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Introduction to Remote Sensing
in relation to Forest Ecology

1. What is Remote Sensing

2. Tools & Sensors usedin
Forest Ecology

3. Examples of Applications

Cyrille Cornu

1 What is remote sensing?
Definition

Remote sensing: observing an object/scene/phenomenon
using instrument-based techniques.
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1 What is remote sensing?

Definition

Widely used in numerous fields of
biological and environmental sciences.
- not only satellite or aerial imagery!

Principles of Remote Sensing (Tempfli et al., 2009);
Bowler et al., 2016; Cheney et al., 2022; Mann et al.,
2022

1 What is remote sensing?

Definition

Widely used in numerous fields of _
biological and environmental sciencesji&

Automated
detection using Al

Principles of Remote Sensing (Tempfli et al., 2009);
Bowler et al., 2016; Cheney et al., 2022; Mann et al.,
2022



Past & current

What is remote sensing?

Means and purposes of RS have
changed since the first uses of RS.

Past & current

YNGR

Improvements in at least 3 aspects:

- Sensor

- The device carrying the sensor

(platform)
- Datarecording capacity
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1 What is remote sensing?

Past & current

Improvements in at least 3 aspects: Spatial resolution

- Sensors

Boston Common & Public Garden

EOp— e e

Kilometers

Jimenez et al., 2022

1 What is remote sensing?

Past & current

Improvements in at least 3 aspects:

Spaceborne platforms

A
w > 150 km

y . A UAV-based platforms
Aerial platforms <120m
160 m-30 km r%‘,

- Platforms

Ground-level platforms

Bonnet Dunbar et al., 2022
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1 What is remote sensing?

Past & current

; Data
s =2 : transmission

Space Telescope
Science Institute
Baltimore, MD

“u
b
Deep Space — . .. §
Network: Goddard Spa e* ‘

Flight Center
Greenbelt, MD

Remote Sensing tools in Forest Ecology



2 Tools & Sensors used in Forest Ecology

Tools of remote sensing: platforms

Data is sensed and recorded by a
sensor which is carried by a platform
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2 Tools & Sensors used in Forest Ecology
Tools of remote sensing: platforms

Data is sensed and recorded by a
sensor which is carried by a platform
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2 Tools & Sensors used in Forest Ecology

Tools of remote sensing: platforms

Mobility?

camera traps,
geostationnary satellites,
drones, planes, handheld

Manned?
Satellite,

drone // planes,
handheld cameras

2 Tools & Sensors used in Forest Ecology

Tools of remote sensing: platforms

Mobility?

camera traps,
geostationnary satellites,
drones, planes, handheld

PhenoCam Imagery

Manned?
Satellite,

drone // planes,
handheld cameras

Terrestrial based NDVI
hemispherical imagery
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2

Tools of remote sensing: platforms

Mobility?

camera traps,
geostationnary satellites,
drones, planes, handheld

Manned?
Satellite,

drone // planes,
handheld cameras

2

Tools of remote sensing: platforms

Mobility?

camera traps,
geostationnary satellites,
drones, planes, handheld

Manned?
Satellite,

drone // planes,
handheld cameras

Repeated observations?
Elevation?

. N :
HEERER B

Tools & Sensors used in Forest Ecology
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Tools & Sensors used in Forest Ecology
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2 Tools & Sensors used in Forest Ecology
Spatial Scale
. Leaf Canopy Regional/Global
Tools of remote sensing: platforms ‘
£ - r——wg )
Slow Months
. to Years
The selected platform will
depend on the study’s aims. || o i
Low Inclination
o Weeks to Orbit
w® Months Spacecraft
®
B 8 | |
o
£
Days to
- Weeks (1 H %
Polar Orbiting Satellites ) )
Subdaily %
Fast Handheld Goostationary,
d\} \ \ Satellites
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2 Tools & Sensors used in Forest Ecology

Tools of remote sensing: Sensors

Data is sensed and recorded by a
sensor which is carried by a platform

18
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2 Tools & Sensors used in Forest Ecology

Tools of remote sensing: Sensors

A sensor will recorded whatever it is passive

sensitive to: light, radiowave, etc M ’
0k g

— |

re ~N

/|

\
- Passive:
- optical, spectral reflectance

2 Tools & Sensors used in Forest Ecology

Tools of remote sensing: Sensors

A sensor will recorded whatever it is passive

sensitive to: light, radiowave, etc
- Passive:
> optical, spectral

- Active:
- RADAR, LiDAR

active

02-12-25
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2 Tools & Sensors used in Forest Ecology

Tools of remote sensing: Sensors

A sensor will recorded whatever it is passive
sensitive to: light, radiowave, etc M '
O
7/ I\ %
- Passive:
- optical, spectral reflectance

- Active:
> RADAR, LiDAR

21

2 Tools & Sensors used in Forest Ecology

Spectral remote sensing

Based on the properties of light:

What is not absorbed by a surface, is
reflected

Magenta

Red

22
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active
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Spectral remote sensing

Based on the properties of light:

0.6
What is not absorbed by a surfacej
reflected
4
\ |/
// | \\ o REBZE
0.0

23

2

Spectral remote sensing

Based on the properties of light:

What is not absorbed by a surface, u

<

reflected 2
I B 0.4

<
j 0.0

24

Tools & Sensors used in Forest Ecology
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Tools & Sensors used in Forest Ecology
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2 Tools & Sensors used in Forest Ecology

Spectral remote sensing
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2 Tools & Sensors used in Forest Ecology
Spectral remote sensing
. E T F S Sod & F B8 8 & B | ¢ 7
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Using reflectance change at - \ -
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2 Tools & Sensors used in Forest Ecology
Spectral remote sensing
I LT SL R | I T
Healthy vegetation: [ \’A\
Red = 0.05, NIR = 0.65 Green | “\
Vegetation

2 Tools & Sensors used in Forest Ecology

Spectral remote sensing

> NDVI=0.85

Dry vegetation:
Red =0.2, NIR=0.35
> NDVI=0.27

near infrared

28
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2 Tools & Sensors used in Forest Ecology

Spectral remote sensing

To track what?

Chemical composition:
Water content

- Chlorophyll concentration
Soil type

REFLECTANCE
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2 Tools & Sensors used in Forest Ecology

Spectral remote sensing

To track what?

Chemical composition:

- Water content

- Chlorophyll concentration
- Soil type

Physical characteristics:
- Plant density

REFLECTANCE

—
I [ \/‘\ ]
- N7 -
V&i8%on | \ 1
L ~N \ 4
Dry
r ’ Vegetation \ .
3 ! .
L 4
I f\j L/ ]
] PR, B SRR NS | R | SR |
0.5 1.0 1.5 2.0 2.
WAVELENGTH (um)
T g T T T T
[ Green , 7
- Vegetation b
L ~ _
Dry
B ’ Vegetation T
- : ’ et
L | A 4
- | I - i .
= ” fo Nt N ~
- /l Soil/' / ™
L / | 4 i
L /A ]
el e e A geepecpe e e p cn e Ao 0 e i
Q.5 1.0 1.8 2.0 2.

= .o A

0O
O

WAVELENGTH (um)

15



02-12-25

2 Tools & Sensors used in Forest Ecology

Tools of remote sensing: Sensors

A sensor will recorded whatever it is sensitive passive active

to: light, radiowave, etc \\/ _
O
“IT\
- Passive:
- optical, spectral reflectance

- Active:
> RADAR, LiDAR

31

32

2 Tools & Sensors used in Forest Ecology

Active RS: RADAR / LiDAR

Radio/Light Detection And Ranging

Distance <> the time for the radio

wave/laser to return to sensor. _ e \ g
Traffic s{ l Digital side mirror E
I Surround view
; i i Smﬁrgmcy - ,

o raking e PR Environment
ul mapping

Collision
avoidance

Adaptive
cruise control

\ v/

=)=
7 "N

Radiowave,
laser

https://www.optica-opn.org

16
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2 Tools & Sensors used in Forest Ecology

Active RS: LiDAR

33
2 Tools & Sensors used in Forest Ecology
Amplitude _
Active RS: LiDAR -
: e
In forests, the LiDAR beams can ;
Emitted pulse
penetrate through the canopy and be

reflected at different elevations.

Returned waveform

34
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2 Tools & Sensors used in Forest Ecology
Active RS: LiDAR R
In forests, the LiDAR beams can = \ = [
penetrate through the canopy and be o o
reflected at different elevations. 8 |7 S|/
Amplitude (>U ! (§ \‘;
: Q2 RO
_% W W
Emitted pulse 0—mmeen 0 s
Amount of Amount of
1 reflected signal reflected signal
Returned waveform
Time
35
2 Tools & Sensors used in Forest Ecology

Active RS: LiDAR

In forests, the LiDAR beams can
penetrate through the canopy and be
reflected at different elevations.

E [

P !

S|

g |<

> |

2 1

w |7

0 4=
Amount of
reflected signal

36
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2 Tools & Sensors used in Forest Ecology

Active RS: LiDAR

In forests, the LiDAR beams can
penetrate through the canopy and be
reflected at different elevations.

o Elevation (m)

37

) archeology
_—--;\mount of
reflected signal
2 Tools & Sensors used in Forest Ecology

Active RS: LiDAR

In forests, the LiDAR beams can
penetrate through the canopy and be
reflected at different elevations.

archeology

o Elevation m)

Amount of )
reflected signal ol

38



Active RS: LiDAR

To track what?

Physical characteristics:

39

Height

Density
Number of trees
Topography

Active RS: LiDAR

To track what?

Physical characteristics:

! Passive remote sensing can provide
some information on forest structure

40

Height

Density
Number of trees
Topography

02-12-25

Tools & Sensors used in Forest Ecology

Tools & Sensors used in Forest Ecology

20
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2 Tools & Sensors used in Forest Ecology

Photogrammetry and SfM

Repeated photography under different angles
> structure from motion > 3D

KU Leuven

41

2 Tools & Sensors used in Forest Ecology

Photogrammetry and SfM

Repeated photography under different angles
> structure from motion > 3D

42
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2 Tools & Sensors used in For‘est F.r‘.nlmfv .
# . 4 b |
[ N
Photogrammetry and SfM . 4
v i (2 P ,
Repeated photography under different angles 0. ¥ ‘ﬁ . s 1 r

- structure from motion > 3D - . E " , ».. d

2 Tools & Sensors used in For‘e.qt F.r‘.nlnm/

’ F ol ¢
. » § y B =+ J
Photogrammetry and SfM . -

To track what?

Physical characteristics:

- Height

- Density

- Number of trees (sometimes)

! Less information than LiDAR

44

22
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Sacred forests, a tool for
-_forest conservation

Hyperspe ) Mangroves
imagery to 4 “ resistance to
assess forest F T ,cyclones
canopy '

characteristics

preve “conflicts

45

Sacred forests, a tool for
- _forest conservation

- Mangroves
*' resistance to

46
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1 Hyperspectralimagery and spatial patterns of foliar characteristics

“Hyperspectral”?

“Foliar characteristics”?

47
1 Hyperspectral imagery and spatial patterns of foliar characteristics
lt' t l T R T T T
“Hyperspectral”? dataadiall | il ]
: v«aga(antl o \

Multispectral Imaging Hyperspectral Imaging
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1 Hyperspectralimagery and spatial patterns of foliar characteristics

“Foliar characteristics”?

7'()’%5 =] T T K T
0.8 |- -
=
[ Water Zl;)rt‘(iar:n |
| I Leaf and C. / 1
i o 06 easé:rrbcw?enopy Cellulose il
b5 L 4
3 - 4
REES | 1 -
2 04l 4
() L Chlorophyll 4
« L and othery -
| pigments J
0.2 |- \ A
-7N Water —> E
0.0 [ o2 i S | L. < q]
0.5 1.0 1.5 2.0 2.5

49

SpectranomicsPatabase ‘
i Vi - ~ e RE R
jﬁ@ % TN T ERE

TN i,

Chemical Phylogeny

C Remote Sensing with Imaging Spectroscopy

N

Water !‘
Pigments & ~ (Wl
Nitrogen
NSC
— Ligninor /I'\
Cellulose
W -
== Other - —
« 70 100 190 1600 190 2200 2500

S

Canopy Furictional Traits & Composition

50
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Wavelength (um)

Hyperspectral data and plant functional types

Fine spectral resolution € chemical properties
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1 Hyperspectral imagery and spatial patterns of foliar characteristics

Hyperspectral data and plant functional types

Fine spectral resolution < chemical properties

Identifying species based on their specific
reflectance pattern: spectranomics

Asner etal. (2015)

1 Hyperspectral imagery and spatial patterns of foliar characteristics

Landscape biogeochemistry reflected in shifting
distributions of chemical traits in the Amazon
forest canopy

Gregory P. Asner*, Christopher B. Anderson, Roberta E. Martin, Raul Tupayachi, David E. Knapp
and Felipe Sinca

& M1:CICRA sM2: lnkaterra
3 " Madre de Dios \.1’ , -~
n River
h (‘"\Sd e o)
- $ G
K‘ TZEL M1:CICRA
Tambgpata q
River ) true colour elevation [l Ca W lignin
b Br M SolubleC
T1:Chur1c!39 A SR _n B Mg B cellulose
=
BHER

~Andean foothills

Asner etal. (2015)
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1 Hyperspectralimagery and spatial patterns of foliar characteristics

i P, Ca, Mg

4 lignin ¥ SalubleC ] =

Terrace

53

: Microtopography

[PeCorMg > functional trait distribution
& Ligni 4 soluble

5o e across landscape.

Floodplains: High P, Ca, Mg, low
lignin

Swamp forests: high investment
in defense

1 Hyperspectralimagery and spatial patterns of foliar characteristics

i P, Ca, Mg

; v Totaland solubl
T Lignin ¢ Saluble C I “P, LA, tignin, =

Terrace

: Microtopography

{PeCaMe > functional trait distribution
igri 4 Soluble

e - hae across landscape.

Floodplains: High P, Ca, Mg, low
lignin

Swamp forests: high investment
in defense

- Landscape position is more

BN important to explain trait
variation than forest type
Forest type important for leaf
[P1[N]

Phosphorus

27
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1 Hyperspectralimagery and spatial patterns of foliar characteristics

l P, Ca, Mg

: T Lignin ¢ Saluble C

]' ‘Totaland soluble €,

Strong link with forest
canopy characteristics

Floodplain Landscape-to-regional
insights

Phosphorus

Four remote sensing applications in
forest ecology

Sacred forests, a tool for
forest conservation

Hyperspectral Mangroves
imagery to resistance to
assess forest A \ cyclones
canopy Landscape

prevent conflicts

56
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Sacred forests as another tool for forest conservation

Allinhabited
continents,

small size,

very variable age
and condition but
often > 100 years

penmsi. Traditional

lands

¢

Kaya'(Kenya); Fungomel&

Sacred forests as another tool for forest conservation

Some known benefits :

Urban green spaces

Local biodiversity hotspots
Pollination of nearby crops

29
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2 Sacred forests as another tool for forest conservation

In comparison to most
legally protected areas

- small but numerous,
- close to inhabited areas,
- managed by local communities

But

- unclear conservation potential
- most studies are based on few sites

2 Sacred forests as another tool for forest conservation

Questions

1. Do sacred forests experience less forest area loss than other forests at large
scale (country)?

02-12-25
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2 Sacred forests as another tool for forest conservation

Questions

1. Do sacred forests experience less forest area loss than other forests at large
scale (country)?

2. How do sacred forests compare with protected areas (legal protection)?

2 Sacred forests as another tool for forest conservation

Questions

1. Do sacred forests experience less forest area loss than other forests at large
scale (country)?

2. How do sacred forests compare with protected areas (legal protection)?

3. Effect of religion and location?

02-12-25
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2 Sacred forests as another tool for forest conservation

Methods - Datasets

Location of sacred
places
+ their characteristics

Map of protected
areas of Japan

Population density
maps

63

Based on Remote Sensing

Forest types

Forest dynamics:
- structure (height)
- area

2 Sacred forests as another tool for forest conservation

Methods - Datasets

Location: Japan OpenStreetMap

s

64

Foundation —

Many information: filter
shrines and temples

AR
Lon
- it

S

CIELMER /S
AR [/
L)
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2 Sacred forests as another tool for forest conservation

Methods - Datasets

L
: { OpenStreetMap , . ,
Location: Japan —_— 2\@ . — Many information: filter
Vi Foundation shrines and temples

Variables:

Forest structure (1 year)

Forest area (2000 and 2020):|>—> Available, derived from remote sensing
Urban and rural areas

Protected areas — Global dataset from UNEP

65

2 Sacred forests as another tool for forest conservation

Methods - Checking sacred site locations

W

33
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2 Sacred forests as another tool for forest conservation

Methods - Checking sacred site locations

67

2 Sacred forests as another tool for forest conservation

Methods - Checking sacred site locations

" “Not i‘anroogle \ET
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2 Sacred forests as another tool for forest conservation

Methods - Checking sacred site locations

17 Incorrect locations

» ) )

2 Sacred forests as another tool for forest conservation
Methods - Analysis

. Forest characteristics
Comparison

______________________

Forest Loss Rate

(

1
% ¢y, | N€ATDY NON-saCTEd for ' (2000-now) )
forests (Tt

1

1

sacred forests

S C2.1t) I ;
with
Factors
Religious Identity Location Protected Area Forest Composition
(Buddhist or Shinto) (Urban or Rural) (Inside or Outside) (types, ...)
BRI
70
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2 Sacred forests as another tool for forest conservation
(a) 125°0E 130°0'E 135°0'E 140°0'E 145°0'E
o e
7

40°0'N

35°0'N

30°0'N

71
2 Sacred forests as another tool for forest conservation
(@) ok Findings
{ } Less forest loss in sacred forests vs.
7o their landscape, even in protected
2 areas
o
€ 0.081 n.s.
2
o
£ {
g
€ 0.06
T
>
c
c
(0]
0.04 1
aIH Ioolse strict saqredlforests
protected area level outswdgrg;(;tected
location
72

02-12-25

36



73

74

2 Sacred forests as another tool for forest conservation
(b) = Findings
0.080 Less forest loss in sacred forests vs.
- their landscape, even in protected
R 0,075 areas
]
®
® 0.070
o
i
£ 0.065
©
3
£ 0.0601
(]
0.055 1
sacred ;‘orests in surrourl1ding non-
protected areas  sacred forests in
protected areas
location
2 Sacred forests as another tool for forest conservation
Findings

Less forest loss in sacred forests vs.
their landscape, even in protected
areas

Taller trees in sacred forests

Sacred forest’s effectis more
important in cities than in rural areas

02-12-25

37



2 Sacred forests as another tool for forest conservation

Findings

VGl is valuable when there are no
other sources of information

5 OpenStreetMap
S Foundation

75
2 Sacred forests as another tool for forest conservation
Lot of existing data derived from RS
Spatio-temporal patterns can be
investigated
76

02-12-25
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Four remote sensing applications in
forest ecology

Sacred forests, a tool for
forest conservation

Hyperspectral Mangroves
imagery to resistance to
assess forest A \ cyclones
canopy Landscape

characteristics monitoring to

prevent conflicts

77

3

South-North rainfall gradient
Rain and dry seasons

RadicCanada

78
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South-North rainfall gradient
Rain and dry seasons

Radio-Canada

79

Traditional occupations
related to ethnic groups

80
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3 Landscape remote sensing: conflict mitigation, management

e e

3 Landscape remote sensing: conflict mitigation, management

Meat, milk

Raise animals

N

herders farmers

N

Animal fodder .
(grass, leftovers) B

Vegetables

Some cows

82

41



02-12-25

3 Landscape remote sensing: conflict mitigation, management

Meat, milk

Raise animals

herders farmers

Animal fodder .
(grass, leftovers) B |

Vegetables

Some cows

Farmers and herders occupy the
same space but not at the same
time > Shared landscape

83

3 Landscape remote sensing: conflict mitigation, management

Meat, milk

Raise animals

N

herders farmers

N

Animal fodder o
(grass, leftovers) B

Vegetables

Some cows

Farmers and herders occupy the
same space but not at the same
time > Shared landscape

84
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3 Landscape remote sensing: conflict mitigation, management
Conflicts? Cows eat crops
Subsistence to cash crops Damage trees, soil
BT EE > KEEY) More cows, less fodder
More animals L‘J.‘}c
Protected areas W

herders farmers

_J

Water is less accessible
More crops, less space
Burn grasses

Grow crops in grasslands

85
3 Landscape remote sensing: conflict mitigation, management
Conflicts? Cows eat crops
Subsistence to cash crops Damage trees, soil
B EZE > KEEY More cows, less fodder
More animals L‘J.‘c
Protected areas W

herders farmers

> Remote sensing to understand k_J
landscape dynamics
Water is less accessible
More crops, less space

Burn grasses
Grow crops in grasslands

86
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3

Landscape remote sensing: conflict mitigation, management

Use of remote sensing techniques

1.

2.

3.

3

1.

Create a Land Cover map
&G LA

Identify water holes

Accessible areas fmnOK/Q

Count single trees in farms

. Assess available biomass

Landscape remote sensing: conflict mitigation, management

Create a Land Cover map = i#ig &+ #ifil

Ground data + fine resolution multispectral
images

type of land cover > spectral signature  J%{557

Use ground data to train computer to
identify other areas

02-12-25
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3 Landscape remote sensing: conflict mitigation, management

1. Create a Land Cover map | &g

Ground data + fine resolution multispectral
images

type of land cover > spectral signature -
Use ground data to train computer to

identify other areas
Bagou
Gbanlin
. Soaodou -
0 100km 0 50 100
Landcover frequency (%)
Landcover B other crops I Deciduous savanna
. I(;Ieegaugrir:‘lgggs. . Fruit trees . Built-up
Cereals . Other tree crops Bare soil
. Cotton . Forest and riparian . Water
- Roots, tubers - Woody savanna
89
3 Landscape remote sensing: conflict mitigation, management

2. ldentify water holes  green  near-infrared (NIR)
Multispectral data > Index y ‘ '
604 : Mid-infrared

Green - NearInfrared =
NDWI = 50
Green+ NearInfrared

40-

Reflectance (%)
w
o
1

I T
05 07 09 11 13 15 17 19 21
‘Wavelength (um)

90

45



02-12-25

3 Landscape remote sensing: conflict mitigation, management

2. ldentify water holes green  near-infrared (NIR)

Multispectral data > Index y ‘ '
60 Visible | Near- ; Mid-infrared
_ Green-Nearinfrared — __ =)
NDWI_Green+Nearlnfrared § o0 E
o 404
O
If Water: & 30
Green > NIR 8 7
then NDWI >0 2 204
10+
2T Water
I I | I I I | | |
05 07 09 11 13 15 17 19 21
Wavelength (um)
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3 Landscape remote sensing: conflict mitigation, management

3. Accessible areas @ @
O O

Herders and farmers interviews GEE

=
[n Dry season Wet season

Cotton OK ®
Mango OK OK
Cashew nut () OK
Soya OK @
Grassland OK OK
City Q Q

Land Cover + interview data > access map

92

46



93

94

3 Landscape remote sensing: conflict mitigation, management
10.86°N

3. Accessible areas

Distance from water holes, avoiding
inaccessible areas 10.84°N

10.82°N

10.80°N
10.78°N
2.80°E 2.81°E 2.82°E 2.83°E 2.84°E 2.85°E
3 Landscape remote sensing: conflict mitigation, management

3. Accessible areas
Raise warning if :

little area is accessible,
& no water is accessible,

only protected forests are accessible

Cyrille Cornu

02-12-25

distance

. 3000m

2000m

1000m

Om
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3 Landscape remote sensing: conflict mitigation, management

4. Single trees in farms

w
o

Site

. Awanla
. Bagou
. Gbanlin

Ouenou
. Parakou
. . Soaodou
0 J

Cereals Coton

o~
o

Tree density in croplands (%)
5]

Croplands
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3 Landscape remote sensing: conflict mitigation, management

5. Available biomass

Land Cover map

Ground data: biomass )
sampling for each land — Fitmodel —— Biomass map

cover class

Multispectral data

96
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3 Landscape remote sensing: conflict mitigation, management

Use of remote sensing
teChniqueS water access

@ water availability
. food access
@ rood availability
‘ . conflicts ‘
fires
Landscape condition Management
Maps: Land Cover, water for herders, farmers, decisions

distance, access, biomass... protected areas

3 Landscape remote sensing: conflict mitigation, management

Integrating RS-derived data with
ground-collected information (socio-
ecological, ...) contribute to large-
scale understanding

Creating new data based on RS
Monitoring combining LC maps

with field surveys and interviews

Cyrille Cornu
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Four remote sensing applications in
forest ecology

Sacred forests, a tool for
forest conservation

Hyperspectral Mangroves
imagery to resistance to
assess forest A \ cyclones
canopy Landscape /
characteristics monitoring to

prevent conflicts

99

4 Mangroves resistance to cyclones

Mangroves

- Subtropical-tropical
- Coastal (ecotone)

> exposed to cyclones

100
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4 Mangroves resistance to cyclones

Mangroves

- Subtropical-tropical
- Coastal (ecotone)

> exposed to cyclones

Compositional

change
s -~ branch fall Shorter forest
| --- treefall height
Storm surgg ') V)V SRt erosion Soil/water
‘ dynamics

Individual scale Mangrove scale
101

Hurricane Melissa, Sentinel-2

4 Mangroves resistance to cyclones

Are mangroves more resistance to
cyclones when they are more often
exposed?

102

51



4

Mangroves resistance to cyclones

Remote sensing data

103

4

R

104

Global, to include different
cyclone basins

Large scale, to cover entire
mangrove forests

Many years, to include
several cyclones

Fine spatial resolution, to
detect canopy change

Fine temporal resolution, to
distinguish cyclone effects
from phenology

Mangroves resistance to cyclones

emote sensing data

Global, to include different
cyclone basins

Large scale, to cover entire
mangrove forests

Many years, to include
several cyclones

Fine spatial resolution, to
detect canopy change

Fine temporal resolution, to
distinguish cyclone effects
from phenology

Landsat5to 8
multispectral
30-m resolution
~7-10 days
>1990’s
global

02-12-25
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4 Mangroves resistance to cyclones

Methods

Identify mangroves
in protected areas

RESEARCH ARTICLE

Select cyclone(s) that
passed close to the
mangrove

-

s WILEY

Disturbance frequency, intensity and forest structure modulate
cyclone-induced changes in mangrove forest canopy cover

Jonathan Peereman®

| J. Aaron Hogan?

| Teng-Chiu Lin®
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4 Mangroves resistance to cyclones
Results
10°wW 50°E 100°E 150°E 160°W 110°W
L 1 |'y< - 1 1
/ S 7
= g % 4{,,,-./,,.;' /
i > e
o . Northeast Pacific g
v R R A \)\
R W soutn ndian Sauhwes
Cyclone tracks (Saffir-Simpson scale) == 1 ==2 3 4 5 . Studied sites @ Mangrove extent ==
106

Measure AVI
AVI = VI VI

after -~ V 'before

Relate past cyclone
frequencies, and other
characteristics to AVI

56 sites in the
6 cyclone basins

86 cyclones

02-12-25
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4 Mangroves resistance to cyclones

Results

Cyclone category

—— 1(119-153 km h"')
—— 2(154-177 km h")
. — 3 (178-208 km h'")
i 4 (209-251 km h')

5 (>252 km h)

T T T
105°42W  105°0W  104°18'W

36

Jaya —» —*

Hudah /

:; 45":‘30’E 46‘“: 2E :& 42‘3"54'E 44"]6‘E M'LB’E 47"('36'E 48": 8E
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4 Mangroves resistance to cyclones
Results
(a) AEVI (b) ANDII
Distance A ll 1 1 |
Wind speed - II E {
=) Frequency - :I—' ] :|
M 2
e | 1=
le(e«:yclone 1 b J : D AVlrelatlve
T t
empeg#gr: il 5 e ) | D AVlabsolute
0.00 0.05 010 T 013°000 005 010 015
LMG score
Model of AVI ~ cyclone characteristics,
forest characteristics...
> historical frequencies
108
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4 Mangroves resistance to cyclones

Time series, change detection...

To study areas that are difficult to
study using ground surveys

109
Conclusion Spatial Scale
Leaf Canopy Regional/Global
@ : = .
/ 4 Y R Many tools
Slow Months
to Years
i a Wide range of applications
Tower Mounted
Low Inclination

° Weeks to A Orbit . i
S Months Spacecrstt Main focus or supporting
= data?
© . L
2
E . .

Days to Valuable experience, skills
- Weeks (1 H % P ’

Plolar Orbiting Satellites J | |
Subdaily ﬁ %
Faxt Handheld Geostationary
d\} NS " Satellites
110
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