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Forests and Flood Reduction
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Forest Ecosystem Services

Forests for Life
Durbs

ECOSYSTEM SERVICES
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Forests and Water

STORAGES = Interception + Surface + Soil Infiltration

Interception

Unsaturated Zone



Forests and Water

Evapotranspiration (ET): Plant water use and evaporation
- Replenishes Storage Capacity

unsaturated zon
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Role of Urban Forests

HOW DO TREES BENEHT
VIRGINIA BEACH?

STATE OF THE URBAN FOREST 2016/2017

VIRGINIA BEACH

PARKS &
RECREATION

TREES HELP SAVE MONEY
Virginia Beach has 3.2M trees.
That's equivalent to 3263.4M in

savings and benefits each year
for its residents.

-' \
- STORMWATER

RUNOFF REDUCTION ¥

2 Ssa6M
¥
ENERGY

CONSERVATION

S34.3M

IN SAVINGS

‘ PER YEAR

v

IN BENEFITS
PER YEAR

meet environmental standards.

IN BENEFITS

S9.1IM

IN BENEFITS
PER YEAR

- The economic values of Virginia. Beach’s

ecosystem services are based on the cost.
of obtaining these same services: wﬂhcmt“ 15
the benefit of having trees. Wlthaut trees
additional grey |nfrastmcturemd-| as
stormwater management facilities would
need to be built or other costly mibga’lﬂb%
measures would have to he ll‘t‘lpbertuaﬂﬂia!;jw

e i
AIR QUALITY 'Y

IMPROVEMENT »
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MORE Than Just Street Trees!




Role of Urban Forests in VA Beach

Legend

I unprotected forests
Protected forests

[1] 3 6 12 Kilometers
1

-

- 1
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Forests for Flood Reduction

Objectives:

1) Quantify flood reduction services

2) New tool to target conservation efforts



Data Needs

Surface Storage
Topography

Flood

Soil Storage

Soil Type and Depth Reduction
Potential

Evapotranspiration
Land Cover Attributes

and Water Availability
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Surface Storage
Topography

Soil Storage

Soil Type and Depth

Evapotranspiration
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WWWw.psu.edu



Data Needs

Surface Storage
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Soil Storage
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Data Needs

Surface Storage
Topography Sws =

Porosity x Depth to Water Table

Soil Storage
Soil Type and Depth

Evapotranspiration
Land Cover Attributes

and Water Availability



Data Needs

NRCS SSURGO

Surface Storage
Topography
Soil Storage
Soil Type and Depth
Evapotranspiration
Land Cover Attributes

and Water Availability

Chesapais
1
water table
146,222 \
. -51.8256
0 22 A% 9 Kilometers g
—— — sy
Seurces: Esrl HERE. Garmin, Intenmag, incriment P Corp., GEBED), USGS, FADL RCAN, GeoBase, IGH, Kaduer HL Orcnarice Survey, Esri Japan. WET, £ari China
[Hong Kong), swisstopo. © OpenStrestMap contnbutors. and the &5 User Comvmunity




Data Needs

Surface Storage
Topography

ET (mm/day)

(—

Soil Storage
Soil Type and Depth

Evapotranspiration
Land Cover Attributes

and Water Availability o T

389405

N




Depressional Water Storage

Spatial Data for
Water Storage
and Removal

Evapotranspiration

]
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Forests for Flood Reduction

Objectives:

1) Quantify flood reduction services

2) New tool to target conservation efforts



Flood Reduction Services in VA Beach
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Flood Reduction Services in VA Beach

B Area (%)

B Evapotranspiration (%
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Forest Wetland Wetland

Wetland Forest: ca. 20% of
area; 40% of water pumping!!




But, Value of Urban Greenspace!




But, Value of Urban Greenspace!

Urban Subcategories:

Developed, Developed, Developed, Developed,
Open Space  Low-Intensity  Medium-Intensity  High-Intensity
Area (%) 34.55 41.66 18.76 5.03
SWS (mm) 1347 1062 561 182
DWS (mm) 175 170 150 84

ET (mm) 758 587 543 528
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But, Value of Urban Greenspace!

Urban Subcategories:

Developed, Developed, Developed, Developed,
Open Space  Low-Intensity  Medium-Intensity  High-Intensity
Area (%) 34.55 41.66 18.76 5.03
SWS (mm) 1347 1062 561 182
DWS (mm) 175 170 150 84
ET (mm) 758 587 543 528

——————»

All services decrease with development



Land Use and ET Change

Only 3% increase
in urban area
over 20 years




Land Use and ET Change

Changes in ET {mmiyear)

For those pixels,

ET decreased
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Scenarios of Forest Loss and ET

Legend
I Unprotected forests
Protected forests

Relative Change in ET (%)

Developed, open space
Developed, low intensity
Developed, medium intensity
Developed, high intensity
Agriculture

-23.70
-28.41
-29.62
-30.03
-11.27




Drivers of ET for a Predictive Model



Annual ET (mmiyear)

ET Drivers:

Annual ET (immiyear)
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A Predictive Model for ET

Depth to Water Table
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The Tool: Data Integration
and Processing for Users



Data Integration and
rocessing for Users

P

x  +

C @ Notsecure | 128.173.134.106:3

Virginia Beach Project

Leafiet | {as & Esri — Source: Esn icubed, USDA, USGS. AEX, GeoEye. Getmapping. Aerogrid, IGN. IGP, UPR-EGP -and the GIS User Community

Flood reduction services by land use
Polygon-based analysis
Upload shapefile

Browse




Data Integration and
Processing for Users

Virginia Beach Project

-3

Layer sea_r3.0: null
Layer sea_r1.5: null
Layer sws: 885.97628181605
ayeret: 2093.15447563092
Layer depr: -1.33630848313167
; Layer watertable: 2 55640614732646
Layer DEM: 1.48417774736958

L .t . X, " :
Leafizl | Tiles & Esn — Source: Esn, Fecubed. USDA, USGS, AEX, GeoEye. Gefmapping, Acrogrid, 1GN. 1GP, UPR-

-EGP, and the GIS User Community



Data Integration and
Processing for Users

Virginia Beach Project

- —E—
j F'ﬁyer sea_r3.0: null
im p Layer sea_r1.5: null
Layer sws: 1079.24787503812
Layer et: 1803.55964528775 .
h Layer depr: 0.017668346116362 |
Layer watertable: 2.23852538406953
Layer DEM: 2.04983718643035
[ | et
- 400
- 600
- 800
-1000
L1200
1400
1600
1800
2000
2200
NA

1000 it Leafiet | Tiles © Esni — Source: Esi, i-cubed, USDA, USGS, AEX, GeoEye. Getmapping, Aerogrid, IGN. IGP, UPR-EGP, and the GIS User Community

Load high-resolution data



User-defined Areas

VII’gII"IIa BeaGh P{’OJeCt Please draw a polygon in the study area using the drawing tools (polygon, rectangle, or circle) located on the left side of
- T data visualization panel

| ¥ L 1 : 3 2
i . ; 5 = »1 gota 3 - 2 Layer sea_r3.0: null
- i v, 1y

Layer sea_r1.5: null Drainage-based analysis
Layer sws: 549.953811964088

Layer et: 844.753984861346 4
- Layer depr: -0.00890468859872142 Upioad shapefile
'&'tllk;%iv B8\ Layer watertable: 2.12938257045781 §
e Layer DEM: 2 31037728795667

Browse..

Land cover distribi
forest% urban% ag% grass%  Total area (m2)

62 41 2061 NA 16.96 1411125.00

ET distribution (% by land use)
forest urban ag grass  Mean (mmiyear)

80.02 1061  NA 9.37 1255.79

forest  urban ag grass Mean(mm)

6279 19.49 NA 17.73 553 54

e (% Dy land use)

forest  wrban ag grass Mean(mm)

55.36 17.54 NA 27.10 15.28
s -
2
&
2
c
5
=
2 o |
s
5
2
i
o |
]
o] ]
forest urban ag grass

%lc_of_interest  %lc_other  Total aream2

96 58 342 1461050.00



User-defined Areas

Virginia Beach Project

Flood reduction services by land use

l Layer sea_ra.0: null

Layer sea_r1.5: nuil :
Lazer sws: 1301 11338010656
Layer et: 611.992656108175

Layer depr: -0.00533504382790153
Layer watertable: 2 85027871655732
Layer DEM: 4 23218191765382 Please place a point in the study area using the drawing tools (place marker) located on the left side of data visualization
2 panel

Drainage-based analysis

Upload shapefile

Browse. ..

Land cover distribution
forest% urban% ag% grass% Total area (m2)

78.57 18.89 NA 254 33972500

ET distribution (% Dy land use)
forest urban ag grass Mean (mm/year)

91.31 7861 NA 107 1557 23

Soil Water Storage (% by land use)
forest urban ag grass Mean (mm)

5 '} e : < ] Leaflet| Tles ® Esr — Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, A 1GN, 1GP. UPR-EGP. and the GIS Us Yy
o v ? o Sl RSy A - ot Comity: 9067 620 NA 204 746.90

Load high-resolution data

Depressional storage (% by land use)
forest urban ag grass  Mean (mm)

7247 2733 NA 020 286

40
L

forest urban ag grass



Take-Homes:

Data availability supports new quantification of flood reduction
services in VA Beach and other localities

Wetland forests: ca. 40% of the cumulative ET but ca. 20% of area
Wetland forests: ca. 15% and 16% of SWS and DWS

Upland forests area coverage (and thus contributions) is low

Land use change, particularly urbanization, reduces ET

Loss of unprotected forests: 11-30% loss in current forestland ET

Predictive models of ET can be developed for downscaling
estimates



Future Work:

Findings support conservation/restoration efforts, but to
guide stormwater and urban planning requires:

e Downscaling estimates to inform stormwater crediting
— Sub-meter LULC data for predictive modeling of specific services

e Inform green infrastructure design to incorporate forest features
— Geospatial data and hydrologic modeling for event-based simulations

Further refine scenario modeling and tool applications for operational use
— Incorporate downscaling, event modeling, and other ecosystem services

Extend work to other flood-prone localities!!!



Scenarios of Forest Loss and ET

Sea Level Rise  Relative to Cumulative  Relative to Cumulative
Scenarios Landscape ET (%) Forest ET (%)

0.46 m (1.5 ft) -10.68 2417
0.91 m (3.0 ft) -19.96 -45.17
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