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Large scale evaluation of decadal forest biomass changes using repeated airborne
LiDAR observations in northern Japan

TAKAGI, Kentaro
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We examined the feasibility of estimating forest biomass changes using two
airborne LiDAR measurements of forest height acquired 10 yr apart (2004 and 2014) over the Teshio
Expe[im@ntal Forest (225 km2) of Hokkaido University in northern Japan, with 1 ha spatial
resolution.

The average of the decadal net biomass change was 4.18 (+ 6.64 SD) MgC/ha having large spatial
variation. Estimated values were comparable with the results obtained from ground surveys or tower
flux observations. Decadal net biomass change was significantly lower at high elevation, north
facing slope, steep slope, large tree height variance, and coniferous forest, and significantly
higher at south facing slope, deciduous forest, and secondary forest. The photosynthetic biomass
increase was linearly correlated with the decadal average of the MODIS NDVI and Green ratio, which
implies the application of satellite vegetation indices to further large scale estimation of forest
biomass changes

MODIS



20

(eg. Jung et al.,
2011

(e.g. Williams et a., 2009

10 100 m
500 m 10 km
( , 2010
( , 2009
( : DSM
(DTM 1m
(
DCHM
(
2004
220 kn?
1lha
10
2014 (1)
10
lha 2
©)
D
45°
225 km?
0 570 m

90%

10%

2
2014 6 9
1.5m? 1
0.37m
10
( 4.5 ha) 2004
2014 (
3981 )
2004 2014 11
63 ha 10287
30
30 (
) 1 ( )
3)
2004 2014
DSM DTM
DCHM DSM DTM
2014 2004
DSM 10
ADSM DSM DTM
DCHM ADSM

ArcGIS Geographic
Information System  ESRI

10 11

D:cm Takagietal. 2010
1
Y: kg
2004
2014 2



InY=2.389 xInD 1.928 1
12
(Mg C ha’!
11
(Mg C ha’!
10 11
10
AMCH: m 10
AFCS :MgCha'10 !
2, 1
AFCS =842 xAMCH, r’=089 ( 2)
SD_"I"I"I"""!"III
e I & EHEZEH e
£ [ e by
[=] O e P -
- r »
= . :
\é sol- ' . .
35 100 [ - —
= . y = 842
t i =0.89
£ 150 u
e _ .
— | | P R | | |
-18 15 12 -4 -6 3 u] 3 6
AMCH(m 10 yrs )
1 (A MCH)
A FCS
AFCS
2 lha 23,502
lha AMCH
AMCH
AMCHt ADSM
AMCH AMCHi ADSM
AMCH
AMCHd 3 AMCH
AMCHI1
AFCSi
AMCHd
AFCSd
3
AFCSt AFCSi AFCSd

AFCSt
1 ha

AFCSt 6
11,909

AFCSt
Kruskal-Wallis

Steel-Dwass AFCSt

terra MODIS
2004 2014
MODO09
NDVI  Green Ratio
GR  Enhanced Vegetation Index EVI
500 m X500 m
46 506

AFCSt AFCSi AFCSd

()
10
AFCSt 2

AFCSt 30 Mg C

ha'!

AFCSt 25 Mg C ha'

10 AFCS, 418 +
6.64(SD) Mg C ha’ -52.5 363 Mg C
ha™! 10

10 AFCSi
12.0 £ 4.94 Mg C ha’!
0 37.5MgCha’

AFCSd

-8.98 + 4.20 MgC ha’ -62.8



-0.22 Mg C ha™

AFCSt
AFCSi 0418 1.20 Mg C
hat' !

044 21MgCha'
AFCSi 0 3.8MgCha'

0.90 +0.42 Mg C ha' !
(035 12MgCha' ™)

6 Mg C
ha! !

5 Mg C

10EMDRFTEEEL (MgC ha')

2 2004 2014

2

AFCSt

p<0.001
AFCSt

AFCSt
p<0.001  AFCSt
p<0.001
AFCSt
AFCSt
AFCSt
3
AFCSt
300
400 m
AFCSt

30

20
7 10
o
g o
® 10
‘5)”-20
=3 5
A 30 ° o
Q o
g 40
.50 o
0 cREHE cBRW oHEH XK
0 100 200 300 400 500 600
#& (m)
3
A FCSt
(3)
MODIS NDVI, GR, EVI 11
AFCSt AFCSi AFCSd
AFCSt AFCSi NDVI GR
AFCSi NDVI
4 AFCSd
EVI
AFCSi
MODIS

AFCSi



35 EVI GR = NDVI
g V=23.5x+4.03 y=723.6x-287.4 y=177.6x-64.6
g R?=0.081 R?=0.52 R?=0.64
25
o
=
w 20
&)
Oy 15
=
=10
(2]
[&]
I s
<

0.2 03 0.5

0.4
MODIS #l £ $5 1]
(NDVI) Green Ratio (GR)

SN

Enhanced Vegetation Index (EVI)
(4 FCSi)

2 ,2010
Jung, M. et al., Global patterns of land-
atmosphere fluxes of carbon dioxide, latent heat,
and sensible heat derived from eddy covariance,
satellite, and meteorological observations,
Journal of Geophysical Research-Biogeosciences,
116, 2011, doi:10.1029/2010JG001566

, 61,2009, pp. 29-36

Takagi, K. et al., Allometric relationship and
carbon and nitrogen contents for three major tree
species (Quercus crispula, Betula ermanii, and
Abies sachalinensis) in Northern Hokkaido,
Japan, Eurasian Journal of Forest Research, 13,
2010, pp. 1-7

Williams, M. et al., Improving land surface
models with FLUXNET data, Biogeosciences, 6,
2009, pp. 1341-1359

11

Ichii, K. (32 , Hirano, T. (10 )
Takagi, K. (17 )), New data-driven
estimation of terrestrial CO, fluxes in Asia using
a standardized database of eddy covariance
measurements, remote sensing data, and support
vector regression, Journal of Geophysical
Research-Biogeosciences, , Vol. 122,
2017, pp. 767-795, DOI: 10.1002/2016JG003640

Sun, L., Teramoto, M., Liang, N., Yazaki, T.,
and Hirano, T., Comparison of litter-bag and
chamber methods for litter decomposition,
Journal of Agricultural Meteorology, ,
Vol.73, No. 2, 2017, pp. 59-67, DOI:

10.2480/agrmet.D-16-00012

Toju, H., Kishida, O., Katayama, N., and
Takagi, K., Networks Depicting the Fine-Scale
Co-Occurrences of Fungi in Soil Horizons, PLoS
ONE, , Vol. 11, No. 11, 2016, e0165987,
https://doi.org/10.1371/journal.pone.0165987

> > > >

)

, ,68 2016, pp. 11-20

Yazaki, T., Hirano, T., and Sano, T., Biomass
accumulation and net primary production during
the early stage of secondary succession after a
severe forest disturbance in northern Japan,
Forests, , Vol. 7, No. 11, 2016, 287,
DOI:10.3390/7110287

Fukuzawa, K., Shibata, H., Takagi, K. (3

), Roles of dominant  understory Sasa
bamboo in carbon and nitrogen dynamics
following canopy tree removal in a
cool-temperate forest in northern Japan, Plant
Species Biology, , Vol. 30, No. 2, 2015,
pp- 104-115, DOI: 10.1111/1442-1984.12086.

Falster, D.,S. (96 , Takagi, K. (80 ),
BAAD: a Biomass and allometry database for
woody plants, Ecology, , Vol. 96, No. 5,
2015, pp. 1445, Ecological Archives E096-128,
DOI: 10.1890/14-1889.1

Takagi, K. (7 , Hirano, T. (7 ),
Spatial and seasonal variations of CO, flux and
photosynthetic and respiratory parameters of
larch forests in East Asia, Soil Science and Plant
Nutrition, , Vol. 61, No. 1, 2015, pp.
61-75, DOI: 10.1080/00380768.2014.990349

Takagi, K. (14 , Liang, N. (8 )
Forest biomass and volume estimation using
airborne LiDAR in a cool-temperate forest of
northern, Hokkaido, Ecological Informatics,

, Vol. 26, No. 3, 2015, pp. 54-60,

http://dx.doi.org/10.1016/j.ecoinf.2015.01.005

Aguilos, M., Takagi, K., Liang, N. (15 )
Dynamics of ecosystem carbon balance
recovering from a clear-cutting in a
cool-temperate forest, Agricultural and Forest
Meteorology, , Vol. 197, 2014, pp. 26-39,
http://dx.doi.org/10.1016/j.agrformet.2014.06.00
2

Hirata, R. , Takagi, K., Ito, A., Hirano, T.
Saigusa, N., The impact of climate variation and
disturbance on the carbon balance of forests in
Hokkaido, Japan, Biogeosciences, , Vol.
11, No. 18, 2014, pp. 5139-5154,
DOI:10.5194/bg-11-5139-2014

20
« 5 ), Lidar
10 ,
2017 ,2017 3
29 (



Yazaki, T., Teramoto, M., Hirano, T., Liang
N., Sun, L., Kamakura, I., Post-disturbance
changes in carbon balances of understory
vegetation in a deciduous forest, northern Japan,
ISAM 2017, 2017 3 28

( )

CO, ,
57 ,2016

o 7, ( )
Liang, N., Teramoto, M., Zhang, Y., Takagi, K.

(7 ), Potentialities of Chamber Network for

Estimation of CO,/CH,; Sink/Source of Asian

Terrestrial Ecosystems, 13th Annual Meeting

Asia Oceania Geosciences Society, 2016 8 2
, Beijing (China)

(4 ),
LiDAR 10
, Japan Geoscience Union Meeting
2016,2016 5 25 (
)
CO, , Japan
Geoscience Union Meeting 2016,2016 5 25
; ( )
S G B N
LiDAR 10
2015 ,2015 12 7

( )

Hirayama, K., Takagi, K. ( 4 ), Large
scale evaluation of decadal forest biomass
changes from repeated airborne Lidar
measurements in  northern Japan. Joint
Conference AsiaFlux Workshop 2015 and ISPRD
TC WG VIII/3: Weather, Atmosphere and
Climate studies, 2015 11 25 , Indian
Institute of Tropical Meteorology, Pune (India)

_ ( 3 )
CO,
5 2015 2015
9 17 ( )
. ( 2 ),
, 5 2015
,2015 9 17 (

)

Takagi, K. (14 , Liang, N. (8 ),
Forest biomass and volume estimation using
airborne LiDAR in a cool-temperate forest of
northern Hokkaido, Japan, 2nd Joint seminar
between Nankai University and Hokkaido
University, 2015 2 26 (

)

Hirayama, K., Takagi, K. ( 4 ),
Estimation of GPP by using vegetation index in a
young larch plantation, northern Japan. 12"
AsiaFlux Workshop, 2014 8 20 , IRRI,

Los Baiios (Philippines)

ey
TAKAGI, Kentaro
(2
HIRANO, Takashi
LIANG, Naishen
(©))
IDE, Reiko

HIRAYAMA, Kojiro



