nnnnnnnnnnnnnnnnnn

IIIIIIIIIIIIIIIIIIII

URBAN WATERSHED
FORESTRY SEMINAR

The Gateway, Warrington
Wednesday 9 July, 2014

Chair, Pat McCloskey

#UWFseminar

N

4




Investing in Opportunities

W JBA
THE MERSEY = nue consulting

FOREST e

Development Fi

unding
more from trees thiough INTERREG \v8.  INTERREG IVB




Benefits of Urban Watershed
Forestry: the evidence
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Overview

A The challenge of climate change

A The nature of flooding

A Recent UK flood events

A Assessing flood risk in the Mersey Basin

A The role of trees and woodland
a) Combatingloodingat the catchment scale
b) Combatingntra-urbanflooding

A Capturing the economic value of ecosystem
services



The Challenge of Climate Change
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Climate projections for Europe

Change in mean annual temperature and precipitation by the end of this century,
based on IPCC SRES Scenario A2

Temperature: change in mean annual temperature [C°] Precipitation: change in annual amount [%]
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The nature of flooding

A Flooding occurs from a
number of sources
I River (fluvial)
I Surface water (pluvial)

AlInsufficient capacity of §
natural & manmade
drainage systems

I Groundwater
I Coastal

(Pitt Review, 2008)



Recent UK flooding

A Summer 2007 (Pitt Review, 2008)

T South Yorkshire & Hull, Gloucestershire, Worcestershire &Thames
Valley

I Fluvial & pluvial flooding pluvial a significant proportion & will be
with climate change

I Impacts: 55,000 properties flooded, 7,000 people rescued, 13 deaths,
0.5 m people without water or electricity, transport networks failed,
emergency facilities out of action, tens of thousands of people

homeless (and still homeless a year later), businesses out of action fo
months

I Economic costs: insurance industry paid out over £3 billion; costs for
central government, local public bodies, businesses & individuals

A Winter 20132014 (Met Office & CEH, 2014)
I Southern England

I Tidal, pluvial (flash), fluvial & groundwater floodinfiash flooding
exacerbated by climate change, land management & land use
practices (particularly extension of impermeable areas)



Fluvial & Coastal Flood Risk in the Mersey B
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Surface Water Flood Risk in the Mersey Ba

Surface water
flooding

E Community Forests

No. of properties at risk per sq km
0-20

Total no. of properties at risk (in small settlements) ‘ 20 - 50
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EA Surface Water Flooding Maps

http://watermaps.environment

agency.gov.uk/wiyby/wiyby.aspx?topic=ufmfsw#x=357683&y=355134&ScC:

Map legend

[v Risk of Flooding from
Surface VWater

Map of X: 334,473; Y: 396,480 at scale 1:20,000

Data search ©
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http://watermaps.environment-agency.gov.uk/wiyby/wiyby.aspx?topic=ufmfsw
http://watermaps.environment-agency.gov.uk/wiyby/wiyby.aspx?topic=ufmfsw
http://watermaps.environment-agency.gov.uk/wiyby/wiyby.aspx?topic=ufmfsw

Problems of pluvial flooding In
Heywood, Rochdale




SurfaceRunoff with Climate Change in Greater Manchest

1961-1990
18 mm precipitation

2080s Low
25 mm precipitation

l 2080s High
28 mm precipitation

56% more rain

Runoff (mm) results in 82% more
0-6mm
runoff

6-12 mm
Bl 12-18 mm >
B 18-24 mm

Bl 24 -28 mm
unclassified (water)

For a precipitation event occurring on average one day per

winter, with normal antecedent moisture conditions
Gill, 2006
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Combating Climate Change:
A Roleror UK Forests

.' e il This report assessed the
.| GOMEATING impact of trees and

R\ *lj': A ROLE FOR UK FORESTS woodland on,

. Water Supply
|. Fluvial Flooding

Il. Managing Surface
Water Runoff (Pluvial
Flooding)

Ref: Read et al 2009




Benefits of trees and woodland In
moderating flooding at catchment scale

Whilst largescale woodland creation could not be justified
on grounds of flood control alone, the following
Interventions are beneficial:

A Planting woodland buffers on compacted upland
pastures

A Riparian planting along stream sides
A Planting on disused and derelict land
A Flood plain forests to increase storage and attenuate flow

Source; Read et al 2009
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A Strong evidence to support
woodland expansion in
appropriate locations for soil &
water benefits

I Benefits greatest for riparian &
floodplain woodland

I Also targeted planting of
buffers along mieklope or
downslopefield edges, or on
infiltration basins

i WhLILBRZNIdzyAde Yl

woodland to preferred sites

A Calls for closer integration of
forestry & water policy

A Highlights need for more
research to quantify water
benefits & evaluate how
woodland can be best
Integrated with urban activities
for water & wider benefits
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Priority Areas for Potential New Woodland 0 10 20 40 Kilometers

Ly 5 21 s 92 1 3
I Fioodpiain
B Wicer catchment m
Forest Research

Figure 15. Regional mapping can help identify opportunities for planting floodplain
woodland to reduce downstream flood risk. Map shows opportunities for planting
floodplain, riparian and other woodland within the Yorkshire and Humber Region in
Northeast England to deliver a range of water benefits, including improved flood
management (from Broadmeadow and Nisbet, 2009).




Impact of trees and woodland in managing
surface ruroff In urban areas
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Impacts of impervious cover on hydrological cy

25% shallow - 21% shallow ,
infiltration I infiltration l

25% deep 21% deep
infiltration infiltration
Natural Ground Cover 10%-20% Impervious Surface

35% evapotranspiration 30% evapotranspiration

R

l

5% d
infiltration

- 1 0% shallow 1

35%-50% Impervious Surface 75%-100% Impervious Surface

Figure 2. The Impacts of Impervious Cover on the Hydrologic Cycle (Source: FISRWG, 1998, p. 3-21)



Simulated Flood-requency Curves with
urbanisation atMaplewood Creek

29T A 1998
O 1991
—.: ® Pre-setlernent
E o 7] = o O
E.'! A - O
2 “ et
0 | o O
s = O
g v g - ; o*"* *
D _ |:|I:I "“
O e o
— __.' O - . L
O (0.5 _.-::]:FF . ® L
E : O l'.
< & a*®
:_-.:_- rl [ I I I I I [ I 1
0 10 20 10 50 &0 N R 20 ]

Recurrence interval (years)
Source: Wissmaret al 2004, in Read et al 2009



Simulated flood events with
urbanisation in the.eincatchment

(@ Convective Storm Event b) AdvectiveStorm Event
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Trend to loss of vegetated land In urban are

A 11 residential areas in
Merseyside 1972000
(Pauleit et al, 2005)

I Increase in built surfaces,
decrease in vegetated

I +7% impermeable6%
vegetated;-1% trees 30

I Greatest changes in least F L AL L LSS
deprived areas R A

I+ 4% runoff overall

A Housecurtilagesin Keighley
1971-2002 (Duckworth, 2005)

I Pervious surface cover
decreased by 1:21%,
depending on residential
density

1,0
High status Low status
0.5 i I -

D i ; | ] . ] . .

0,5 1
-1,0
-1.5
-2.0
-2.5

mean difference in percentage tree cover




Interception
Tree canopies
intercept move rain
than urban surfaces,
LSS -+ astheir leaves havea
%/f// //’/ /,/ 7/ greater surface area.
- I
|
Infiltration
Open spaces
allow rainwater
to infiltrate the
. o ground. Tree roots
////‘7// ///y/ // ¢ break up the soil

also increasing

HOW TREES CAN HELP
REDUCE FLOODING

Evapotranspiration

'

Water uptake

Some intercepted
water s evaporated
back into the air,
and water drawn
up through trees’
oots Is transpired
{helping to cool
surrounding air).

'

Tree roots draw up
water from the soil.
Some of this is then
transpired back into
the atmosphere.
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Trees reduce and

slow runoff through
interception, infiltration
and evapotranspiration.
Their surface is rougher
than built areas, impeding
the flow of water. This
means less flooding.

Riparian woods and floodplains

These provide areas that slow down
peak flows and where rivers can flood
without damaging property.
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The Mersey Forest Plan (2014)\ww.merseyforest.org.uk/plan



http://www.merseyforest.org.uk/plan

Recent monitoring study in Manchester: runoff resu
Armson, StringerEnnos 2013
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Surface Type and Season

Effect of surface type & season on runoff coefficient
for asphalt, tree over asphalt, and grass test plots
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runoff coefficent

Modelling 4
runoff for 3
GM town 3

centres: soil %%~
A sandier D ewwemem
more clay
(Gill, 2006)

runoff coefficent

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

precipitation (mm)

-town centre

-10% green +10% green = = = -10% trees = = = - +10% trees



Capturing the economic value of
ecosystem services

AG¢cKSNBE | NB SEI
the natural environment offers
much better value for public

Matura | England Researc h Report NERROST

Microeconomic Evidence for investment than the
the Benefits of Investment in .
the Environment 2 (MEBIE2) alternative. For example

natural water filtration can be
much cheaper than the
alternative; natural flood
defence even more so. Cost
savings to the public purse due
to Investment in the natural
environment could lead to a
reduced need for taxation,
which can translate INto

Ay O NEI aSa A Y S




Summary

A Surface water flooding a significant issue in urbar
areas, & will increase with climate change and
more sealing of surfaces

A Urban trees have a significant role to play in
managing surface water, helping to reduce
flooding & costs associated with water treatment

A Some useful research findings and tools available
or becoming available is the time right for an
action research project on Urban Watershed
Forestry in the UK?
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ENTER

About the Center !_;!ﬁﬂ ERS

National nonrprofit 501(c)3 organization founded in 199  ~
Headquarters in Ellicott City, MD

Staff in New York, Pennsylvania, Maryland, and Virgini

What we do

7 Distill research into practical tools
7 Provide local watershed services
Z Train others to manage watersheds




AWhat is Urban Watershed Forestry
AWhy use UWF as a tool
AStormwater Benefits of Trees

ACrediting Trees as a Stormwater
Practice

ATree Issues to Contend With
AExample projects



Objectives:

preserve forests anc
vegetation in waters

natural
neds

enhance urban & su
tree canopy

purban

protect trees at development

sites

reclaim vacant lands and

reduce turf

Increase the use of trees In
stormwater practices



nUr ban Water shed

(Watershed forestryis the use of forests
and the practice of forestry to protect,
restore, and sustain water quality, water
flows, and the health and function of
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developed and developing areas
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Why Urban
Watershed
Forestry?

A Integrate urban and community forestry and
watershed planning and management
A set watershed goals for the urban forest
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Link between forest cover and stream
health

Stream health rating of Excellent requires no more
than 6% IC and at least 65% riparian forest cover
(Goetz et al, 2003)

Stream health rating of Good requires no more
than 10% IC and at least 60% riparian forest cover
(Goetz et al, 2003)

Watersheds with at least 65% forest cover usually
had a healthy aquatic insect community (Booth,
2000)



Influence of forests and imperviousness on the health of

Sstreams
Impervious cover

Watershed tree
cover

L] Rieparian buffer
tree cover

Eor. 245 watersheds

Recommendations:

percent

NG more than 6% IC
At least 65% riparian
fOrest COVEr, for;
Excellent score

No more than 10% IC
At least 60% riparian
forest over for, Good
SCOre

80-
70-
60- (Goetz, et.al, 2003)
50-
40-
30-

A

=
Excellent good fair poor
Stream health rating
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: Runoff Reduction
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The main way frees pr('f)\'fi:d'é;-"-sto.r.mwater benefits are by
_reducing the total volume of stormwater runoff.

#/Studies have shown that:

Mature Deciduous trees can intercept 5000 gal/yr(Envirocast, 2003,
CUFR, 2001)

Mature Evergreen trees can intercept 4,000 ga{/ortland, 2003; CUFR,
2001)

A review of field studies of interception, transpiration and infiltration
associated with trees found that these combined processes can be
expected to significantly reduce annual rainfall runoff by an estimated 3
(based on data for conifers in the Pacific Northwegsierrera, 2008).



Hydrologic and Water Quality Befits of Trees

Plant Benefit Per Tree Annual ' Source and Description
Quantification of
Benefit .
Rainfall interception = 760 galitree/yr. Annual rainfall
. o

Interception by a large
~deciduous tree* (CUER,
20‘01) g

Evapotranspiration 100 gal/treelyr. =+ Transp|rat|on of poplar
g ! ‘.« - trees forone growing
4. “//season (EPA 1998)

Nutrient Uptake 0.0SIbs/N/yr., Based on dally rate. of
Y | o4& . *‘nitrogen uptake Kicht
A 1&90) .

* 40-year old London plane tree growing in a seand climate.



Transpiration

Transpiration Rates of Various Tree Species

(Source: ITRC, 2001)

Plant Name Plant Type Transpiration Rate*
Cottonwood Tree (2 years old) 2.00-3.75gpditree
Hybrid poplar Tree (5 years old) 20-40gpditree
Cottonwood Full mature tree 50-350gpditree
Weeping willow Full mature tree 200-800gpdiree

* gpd= gallons per day

TA single tree can transpire up to 100 gallons of water a day on a
sunny summer day (Metro, 2002; EPA, 1992).

1 An open grown hardwood tree will consume from 1.2 to 1650
gallons of water per day, depending on the size of the tree and the
evapotranspiration (ET) rate (Perry, 1994).



Infiltration

Maple increased infiltration rates in compacted
solls 153%

In the most restrictive cases trees increased
Infiltration up to 27 fold

Another study found that adding trees to
structural solls increases infiltration both in the
engineered soil and the soil below the system



Structural-Sots

-
I l Stone particle

®  Scilaggregate

From :S.D. Day and S.B. Dickenson, 2008, -.,‘ -.\ e
Managing Stormwater for Urban Sustainability= \ & _y° |
Using Trees and Structural Solls | ‘~§‘ S(E& G
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Geotextile b g Subsoil ~ Structural Soil

Pollutant removal rates are strongly related to
they type and size of rainfall events.



Size of Rain Event Required Reservoir

(inchas) Dapth (incheas)
1.8 b
3.6 12
)/ 5.4 18
[ = 7.2 24
0 30
10.8 36
e e e ‘\ MR TS G e e
] , Table 2. Reservoir depths and the corresponding levels
e = 1 of mitigated rain events based on the 30% void space

1 wn within the structural soil mix (assuming an empty
reservoir), Numbers in the gray box illustrates the
depths necessary to accommodate optimum healthy
tree root development.

Table by Ted Haffner.




Credits and Nutrient Reduction




Existing Approaches and Examples

Forest Conservation

Forest conservation areas are subtracted from
the site area or IC when computing WQv (MD,
NJ, GA)

Reforestation

Same as above, except credit is generally 1/3 to
Y of what would be given for conservation (VT)

Preservation of individual
trees

|IC underneath half the existing tree canopy may
be subtracted from the site IC when calculating
treatment volume (Portland, OR, Indianapolis)

Runoff reduction credit of 10-20 gallons per inch
IS given, based on tree DBH (Pine Lake, GA)

Planting individual trees

A portion of IC (generally 100-200 ft?) underneath
tree canopy may be subtracted from the site IC
when calculating treatment volume (Sacramento)




Existing Approaches and Examples

Pennsylvania- Retained
Trees

Volume reduction credit based on tree canopy.
Tree must be within 100 ft of impervious cover-
Volume reduction (ft¥)=Existing tree caopy (ft?) x
1/ 2 0 (nd mole2han 25% of runoff volume can
be mitigated with trees)

Pennsylvania- Newly
Planted

Tree must be a min 20 c
Volume Reduction (ft3)= 6 ft® deciduous trees
= 10 ft3 evergreen trees

Seattle- Retained Trees

Impervious surface reduction credit.

Trees must be 60 DBH
Impervious surface reduction (ft?)=

deciduous trees -10% canopy area (min 50 ft?)
evergreen trees - 20 ft3 Canopy area (min 100 ft?)

Seattle- Newly Planted

Trees must be planted within 20 ft of impervious
surface, deciduous tree
Impervious surface reduction (ft3)

= 20 ft2 deciduous trees

= 50 ft2 evergreen trees




Green Area Ratio
@Al Dl AO | AU E

What is it?  Permeable pavement

1A flexible green site design | ©"®°" %"

requirement that varies by 7 Natural ground cover
Zone. 1 Rain gardens

9 Trees & shrubs

1 Green facades

How Achieve?

1 Choose from a range of
environmental landscape
practices each of which have
been assigned an
environmental performance

ranklng b




GAR: How Does it Work?

How to calculate

1 Add up landscape elements by number or size
1 # trees

1 Size of green roof
1/ Size of rain garden
1 # of plants

1 Soil depths

1 Divide by lot area
1= GAR score

DISTRICT »grﬂ'n_/m'n'ur(

DEPARTMENT

ENVIRONMENT




Tree litter may clog outlets and
| drainage pipes

Use alternate outlet structures that do not clog.
Select species that do not produce excessive
litter.

Increases difficulty removing
sediment from practices that
)} require periodic sediment
removal without harming or
removing the trees.

Modify practice design so that trees are separate
from areas where sediment is deposited (use a
forebay).

/ :
I Tree roots may puncture filter

| fabric or underdrains

Increasingly designers are moving away from the
use of filter fabric between the filter media and
site soil. Replace the function of the filter fabric
with sand or pea gravel layer.

il Trees can reduce storage or
y conveyance capacity,

Modify practice to account for trees.

i Overgrowth of trees in
maintenance areas may limit
access.

Maintain trees in maintenance access areas and
within 15 feet of these areas

Trees on embankments may
compromise stability of
embankment

Do not plant trees within 15 feet of embankment.




Tree PIts

Filterra claims 7990% TSS 82% TP and 76% TN reduction efficiencies
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Santa Monica”













Curb Bumpout with Tree Pit



