Studies on estimating crown densities of conifer plantations

using satellite remote sensing technique
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Abstract
The objectives of this study were to establish models for crown density estimations using Landsat

Thematic Mapper(TM)data and to produceestimated images for 3 conifers Abies sahalinenisi

Picea jezoensis Larix kaempferi plantations using improved 1methods The study included

1 geometric corrections 2 radiometric and atmospheric correction 3 noise corrections using

exclusion of neighboring pixels and filtering methods,and(4)establishment of models and estimation
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images

The Universal Transverse Mercator coordinates of the field plots derived from digital analysis of
the photographs were converted into the line/pixel coordinate system of the TM scenes The
corresponding pixels valued in TM 3 scenes were selected and transformed into data files The
correlation between the rates of conifer crown densities analyzed from digitalized photographs and

stand renectance values in the TM bands and vegetation indices were carried out in order to find
the most suitable variables and methods for crown density estimations

Good relationships 2 0.5 were found using the improvedmethod and models were created
The crown densities of estimated images were presented using the best fitting regression lines

Finally the improved method was applied to the other site that was located in a experimental
forest about 8000ha of Hokkaido forestry research institute and produceda crowndensity map

AQ sizeand scale of 1:50000 ofAbies sachlinensisplantations

The study results indicate that high resolution satellite data has potential for forest resource
management and planning within conifer plantations
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Fig 1 A composite TM image overlaid forest compartment The arrows show the study sites of conifer
Plantations:the arrow number 1:Abies sachlinensis(lighr green) number 2:Picea jezoensis(dark green)

number 3:Larix kaempferi(violet)
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Fig 2 Flow-chart of the estimation of crown densities

of conifer plantations.
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Fig.3 Left:a Abies sachalinensis plantation ¢n the
photographic image rectified using geometric
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Table 1 Characteristic of there geometric correction methods and their abbreviations

Nearest Neighbor method NN

Cubic Convolution method CC

Bi- Linear method BL

Haze ) (Scattering) ( 1976)
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Table2.Post-calibration ranges,band width,spectral radiances and mean solar exoatmospheric spectral irradiances for the Landsat 5.

band band width M m Rmin Rmax Lmin A * Lmax A ** DNmax Esun A
1 0.45-0.52 0.066 - 0.0099 1.004 - 0.15 15.21 255 19.58
2 0.52-0.60 0.081 - 0.0227 2.404 - 0.28 29.68 255 182.8
3 0.63-0.69 0.069 - 0.0083 1.410 - 0.12 20.43 255 155.9
4 0.76-0.90 0.129 - 0.0194 2.660 - 0.15 20.62 255 104.5
5 1.55-91.75 0.216 - 0.00799 0.5873 - 0.037 2.719 255 21.91
7 2.08-0.35 0.250 - 0.00375 0.3595 - 0.02 1.44 255 7.4557
6 10.4-12.5 1.239 0.1534 1.896

LminA  Rmin pm LmaxA Rmax P m



Haze
Haze
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An improved method(Chavez 1988,1989) , Haze
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Table 3 Vegetation indices used in the study and their
abbreviations
Biband Ratio TM4/TM3 BR
Normalized Difference
(TM4-TM3)/(TM4+TM3)  ND43
(TM5-TM3)/(TM5+TM3)  ND53
( 1989,Larsson 1990, Tucker 1979) Transformed Normalized Differrence
(ND43+0.5)°® TND
' Brightness (TM32+TM4%)°® Bri
12 , 9
108
LAN ( 1992h) SAS

(r2)
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Tabke 4  The rates of occupied area per grid(30mx 30m)derivd from digtal analyis of the photograph corresponding to

the TM pixel size
(1)Abies sachalineensis crown density reference data
(2)Larix kaempferi (3)Picea jezoensis
(1) kKT (2) AFT2 {3) ==
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Fig.7 A pattern image of the density of
abies sachalinensis crown occupied
50 area per grid with different gray
colors
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Table5 Haze values derived from

atmospheric correction in TM3

secenes
(d)
Haze value
2 Band ~ APR.11 APR.27 APR.29
Q) (2 TM1 68 68 65.4
TM2 22 38 36.8
TM3 18 19.8 19.1
™4 10 8 7.7
3 TM5 4 5 4.9
TM7 1 0.1 0.1
Starting Haze
Haze
T™M1 3
TM1 3
( 1976)
(4)
(No-cor ) (Radio )
6
1/10 1/40
Haze
T™M2 TM3 9

(Radio.) (Atmos.) 3



Table 6 Mean values and standard derivwd
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Table 7.Calibration r? results of the relationsship rates of Abies crown occupied area transformd band refiectances

and vegetation indices.

NN CC BL
No-cor® Radio” Atmos® No-cor Radio Atmos No-cor Radio Atmos
APR 11 1990 Sample No 108
Band
™1 0.014 0.011 0.014 0.008 0.009 0.009 0.033 0.038** 0.037*
™2 0.010 0.013 0.011 0.014 0.014 0.014 0.025 0.025 0.025
TM3 0.053* 0.056** 0.050* 0.074** 0.074** 0.074** 0.109** 0.108** 0.108**
TM4 0.094** 0.090** 0.093** 0.134** 0.135** 0.135** 0.133* 0.131** 0.133**
TM5 0.256** 0.256** 0.260** 0.304** 0.296** 0.295** 0.302** 0.260** 0.259**
T™M7 0.211** 0.195** 0.220** 0.246** 0.250** 0.250** 0.192** 0.216** 0.220**
Vegetation Index
BR? 0.089** 0.087** 0.072** 0.120** 0.121** 0.115** 0.137** 0.141** 0.137**
ND43? 0.086** 0.087** 0.071** 0.114** 0.114** 0.101** 0.129** 0.136** 0.129**
ND53% 0.289** 0.293** 0.034 0.327** 0.327** 0.028 0.008 0.265** 0.008
TVI4 0.084** 0.085** 0.069** 0.112** 0.013** 0.099** 0.177** 0.135** 0.177**
Bri.® 0.002 0.041* 0.074 0.004 0.069** 0.113** 0.109** 0.062** 0.109**
APR 27 1990
™1 0.138** 0.138** 0.139** 0.194** 0.322** 0.309** 0.300** 0.294** 0.284**
TM2 0.282** 0.315** 0.320** 0.014 0.382** 0.394** 0.341** 0.325** 0.338**
TM3 0.296** 0.290** 0.286** 0.510** 0.510** 0.515** 0.432** 0384** 0.418**
T™M4 0.095** 0.094** 0.095** 0.156** 0.167** 0.169** 0.225** 0.217** 0.214**
TM5 0.216** 0.216** 0.054** 0.393** 0.391** 0.393** 0.324** 0.339** 0.344**
TM7 0.199** 0.199** 0.197** 0.423** 0.426** 0.427** 0.367** 0.365** 0.369**
BR 0.333** 0.326** 0.305** 0.504** 0.500** 0.453** 0.456** 0.418** 0.401**
ND43 0.327** 0.319** 0.309** 0.524** 0.527** 0.525** 0.467** 0.429** 0.439**
ND53 0.063** 0.070** 0.058** 0.105** 0.109** 0.100** 0.095** 0.126** 0.087**
TVI 0.324** 0.317** 0.307** 0.527** 0.527** 0.528** 0.469** 0.430** 0.440**
Bri 0.009 0.019 0.047* 0.027 0.078** 0.084** 0.016 0.063** 0.120**
MAY 29 1990
T™1 0.127**  0.103**  0205*  0203**  0.186**  0214**  0185**  0.186**  0.151**
T™2 0.120%  0.124** 0150  0.154**  0.152%*  0157**  0214**  0213**  0.224**
T™3 0.058**  0.059**  0.083** 0.043* 0.043** 0.043* 0.053* 0.053** 0.038*
T™4 0.305**  0304** 0385  0386**  0387** 0385  0336**  0272**  0.336**
T™5 0.289**  0.288**  0.346**  0404**  0.404**  0406**  0.134**  0132**  0.134**
™7 0.305%*  0.294**  0278*  038l* 0378 0378  0085**  0083**  0.089**
BR 0.264**  0.260**  0079*  0.369**  0.368**  0.145* 0286  0.239**  0.102**
ND43 0.261**  0.256** 0078  0.361**  0.358* 0138 0285  0.164**  0.104**
DN53 0.255**  0.256**  0.140**  0.375** 0.377* 0.225%* 0123  0.127**  0.079**
TVI 0.261**  0.255** 0078  0360**  0.357**  0137**  0285** 0158  0.104**
Rri N 2NA** N 2N2%** N 2QA** N 2Q2%%* N 2RQ%** N 2QA*%* N 22R*%* n 272 N 22R_**
P 0.05 P 0.01
1 BR TM4/TM3 2 ND43= TM4-TM3 /| TM4+TM3 3 ND53= TM5-TM3 / TM5-TM3 4 TVI ND+0.5 0%

5 Bri

TM3+TM4  ©5

T™M1 3

™

TM3

6 No-cor No correctio

T™M4

29

™4 5 7

7 Radiometriccorrectio 8 Atmoa Atmpsheric correction

11

27

™3 TM4

TM4,

r2

Bri.

TM3,TM4

2
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Table 8. T-test of the following with anova anaiysis

3 1.Geometric corrections 2.TM bands
and vegetation indices.
. 1. Rk
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Table 9. T-test of calibration correction with anova analysis
APR.11 APR.27 MAY.29
70 0.6 0.7 Method _Vis Inf Vi Vis Inf VI Vis Inf Vi
No-cor a a ab a a a a a a
1 Radio. a a a a a a a a b
Atmos. a a b a a a a a c
Fvalue 041 045 3.1 21 048 089 24 264 190**
r2 P 001
11 5
10 2
99.90,70 1990 4 27 cC
Table 10. T-test of calibration correction with anova analysis calibration r? results of excluded neighbor pixels for noise
corection.Sample nimber=99,91,70pixels. Image files rectifid by the cubic-convolution method were used for noise
correction in Apr.27,1990 of the TM scene.
Sample No.=99 No.=90 No.=70
No-cor. Radio. Atmos. No-cor. Radio. Atmos. No-cor. Radio. Atmos.
Band
™1 0.216**  0.367**  0.347**  0.246**  0.423** 0.410** 0.175**  0.394** 0.368**
TM2 0.014 0.397**  0.407** 0.414 0.471**  0.478** 0.516** 0.506** 0.516**
TM3 0.560**  0.561**  0.566* 0.610**  0.613** 0.614** 0.661** 0.669** 0.661*
TM4 0.183**  0.174**  0.200**  0.153** 0.169** 0.169** 0.188**  0.203**  0.202**
TM5 0.394**  0.361**  0.394** 0.593** 0.591** 0.593** 0.635** 0.633* 0.634**
T™M7 0.420**  0.422**  0.424** 0.601** 0.603** 0.602** 0.638**  0.640** 0.639**
Vegetation Index
BR 0.574**  0.574**  0.517** 0.607** 0.609** 0.558** 0.663** 0.668** 0.594**
ND43 0.592**  0.596**  0.588** 0.627** 0.633** 0.629** 0.689**  0.699**  0.681**
ND53 0.103**  0.108**  0.190**  0.334**  0.342**  0.143** 0.338** 0.348** 0.137**
TVI 0.594**  0.598**  0.590** 0.630** 0.635** 0.631** 0.693** 0.702* 0.684**
Bri. 0.028 0.044 0.100**  0.092**  0.104 0.063* 0.068* 0.068* 0.088*

P 0.05 P 0.01
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Table 11. T-test of Table-10 with anova analysis.

Sample APR11 APR.ZT, MAY.29
Mo, Wis Inf "-I Vis Inf Wl Vis Inf. VI
108 d b [ h e L ¢ d d
11 L a a 3 b c be ] b ¢
H] [ a FY F1] b h b 4 b
27 29 __'-'_ . E 4 b a A a b @@
NiS ) F value 590G=es ]454ee= J]Jues i3 24aGate g Quks 475ee  HE]Qmes  E7{ree

(Inf ) P ek POl wws [ Poliol
HLEFEMTRIIA MO FAROERL 5 R ET S,

(Vi)
108 27
29 70
5
(Average) (Low-Pass) (High- E—10 3BT 049 FNEER
a: FEEME b:o—std p-ndriz
pass) 3 x 3 Fig.10 Filtering correction images using three different
methods,
a-Average filter b:Low-pass filter c:High-pass filter
10 (2
27 70 10
12
: : 2 ,TM3
2 0.610 0.561 0.344 ,
12
1990 4 27 CcC ,

70
Table 12. Calibration r2 results of filtering methods for noise correction.Image files rectified by the cobic-convolution

method were used for filtering method in Apr.27,1990 of the TM scene.Sample number=70pixels.

Average filter Low-pass filter High-pass filter
No-cor. Radio. Atmos. No-cor. Radio. Atmos. No-cor. Radio. Atmos.

Band
T™M1 0.258**  0.386**  0.312** 0.315** 0.382**  0.402** 0.202** 0.187** 0.135**
TM2  0.407**  0.478**  0483**  0.470**  0.555**  0.538**  0.267**  0.246**  0.214**
T™M3 0.592**  0.610** 0.575** 0.570**  0.561** 0.601** 0.382** 0.344* 0.477**
T™M4 0.368**  0.382**  0.368**  0.300**  0.346**  0.349** 0.016 0.023 0.016
TM5 0.501**  0.502**  0.506** 0.503**  0.507** 0.499 0.499**  0.466**  0.508**
** *x *x **k * % **k *x *x
™7 0.512 0.520 0.510 0.505 0.508 0.517 0.527 0.512 0.556
Vegetation Index
BR 0.585**  0.610** 0.576** 0.570**  0.563**  0.594** 0.065* 0.014 0.168**
ND43 0.589**  0.615**  0.584** 0.577** 0.565** 0.604** 0.311** 0.287**  0.469**
ND53 0.261**  0.262** 0.209**  0.265** 0.329** 0.282**  0.162** 0.119** 0.119**
TVI 0.589**  0.615**  0.584** 0.578**  0.565** 0.604** 0.337** 0.306**  0.466**
Bri. 0.020 0.159**  0.257** 0.043 0.150**  0.234** 0.054* 0.001 0.001

P 0.05 P 0.01
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Table 13.T-test of Table-12 with anova analysis.

Apr.ZT .
Method Vis. Inf Vi
Average a b b
Loow pass i . b
High pass b d F
MofMermg & & 8
Fualue  ADG*s*  dB4ves 35 Rews

® T PeQ0f #®e POl ®ak ] Paill
B Em T A RO L s e ET .

Todo -8.75859x TM5 1389 r -0.797*** P 0.001

5 29 70
Todo -4.92424x TM4 214.3

11 29
1)
135 100
(r2) 14
r2 TMA4
0.242 ,ND43 0.109 0.231 , TVl 0.108

-0.764*** P 0.001

(70 )
TVI
10
TM5 2 :
T™4
27
0.299  0.471 BR 0111

0.227 r? 0.1 ,
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Table 14. Calibration r2 results of the relationship rates of Larix kaempferi crown occupied area and transfomd band

reflectances and vegetation indies. a.Exclusion of neighboring pixles b.Geometric corrections c.

Calibration corrections

a b c

135 100 NN cC BL No-cor? Radio? Atmos’
™1 0.208** 0.264** 0.066* 0.264** 0.261** 0.264** 0.317** 0.374**
T™2 0.135**  0.185** 0.063 0.185** 0.166** 0.185** 0.232**  0.240**
™3 0.092* 0.118** 0.103** 0.118** 0.124** 0.118** 0.120** 0.117**
™4 0.299** 0.471** 0.161** 0.471** 0.207** 0.471** 0.464** 0.470**
TM5 0.281**  0.375** 0.105** 0.375** 0.202** 0.375** 0.267**  0.267**
™7 0.142** 0.299** 0.111** 0.142** 0.120** 0.142** 0.026** 0.030
Vegetation Index
BR* 0.111** 0.424** 0.156** 0.241** 0.132** 0.241** 0.233** 0.190**
ND43° 0.109** 0.231** 0.150** 0.231** 0.129** 0.231** 0.223** 0.176**
ND539 0.203 0.236** 0.189** 0.236** 0.234** 0.236** 0.223**  0.130**
T™VI 0.108%*  0.227** 0.149%*  0.227** 0.127%* 0.227%* 0.218**  0.172**
Brié 0.117**  0.465 0.208**  0.465**  0.279** 0.465**  0.378**  0.426**

P 0.05 P 0.01

1 No-cor No*correction 2 Radio Radiometric correction 3 Atmoes Atmospheric correction 4 BR TM4/TM3

5 ND43= TM4-TM3 / TM4+TM3 6 ND53= TM5-TM3 / TM5+TM3) 7 TVI ND+0.5 95

2
2
14 b 2 , 2
2 ™4 0.471
3
(No-cor.) (Radio.) (Atmos.) 2
( ) T™1 2 0.264 0.317
0.374 TM2 0.185 0.232 0.240
TM4,5,7,
2
4
2
( 15 4 11 Bri.(r -0.798**%) 4 27 TM4(r -0.686***) 5 29

BR(r=0.745***)

15

Tablel5. The optimun equation models and data transformation methods for estimationg Larix Kaempferi crown occupied area.

TPR.11 _ 0.798*** cc
-6.95x Bri.+434
APR.27
-0.686*** cc
6.07x TM4 3549
MAY.29 -0.745%** ccC Radio.
49.34x BR-83.2
Kara 1 30 x 30

Bri. TM32 TM4?2 05 BR TM4+ TM3 P 0.001
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Tablel6. Calibration r2 results of the relationship rates of Picea jezoensis crown occupoed area and transformd band reflectances and
vegetation indies. a.Exclusion of neighboring pixels b.Geometric corrections c.Calibration corrections
a
135 100 NN CcC BL No-cor? Radio? Atmos’
TM1 0.398** 0.449** 0.385* 0.449**  0.412** 0.449** 0.453** 0.456**
T™2 0.366**  0.389** 0.281**  0.389**  0.352** 0.389** 0.426** 0.437**
TM3 0.395** 0.426** 0.365**  0.426** 0.415** 0.426** 0.452** 0.450**
T™M4 0.074* 0.105** 0.098**  0.105**  0.102** 0.105** 0.110** 0.115**
TM5 0.314** 0.327** 0.270**  0.327**  0.288** 0.327** 0.322** 0.319**
T™M7 0.349** 0.351** 0.346** 0.351**  0.350** 0.351** 0.346** 0.348**
Vegetation Index
BR* 0.436** 0.510** 0.421**  0.510**  0.483** 0.510** 0.532** 0.455**
ND43% 0.501** 0.525** 0.501**  0.525**  0.427** 0.525** 0.544** 0.497**
ND53° 0.141 0.137** 0.127**  0.137** 0.128** 0.137** 0.544** 0.297**
VI 0.108**  0.528** 0.428**  0.528**  0.504** 0.528** 0.547%* 0.502%*
Bri¢ 0.221%* 0.262** 0.233**  0.262**  0.253** 0.262** 0.332** 0.292**
P 0.05 P 0.01

1 No-cpr No-correction 2 Raido Radiometric correctopn 3  Atmospheric correction 4 BR TM4/TM3

5 ND43= TM4-TM3 / TM4 TM3 6 TM5-TM3 / TM5 TM3 7 TVI ND 0.5 ©°°

17

Tablel7. The optimum equation models and data trsnsfomation methods for estimating Picea jezoensis crown occupied area.
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Fig.12
11
Fig.11 Estimated images of crown densities of Abies

sachalinensis plantations.

13

Estimated images of crown densities of

Larix kaempferi plantions.

a Picea glehnii plantation b yoing
plantation ¢ forestroad d bareland old

site of landing

Fig.13 Estimated images of crown densities of Picea

jezoensis platations.

a low density stand b high density stand
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A0 5 1
Fig.14 Application of the crown density model to the

other sites.

A crown density map A0 size & scale of

1 50000 of a experimental forest of

Hokkaido Forestry Research Institute.

a Iwamizawa b Bibai ¢ Naie d sunagawa

e Lake Katsurazawa

15
Fig.15 A crown density map extracted from

Fig.14.
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Table18. Verfication of accuracy of a estimated crown density
map
1 high density stand 2 low density stand
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Summary

The Chitose region,Hokkaido,Japan,was selected as the study area because of the large number
ofrepresentative conifer plan tations and the availability of three TM scenes, taken on 11 April 1990,
27 April 1990,29 May 1990,the corresponding panchromatic aerial photographs(June 1990)and a
forest stand map(1:20000)and a forest base map(1:5000).This area has a wide range of flat land and
pure conifer plantations of Abies sachalinensis,Picea jezoensis,Larix kaempferi.

This paper will establish models and estimation images for crown density estimation in conifer
plantations. This report in volves radiometric, atmospheric and geometric correction, colTelation and
anova proCedure analysis between TM data and todomatsu crown density.

First,aerial ph9tographs were transformed into the line/pixel coordinate system of the TM scenes
by scanner system.

A photograph image was positioned precisely by ground controlled paints and rectified by
geometric correction,and then classified by the maximum likelihood classifier.

The rates of crown occupied area per grid(30mx 30m)were derived from digital analysis of the
photograph corresponding to the TM pixel size.These varied from 26.4 to 87.2 per cent.This data
was applied to the crown density reference data.

Stand reflectance in the different TM bands and vegetation indices were plotted against and
correlated to the rates of todomatsu crown densities derived from the digitalized photograph.

Simple regression models were carried out in order to find the most suitable variables and
methods using SAS



Stand reflectance in the different TM bands and vegetation indices were plotted against and
correlated to the rates of todomatsu crown densities derived from the digitalized photograph.

Simple regression models were carried out in order to find the most suitable variables and
methods using SAS software.

The variables with the best correlation co-efficient for each Landsat scene were chosen.

The estimated crown densities images of 3 conifer species are presented using the optilnum
equation model and data transforma tions which used cubic convolution, radiometric correction and
the exclusion of neighboring pixels.

The study results were as follows;

1. The crown density reference data consisted of digital analysis derived from aerial photographs.This
technigue was more effective than a common method which derived from interpretation of photographs.

2. Geometric corrections ranked in the following order:Cubic convolution>Bi-linear>Nearest neighbor

3. Atomospheric corrections were not significant.title best calibration correction for Abies sachalinensis and
Picea jezoensis regression model was radiometric correction.

4. Relationships between TM variables(bands and vegetation indices)and refererice data were found to have
a useful coefficient of determination in the infrared bands (TM4,5,7).0n the other hand, there was a low
correlation in the visible bands, and vegetation indices were medium.

5. The correlations between crown density of 3 conifer species and TM bands and vegetation indices
improved when the all neighboring pixels were removed.

6. The estimation images established from the best fitting regression models were effective for identifying

crown den sity per pixel.

7. These methods were applied to the other site and produced a crown density map(1:50000)for forest
resource management and planning within conifer plantations.
The technique may be used to grasp stand condition and to support planning of the stand level

database of plantations.
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