on river 

temperature?  



“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 



Channel shading models 

• Comparisons of 

shading in forested 

and unforested 

channels of 

different 

characteristics 

 

• Importantly, they do 

not consider 

hydrology and 

hydraulics   



Processes based Tw 

models 

Figure from Hannah et al 2008 



Bridging the gap 

between simple 

shading models and 

more complex 

deterministic river 

temperature models 

that incorporate a wider 

range of heat 

exchange, hydrological 

and hydraulic process 



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 and aspect (how 

does orientation of vegetation and 

channel interact with solar position to 

affect receipt of radiation) 

• Channel gradient (solar angles) 

• Tree height, location and density 



Daily radiation differences Kdiff_d  
no trees – trees on both banks 

Positive effect of width on Kdiff_d 

for lower river widths (< ca. 40m) 

where trees can shade whole 

channel 

 

Kdiff_d highest for N-S / S-N 

channels and lowest for E-W / W-

E channels 

 

Small effect of gradient - north 

facing rivers less shading than 

south facing slopes 

 



Effects of hydrology and hydraulics 

Hydrology and hydraulics  

(river order) 

SEPA gauging  

Data (Q & V) 

Obtain River  

Order 

NRFA Flow  

Statistics Q95 

Model Velocity  

~ Q 
Mean column  

velocity at Q95 

Model average  

Q and V by river  

order 

Tw gain over 

reach (assuming 

no losses) 

Tdiff: 

difference 

from no tree 

baseline 

Solar Arc model 
Kdiff: difference from 

no tree baseline 

shortwave 



Temperature differences Tdiff 

 

Large water volumes and short 

residence times in higher order 

rivers offset the greater 

differences in solar radiation 

receipt (shading) generating 

smaller differences in 

temperature 

 

Within river orders, variability 

in Tdiff is controlled by width, 

orientation, aspect and 

gradient 

 



Planting Potential 

Tdiff  prioritises ↓ in temperature 

over a given reach  

 

Greatest effect in smaller rivers 

characterised by lower water 

velocities, longer residence times 

and smaller water volumes  

 

Small effect in large rivers 

 

Within river order variability 

driven by short-wave energy 

receipt controlled by width, 

orientation, aspect & gradient 

 



Combining criteria into a single 

planting prioritisation score 



Riparian Woodland Prioritisation Scores 

for Scotland 

• SRTMN and planting potential layers can be used individually to 

target constrained resources   

 

• Released tools as they became available over a number of years 

 

• Feedback from trusts and boards was wanted a single simple 

layer which combines performance criteria 1) where is hottest 2) 

where will change most and 3) where trees can reduce 

temperatures most  

 

• Numerous ways to combine, present and rescale depending on 

policy and management goals  



Max Temperature 
Climate 

sensitivity 

Tdiff (planting prioritisation) 

Both 

Banks 

ES 

Banks 
WN 

Banks 

generate 20 

categories / ranks 

equally distributed 

across the range 

(omitting outliers 

+/- 3 times SD) 

Both Banks ES Banks WN Banks 

Performance 

criteria 

Method for developing Riparian Woodland 

Prioritisation Scores  

Riparian Woodland Prioritisation Scores – National  

(theoretical range 1-20) 

1 is low priority - low Tw, weak climate sensitivity & only a small Tw ↓ gained from planting trees  

Currently recommended tool for 

prioritising riparian tree planting at 

national scale 



Combined ranking layers – regional scale 

• Re-scale of national ranks 

 

• Get range of ranks for each 

hydrometric area in Scotland 

 

• Rescale observed values to each 

region and generate 1 to 20 Riparian 

Woodland Prioritisation Scores for 

each HA 

 

• Gives potential score of 1-20 in each 

region 

 

Currently recommended tool for 

prioritising riparian tree planting at local / 

within hydrometric area scale 



Combined ranking layers – nationally 

scale 

Allows comparison between areas across Scotland  



Combined ranking layers – locally scaled 

(hydrometric area) 

Cannot compare between hydrometric areas 

when using locally scaled data 



How can I access these tools? 



Finding further information on tools 

SRTMN Outputs 

and Tools 

webpage  

 
https://www.gov.scot/publ

ications/scotland-river-

temperature-monitoring-

network-

srtmn/pages/outputs-and-

tools/  

 

Including instructions on 

how to use NMPI and 

how to use WMS layers 

 

 https://fms.scot/events/sfcc-biologists-meeting/sfcc-

biologists-meeting-presentations-2022-2/  



Conclusions 

• River temperature important control on salmonids likely to become 

an increasing problem under climate change 

 

• Riparian woodland can reduce river temperatures 

 

• Riparian Woodland Prioritisation Scores can be used to target 

constrained resources 

 

• Scaling is possible at national or regional scales depending on 

objectives  

 

• Possible to combine with other spatial datasets or tools (e.g. JHI 

Woodland Prioritisation tool) 

 

 



Where can I get more information? 
https://www.gov.scot/publications/scotland-river-

temperature-monitoring-network-srtmn/ 

NMPI 

Peer 

reviewed 

Papers 

Topic sheets 

R Shiny App 


