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Presentation outline

Who 1s this guy?
What 1s thermal imaging?

How does thermal imaging fit into conservation and
restoration management?

Example 1: Landsat — restoration temperature over time

Example 2: Drone thermal imaging

Example 3: TRCA site temperatures over time of day
Example 4: Rouge Valley mini-study

What’s next?



Jonas Hamberg

Swede (can pronounce all IKEA furniture, but messes up
J and Y sounds)

M.Sc. from SUNY-ESF in Upstate New York, US

PhD in Social and Ecological Sustainability (Restoration
Ecology) from University of Waterloo

2 year Mitacs post-doc with University of Toronto and
TRCA (ECS)




What 1s thermal 1maging?

Electromagnetic spectrum

gamma ray ultraviolet infrared radio

| >
/ microwave

_ e
visible g
~8-15 um

shorter wavelength longer wavelength

higher frequency ( H lower frequency

higher energy lower enerqy




You were here

Google imagery —
multiple sources
~2019-2021
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e You were just as much here

......
AL s

Greenbelt

ECOSTRESS imagery
18tk June 2020

15:34 pm



...and here

ECOSTRESS imagery

25th September 2020
17:59 pm



How 1s 1t used?

Thermal camera (or 1imager, bolometer,
thermographer etc.)

Handheld, airplane, drone (RPAS), satellite,
space station

Military, search and rescue, inspection,
agriculture and ecology (?)

Ecology/Conservation: Mostly used to track
larger warm-blooded animals and for urban
heat 1sland effects

Cutting-edge: thermal imaging of ecosystem
stress (e.g. disease) and energy utilization




As plants use energy, less is re-emitted as sensible heat (temperature)

$
W Warm Coolest J

Warm
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Hot

Energy use: Transpiration, photosynthesis, respiration, physical heat capacity



What we (academics and practitioners) are trying to figure out

Is there a thermal (temperature)
effect, how big is the effect, how
easy/useful is it to locate the effect of:

Differences in plant biomass
Differences in plant biodiversity
Evapotranspiration

Drought stress

Disease stress

Patch size of vegetation

Etc.




Where could thermal 1maging be of use to TRCA?

Surface temperature as an indicator of biomass
and biodiversity increase, stress and disease,

Planning « icieargtiigiii . for monitoring and adaptive management
“andhot < aemmmmmmmmmee——
watersheds o= .
Stabilized
. | 4
Restoration and Plant biomass temperatures
conservation and biodiversity
) Animal
Fundingand _ = .- habitat
Support Reporting the benefit of restoration

on temperature to funders & public



Satellites &

: Drone
Space Stat]_On (RPAS - Remotely Piloted Aircraft System)
- Free and publically available - High resolution (centimeters)
- Large extent « You decide when to fly
- Historical global data back to 1984 - Less error due to atmospheric conditions
- Low resolution (60-120 m) - Becoming cheaper

 Clouds are a real issue ( - Requires training, certification, approval




1: Agriculture to Oak-woodland restoration
with Landsat satellites
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Study site

July 2018

Google maps base layer
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Image processing



| Pre-rest{?‘ration . Post-rest?ration
807 imcor RE=-0.017, p=0.711 rmcorr RE =-0.395 p<0 0001

LMER ceof: -0.1 %temp/year, LMER ceof: -1.5 %temp/year Active restoration fields
‘ ~ BB1 E ~ CBC6
. . Lt ~ BB1_W ~ CBCT
| . . ~ BB2 ~ LBC1 W
® 60 ~ BB3_N ~ LBC2_E
o ~ BB3_S ~ LBC2 W
2 -~ BWDT_E —~ LBC3 C
S ~ BWDT_W LBC3 E
2 -~ BWFOT_C LBC3_W
5 407 -~ BWFOT N LBCS
o -~ BWFOT_SE LEF_C
£ ~ BWFOT _SW —~ LEF N
2L ~ CBC2_N ~ LEF_S
g ~ CBC2 S ~ UBC1 E
£ 20 ~ CBC3_E ~ UBC1_W
a ~ CBC3 W  —~ UBC3
~ CBC5

4000 3000 2000 1000 O 1000 2000 3000 4000
Days before restoration Days since restoration

Mean temperature decrease -1.5 p.p. per year.
Equals approximately -4.5 °C 1n 12 years on a summer day




\ | compared temperatureand
vegetation data for 12 years
.~ ofrestorationdone by Nature
) Active {  EGonservancy of Canada using
\ ‘Restoration . three NASA/USGS satellites

ActiVe e
Restoration™

Google maps base layer

.\ Matuyre Forest
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Comparing temperature to biodiversity and biomass

Google maps base layer

Extent of restoration treatments
| Active Restoration
Passive Restoration
Vegetation Survey Sampling Plots
© Active Restoration
Passive Restoration

Polygons for Satellite Temperature Data
[ Active Restoration
Passive Restoration
_ Mature Forest Reference Area

137 2x2m plots
In three fields
surveyed for all plants

by professionals 2007-
2017

Three areas (yellow)
were unseeded controls

3 paired areas were
compared




When controlling
for biomass, total
plant cover and
canopy cover —
Each new species
decreases

temperature by
about 0.5 °C

Species diversity (Hill number)
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Native species may decrease temperature more than exotic ones®

A s , B 5. ,
coef.= -5.09, p<0.0001, R* =0.37 coef=-1.68, p=0.34, R* =0.01
L L

— 40 . —40- . .
2 2 *Sites may not
g g ‘| 2l . contain enough
T 30 w3 S Restoration exotic species
@ @ treatments .
Q. a s o for a fair
& = e % Active .
@ ) ¢ . . comparison
+ 20 += 20 \ * Passive
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Native diversity (Hill number) Exotic diversity (Hill number)




Why would more, and more native species matter to
temperature?

Ecosystem B
Same biomass as A, but three native species:
3% Sets deeper roots to get more water

d +Adapted to close and open to preserve water
and keep cool

@ Mycorrhizae bonds help with nitrogen uptake
for more chlorophyll production

e ). ¢
* *x +.
@
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thermal monitoring and evaluation: Applications and next steps

Mapping surface temperature change over

time
| L |
,,f"’l\ T . - +6 to +10 °C ngh
N /N +2to+4°C
Central Big Creek (CBET" ™~ 21042 °C
3-E
( -2to-4°C
I 4to-6°C Normalized daytime
Bl sto-10°c  [Cmperature OR
I S ; diurnal variation

Lake Erie Farms (LEF)

|:| Active restoration

I |:| Forest reference area

Low

Summer day-time temperature change 2014-2018

Relative thermal recovery trajectory

__+ Site A

Years following restoration




A resolve for a solution to rectify resolution

30x30 meter Landsat pixel* : T RIS

. ‘/ \\ e . s
|
y 8X8 centlmeter Drone camera p1xe1 7

2X2 m
vegetation
plots

[]
]




Example 2: Ag. reforestation and gravel pit restoration S
incl. topsoil transfer imaged with a drone (RPAS)
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Methods: Implementation
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Study sites

_ Plottypes
Al e g 7 SN
- .!gﬁ; bt Topsoil recipient

D Passive control )

D Mow-and-spray control

OMNRF
1imagery
2020




Gravel pit site
plot example




Plant species diversity and composition

~310 sampling frames, in spring, summer and fall 2019
162 total species, 50 NF species

44569 observations (89% i1dentified to species)
Tree growth and mortality measured.

Native
# plots/sub- | Species forest Post-hoc
Site Plot-type plots/frames | richness | sp. rich. : ing

Passive Control 5/1/2 17.6 13.8 A

Topsoil Recipient 5/4/2 31.8 11.2 A B
Lift-and-drop 5/3/2 11.5 9.6 A B, C
Passive control 5/1/2 1.1 ss aBcp  I'woyears after soil transfer:
s Gl 5/1/2 10.6 86  ABCD 1. Topsoil transfer had increased
Topsoil Recipient 5/4/2 25.3 8.1 B,C,D native forest plant species
Topsoil Recipient 5/4/2 25.8 6.7 C,D diversity Significantly
Passive Control 5/1/2 14.7 3.8 D, E 2. Plant SpeCieS CompOSition Of
Passive control 5/1/2 21.3 1.9 E o o
erooe [ recipient plots closer to donor
RF 2016 Passive control 5/1/2 18.4 1.8 E

RF 2015 Mow-and-spray 5/4/2 18.7 1.8 E forest
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$FLIR Thermal Studio - Demo mode DJI_0046_R.JPG - 0 X

P177%~v Gv By Qv Qv A~ i~ v B~ O v

2019.07.08 02:34:
|
555 Note ~
385-
374- Reporting ~
363- I (3 Add to report |
8827 Batch jobs ~
:i | © Add to batch |
319- I (2 Create jobs |
309- Measurements °C ~
298- Image Max 411
287- Ly RIUK
276- Avg 168
265- Px1 Max 245
Min 152
254 - Avg 188
2435 Parameters ~
232 Emissivity 0.95
2215 Reflected temp. 20.0 °c
211 - Distance 0.0 m
200- Atmospheric temp. 20.0 %C
189- Ext. optics temp. 20.0 o3
178- Ext. optics trans. 1.0
16.7 - Relative humidity 30.0 %
156- Reference temp. 0.0 °c
145- Scale ~
134- Scale maximum 40.1 G
123- Scale minimum 20 s
113- Overlay ~
102- Overlay enabled
91- Custom label E]
80- Px1 name
s Px1 value
) Text annotations @R~
47- Geolocation ~
36- Coordinates 44°23'41 8"N 80°14'52.4"W
25- Absolute altitude 512.13m
Relative altitude 60.00 m
Gimbal angle - Roll 0.00°

Ficnbal anala  Niah an ane




Spring 2018

Stitched thermal




Unplanted Y

windrow

Drone thermal imaging methods

9 days of thermal imaging with UAV in 2019
Mid and late season - July and September

8 flights per day at 12, 2, 4 and 8 pm

1080 thermal images

Comparison 1: Between treatments at same site at
same hour through ANOVA

Comparison 2: Between normalized temperature and . | Unplanted
vegetation attributes using Spearman rank ' Vgl
correlation analysis
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Temperature over time-of-day results
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Temperature and vegetation attributes
Reforestation 2016

Temp. Tree Tree  Treegen. Allsp.  Allsp. NF. sp.
norm.  diameter  height rich. diversity  rich. rich

The only attribute that is sig. correlated with lower Eedobe] 02 | 027 | 0m | 027 | 03 | oder
temperatures at all sites is native forest plant NF 5. nc?[E 013 | 016 | 039 | 034 | 076"
SpecieS richness Allsp.rich. | 0.58**| 021 | -020 | 023 | 047*

Sp. dwersity | -0.39 -0.22 -0.19 -0.01

Tree gen. rich. | -0.31 0.27 0.06

Tree height | 0.19 0.88***

Tree diameter |  0.02

Temp. Tree Tree Tres Sp. AllSp.  NF.sp.
norm. diameter  height §$ diversity  rich. 1ich
vogrovnd | 4 oy 005 | 008 | 005 | 023 | 031 | 034*
Cov —
NF sp. riclf [ -0.37* I 021 | 001 | 004 |081%**| 084~ Temp. Sp. Allsp.  NF.sp.
_ norm.  diversity rich. rich
All sp. rich. -0.22 017 0.02 009 | 0.92%**
. i % ground 0.28 037 | 0.70%++
Sp. diversity -0.15 0.03 0.16 -0.06 cover - - .
Tree gen. rich. -0.14 0.49%* 0.52** ) 0.57%* 07053+
| Reforestation 2015 NF sp. rich.
Tree height | -0.57%** | -0.93*** ) .
o g | 020|002 Gravel pit
Tree diameter | -0.57%** P- Tch.
) ; -028
Sp. diversity




Example 3: Temperature change over time-of-day with
land cover imaged with ECOSTRESS

rd

‘ |  Credit: .
I 1 'NASA/JPL]




Methods

Joint project with NASA-JPL, TRCA and UofT
Sites:

 NCC Norfolk County (same as example 1)
« TRCA Albion Hills/Caledon

Diurnal temperature change

Four site types:
* Pre-restoration: Agriculture
* Reforestation
* Post-restoration: Mature forest
» Alternative land cover: Sub/Ex-urban
residential
* June — September 2020
« NCC: 19 images, TRCA: 15 images
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Site Type
] | Agriculture
Paired Forest

:] Protected Forest

I:] Residential (Housing)

Restoration Site
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Example 4: Rouge Valley mini-study




Rouge valley surface temperature change — 1985 to 2019

Y— N an o o oo

Residential
izeimxed Rouge Park, formerly
' x Beare road landfill
B +10 to +30 °C
W, - . ® Residential +5 to +10 °C
A L dev. 0 to +5 °C
0to-5°C
. ' ) é«‘} -5to -10 °C
Industrial ] ‘a}h— o
development \ O\ ¥ '%:_- e - -10 to -17 °C
Areas undergoing 'y /?l

Toronto Zoo restoration







Potential projects with TRCA & UofT

Thermal signature of terrestrial landscapes (e.g. conifer vs. deciduous)
The effect of tree disease on temperature due to evapotranspiration
stress

Thermal signature of native vs. invasive species (e.g. dog-strangling
vine, phragmites)

The thermal edge effect of restoration (e.g. added benefits of projects
like The Meadoway and ravine/riparian restoration)

Will depend on site access, feasibility, equipment, scientific interest

and TRCA interest




Hot days ahead

- S. Ontario 1s predicted to have an increase of air-
temperature of 0.6 degrees by 2030 compared to today

- This results in an extra week of 30+ degree days by 2030
- The heat-wave 1n 2018 killed over 70 people in Montreal
- Heat stresses, kills and displaces both wild animals and pets

- Heat helps spread ticks with Lyme-disease, invasive carp
and mosquitos with West-Nile virus




But thermal 1imaging can show, evaluate
and monitor GTA’s natural cooling centers!
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PLANNER: Locate ‘heat-deserts’ and hot watersheds for ¥
restoration planning ?
MANAGER: Monitor restoration success and biodiversity based on £
temperature
GRANT-WRITER: Show funders how your restoration decreases f
temperatures J
PUBLIC: Are you 1n a ‘heat-desert’? How far does someone have to =

walk to get to a cool greenspace on a 30°C day?

j Advocate for and plant more native and diverse greenery. Protect

et Y
e o

| parks and street-trees as ‘cool islands. 3
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TRCA Teams chat
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Upcoming ECS Lunch and Learns!

Wednesday, April 21
11:00am-12:00pm
Lake Ontario Fish
and Aquatic Ecosystem
Health

By Valerie Francella, Angela
Wallace, and Jan Moryk

Tuesday, April 27
11:00am-12:00pm
Lake Ontario
Restoration Initiatives

By Andrew Ramesbottom,
Colleen Gibson, John Stille,
and Jennifer Smith

Thursday, May 16
1:00-2:00pm

Intro to eDNA:
Applications, Advantages,
and Implications

By Precision Biomonitoring



New Learning Management System!

I 0 Course Catalog

[ CATEGORIES = FILTERS Lunch and Learn X Q

Earnings

Benefits

Profile & Settings

Employee Timesheet

Performance

Learning
Lunch and Learn: Teams, Lunch and Learn: Hobbies Lunch and Learn: Thermal Lunch and Learn: Natural
OneDrive and SharePoint for Mental and Physical Imaging for Restoration Heritage System Update
Health (Please read... and Conservation
ENROLLED ENROLLED
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A Webinar 1 ILT (Instructor-Led Training) A Webinar XA Webinar



Watersheds and Ecosystems Reporting

Draft Web Application

Laura Del Giudice, Senior Manager, Watershed Planning & Reporting

Kristina Dokoska, Project Coordinator, Ontario Climate Consortium

September 21, 2020

Green Infrastructure in Asset Management

Planning

Presented by:
Michelle Sawka, Senior Research Scientist
Tracy Timmins, Research Analyst

Ecosystem and Climate Science

December 8, 2020

The Meadoway

e /
Research Overview ﬁ"/

The ,',I'I‘I’l"“';:.jl..t
isadowos

Toronto and

< Conservation
Authorty

Toronto and Region

< Conservation
Authority

Past Recordings

Explore TRCA's Biodiversity

Introduction to the LID Treatment Train Tool

STEP Woter is a portnership between:

% cimwrvation (¢

@ LakeSimcon Region

Evaluating the effectiveness of fish habitat

TRCA'’s Recent Floodplain Mapping
Updates

Wilfred Ho*, Christina Bright*, Mike Todd**

Flood Risk

Dt & Services
** Information Technology & Records Management

Toronto and Region

< Conservation
Authority

November 10, 2020

Working with Indigenous Communities

Lunch and Learn

15 Cottimen
November 17, 2020 onservAaw!Ss

Erosion Risk Management Program

How to get the most from our enormous natural
heritage data set.

Presented by. Gavin Miller, Flora Biologist, Paul Prior,
Fauna Biologist, and Parth Sheth, GIS Technician

T
ro ; \
" . - .

Toronto and Region

< Conservation

Authority December 17, 2020

TRCA'’s Natural Heritage System Update

Presented by:
Namrata Shrestha, Senior Research Scientist
Andrew Chin, Research Analyst

Ecosystem and Climate Science
Watershed Planning and Ecosystem Science | Development and Engineering Services

restoration across the Toronto waterfront

Kaylin Barnes?, Lyndsay Cartwright?, Rick Portiss?, Jon

Midwood?, Christine Boston?, Monica Granados?, Thomas

Sciscionel, Colleen Gibson?, Olusola Obembe!

ECS Lunch and Learn
January 14, 2021

1Toronto and Region Conservation Authority oc ‘Torontoand| ﬁlggwcn
onservation
Authority

2Fisheries and Oceans Canada
3 PREreview.org

Lunch and Learn Presentation

Presented by: Matt Johnston, Associate Director
Ashour Rehana, Manager
David Gingerich, Analyst

Toronto and Region
< Conservation
January 27,2021 Autharty

24 Mar 2021

Toronto and Region

< Conservation

Authority



Thank you

For questions about the ECS Lunch and Learn Series, please contact:

Sharon Lam
sharon.lam@trca.ca

|\ Toronto and Region

</ Conservation

Authority




