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Observation Name Obs.O Obs.A4 Obs.A6 Obs.A8 Obs.H

Carrier aircraft Airborne Airborne Airborne Airborne Heliborne

Observed Date 9~10-Dec-1999 12-Aug-2000 12-Aug-2000 12-Aug-2000 26-Sep-2001

Model No. of the Lider system ALTM1020 ALTM1020 ALTM1020 ALTM1020 ALTM1225

Altitude above Ground Level (m) 600 400 600 800 200~300

Flight speed (km) 180 180 180 180 50

Pulse repetition frequency (Hz) 5000 5000 5000 5000 25000

Scan Frequency (Hz) 17 26 23 23 25

Scan Angle (deg.) 20 15 10 8 20

Pulse Density [ First + Last Pulse ]  (m-2) 1.20 2.34 2.25 2.32 81.12

Beam divergence (mrad) 0.3 0.3 0.3 0.3 1.2,0.25

Footprint Size (m) 0.18 0.12 0.18 0.24 0.05~0.36
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Plot Name Observation Name Obs.O Obs.A4 Obs.A6 Obs.A8 Obs.H

Plot B RMSE (m) 0.513 0.720 0.783 0.369 0.575

Average error (m) 0.439 0.658 0.727 0.240 0.484

S.D. of average error (m) 0.267 0.296 0.296 0.304 0.315

Plot Name Observation Name Obs.O Obs.A4 Obs.A6 Obs.A8 Obs.H

Plot A RMSE (m) 0.91 0.93 0.92 0.92 0.94

Average error (m) 0.11 0.11 0.11 0.13 0.27

S.D. of average error (m) 0.90 0.92 0.91 0.91 0.90

Plot B RMSE (m) 0.89 0.92 0.87 0.86 0.87

Average error (m) -0.09 -0.05 -0.05 0.01 0.06

S.D. of average error (m) 0.88 0.92 0.87 0.86 0.87

Significance according to ANOVA ; ** P<0.01

**
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Plot A Truth 3599 1689

Obs.O 986 27% 949 56%

Obs.A4 1230 34% 1205 71%

Obs.A6 1237 34% 1207 71%

Obs.A8 1257 35% 1232 73%

Obs.H 1455 40% 1445 86%

Plot B Truth 707 466

Obs.O 224 32% 170 36%

Obs.A4 290 41% 228 49%

Obs.A6 286 40% 233 50%

Obs.A8 300 42% 245 53%

Obs.H 362 51% 320 69%
*Tree Height >=11



Plot Name Observation

 Name All % Canopy layer* All % Canopy layer* %

Plot A Truth 148.92 125.81 4243 3474

Obs.O 73.09 49% 72.05 57% 1937 46% 1910 55%

Obs.A4 90.89 61% 89.94 71% 2409 57% 2384 69%

Obs.A6 92.55 62% 91.76 73% 2453 58% 2432 70%

Obs.A8 96.53 65% 95.86 76% 2559 60% 2541 73%

Obs.H 130.03 87% 129.74 103% 3446 81% 3439 99%

Plot B Truth 152.77 142.50 4453 4097

Obs.O 67.87 44% 66.88 47% 1799 40% 1773 43%

Obs.A4 91.77 60% 91.41 64% 2432 55% 2423 59%

Obs.A6 91.37 60% 90.38 63% 2422 54% 2396 58%

Obs.A8 97.03 64% 96.31 68% 2572 58% 2553 62%

Obs.H 116.41 76% 116.15 82% 3086 69% 3079 75%

*Tree Height >=11

Carbon weight ( Ct / km2 )Stem volume (m3/ha)



Plot Name Observation

 Name
Average height
 of canopy trees

Number of
canopy

All % Canopy layer* All % Canopy layer* %

Plot A Truth 13.44 563.00 148.92 125.81 4243 3474

Obs.O 13.61 316.33 61.64 41% 61.64 49% 1634 39% 1634 47%

Obs.A4 13.55 401.67 74.10 50% 74.10 59% 1964 46% 1964 57%

Obs.A6 13.61 402.33 75.09 50% 75.09 60% 1990 47% 1990 57%

Obs.A8 13.69 410.67 77.44 52% 77.44 62% 2053 48% 2053 59%

Obs.H 14.16 481.67 95.72 64% 95.72 76% 2537 60% 2537 73%

Plot B Truth 13.70 665.71 152.77 142.50 4453 4097

Obs.O 13.50 307.14 58.75 38% 58.75 41% 1557 35% 1557 38%

Obs.A4 13.56 410.00 75.43 49% 75.43 53% 1999 45% 1999 49%

Obs.A6 13.64 397.14 74.69 49% 74.69 52% 1980 44% 1980 48%

Obs.A8 13.66 420.00 78.39 51% 78.39 55% 2078 47% 2078 51%

Obs.H 13.93 465.71 89.46 59% 89.46 63% 2371 53% 2371 58%

*Tree Height >=11

Carbon weight ( Ct / km2 )Stem volume (m3/ha)Measured data

Plot Name Observation Name
Average height
 of canopy trees

Number of
canopy trees

Diameter of
tree crown

(m) (m) (m3) (%) (tC/km2) (%)

Score Score Score
Plot A Truth Measured data 13.44 563.00 - 148.92 4243

Tree Height 132.9000 132.90 89% 3523 83%
Number of Canopy Trees 63.6339 83.9420 147.58 99% 3912 92%

Obs. O Measured data 13.61 316.33 5.38
Tree Height 132.9000 132.90 89% 3523 83%
Number of Canopy Trees 63.6339 66.4705 130.10 87% 3449 81%
Diameter of Tree Crown 28.0208 67.8979 9.0097 104.93 70% 2781 66%

Obs. A4 Measured data 13.55 401.67 4.76
Tree Height 132.9000 132.90 89% 3523 83%
Number of Canopy Trees 63.6339 66.4705 130.10 87% 3449 81%
Diameter of Tree Crown 28.0208 67.8979 45.1231 141.04 95% 3738 88%

Obs. A6 Measured data 13.61 402.33 4.76
Tree Height 132.9000 132.90 89% 3523 83%
Number of Canopy Trees 63.6339 66.4705 130.10 87% 3449 81%
Diameter of Tree Crown 28.0208 67.8979 45.1231 141.04 95% 3738 88%

Obs. A6 Measured data 13.66 414.33 4.67
Tree Height 132.9000 132.90 89% 3523 83%
Number of Canopy Trees 63.6339 66.4705 130.10 87% 3449 81%
Diameter of Tree Crown 28.0208 67.8979 45.1231 141.04 95% 3738 88%

Obs. H Measured data 14.16 481.67 4.23
Tree Height 132.9000 132.90 89% 3523 83%
Number of Canopy Trees 63.6339 66.4705 130.10 87% 3449 81%
Diameter of Tree Crown 28.0208 67.8979 45.1231 141.04 95% 3738 88%

Plot B Truth 13.70 665.71 - 152.77 4453
Tree Height 132.9000 132.90 87% 3523 83%
Number of Canopy Trees 63.6339 83.9420 147.58 97% 3912 92%

Obs. O Measured data 13.50 307.14 5.44
Tree Height 132.9000 132.90 87% 3523 79%
Number of Canopy Trees 63.6339 66.4705 130.10 85% 3449 77%
Diameter of Tree Crown 28.0208 67.8979 9.0097 104.93 69% 2781 62%

Obs. A4 Measured data 13.56 410.00 4.64
Tree Height 132.9000 132.90 87% 3523 79%
Number of Canopy Trees 63.6339 66.4705 130.10 85% 3449 77%
Diameter of Tree Crown 28.0208 67.8979 45.1231 141.04 92% 3738 84%

Obs. A6 Measured data 13.64 397.14 4.74
Tree Height 132.9000 132.90 87% 3523 79%
Number of Canopy Trees 63.6339 66.4705 130.10 85% 3449 77%
Diameter of Tree Crown 28.0208 67.8979 45.1231 141.04 92% 3738 84%

Obs. A8 Measured data 13.66 420.00 4.48
Tree Height 132.9000 132.90 87% 3523 79%
Number of Canopy Trees 63.6339 66.4705 130.10 85% 3449 77%
Diameter of Tree Crown 28.0208 67.8979 45.1231 141.04 92% 3738 84%

Obs. H Measured data 13.93 465.71 4.31
Tree Height 132.9000 132.90 87% 3523 79%
Number of Canopy Trees 63.6339 66.4705 130.10 85% 3449 77%
Diameter of Tree Crown 28.0208 67.8979 45.1231 141.04 92% 3738 84%
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Flight Name F1999 F2001 F2003

Flight Date 9~10 Sep 1999 26 Sep 2001 9 Sep 2003

Carrier Aircraft Airborne Heliborne Heliborne

Altitude above Ground Level (m) 600 200 ~ 300 300

Pulse Density [ First + Last Pulse ] (m
-2

) 1.20 81.12 6.56

Crown Polygon Crown Polygon

Point clouds regarded as crown point.

Point clouds regarded as terrain point.

Point clouds regarded as crown point.

Point clouds regarded as terrain point.

High Density Low Density

Decrease in density
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Investigate Name P1999 P2001 P2003

Investigate Date Dec 1999 Sep 2001 Apr 2004

Total Number of Trees (ha
-1

) 1028 1036 1009

Total Stem Volume(m
3
ha

-1
) 145.43 156.27 162.90



12

13

14

15

16

17

1999 2001 2003

Year

T
re

e 
H

ei
g

h
t 

(m
)

Avg.

+S.D.

-S.D.

n=507 n=523 n=505

0

20

40

60

80

100

120

140

160

180

200

6 7 8 9 10 11 12 13 14 15 16 17 18

Height (m)

N
u

m
b

er
 o

f 
T

re
e
s 

(h
a-1

) 1999

2001

2003

0

20

40

60

80

100

120

140

160

180

200

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Height (m)

N
u

m
b

e
r 

o
f 

T
re

e
s 

(h
a-1

) B1999

F1999

P1999

0

20

40

60

80

100

120

140

160

180

200

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Height (m)

N
u

m
b

e
r 

o
f 

T
re

e
s 

(h
a-1

) B2001

F2001

P2001

0

20

40

60

80

100

120

140

160

180

200

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Height (m)

N
u

m
b

e
r 

o
f 

T
re

e
s 

(h
a-1

) B2003

F2003

P2001



0

20

40

60

80

100

120

140

160

180

200

1999 2001 2003

Year

T
o
ta

l 
S

te
m

 V
o
lu

m
e
 (

m
3
h
a

-1
)

(P) complete enumeration

(F) laser survey

(B) prediction from laser survey

using the MNY method

0

1000

2000

3000

4000

5000

6000

1999 2001 2003

Year

T
o
ta

l 
C

a
rb

o
n

 W
e
ig

h
t 

(t
C

k
m

-2
)

(P) complete enumeration

(F) laser survey

(B) prediction from laser survey

using the MNY method



0

50

100

150

200

250

300

350

400

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Height (m)

N
u

m
b

er
 o

f 
T

re
es

 (
h

a-1
)

Lidar

Field

0

50

100

150

200

250

300

350

400

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Height (m)

N
u

m
b

er
 o

f 
T

re
es

 (
h

a-1
)

Lidar

Field

0

50

100

150

200

250

300

350

400

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Height (m)

N
u

m
b

er
 o

f 
T

re
es

 (
h

a-1
)

Lidar

Field

0

50

100

150

200

250

300

350

400

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Height (m)

N
u

m
b

er
 o

f 
T

re
es

 (
h

a-1
)

Lidar

Field



0

2

4

6

8

10

12

14

16

18

20

0 10 20 30 40 50 60 70

Number of Trees within the Extracted Crowns

F
re

q
u

en
cy

0

2

4

6

8

10

12

14

16

18

20

0 10 20 30 40 50 60 70

Number of Trees within the Extracted Crowns

F
re

q
u

en
cy

Coniferous Broad-Leaved

6 275 39 179

12 173 23 104

16 208 49 215

20 230 47 244

EstimatedComplete

Enumeration
Plot No





0

100

200

300

400

500

0 0.5 1 1

Laser DCHM Volume ( × 105 m3ha-1)

St
an

d 
V

ol
um

e 
(m

3 ha
-1

)

.5

Sample Site
Validate Site

y  = 3.070 × 10-3 x
R 2 = 0.7459

0

100

200

300

400

500

0 0.5 1 1

Laser DCHM Volume ( × 105 m3ha-1)

St
an

d 
V

ol
um

e 
(m

3 ha
-1

)

.5

y  = 2.966 × 10-3 x
R 2 = 0.8745

Plot Name Forest Type Speces Area (ha)
Number of

Trees (ha-1)

Investigated

Year

Year of

Lidar

Survaying

LTER #05 Coniferous Abies sachalinensis , Picea glehnii 0.48 777 1999 2004

LTER #06 Mixed Abies sachalinensis , Picea jezoensis , Betula  Spp. 0.5 806 1999 2004

LTER #11 Mixed Abies sachalinensis , Sorbus commixta 0.49 720 2002 2004

LTER #15 Mixed Abies sachalinensis , Sorbus commixta 0.5 626 2003 2004

LTER #16 Coniferous Abies sachalinensis , Picea glehnii 0.51 1294 2004 2004

LTER #18 Mixed Abies sachalinensis , Picea jezoensis , Acanthopanax sciadophylloides 0.24 679 2004 2004

LTER #19 Coniferous Abies sachalinensis , Picea jezoensis 0.34 706 2004 2004

LTER #20 Mixed Abies sachalinensis , Betula  Spp. 0.5 474 2004 2004

CC-LaG #1 Mixed Abies sachalinensis , Betula  Spp. 13.09 376 2000 2002

CC-LaG #2 Broad-leaved Salix Spp. , Betula  Spp. 1.05 363 2002 2002

CC-LaG #3 Mixed Abies sachalinensis , Betula  Spp. 0.97 182 2002 2002

CC-LaG #4 Mixed Abies sachalinensis , Picea jezoensis, Betula  Spp. 0.98 187 2002 2002





Date Region# Focal Length (mm) Scale

Jun-1980 Yama-918 213.80 1:20,000

Sep-1986 86-1 213.80 1:20,000

Jun-1991 91-1 213.58 1:20,000

Aug-1996 96-1 214.88 1:20,000

Jul-2001 01-1 214.88 1:20,000
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Name Cyrax2500 LMS-Z210 

Developed by Cyra Technologies RIEGL Laser Measurement 

Systems 

Precision (Vertical) ±6mm(1.5m 50m) 25mm 

Precision (Distance) ±4mm ±25mm 

Measurement Range Max 100m 

(1.5m ~ 50m Recommended) 
2m 350m 

Scanning Range 40º(Horizontal)×40º(Vertical) 330º(Horizontal)×80º(Vertical) 

Scanning Rate 1000 points/sec. MAX 20000 points/sec. 

Laser Spot Size 6mm(0m 50m) 50mm(0m 50m) 

Wave Length 532nm 900nm 

Laser Class Class 2 Class 1 

Software Cyclone3.0 3DRiSCAN 

Modified from Tashiro (2001) 
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Accuracy Precision

Cylax 20m 8 72.7% 1.7 -1.0 0.1

20m 40m 9 45.0% 3.3 -0.1 3.3

40m 60m 10 22.2% 2.8 0.5 2.1

RIEGL 0.08gon 20m 13 72.2% 4.2 0.6 4.3

20m 40m 8 27.6% 2.6 2.4 8.4

40m 60m 5 11.1% 7.7 15.5 4.3

RIEGL 0.2gon 20m 13 72.2% 4.3 0.7 3.3

20m 40m 7 24.1% 2.3 4.0 1.9

40m 60m 2 4.3% 5.1 -2.7 6.5

Measurement Error of DBH(cm)Measuement System

and Scanning

Scanning

Distance

Counted Number

of Trees

Count

Ratio

Measurement

Error of
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Accuracy Precision

P1 20m 13 72.2% 4.3 0.7 3.3

20m 40m 7 24.1% 2.3 4.0 1.9

40m 60m 2 4.3% 5.1 -2.7 6.5

P2 20m 10 47.6% 5.8 1.3 2.9

20m 40m 13 29.5% 2.5 4.8 5.8

40m 60m 4 12.1% 1.8 13.2 6.0

P3 20m 14 56.0% 2.4 3.4 2.3

20m 40m 25 39.1% 4 4.0 5.1

40m 60m 0 0.0% - - -

P4 20m 15 55.6% 2.8 3.7 2.6

20m 40m 6 19.4% 3.9 8.7 7.1

40m 60m 2 4.8% 8.1 5.6 3.1

Measurement Error of DBH(cm)Scanning

Point

Scanning

Distance

Counted Number

of Trees
Count Ratio

Measurement Error

of Location (cm)



Accuracy Precision

P1 60m × 45m 22 21.8% 4.1 1.9 4.6

P1·P2 60m × 45m 42 41.6% 4.9 3.6 5.4

P1·P3 60m × 45m 51 50.5% 3.5 2.8 4.9

P1·P4 60m × 45m 46 45.5% 5.2 2.9 5.0

P1~P4 60m × 45m 69 68.4% 3.8 3.6 4.3

P1~P4 60m × 20m 44 84.8% 4.2 2.3 3.5

Measurement Error of DBH(cm)
Scanning Point Measurement Area

Counted

Number
Count Ratio

Measurement Error

of Location (cm)
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60m×45m 374 276.9 9532.3

60m×20m 433 333.9 11494.8

60m×45m 256 208.7 7185.7

60m×20m 367 340.2 11710.9

Number of

Trees (ha
-1

)

Stand Volume

(m
3
ha

-1
)

Carbon Weight

(tC/km
2
)

RIEGL P1~P4

(0.2 gon)
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Method
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Plot Name Plot E Plot C Plot N Plot Up Plot Np

Plot Area (ha) 0.27 1.00 0.50 0.50 0.13

No. of Trees (ha
-1

) 441 1087 616 412 736

Stem Volume (m
3
ha

-1
) 276.9 158.9 261.9 363.1 260.0

Plot Name Plot E Plot C Plot N Plot Up Plot Np

No. of Observed Points 5 8 6 4 4

Height of Observed Point (m) 1.2 1.3 1.8 1.8 1.3



Laser Measurement (1)

Distance Image (2)

Generation of 

DTM (4)

Analysis of 

distance image (3)

Slope correction 

(5)

Calculate stem 

volume (6)

Complete 

Enumeration(7)

Stem volume (8)
Verification 

(9)





Plot Name Plot E Plot C Plot N Plot Up Plot Np

Measured Stand Volume

by Complete Enumeration (m
3
)

276.9 158.9 261.9 363.1 260.0

Estimated Stand Volume

by Using Laser Scanner (m
3
)

271.1 150.5 253.9 400.1 288.6

Error Ratio (%) -2.2 -5.6 -3.2 9.2 9.9
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Plot Name Plot E Plot C Plot N Plot Up Plot Np

Estimated Carbon Weight of the Stand (tC/km
2
) 9331.0 5681.5 9582.1 15752.3 11365.3
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Average Error

95% CI
S.D. of Error

Ratio of Average

Error

Ratio of S.D. of

Error

Position (m) X  0.40±0.45 1.16

Y  0.06±0.12 0.31

DBH (cm) -0.7 ±0.7 1.93 - 4%± 4% 11%

Height (m) -4.6 ±1.5 3.88 -50%±16% 42%

hh'
t

hh'
t

rr



Number of

Measurement Points

Counted

Trees

Average Error

±95% CI
S.D. of Error

Ratio of Average

Error

Ratio of S.D. of

Error

5 18 Position (m) X -0.20±0.65 1.41

Y  0.36±0.77 1.66

DBH (cm) -1.2 ±2.5 5.32 - 7%±14% 31%

Height (m) -3.4 ±2.5 5.32 -36%±26% 57%

4 16 Position (m) X -0.80±1.27 2.60

Y  0.39±0.68 1.39

DBH (cm) -1.9 ±2.8 5.61 -11%±16% 32%

Height (m) -3.4 ±2.8 5.61 -37%±30% 60%

2 5 Position (m) X -0.20±0.22 0.25

Y -0.10±0.25 0.29

DBH (cm) -1.5 ±2.5 2.89 - 9%±15% 17%

Height (m) -6.3 ±4.1 4.68 -67%±44% 50%

Measurement Method Process Number of People Working Minutes Total Man-Miniutes

Fisheye Method Make Plot 3          20          60          

(Method F) Taking Picture 1          20          20          

Reading Picture 1          240          240          

Total 320          

Complete Enumeration Make Plot 3          20          60          

(Method A) Complete Enumeration 3          100          300          

Total 360          



x y

CCD Size (mm) 23.476 15.600

CCD Pixel Size (µm) 7.8045 7.8000

Principal Point (mm) -0.0205 0.0347

Focal Length (mm) 20.3063
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Date Region# Focal Length (mm) Scale

Aug-1984 84-1 213.80 1:20,000

Aug-1999 99-1 213.80 1:20,000
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Height(m)

Species 10 10 Total

Picea jezoensis 1 2 3

Abies sachalinensis 45 7 52

N-Total 46 9 55

Betula platyphylla 2 2

Betula ermanii 3 3

Sorbus commixta 47 2 49

Acer mono 9 9

Tilia japonica 1 1

Acanthopanax sciadophylloi 2 2

Kalopanax pictus 9 9

Mongnolia obovata 2 2

Quercus mongolica 2 2

L-Total 75 4 79

Total 121 13 134
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number volume ratio of No. ratio of vol.

Species (/ha) (m
3
/ha) (%) (%)

Picea jezoensis 104.8 162.56 33.8% 50.7%

Abies sachalinensis 104.8 82.22 33.8% 25.6%

N 39.7 24.76 12.8% 7.7%

N-Total 249.2 269.54 80.5% 84.0%

Betula platyphylla 1.6 1.33 0.5% 0.4%

Betula ermanii 25.4 10.32 8.2% 3.2%

Sorbus commixta 12.7 3.46 4.1% 1.1%

Acer mono 3.2 0.32 1.0% 0.1%

Acanthopanax sciadophylloides 1.6 0.12 0.5% 0.0%

Kalopanax pictus 3.2 1.37 1.0% 0.4%

Mongnolia obovata 3.2 0.76 1.0% 0.2%

Quercus mongolica 9.5 33.68 3.1% 10.5%

L-Total 60.3 51.37 19.5% 16.0%

Total 309.5 320.91

RMSE_x(m) RMSE_y(m)

Check

Point

Check

point
Road Forest

Except

Shade

1984 0.92 1.17 1.79 5.55 5.34

1999 1.76 1.8 1.34 4.77 4.56

RMSE_z(m)

Year



0-5 5-10 10-

0-5 0.497 0.192 0.033

5-10 0.281 0.283 0.060

10- 0.222 0.525 0.908

Canopy height
class in year

1999(m)

Canopy height class in year 1984(m)

0-5 5-10 10-
Observed

in 1984 0.101 0.130 0.769

Observed
in 1999 0.100 0.111 0.788

Equilibrium 0.092 0.103 0.805

Canopy height class (m)

0 100 200 300 400 50050 m

Class Transition (1984 ~ 1999)
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