Assessing Storm Damage in Urbanized Landscapes:
Preparation, Response & Recovery

David Bloniarz, USDA Forest Service @ Noithars
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Why Prepare?




Tornados

Thunderstorms & Wind
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Any Time, Any Place....

My Location
GB Springfield, MA

0 Tornado Watch

Expires: 06/02/2011 12:00 AM
Ma . Massachusetts
Counties Included Are

Essex Franklin
Hampden Hampshire
Middlesex Norfolk
Suffolk Worcester




9297 April Fool's Day Blizzard

March 31 - April 1, 1997
Snowfall (inches)
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NESIS = 2.29
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1997 April Fool's Day Blizzard

« 700,000 customers Lost Electricity
» Nearly 13% of New England lost power
« Boston's greatest April 24-hr snowfall




1998 Northeast
Ice Storm
Storm
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FEMA Disaster Aid

January 1998

B ice damage
B Flooding damage

Fredued by; UM Fagat Seice, Foneet Heolts PratecTon, Dusam NH.




Tree Damage



[ mission tower outside Montreal




Urban Core
Impacts

Downtown
Montréal




Lancape Scale Damage
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Central Vermont - January 1998



Historical Tracks of US Hurricanes
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Isabel 2003: “A Storm of Trees”

@heVirginianJilot
| = 1.8 million Domlnlor: ;;;;n-luer;‘l-o;t;;weur‘ R =
= Northern end of Hatteras Village decimated

m At least 17 in four states reported dead |

THE OUTAGES AFTERMATH Q&A TME OUTER BANKS

“Catastrophic” damage done | From downed lines to water. | Hatteras Village isolated after
hurricane cuts island in half’

to power grid, officials say




Isabel 2003: “A Storm of Trees”
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Forecast Center Positions
Potential Day 4-5 Track Area

@ Current Center Location

L J
Cl Potential Day 1-3 Track Area

mmm [ropical Storm VWarning

I Hurricane Warning

Current Center Location 30.0 M 72.6 W

Hurricane Isabel
September 17, 2003

11 AM EDT Wednesday
Advisory 46

Max Sustained Wind 110 mph
Current Movement 9 mph
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Isabel 2003: “A Storm of Trees”
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 Affected Maryland and Washington, DC

« $945 million (2003 USD, ($1.13 billion 2011 USD)
-Highest Sustained Winds 60 MpH

«Over 2 million households/businesses lost power



Isabel 2003: “A Storm of Trees”

Isabel “wreaked
havoc on the forest
of urban and
suburban trees...
Many of them are so
big that, when blown
over by tropical
storm-force winds,
they’re likely to find
a power line that
was once thought
safely distant.”

- Pat Michaels
Virginia State
Climatologist






Katrina: Beyond the Trees

« $81 Billion in damage

« 1,836 fatalities

« 80% New Orleans submerged
« 3 million without elecricity

» 90,00 sg miles declared disater




Katrina: Beyond the Trees




Katrina: Tree Loss

http://www.nasa.gov/mission_pages/hurricanes/archives/200
7/katrina_carbon.html

5 million acres affected
«320 million trees lost



Western/Central Massachusetts
June 1, 2011 Tornado

My Locati
YT
0 Tornado Watch

Expires: 06/02/2011 12:00 AM
Ma . Massachusetts
Counties Included Are

Essex Franklin
Hampden Hampshire
Middlesex Norfolk
Suffolk Worcester
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Western/Central Massachusetis
June 1, 2011 Tornado

: Amf.'e"St W Reported tornado touchdown
'!.EK) ® ' Reported death
~ @

Brookfield
®

[ ]
Worcester

®

Westfield i ! ’ , @

7 Morsan § it % (%5
el g West @ Springfield oreon (® w » Sturbridge
5 MILES Springfield T e Dudley
4:30 p.m. 4:32 p.m. 5:22 p.m.
Possible tornado touchdown in Amateur radio operator reported State Police report tornado on the
Shaker Road area. tornado on the ground one-half ground in Sturbridge on Interstate

mile from Main Street. Widespread 84 exit. Cars overturned.
6:07 p.m.

Electric company reported to police gamage. 7:25 p.m.
a tornado on the ground in 6:20 p.m. Amateur radio report of a tomado
southwest portion of Westfield. State Police report tomado in north touchdown in Sturbridge at Route

Springfield area. 49A.

NOTE: Preliminary information from NOAA as of 10:30 p.m. yesterday.
SOURCES: National Oceanic and Atmospheric Administration ; ESRI; TeleAtlas PATRICK GARVIN/GLOBE STAFF




Western/Central Massachusetis
June 1, 2011 Tornado
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Western/Central Massachusetts
June 1, 2011 Tornado




Western/Central Massachusetis
June 1, 2011 Tornado
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Tornado

June 1, 2011
Springfield MA.



‘Snowtober Surprise — October 2011




‘Snowtober Surprise’ = October 2011




‘Snowtober Surprise’ = October 2011




‘Snowtober Surprise — October 2011
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‘Snowtober Surprise — October 2011




On the ground
% response and
A action
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On the ground
response and
action




The Urban Forest
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Planning. Responding. and Hegresning—
A Community Guide to Natural Disaster Relief
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An Initial Storm Damage Assessment
Protocol for
Urban and Community Forests

January 2001

Developed by

USDA Forest Service
Northeast Center for Urban and Community Forestry
University of Massachusetts, Amherst
Amherst, MA 01003

Davey Resource Group
6050 Hicks Road
Naples, NY 14512
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tn

Public Oficials

Coenell Conprewtve Extenshon of Msmene Cinnts
Roxchestry, NY

e v e
EEDA Farrst Servien, Noodlewern Reglon

—r
Nowthont Comwr v Urban snd Community Faviny
Asbarrt, MA

Urban Trec Risk \hnagcmcn('




The Urban Forest

Second Edition 1994

U5 L Barban and john W. Andresen

Planning, Responding, and Regreening--
A Community Guide to Natural Disaster Relief

Chapter 1 Introduction

Chapter 2 Coping with Natural Disasters
Chapter 3 Preparing for Natural Disasters
Chapter 4 Natural Disaster Alert, Response and
Recovery

Chapter 5 Regreening the Community

Chapter 6 Approaches to Working With Disaster
Relief Organizations

Chapter 7 Tornado Releaf - A Case Study
Chapter 8 Notes from Hurricane Andrew
Chapter 10 References

Chapter 11 Appendix - Key Words

http://imww.na.fs.fed.us/urban
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Tree Emergency Plan Worksheet

For: Urban and Community Foresters, Community Leaders, Public Works and Parks
Departments, Planners, Councils, and other Public Officials

1. Early Warning System/Weather Forecasting Service — Use an early
waming procedure to enhance mitigation: communicate with the National Weather Service, a consulting
meteorological firm, a designated television weather channel, or the local police department. With a
procedure in place, you should have at least three hours of lead time hefore most tree damaging weather
strikes

Staff Lead:

Contact Name:
Address:
Phone:
Mobile:
FAX:

Email: Web Site

Description of services provided:

2. Local Emergency Manager — Lead contact for a community and responsible for
emergency planning and response activities.

Name: Phone:
Mobile:

Role(s):

3. Public Relations Coordinator — This is the individual responsible for primary public
relations, media contacts, citizen information and communications ahout the natural disaster. (Must have
full knowledge of damage, community issues and capabilities, and be able to make decisions.)

Name: Phone:
Mobile:

Alternate(s):

Name: Phone:
Mobile:

Name: Phone:
Mobhile:

http:/Mmmww.na.fs.fed.us/urban



Tree Emergency Plan Worksheet

6. Emergency Call Out Procedure — mmcne commct e for =it

Namea: Will Contact — Name:
Phone:

http://www.na.fs.fed.us/urban




Tree Emergency Plan Worksheet

11. Procedure for Debris Staging and Removal — weatry ssvcrai asas toe
shaging and proos mng debrs. Estbish a conlract of ageement seowing cach stio. Chocss a

S0 that Is large, tal, weF-dmine o and 200eastie to roacs that cam support Tuck weights of
al least 9 5cns por ks, Idantly ways %0 profect Significant Too s of Cuttral E0WNDSs CUing prooeasing.
Fotental 50 5 INCLI0S undeveioped Dark, industnal, comekeny, 5 and sais jand.
parking 1ofs fven paved ots) work well. Mbmw wmwwwmuw
arcas. Ienlly mulios sios. Annually SCOMIM 200055 3nd avaiabilly 0 theao tos. Make surs the
s & farge enough for safoly Consicderaons (1ying dotris from dub grindors), f possilo. idonily sios
hat can be socusd fonang).

Site 1~ Location:

Contact NamaFoiec

oo Mobids:

12. Debris and Brush Removal from Private Property — sy row you
WIS aocreas this is00. A majer stomm makes £ atiodt for privare OWNers 20 Femove brush and
cGetris. Make a decision af iho munidpal ioved aliowing for cebris Delorming If your oty has
adcquale cquipment and sl availabio 10 docomplish Shis Ofcn Snormows task. It & criscal 7ot you
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Insuxd.

Ferson Responsivie:

Phore: Mobik:
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An Initial Storm Damage Assessment
Protocol for
Urban and Community Forests
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. Estimating Storm
Damage Costs




What is i-Tree?

A suite of tools to assess urban vegetation and

their ecosystem services and values

i-Iree i-Iree= i-Iree= i-Iree= i-Iree

Streets




Public-Private Partnership

USDA Forest Service

Davey Tree EX

National Arbor

nert Co.

Day Foundation

Society of Municipal Arborists

International Society of Arboriculture

Casey Trees

CaseyTrees’




Goals %

i-Iree

Simple and low-cost tools and methods to aid in
forest planning and management

Complete process — start to finish

Urban Forest Effects and Values
June 2009
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How Does Storm Work?

Context of Use
Sampling
Data Collection

PDA & Desktop
—eatures




Context of Use

i-Iree

Storm

* Planning

= Framed by overall natural disaster plan
* FEMA funding: Pre-Disaster Mitigation Program
* Tree Emergency Plan Worksheet (Burban)

* Recovery
= First 24-36 hours
= Response to state emergency agency



The SDAP Process

An Initie! Storm Damage Assessment
Protoce) for
Urban and Commanity Forests

i-Iree

Storm

PLOT
GENERATOR

Random Plots

Yowa e
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Survey

Commmey i Dale el 2800

Estimating
Engine

Form 84
POST-Stonn Field Data Collection Sheet (Populated Areas)

Communty Name':
ON strest

FROM Strast: 70 street:

Date Flot Length (i)
ROW W feet. Collectedby:
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Components

Form 54
POST-Storm Field Data Collection Sheet (Populated Areas)

Commurity Name'.

ON street;

FROM Strest 70 street:

Date: Flot Length (fi )

ROW Widh (feet ). Collectedby:

| E———

E—

ROW Trees ONLY

Tree Pruring
e e I
| s
o)

e
.o

[2Rate aitees 3 agrotp nat sl Wb SOeetor e edge oftie Igvtarway.
[*Chocee emercroms Loss orC i Yars i e wiae pit,

< Forpit biger 121500 et e ptave e Crom L) of ol b Y
e e o e ptoeyond 00t ety i

* Awrage ol _\ymber of 13-t egnens exmied.

Toionsos] towisos T Fou voon

g
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Wow fo | M s | M s
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Data Storage & Processing




L Sampling Methods

~1
/

* 2-3% of blockside mileage

= Blockside = street segment between road/street
corners or ends

¢ Manual Method or Computerized Process
= Random selection
= 10 blockside minimum needed for analysis



Map of Sample Plots




Data Collection

Form SA
POST-Stonm Field Data Collection Sheet (Populated Areas)

Commurity Name':

ON Street: Plot Number':
FROM Street: TO Street:

Date: Plot Length (ft/mi ):

ROW W dth (feet): Collected by:

Start of plot description:

End of plot description:

“Forpiot bigerthal 800 ket, reportaverage (Crows Loss) or total (Cibk Yards)
ofthe remalickr of tie pl yord 800 Teeth the 1 lere.

ROW Trees ONLY ROW + 50’ Trees*
Tree Removals Tree Prurirg Debris Estimate?
DBH 'I'.;::"y" ,’;:x‘.'l '::: :::ﬁnln “m:l:::l uya.:-:u :}E; 'rl:r' ':: ::,::‘ “f:_:;:‘ crowN | cumc
B e Bl ) ot ] o] e b el T
6-12 32 0.75 0-100
13-18 5.1 1.0 101-200
19-24) 77 15 201-300
25-30 10.2 20 301-400
31-36 125 30 401-500
37-42 204 4.0 501-600
434+ 28.0 5.0 601-700
'Itphthbimatos was recorded durg set ap it 1y 1ame ard plot vamber. | Extra®
2Rate alltrees a agrowp hiat tall Witk S0 eetof tie edge oftle rOItoFway. | Total CL.
IChocse eftierCrow Loss or C bk Yards br tie wiole phot.

* Awrage = Total+_s4mber of 100-footsegmert examiied.

i-Iree

Storm




Overview: Pre-storm setup

= Create random sample
= Before emergency!
= Use electronic or manual means

= Measure tree density and size class
= \Within ROW
= Also 50" back from ROW edge

= Take final steps

= Pre-Storm report form: useful estimate
= Storage for future use




Data collection: paper forms

In disaster work, good reason to keep
paper as option

= Electricity not a concern

= Damage possibility minimal

= Reduces training needed

Forms for many different situations

Copies in User's Manual, or. on web



Fg
POST-Stonn Field Data Col

54
ction Sheet (Populated Areas)

Commurity Name®:

Form

POST-Storm Field Data Coll¢

ion Sheet (Rural Areas)

Community Name':

ON Street: Plot Number': ON Road: Flot Number':
FROM Street: TO Street: nterwction nearest to plot start:
Date: Plot Length (ftimi ): Approxim ate distance to Interssction:
ROW W dth (feet): Collected by: Dats: Pot Length (fest):
ROW Width (fest): Collectad by:
Start of plot description:
End of plot description: startof plot:
End ofplot:
ROW Trees ONLY ROW + 50’ Trees®
Tree Removals Tree Pruning Debris Estimate®
Tally Time | Tobt vours | Tany | °8! | 1ime | Tob1 Houre ON Right-ot-Way Traes Debrt ¢ & xtim ate®
ogy | Number ::;::'I Por | rRomoval [Hazara|, 1 | Per | 4oz prune 1:;.:0':' crown | cuac (Count tree s on both ids yof the road)
A% | pomoval| Tree & mn:a '"'" *"f:' ::o": Pruns 0!1:::6 (bl foocx | gogments | 988 [VARDE Rats In :m' Crown | Cublo
Tree © e per e Treo & Yms:Aay.kee) Taliyot | Tohl | Avg | Tobl | Tallyor | Tobt | Avg | Tohl soqmonts | 1056 | Yarde
hazardous |Mumber| Mme* | Houre | hazadoug |Number| Mime* Hours
6-12 3.2 0.75 0-100 % ot por mg:vnl nm* ROW of Per Ha zrd o100
& | hazad- | 113 Prune | Prune
1318 5.1 10 101-200 s | | ¥oew= s (ol oo
remaval 4me per oune ox ime 101-200
. - ROW removal ROWN or prune’
19-24 77 15 201-300 oot ) s per pruney 3G
25-30 10.2 20 301-400
301-400
31-36 125 3.0 401-500
6.2 25 101-500
37-42 204 4.0 501-600
43 8.0 5.0 601-70 ol
+ g g 1-700
otk 01700
' Ifplthbrmator was recorded darhig set ap Js thil [y aame ard plot s imber, Extra® It road avd plot hbmation was recorded darlig setap, Jastil v same and plotnimber. 01-800
2Rate alltrees a5 agrop tattll Witk SOTestof e edge oTtle NGMOFWAY. | Total CL 01 rral foak, emouls 3t 01 recardec b e trees Aty Gl Tie 1 beer Exte
rediced S0% from the wrban rak, ard e xclcks shimp removal.
“Clocse effier Crown Loss or C bl Yards hr tie wiole piot. “ O reral roads, tme per prase ks tor proalyg ofbroke s of kazardows braices TotalCL
4 Forplot bagerthar 800 ®et, reportaverage (Crows Loss) or tofal (Cabke Yards) gregestiar ¢ hcles only. Tine das bees rediced S0% from 1iban rae, and Awrage®
oftie remalvcer of ie ptbeyord 800 teetls the correctcolima lere. ooes 10t hclide otier priahg.
“ Choose Crows Loss or Cabt Yards r tie pot. Estinak Crows Loss with ole ofthese TotalCY

* Awrage = Total =, )smber of 100-footsegmert examiied,

Valies; 125 (0-25%),57.5 @5-50%),62.5 (51-75%), 01 87.5 (16-100%).

“For pbt bb?élﬂal 800 Ret, re nam?e TOWL LW‘) orotal (Clbb Yam oftie
mtoﬁlep \Old 200 ®et I te correctcolima kere.

‘pwrage = TollG), = #of 100 segmerts




Data Collection: Desktop Interface

= Manage Users
= Community Values

= Reference Data
= TIGER
= manual

= ROW Info
= EXxport Data




Data Collection: Desktop Interface

Setup Questions: i-Tree Storm

DBH class | Removal Hours

19-24 j

10.2
125

=i onf e
| B |
O O

[ 3138
|43+

| Rural
L {All Trees)

| DBH class |
[
[Tz 0
[ | 7o
3735 0
| i Tets)|

[ B af raf ) ) o
2 O nj O =~
(=] = o Of

™)
el
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PDA Setup Interface

¢ Management of process,
data and applications

® Simple, intuitive

a2 i-Tree Storm Interface [Z] =

import from Tiger Line

Reset Database

Work with PDA

Export Data to Spreadsheets

i-Iree

Storm

i-Iree

Storm

A Storm Damage Assessment Tool




Installed on
handheld through
Start menu

Data uploaded
automatically
during
synchronization

ASS f*j ROW Trees

T orowzmsa o] [ [ ow
T eowsis [0

Data collection: PDA

D TR
Storm ,

-
Damage <<Sag

ROW 6-17 II' Delete Records

owisr [0 =
addysubtract
Abork Mk




Estimating Costs

i-Tree Storm %E
i-lrec
Community: Burlington Report Date: 22-Jul-09
: : STORM DAMAGE COST
This report was generated by i-Tree Storm v3.0. ESTIMATE $10,079,769
Source: http:/iveww.itreetools.org Component Estimate +*SE*
[Removais 04,240 832
COMMUNITY VALUES Samphng Total Removal Hours 04,240 10,852
Street Mles 1250 =) Total Removal Cost $5,183.174 $596,665
Correct numbers 10| Removal Cost/hr $55.00 VHazard Prune 7,100 665
right as needed Pruning Costhr $55.00 % Street Miles Total Pruning Hours 14,769 1,407
Brush Cost/cu yd $15.00 1.6% Total Pruning Cost $812,322 $77,397
Based on Tree density per 2 Total Debris cu yds 272,285 27,155
Sample Data 100" (ROW + 50") 56 No. Samples [Total Debris Cost $4,084 273 $407.325
Precision Level * L 20 * SE of Total Debris cu yds is calculated only on direct CY

* Precision Leve/ indicates overall relxab:my of Input data (see User's Manual)

estimates; crown loss estimates are ignored

DETAILED POST-STORM CALCULATION: Hazard Removal and Pruning

ON Rightnf-Wav Trees

e ——a o ———
Hazard Tree Removal Hazard Tree Pruning
IDBH Class (inches) Total of Removal Trees Re:::::::eme Tm;:::;’; tor Total Hours SE IPr:::a'll':efes Hazard Prune Time per Tree T::la:{do;:::r Total Hours SE

512 9 3.70 33.3 +19.11 8 0.75 6.0 =1.35
13-18 29 510 1479 +29.67 26 1.00 26.0 576
19-24 25 770 192.5 +38.47 24 1.50 360 =7 87
25-30 31 1020 316.2 +56.31 23 2.00 46.0 +10.02
31-36 24 1250 300.0 +52 68 12 3.00 36.0 =936
37-42 12 2040 244 8 +103.78 12 4.00 480 +11.48
43+ 9 2800 2520 +99.33 7 5.00 350 +8.73
All Rural [1] 0.20 0.0 000 0 250 0.0 =000
TorS T 12007 20 2 2330 2220




i-Iree
Storm

User’s Manual

Storm User’s Manual



Manual

Table of Contents

Introduction
About This Manuz
Installation
Desktop/laptop computer requi
PDA requirements
Instaliation
Components
Phase I: Getting Prepared
General Emergency Pianning
Data collection personnel
Early Decisions to Be Made
Gatherng General Data
Creating 3 Sample k&
Loading or manually entering your sample list into Stom .
pping your sample piots Y
- u:PDA 1"
s 1"
Preparing Paper Foms #
- 12
Phase il: Before the Storm 2
. - 13
PDAs -

W D D @ ;W W W W WW - -

Paper forms :




What kinds of storms do you anticipate? Ice storms, hurricanes and floods, smaller-
scale disasters?

Different disaster types present different damage and debris profiles, requiring some
adjustment to the use of Storm.

~ ;
Ice Storms: Ice)storms tend to have relatively widespread and uniform damage, and the
to ost exclusively vegetative. Furthermore, the ice-laden debris usually remains
at its initial landing place and is not moved around by natural forces. These characteristics

permit quick, accurate estimates of potential and actual damage and costs from a small
random sample.

What Type of Storm?
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Hurricanes and floods: Hurricanes and many floods also produce widespread damage,
an i ell to produce a quick estimate of actual damage and costs. A
Hurricane Adaptation has been incorporated into Storm that makes use of actual data
and practices from a 10% random sample of communities in Florida following the 2004-
2005 hurricane seasons. For pre-storm assessments, the Hurricane Adaptation version
(beta) predicts average vegetative debris loads based on street mileage and a choice of
three damage levels. Because general averages are used, the estimates tend to be more
accurate at the larger scale than at the very local level.

What Type of Storm?
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Galler-Scale Disastersé)SmaIler-scale disasters, including tornados, derechos (straight-

i with thunderstorms), and some floods, present sampling problems
since they affect smaller areas. To estimate the damage caused by smaller-scale
disasters, the following procedure may be used:

Determine the rough geographic area affected by the disaster. It may be necessary
to assess this based on a quick survey of the area, for example, by driving toward the

area from different directions and noting where the damage begins, or by using aerial
data if available.

Draw a boundary around the affected area on a street map or in the GIS file used for
sampling.

Determine the total street miles in the affected area using the scaled map or standard
GIS tools.

Establish a suitable sample of the street segments in the area.

What Type of Storm?



Does your community include rural (unpopulated) roads?

Data collection for rural roads differs slightly from data collection in populated areas. This
is mainly because in populated areas FEMA will reimburse costs for debris that can be
hauled to the curbside by residents, so trees 50 ft beyond the right-of-way are included
in estimations of potential debris. There are manual forms specifically for rural areas and
rural plots can be identified in the plot list and PDA.

Rural Roads?
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Tornado Damage Quick Facts

Impacts on Springfield’s Street Trees
©On june 1, 2011 2 series of three tornadoe: ripped through Western Massachuzetts, and included the zecond
strongest tornado ever recorded in Maszachuserts, with wind speeds estimated at 136 to 165 mph, according to
the Natiopal Weather Service. The most severe tormado was the EF-3, on the Enhanced Fujita Damage
Claszfication sak that carved a half-mile-wide Padt for 35 miles from Westfield to Charlton, killing three
people and injuring 200. In Springfield, the d P d city’s South Ezd, Six Cormers, East Forest Park

and Sixteen Aaes nughborhoods

In the neighborhood: of Springfield affected by the storms, damage to the sireer trees waz extensive,
dcsmmng ur severely nm oﬁbe pdﬁc treez growing m theze areas. A team of US Forest Service and City
of 5p d 2 prelimizary review of the streets in these neiphborhoods. and = imitial

r

sm\' ol’ the storm impacts was developed.

A preliminary review of the storm damage to Sprinpfield public street trees follows kere:

* 87 miles of the 540 total miles of city streets were impacted by the stormas;
*  16.1 % of Springfield’s streets showed some damape to the pubEc trees growing on them:

2 A.yp'muuulv i 340 ofdu 3.830 streels trees, growing in the impacted area:. were destroyed or
severely d

.
£
* Immediate mpxt'mduded:e ducti olx 2 ption by 2,444,252 gallons; 1- I ( <
* Reduced storage of 7,220,361 pounds of carban; ™

* Approximately 331,232 pounds of sequestered €O’ bz been lozt.

= slreets
For more in‘ormation piease contact:
David V. Slonlarz Aloxander R. Sherman
U2 Forest Service Northern Research Station City of Springfieid

Amherst, MA Assistant City Forester

deonag@tigegy 00 Auherma@ecoumdszedy

Northérn




Annual Loss in Benefits of
Springfield’s Street Trees

Annual Benefits of Impact Zone Street Trees

Benefit Quantity Impact Zone Value Lass Value
Energy Saved
Electricity (MWh)  360.6 $18.393 $4.598
Natural Gas (therms) 129.018.6 $85.439 $29.903
Total (5) $103,832 $34.501
Carbon Dioxide
CO; Sequestered (Ibs) 946,377 $3.123 $1.093
CO;Released (Ibs) -244.714 -$808 -$283
CO; Avoided (Ibs) 1,086,259 $3.585 $1.255
Total (Ibs, §) 1,787,922 $5,900 $2,065
Air Quality
Avoided pollutants® (Ibs) 4954 $21.451 $7.508
Deposited pollutants** 4264 $22 958 $8.035
Ibs
BVOC emutted (lb(s, $§ -1.140 -$2.634 -$922
Total (Ibs, S) 8,078 S$41,775 $14.621
Storm Water
Rainfall intercepted (gal) 6,983.576 $55,872 $19.555
Aesthetic/Other
Added Property Value $140,569 $49.199
TOTAL VALUE $347,948 $121,782

*NO 2 _S02 . VOC PMI10 **O3_NO2.PM10 SO2




An Initial Report on the Status of Street Trees in
Springfield, Massachusetts

Tornado Damage to Sprindfield’'s Street Trees
June 2011

prepared for:
The City of Springfield, Massachusetts

: * David V. Bloniarz, USDA Forest Service
: i Northern Research Station
' Northern
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July 7, 2011

Tornado Damage Quick Facts
Impacts on Springfield's Urban Forest

On June 1, 2011 a series of three tornadoes ripped through Western Massachusetts, and included the
second strongest tornado ever recorded in Massachusetts, with wind speeds estimated at 136 to 165
mph, according to the National Weather Service. The most severe tornado was the EF-3, on the
Enhanced Fujita Damage Classification Scale, that carved a half-mile-wide path for 39 miles from
Westfield to Charlton, killing three people and injuring 200. In Springfield, thz tornados impacted
city’s South End, Six Comers, East Forest Park and Si Acres neighborh

£l

In the neizhborhoods of Springfield affected by the storms. damage to the urban forest canopy was
extensive, destroying or seversly many of the trees growing in these areas. A team of US Forest
Service and City of Springfield pesomul conducted a preliminary review of the streets in the
impacted neighborhoods, and utilized i-Tree modeli ftware to analyze the impacts of the storms
on the urban forest, and an initial mnmryofthedmagenwu developed.

A preliminary review of the storm damage to Springfield’s urban tree canopy follows here:

* Based on initial estimates, over 13,000 trees were destroyed or severely damaged.

* Immediate impacts include the reduction of rainwater interception by over 7.5 million
gallons per year;

* Reduced storage of over 30 million pounds of carbon annually:

= Approximately 1.4 million pounds of sequestered CO® has been lost.

For more information piease contact:

¢ David V. Blonlarz Alexander R. $herman
- U2 Forest Service Northern Research Station City of SpringNeld

‘. &
Northern Amherst, MA Asziztant City Forester

ars hemgeco. umass ecu




iI-Tree Canopy Analysis
of Springfield Tornado Zone

e Based on initial estimates, over 13,000 trees were '
destroyed or severely damaged; I.Tree
e Immediate impacts include the reduction of rainwater
interception by over 7.5 million gallons per year;

e Reduced storage of over 30 million pounds of carbon

annually;

e Approximately 1.4 million pounds of sequestered CO2
has been lost. - »-

Canopy




SERINGHELD T@RNABG IMBAGTS G
IREE CANGEYTEMBPERATURE & HUMIDINR

TREE GANOPY LOSS IN THE TORNADD
N IVDACT ZONE WAS EXTENSIVE, WITH MANY.
e I L ASGE SHADE TREES DESTROYED.

The June 201 | Massachusetts tornado profoundly
altered the landscape over a wide geographic area.

On June 1, 2011 a senes of tornadoes  according to the National Weather thres peopie and injuring 200. In
ripped through Westermn Sarvice. The most severe tornado was  Springfield, the tomados impacted
Massachusetts, and included the the EF-8, on the Enhanced Fujita city's South End, Upper Hill, Metro
second strongest 1omado ever Damage Classification Scale, that Centar, Six Comers, East Forast Park
recorded in Massachusetts, with wind  carved a haif-mile-wide path for 89 and Sixteen Acres neighborhoods.
speeds estimated at 186 to 185 mph,  miles from Westfiekd to Chariton, killing

TREE FAILURE STRUCTURE DAMAGE

Micro-climate
Changes in

Springfield’s

Tornado Zone

.
Northern
RESEARCH STATION

USDA Forest Service
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Micro-climate Changes in
Springfield’s Tornado Zone

% canopy cover 08 44.2 9.7

Morning (0800 hrs)
Temperawre 18.2 17 16.6
%RH 95.4 96 99.4
Afternoon (1600 hrs)
Temperature 264 24.6 21.9
#%RH 64.3 67.1 80
Midnight
Temperature 17 7.1 17
%RH 97.2 95.2 97.6




Figure 2. Daily street-side temperatures (°C) by time of day, East Forest Park, Springfield, MA, 30 Aug — 26 Sep

2011.
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Daily morning (0800 hrs) temperature (°C),
by tornado effect, 31 Aug - 25 Sep 2011
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Daily afternoon (1600 hrs) temperature (0C),
by tornado effect, 30 Aug - 25 Sep 2011
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Daily midnight temperature (°C), by tornado effect,

31 Aug - 25 Sep 2011
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Assessing Storm Damage in Urbanized Landscapes:
Preparation, Response & Recovery

David Bloniarz, USDA Forest Service @ Noithars
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