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Forest multiple functions and services

- RMKLELZ (sustainable management) -
ERMOIFER T Z T ERE R G ARSI
At - AR EZEEIRIVIRAR 2 mEE
#4&35 E (Balenovic et al,, 2017) -

WHAT DO WE GET FROM ECOSYSTEMS

REGULATING
SERVICES

http://www.ehu.eus/cdsea/web/index.ph
p/research/ecosystem-services-basque-
country/results/definition-of-ecosystem-
services-and-typology/?lang=en

CULTURAL
SERVICES




Map of forest managenet

- HERERNKEXREENS @ WEESHEE
WI1E - falE T EseE
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WZE - iR - mEES  HESmMEE=7n
(&l (Kelsey and Neff, 2014) 2 MR EIRIR
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Traditional forest inventory

- ZMEA—TEHENZEBRE X/
- BN EEABEBBEEOSAEL E - MARFEZR/DS
AR HEEEEARLIOY% » M AREREH o2
RN it ( FAO,2015) -
- EEE T EFRERGFEN
— ﬁF‘EﬁR§->§}|’(§HTFQK ESZ
— ZEEREE-> R #ERZER

- HWEGRE R HIFENMEZE R (ground true
data)
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FEYZ IR
— Abundance, Evenness,

Richness(Shannon-Wiener index),
Simpson's diversity Index... etc.
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http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDqKPZlcXQAhXBnZQKHWtFDC4QjB0IBg&url=http://www.histoireforestiereoutaouais.ca/en/c25/&psig=AFQjCNEApePiVqXuPbNOZ8H5lYIpR0Xenw&ust=1480206644039298
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ZAl(Remote

sensing)

- BEMBBFIWENZERNER - 2510
RAREZEE#HEZRM4EE(Hyde et al,,
2006) ~ £¥Z 5 (Cord et al., 2013) ~ 15
we=/E (Zhang et al,2016)E K EEFE

(Saatchi et al., 2011)YE

—
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http://larse.forestry.oregonstate.edu/
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Mapping
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——1—| https://www.wildlabs.net/resources/case-
g studies/can-uavs-be-used-measure-forest-
quality
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Small unmanned aircraft system(UASs)
- —EFFRVER S
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Forestry applications of UASs

Estimation of dendrometric parameters
Tree species classification
Quantification of spatial gaps in forests
Wild fire monitoring

Forest health monitoring and forest diseases
mapping

Forest harvest

Soil displacement estimation



IMU

https://www.vboxautomoti
ve.co.uk/index.php/en/pro
ducts/modules/inertial-
measurement-unit

L

https://www.pugetsystems.com/labs/articles/
Revit-2017-2-CPU-Comparison-958/
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(a) (b)

(a) Airinov Agrosensor multispectral

(b) Tau 640 thermal;

(c) OCI-UAV-1000 pushbroom hyperspectral
(d) Nikon D80OE RGB with a Zeiss ZF2 lens.

(Cahalane et al, 2017)
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LiDAR 3%

2 cameras - optional
(SONY alpha 6000) ‘
camera for video
downstream

4

IMU/GNSS unit RIEGL VUX-1UAV

https://www.wur.nl/en/product/Unmanned-Aerial-Vehicle-for-Laser-Scanning-LiDAR- http://www.lidar360.com/archives/4244.html
UAV.htm

https://www.ausgrid.com.au/Common/About-us/Newsroom/News-
gallery/Network-maintenance/Bushfire-safety-patrols.aspx
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TR vs. B

Camera UAV
On the ground From the Air



UASs imagery cube

%

24x24 m

18x18 m

Gap size




UASs provides 2D and 3D information
(a) sw>’<'fs

LIDAR DSM (m)

l 1100

. 300




= #23DE:
 UASs imagery can reconstruct 3D model and

dense points cloud by using “photogrammetry”
and “Structure from Motion” (SfM).

camera image k
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UASs data compares with LiDAR

- UASSEHEE BB EZELIDARMEFHLIRIBEE
— (Lisein et al,, 2013; Wallace et al., 2016;Herrero-
Huerta et al, 2016)
o 218 AEN O IR IT R AR M A 1B 5=
— (Wallace et al., 2016)

EARFZNMRER UASsHi B SERE

— (canopy height model,CHM(Zaro-Tejada et al.,,
2014:Lisein et al., 2013;Zahawi et al., 2015; Ota et
al., 2015;Wallace et al,, 2016;Herrero-Huerta et al,
2016;Zhang et al., 2016)
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o RIHFTEEINIHFITUASS’ CHM and AR5
FHEETE » DAIIRFFUASSTERRMRHYIFERT -

o Bl ° ° ® A 10
...o" ..:‘: P B : “3 ’ .. “ i o... % .'o..
o®* L ol oo ® b @ 09 %y P o *
o** ee® oo e ® o o ® es 8 Co,
O ° . ° o0 e = °
Perfect Strong Weak No Weak Strong Perfect
Positive Positive Positive Correlation Negative  Negative Negative
Correlation Correlation Correlation Correlation Correlation Correlation
| Strong - W e a Vi ealk - Strorno I
| i i |
-1 .0 -0.5 0.0 +0.5 +1 .0
Negative Zero FPositive

Correlatiom Cormealatiom

https://mathbitsnotebook.com/Algebral/StatisticsReg/ST2CorrelationCoefficients.html
https://psychlopedia.wikispaces.com/Correlation+Coefficient
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M= 51 5% P 22 == A 55 R0
(23°54.9' N, 120°52.8' E)
460 ha

BINA 576-925 m
20144388181 0.05 ha
(25 x 20 m)

(b)

Elevation (m)
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- MBEIEH:
— MIRTRE,
- S E1E(DBH),
— 185,
— RS iE,
— ToltE.
« NABEEMGE:
- MDEE
- MnE|=
— Quadratic mean diameter (QMD)
— ﬁecies diversity indices : species richness,
Shannon’ s diversity, Simpson’ §;d|ver5|ty.

H=— z;ﬂf Inp; (Shannon & Weaver 1949) N=1- E ,.tﬂf (Simpson 1949)
i=1

=1




UASs Photogrammetric survey

Charateristics

U
‘@
S
-

| Charateristics
590 ha
1217 RGB images
25 m)s
2014/12/23
m Canon PowerShot
S110
;
B 002 m (189)
0.03m (1.78)
EECTEC 003 m (257)



BARZBE

. EXEZ{EFAPiIx4D(Pix4D SA,

SR IR B A

Lausanne, Switzerland)

« 13 cm EEXRESZEEZE(Digital surface model, DSM)

e 2 &R (canopy height model, CHM)




The point cloud data

UAV image pixels
i

left image

right image

LiDAR and UAV : Canopy Height Model (CHM, for pixel)
UAV : Mean canopy heights » MCH (for the 20 x 25 m plots)
Field : field measured Mean Tree Heights (MTH)

(Chung, 2017)
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UASs CHM point cloud data
use
R to extract §

25m STEA 12 EREESESE:
« Mean CHM

« minimum CHM

« Maximum CHM

« Standard deviation
m + Covariance

« 25t percentile
50t percentile

« 75t percentile

« Kurtosis

« skewness

« Weibull 2 parameters




Pearson correlation
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Perfect Strong Weak No Weak Strong Perfect

Positive Positive Positive Correlation Negative Negative Negative
Correlation Correlation Correlation Correlation Correlation Correlation

https://mathbitsnotebook.com/Algebral/StatisticsReg/ST2CorrelationCoefficients.html
https://psychlopedia.wikispaces.com/Correlation+Coefficient



mE 7K

« X E@FFEEL UASs CHM
* The 18 plots mean (* standard deviation, sd)

Density (n/ha) 1455 £ 635
DBH(cm) 16.216.7
field tree height (FTH) (m) 12.1+3.6
UAV CHM 17.514.0

* The normality test results showed the data sets were normalized
(Shapiro-Wilk normality test: W = 0.97, p = 0.94).



B. The relations between CHM and
structural characteristics

stan
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C. The relations between CHM, FTH
and species diversity

FTH | ** (a2 — * ok
FTH_min ] CHM_min
" FTH P25 ] * % " CHM_P2s [ ] *%
(&3 FTH_median 8 CHM_median
£ FTH_P7S ] * % £ CHM P75 ] *ok
g FTH_max ] *% E CHM_max ] **
a FTH_ev ] o CHM_cv |
S FTHsd [ ] 'g CHM_sd
8- Weibull_scale ] ok % Weibull_scale * %
“ Weibull_shape Weibull_shape
Skewness Skewness
Kurtosis Kurtosis |
FTH CHM * *
* %k
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* % -
- FTH_P25 Ex = CHM_P25 * %
g FTH_median E CHM_median * %
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Summaries

Strong Tree height 75t percentile (r=0.88)""  -0.55-0.88
Moderate DBH, 75t percentile (r=0.70)""*  -0.39-0.70,
Density, 75t percentile (r=-0.67)"""  -0.67-0.44,
stand volume, 75t percentile (r=0.72)""*  -0.39-0.72,
QMD 75t percentile (r=0.71)""*  -0.39-0.71
Weak Crown width Kurtosis(r=-0.21)"s -0.21-0.19
Strength of Correlation Species diversity Highest statistics Range of r
Moderate(UAV) species richness, CHM_max(r=-0.50)*"" -0.50-0.20
Shannon index, CHM_min(r=0.58)""" -0.43-0.58
Simpson’s dominance 75% percentile (r=0.44)"""  -0.36-0.44
Moderate(Field) species richness, FTH_max (r=-0.63)™ -0.65-0.14
Shannon index, FTH_mean(r=-0.55)"" -0.66-0.55

Simpson’s dominance FTH_mean(r=0.53)""" -0.60-0.42
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LIDAR vs. UAV point cloud
30

25

R ;”?;( ;—--9,:
l *

Height (m)

10

B Photogrammetric

5
i M Field (2011) T

M LiDAR
0

m Ay (Lisein et al., 2013)
Min 25th.p Mean Medain 75th.p Max  Min  25th.p Mean Medain 75th.p Max

M Field (2014)

Statistic parameters
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K #2388 (Machine Learning)

e Random forest

” T AR B R E

SEHEECS3% —
CBH
DBH
EVI
Legend nir
SAVI
D LHC_Area MSAVI
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Stand volume (m”3/ha) swirl
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11000 4 M
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13000 Tree
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[ 400.0 SIWSI
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B 5000 L|tte.r
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Relative Importance



Ref: Hakkenberg et al., 2016

 USDA FIA data(5-10 yr)

e 2428 plots
i e
(This study) | 2016 (This study) | 2016

CHM_mean 0.54 0.30 0.42 0.29

CHM _cv -0.43 0.42 -0.35 0.45
Weibull_shape 0.45 -0.47 -0.48
Weibull_scale 0.53 0.27 0.41 0.29

Skeness 0.21 0.21

kurtisis 0.30 0.24
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4 A
« UASs BUiRE R ViR —EBMUERIMIERR
- UASsHEE S 2 =8 ol LUsiENE G S S E
— UASsIEftEESERIEEM - oIS ERpER s
EHEZEEER
- UASstiiid SESEE AR LGS GeEEES
— BM D & EFE(DBH, tree height, stand volume
stock and QMD) B 1E 578
— BB ENETEE
- HIFYIZIZMRI AP ETHE
— BAShannon index, Simpson’ s dominancef% IE4HE
— Hdspecies richness& 18
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