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flood risk management - a 
review of the evidence 
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Woodland can reduce flood risk by: 

• Reducing the volume of flood 
water at source by increasing 
evaporation; 
 

• Slowing the rate of runoff from the 
land by increasing soil 
infiltration; 
 

• Enhancing floodplain storage and 
delaying the flood peak by 
increasing hydraulic 
roughness; 
 

• Reducing sediment delivery and 
siltation, increasing conveyance.  

 

Mechanisms 

ICF Study Tour 



3 

By reducing flood volume, extending 
response or desynchronising flows: River Laver and River Skell 1% a.p.e Hydrographs
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River Laver River Skell Combined Scenario 1 (0.9 hour delay)
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Reducing the Flood Hydrograph 
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Flood mitigation by reduced run-off: 

 

Increasing evaporation 

Annual interception loss: 32-45% for conifers, 17-23% for broadleaves 
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Limits on Daily Interception 

ICF Study Tour 

Maximum 7 mm 
loss/day for conifers 

Maximum 
loss of 1 to 
2 mm/day 
for 
broadleafs 

Calder et al. (2007) 

1 mm 
evaporation 
loss = 10 
m3/ha 
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Effect of Tree Spacing on Water Use 
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Role of Soil Moisture Deficit 

Potential for several 10’s mm 
additional soil water storage 
in woodland soils 

ICF Study Tour 

Calder et al. (2002) 
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Flood mitigation by ‘sponge effect’: 

 

   The open structure and high organic content of 
woodland soil aids water infiltration and storage, 
reducing the risk of rapid surface runoff. 

(From Caroll et al, 2004) 

 

Enhancing Soil Infiltration 

x60 soil 
infiltration; 
78% less 
soil runoff  

ICF Study Tour 

Soils can store 20% of volume as water 
between Field Capacity and Saturation; 30 
cm depth = 60 mm 
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Increasing Hydraulic Roughness 

 Floodplains Min Normal Max

 a. Pasture no brush

1. Short grass 0.025 0.030 0.035

2. High grass 0.030 0.035 0.050

 b. Cultivated areas

1. No crop 0.020 0.030 0.040

2. Mature row crops 0.025 0.035 0.045

3. Mature field crops 0.030 0.040 0.050

 c. Trees

1. Cleared land with tree stumps, no sprouts 0.030 0.040 0.050

2. Same as above but heavy sprouts 0.050 0.060 0.080

3. Heavy stand of timber, few downed trees, little

undergrowth, flow below branches

0.080 0.100 0.120

4. Same as above but with flow into branches 0.100 0.150 0.200

5. Dense willows, summer, straight 0.110 0.150 0.300

Table 1 Typical Manning’s n values for floodplains, after Chow (1959)

Flood mitigation by physical barrier: 

ICF Study Tour 

    Hydraulic roughness (x5) creates a 
barrier effect, slowing river flows, 
pushing water onto floodplains and 
temporarily increasing flood storage 
(100 m3 to 100,000+ m3). 
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Delaying the passage of flood flows: 

 Establishing 130 ha of floodplain 
woodland along a 2.2 km reach of 
the River Cary in Somerset increased 
the flood level for a 1-in-100 year 
event by 50-270 mm (~120,000 m3) 
and delayed the flood peak by 140 
min in an 80 km2 catchment 
(Thomas & Nisbet, 2006). 

 

Effect of Floodplain Woodland 
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Flood mitigation by reduced siltation: 

Well managed woodland is usually associated 
with low sediment losses, helping to 
maintain slope stability and channel 
conveyance (Collins and Walling, 2006) 

• By providing 
physical shelter 
 

• By reducing water 
runoff 
 

 

• By improving soil 
strength/stability 
 

• By protecting river 
banks 

 

Reducing sediment delivery 
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However, woodland can increase 
flood risk by: 

 

• The backing-up of flood 
water upstream of 
floodplain and riparian 
woodland; 
 

• The washout of large 
woody debris blocking 
downstream structures; 
 

• The synchronisation of 
flood flows within 
catchments. 

 

Managing potential risks 
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Factors influencing effectiveness: 

• Scale and location of woodland within 
catchment in relation to assets at risk; 
 

• Nature of existing land use and management 
practices;  
 

• Woodland design, e.g. in terms of type, age, 
shape and structure; 
 

• Woodland management, including scale and 
timing of practices such as felling; 
 

• Site vulnerability to potential dis-benefits. 

 

Controlling Variables 
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Catchment Studies: Afforestation 

Long-term study at Coalburn, N England 

 
(From Robinson, 2015) 
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Need for a control catchment 

Longer-term changes in annual rainfall: 

Figure 3 Quality controlled time series of the annual precipitation at Coalburn.

(From Robinson, 2015) 
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Data analysis 

Correcting for changes in rainfall: effect of 
forest growth on peak flows at Coalburn 
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Catchment studies: felling 

Changes in peak flows due to forest felling: 
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Predicting the impact of soil infiltration 
and water use effects at Pontbren, Wales 

(From McIntyre & Thorne, 2013) 

 

Modelling studies: Pont Bren 
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Impact of tree planting in 25 km2 
Hodder sub-catchment (using physics-
based, Runoff Generating Model): 

 

Modelling studies: Hodder 

(From McIntyre & Thorne, 2013) 
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Modelling studies demonstrate: 

• Adjusting model parameters in line with process 
understanding shows woodland can reduce 
downstream flood levels and delay peak flows; 
 

• Woodland creation predicted to reduce catchment 
flood peaks by 4-8% (Pickering, 68 km2), 0-13% 
(Hodder, 25 km2) -3 to 27% (River Tone) 2-54% 
(Pont Bren, 6 km2) and 6-19% (New Forest); 
 

• Ability of woodland to reduce flood flows declines 
with flood size, although modelling suggests can 
influence 1 in 100 year or larger events; 
 

• Scope to alleviate flooding decreases with 
increasing catchment size (greatest for <100 km2). 

 

Modelling: Summary 
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Overview of Defra Projects 

Headline findings: 
 

NFM techniques can reduce 
flood risk 
 

NFM techniques provide a 
wide range of additional 
benefits 
 

NFM techniques can be 
effective in catchments up to 
100 km2 

 

Local communities can 
become powerful advocates 
of NFM techniques 
 

NFM requires careful 
planning and would benefit 
from ‘priority mapping’ 

ICF Study Tour 
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CEH Systematic Review 

Headline findings: 
 

There is broad support for 
the conclusion that increased 
tree cover in catchments 
results in decreasing flood 
peaks, while decreased tree 
cover results in increasing 
flood peaks. 
 
 

While there is strong 
evidence of an influence 
during small floods, only a 
few observational studies 
have assessed large floods 
and the majority of these 
found no influence on flood 
peak. 
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EA Review of WWNP 
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• There is strong understanding of the different 
processes by which trees, woodlands and forests can 
affect flood flows. 
 

• An increasing number of modelling studies suggest 
that woodland creation has the potential to reduce 
flood flows, typically in the range of 5-20%. 
 

• ‘Hard’ evidence of forestry reducing flood flows in 
larger catchments remains ‘light’ and difficult to 
prove.  
 

• The amount, location, type and way forests are 
managed all influence the ability to affect flood flows. 
 

• Risk factors such as the backing-up of floodwaters 
and the wash-out of woody debris can be controlled 
by site selection and woodland design.  

 

Conclusions 
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