Urban Catchment
Forestry Overview

Susannah Gill, The Mersey Forest
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Urban

Catchment
Forestry:

The strategic use of urban trees and
woodlands to reduce flooding, improve
water quality, and bring wider benefits
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3.1 Reviewing the scientific, policy and practice contexts

v

3.4 Tree planting interventions within selected
urban catchments and experimental plots

3.2 Characterising the
urban forest
3.5 Long-term monitoring of urban water

catchments and experimental plots

water catchments

3.3 Characterising urban

3.6 Developing and refining runoff and water
quality models to incorporate urban trees

|

3.8 Identifying opportunities for ongoing
3.7 Making the economic implementation

case for investment in urban  |—

trees and woodlands 3.9 Influencing policy and engaging different
Sectors




Series of projects

* Existing projects?
 Catchment Partnership Action Fund - UCF
pilot for Mersey Estuary & Alt Crossens
— £62Kk (plus in-kind); possibly up to £130k
— 2015-16
— 5 tree pits per street, 2 streets

— Surface water draining to outflow on river with
WEFD issues from urban diffuse pollution

— No monitoring at tree pit / sewer, some at
outflow

* Other funds - e.g. Interreg
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The Hydrological benefits of
Urban Trees

Roland Ennos
University of Hull



The Hydrological Effects of
Urbanisation

Replacement of greenspace by
buildings results in earlier and
greater runoff of rainfall.

Climate change will increase the
likelihood of surface flooding




How Trees Can Help — the Mechanisms

Trees Intercept rainfall, some of which Evaporates
Soil beneath trees Stores water and lets it Infiltrate
All this reduces the Runoff
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How Trees Can Help — the Difficulties

Trees are all different.

Solls are all different.

Conditions vary at different times of the year.
Rainstorms are all different, varying in size, intensity
and duration.

Trees may act either In Parallel with other surfaces (ie
Trees in pavements and parks) or In Series with
drainage from buildings and roads (ie SUDS and
biofiltration installations).
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Therefore it I1s Impossible to give a single % value for the
benefit of a single tree or stand of trees.



Methods used: Modelling
a) The curve number approach eg the SCS.

Calculates runoff of an area depending on antecedent soill

moisture and rainfall by adding up its consituents

Eg Woodland has a runoff of only 50-60%, compared with

95-98% for the built environment.

« Adding 10% tree cover would reduce runoff by up to
5%, well below the forecast increase in runoff of 80%.
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Methods used: Modelling

b) Mechanistic Models eg the UFORE Hydro Model

Calculates interception, evaporation, storage and
Infiltration on all surfaces including

Trees above pervious vs Trees above impervious
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Effects of increasing tree cover are small but
NB Effects of trees on soil have not been considered



Methods used: Experimental
Many studies have examined canopy interception

Results are very varied: 5-35%

but few have looked at infiltration or runoff.



We designed experimental plots to measure runoff.




Results
Trees reduced runoff by 60% across the whole
plot: grass by 99%!
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The Problem with Both Modelling and Experimental
Studies

1) They ignore the effect of trees on the permeability of soils.

Infiltration in 7-Year-Old Plantations

—— 1 minto Grazed Area
-+ 5 m into Grazed Area
— 1 minto Trees
-5 minto Trees
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Figure 4.5 Mean infiltration rates per time interval for 7-year-old plantations (Sites
A, F,and G).

Results for Pontbren
This suggests trees would be more effective than grass!




1)
2)

)

What we still need to know in the UK

The effect of trees on the permeability of compacted
urban soils.

The relative performance of soil around street trees and
open-grown trees.

The effectiveness of trees when grown in SUDS
schemes.




Greater Manchester
Urban Diffuse Pollution
Research

James Rothwell (University of Manchester)
Katherine Causer (Environment Agency)
Pete Stringer, Mike Savage & Tony Hothersall (Red Rose Forest)
Steve Mangan and Matt Ryan (Urban Vision)
Steve Chatwin-Grindey (DeepRoot)
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1. Gully Pot Project

2. Tree Pit Project

18



Gully Pot Project: Sampling

* 53 gully pots across

»: B .

AL

" Great Ancoats Street | Manchester City centre

e Sites sampled over 4 days in
February 2013
[spatial snapshot]

e B« Gully pots sampled across

Mancunian Way ges “wn SR . .

2% Ol oy an impervious cover
gradient [50-100%]

* 50m land cover buffer
calculated for each gully pot
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Key Results: Concentrations —

Gully pot Gully pots Gully pots
Sediments mean TEL? PEL? exceeding TEL exceeding PEL
concentration (%) (%)

Metals (mg/kg)

Arsenic

Cadmium _
Chromium _

Co pper

TEL = Thresholds Effect Level; PEL = Probable Effects Level

Gully pot sediments are contaminated with metals and PAHs

20



Key Results: Concentrations —

Physico-chemical *

Gully pot mean
concentration

Environmental
standard

Gully pots exceeding

standard (%)

Dissolved Oxygen (% saturation)

50

Biochemical Oxygen Demand (mg/1)

9

Ammonia (mg/l)

2.5

Phosphate (ug/l)

Metals (pg/l) *

Arsenic

Cadmium

Cobalt

Chromium

Copper

Iron

Nickel

Lead

Zinc

Anions (mg/l)*

Chloride

250

Sulphate

400

PAHs (ug/l) *

Anthracene

0.1*

Fluoranthene

0.0063*

Naphthalene

2*

Benzo(a)pyrene

0.00017*

Benzo(b/k)fluoranthene

0.03

Benzo(ghi)perylene

Indeno(123-cd)pyrene

0.002

Microbiology (cfu/100ml)

E-coli?

Faecal strep. *

Gully pot

water is
contaminated
with Cu and Zn,
and some PAHs




Key Results: Loadings

Gully pot loading as % of
SAGIS urban runoff load
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SAGIS: Source Apportionment Geographical Information System

Gully pots are a major contributor of urban runoff
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Key Results: Patterns & Controls

Dissolved Benzo(a)pyrene (ug/l)

0-0.0273
0.0273 - 0.0378
0.0378 — 0.0418
0.0418 — 0.0523
0.0523 - 0.0796
0.0796 — 0.151
0.151 - 0.337
0.337-0.823
0.823 -2.09
209-54
Roads

Gully Pot locations

: Dissolved Fluoranthene (ug/l)

0-0.0285
0.0285 - 0.0404
0.0404 - 0.0453
0.0453 - 0.0571
0.0571 -0.0857
0.0857 - 0.154
0.154 - 0.32
0.32-0.719
0.719-1.68
1.68 -4

Roads

PAH hotspots in
close proximity to
train stations




Is there a link between pollutant levels and
existing green infrastructure in the city?

Low impervious cover — Green space High impervious cover — Tarmac/concrete
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Physico-chemical

Biochemical Oxygen Demand

Ammonia
Phosphate
Metals

Arsenic

.': admium
Cobalt
Chromium
Copper

Antimony
Anions

Calcium
|Magnesium

Mapht

Benzo(a)pyrens
Benzo|b/k)fluoranthene
Benzo(ghi)perylene
I|r'llf_'.|!.:'l'I{?l (123-cd)pyrene
PAH - total

Total Hydrocarbons
Microbiology

E-coli
Faecal strep.

Vegetation cover
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Yes,

but not for
all pollutants
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Gully Pot Project - Summary

* Excellent baseline for Manchester
* High pollutant variability
* Zn and Cu as a key pollutants

* PAHSs are of major
concern........ current risk may be
under-estimated?

* Multiple controls on gully pot
pollutants

* Link to GI
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What next?
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Tree Pit Project

Direct road runoff
into a tree pit

Monitor water
quality and quantity
on the inflow and
outflow
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Tree Pit Project .... Outcomes ???

Reduce pollutant loading to
surface waters

Store and attenuate
water....reduce flooding

Reduce water and pollutant
delivery to STWs....£££f benefit

Other ecosystem services

Demonstration project for
wider roll-out across GM and
beyond
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Sample of case
studies illustrating
the use of trees as
part of SuDS &
WSUD strategies

Drawing from:

Trees t3Design
Action Group

Presented by Anne Jaluzot
Urban Catchment Forestry Steering Group



Lyon, France
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Water management strategy for Garibaldi — Polluted surface water runoff
Street refurbishment — Non=polluted surface water runoff

1.5%
;"r
S
—
Street
cleaning
wan
{0 ey
' O (®)
Underground storage - - - -|- =» Existing T
in former underpass ! 4 combined '3 irrigation
! sewer 2]
4099
1. Surface water runoff infiltration 1. Remains directed to existing
2. Overflow and/or storage of surface water runoff combined sewer
3. Surface water runoff re-use 2. Only directed to combined sewer
4. Controlled rate outflow into combined sewer when winter treatment is applied

(during heavy storms) to the bus lanes
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Stockholm, Sweden



Erlk Dahlbergsallen Stockholm ‘Sweden
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How to create good growing conditions and taking care of the surface water

1. Pavement

2. Geotextile

3. Layer of crushed rock for
infiltration of surface water and
airing of the soil

4. Structure of granite stones the
space between is filled with soil
5. Terrace

6. Plant box of conreate

/. Tree

8. Planting soil

9. Catchment chamber for
infiltration of surface water and

ij ing the structural soil
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Inlets Surface water
down carbondioxide up




[
2009.02.23 GHI100322 SAMPLE CASES WITH DRAWINGS, NEW PLANTING 42

New tree
size 20-25cm

At grid, crushed rock Tying-in Stormwater cover, dished version
4% mm Fhickness ca 30 mm Tree suppert available for laying by qutter
Surfaring/ 0 . Planting soil type & ar € Spacer ring of concrete far
superstructure Surface qrid 1400x7800 mm  JHCCL] (1% in salty conditlons height adjustment
planting soil r'r'DEAE Airhale placed at level of
j" Geotextile Betangsyll humus content 5-& wt-% aerafed bearing layer .
a utilityclass 3 alt. betongléda Aerated bearing layer
[ | 200 mm crushed rock 32-63 mm
I I O O OO T I I |
Y I Inlet, Fype TLY #333 Clarova
ar equiv, placed on structural soil
B | surface far air and water supply.
| 1 per tree
2 I
| 600 mm crushed rock 100-150 mm —
- g ? ? g . structural soil with planting seil type D
Pipes in structural loil |
prpol'ecred with geotextile, Terrace Fertiliser, Multicote & manth leaching time
filled around with gravel as in slope 1% 00g/mZ, are posted on terrace Lansening of terrace 200 mm
description ) . ' to drainpipe ab each skruckural soil Layer
[Pipes diagramatically illustrated) Airinlet adjusted fo 2-4 mm In compact and/er clayey terrace, drains surrounded
or coarse crushed rock by crushed rock are laid,
Acress to existing sterm drain
or crushed rock ditch for water remowal.
‘ I . T I ‘ ‘ I | NOTESAMMARKNING
L¥ I - ‘ % - 4 All data in mm unless otherwise
I e O O Z 1 —4. e NOTES specified.
}_*4*¥ ] (w Il [ 7'7" ’:* 71 Mﬂﬂﬂn 44] Soil equipment such as gratings, trunk gquards, Free support
| | | — are specifically adapted ta the project.
t — I Fine crushed rock must nok be used In structural seil profile
L — J ’ — 1 ‘ for adjusting air inlet ar concrefe bunker, ETH;_'TYPR”N”,G W
1 1 [ 11 ™1 ™1 [ In specially constructed Free holes with narrow dimensions + -
[ I | free raot diamerer must be observed. % TRAFIKKONTORET
With increasing trunk circumterence clump diameter increases, “e e B 1201, 14 20 Sackhdm, Tal (6506 77 100
TRADGROP | HARDGIORD YTA MED MARKGALLER, see ﬂualifr FEquaﬁﬂﬂs for nursery planfs, .
STAMSKYDD SAMT LUFTNINGS3RUNN GROs Plantskolesektion, 3ie upplagan, augusti 2003 TREE IN PAVED AREA
S 120
s s 'WITH SURFACE GRID
SECTIOM
EXT] Hrringare Fean | Rag
LIO{AZI 1AD[AL) THVYBOOL |




We take water from roofs and pavements and lead it
down to the structural soil by inlets

Roof and pavement surface 4600sqm

Rainfall 600mm year (2 feet)

Approximately 2.3 million liters of water year

Saved cost for the treatment of stormwater = 2300 £ /year
Reduced load on the Baltic Sea / and lakes at torrential
rains




If the percolation layer is full, the storm water flows into the old street inlet.

i
5

We take water from roofs and pavements through inlets to the aerated bearing layer and
the structural soil.




On the left = 80-year old tree, on the right = 6-year old tree

T o LIBSL o . ¥
' Planted in 2004, size = 35-40 cm
2008 60-65 cm

2012 70-83 cm




3.5 meters from tree

- J‘IS‘\' .
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and as a proof that we are on the right path, we find mykorrhitza in our structural soils which

only thrives in good conditions




Approximately 2 000 planting beds have been rebuilt

R







Charcoal is incredibly
stable if we dig down into
the ground, it stays there
for thousands of years as
a Co2 sinker
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Biochar is a name for charcoal when it is used for particular purposes,
especially as a soil amendment. Like all charcoal, biochar is created by
pyrolysis of biomass. Biochar is under investigation as an approach to
carbon sequestration to produce negative carbon dioxide
emissions.lt Biochar thus has the potential to help mitigate climate
change, via carbon sequestration.2l Independently, biochar can
increase soil fertility, raise agricultural productivity and reduce
pressure on forests, though the degree to which results offer long
term carbon sequestration in practice has been challenged.3! Biochar
is a stable solid, rich in carbon and can endure in soil for thousands of
years.ll

Wikipedia



http://en.wikipedia.org/wiki/Charcoal
http://en.wikipedia.org/wiki/Pyrolysis
http://en.wikipedia.org/wiki/Biomass
http://en.wikipedia.org/wiki/Carbon_sequestration
http://en.wikipedia.org/wiki/Negative_carbon_dioxide_emission
http://en.wikipedia.org/wiki/Negative_carbon_dioxide_emission
http://en.wikipedia.org/wiki/Biochar
http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Biochar
http://en.wikipedia.org/wiki/Fertility_(soil)
http://en.wikipedia.org/wiki/Forest
http://en.wikipedia.org/wiki/Biochar
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Biochar

%% *The first time we use charcoal
filters in structural soil was 2013
at Swedenborgsgatan.

One block with coals under airy
base course and in one block
. belowe the structural soil.




Plant bed for street trees charcoal macadam = crushed granite 32-63 mm mixed with 10% nutrient-enriched
charcoal




Drawing showing how we
build plant bed for trees
in the green area to
maximize infiltration of =

S
stormwater through a

’ =
—
o A .-
charcoal filter in the /f A S/\ 2
bottom of the plant bed \ \)
where we catch up | || e
nutrients and pollutants, Nyt trédso30-35 5

Tradets rothals placeras i samma
niva som i plantskolan, Rotklumpen
D vilar pa skelettjorden.

Tradstod

500 mm fran rothals ska hallas
fri fran grassadd

Makadam  2-4 mm med 10 % véxtjord A
100 mm

Makadam 8-16 mm

Svagq svacka for infiltrering

av dagvatten JL e
1\ g
'__I\ W A
B
3. Charcoal stone chips = crushed granite f::‘_'
(32-63 mm) and nutrient-enriched Eeais: &) 3
charcoal 10/1. volume. 850mm , :
Biochar 50 mm 5 > =iy
TR e T R ST 3
_ R SR A L P B B A O, ]
Luckring av terrass 200 mm === ===0 i
2000




District Heating

Stockhalm Park Departrnent

Stockholrn Park Department




Chicago, US



a Forest Research

Opportunity Mapping for
Targeting Land
Management Measures

Tom Nisbet & Samantha
Broadmeadow,

Centre for Ecosystems,
Society and Biosecurity



c* Forest Research Approach

« Uses existing spatial data sets;

« Identifies constraints and

sensitivities to woodland
creation;

« Assesses scope for woodland
creation to reduce flood risk;

- Identifies opportunities to
reduce agricultural diffuse
pollution;

« Assesses potential water Til“mfr,ﬂg;; fuff
trade-offs; :

- Identifies priority areas for
woodland creation for water.

m 19 March 2015 © Crown copyright www.forestry.gov.uk/forestresearch



Diffuse Sediment Pollution

Map 2a Annual total sediment reaching watercourses from
all diffuse sources via all pathways

PSYCHIC sediment
B o- 7 kgmhary
7-34
34-121
P 121-289
B 2co- <463

0 25 50 100 km £ Crown copynght and database nght [2014)

| O | Ordnencs Survay licence number [100025408]

Map 2b Relative loads of total sediment from diffuse
agricultural sources

PSYCHIC sediment

low (<250 kg/haly)

medium (250 - 500 kg/haly)
B 1ioh (>500 kgmaly)

Data scurcs FSYCH I madal [Collins & Zhang, 2012, ADAS] Phosphamus and Fo R h
sadiment weld chamactanisation in catchments using 2010 agncultural cencus data MRS ROsRtNC

© Crown copyright www.forestry.gov.uk/forestresearch



Forest Research Tackling Five Diffuse Pollutants

Map 9a Target areas for woodland creation to tackle Map 9b Woodland opportunities to tackle multiple diffuse
different diffuse pollutants based on higher thresholds pollutants based on higher thresholds for N and P
for N and P

Number of diffuse pollutants
]

Sediment

FlO

Mitrate
B Pesticide
- Phosphorus

—F

0 55 110 220 km
| | 1 1 | | 1 L |

@ Crown copya it and cotehaze ngt [2014]
Qronance Survey Icencs numter |1 000254 58)

Dotz zourcex PSYCHIC model [Colins & Zhang, 2012 ADAS), Neop N [SDAS]; * R
Pestcide Usags D& 2012 [GC Kynstec] FIO prssswra [CREH 201 3) Cr F arch

© Crown copyright www.forestry.gov.uk/forestresearch



Forest Research Flood Risk Management

Map 11 Areas suitable for planting floodplain woodland

I Area benefting from flocd protection (Dec 2013)

Flocd storage area (Dec 2013) Map 16 Propensily of seils to generate rapid runoff

I Potential fieodplain weedkand Degraded soil SPR (%} value
<26% 2
25 - 49% & "}

Il -50% 3o

; 0 25 50 100 km
& ‘ Forest Pescarch [P S— {:‘ Forest Research

© Crown copyright www.forestry.gov.uk/forestresearch



Map 17 Opportunities for woodland creation o reduce downstream flood risk
- Preferred areas for planting floadplain weodiand

|_| Preferred areas for plantng wider woodland

I Freferred areas for plantng npanan woadiand

Y0NS Be duiubae igh [2674] O Srvery icerce anter
0 40 B0 160 b Sotx Duts NafVop © Cranfuld Uriversty |N5SR and 12

Potential Win-Wins

Map 19 Opportunities for weedland creation to reduce downstream flood risk
and one or more diffuse pollutants

| ©ppertunty to reducs rainfall runoff

Opportunities to reduce both rainfall runoff and one or more diffuse pollution pressures
1

LA N

o

'
Diyts wuroms: B SYCH I model [Collne & Thang, 2012 ADAS|, MespH [0 £5]
Pestckie Lis oK

i 2012 [O8 Hynabacd FIO presewe [IREH 2013]
0 o Copy it o dakaba oo (gl

d] Owinano e Sursey Foanos runber [100025438)
iots PtV 0 @ CrandeidLinyers e (NN and o the corbioer ofHNSS 2074]

—t bt ’:'_*Fofcﬁl%emn:h

© Crown copyright
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