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In this presentation, we would like to introduce our recent publication, Ikawa et al., 2015,
Agricultural and Forest Meteorology:
http://audioslides.elsevier.com//ViewerSmall.aspx?source=18doi=10.1016/j.agrformet.2015.08.247

An open black spruce forest, the most common ecosystem in interior Alaska, is characterized by
patchy canopy gaps where the forest understory is exposed. This study measured C0,, sensible heat,
and latent heat fluxes with eddy covariance (EC) in one of those large canopy gaps, and estimated
understory fluxes in a black spruce forest in 2011 -2014. Then understory fluxes and ecosystem
fluxes were compared. The understory fluxes during the snow-free seasons were determined by two
approaches. The first approach determined understory fluxes as the fluxes from the canopy gap,
assuming that fluxes under the canopy crown also had the same magnitude as the canopy gap fluxes.
The second approach determined the understory fluxes by scaling canopy gap fluxes with a canopy gap
fraction, assuming that only canopy gaps, which mostly constitutes the forest floor, contribute to
fluxes. The true understory fluxes would be in between these two estimates. Overall, the understory
accounted for 53 (39 -66) %, 61 (45 -77) %, 63 (45 -80) %, 73 (56 -90) %, and 79 (59 -98) % of the
total net ecosystem productivity (NEP), gross primary productivity (GPP), ecosystem respiration
(RE), sensible heat flux (H), and latent heat flux (LE), respectively. The ratio of understory NEP
(NEP,) to the ecosystem NEP (NEP.) and similarly calculated LE,/LE; during the daytime increased
with vapor pressure deficit (VPD) at low VPD conditions (~ 2000 Pa) at half-hourly temporal scale.
At high VPD conditions, however, NEP/NEP. decreased with VPD, whereas LE /LE, was maintained at the
high level even at high VPD conditions. Despite large ranges of the estimates for the understory
contributions, we conclude that the understory plays an important role in the carbon and energy
balances of the black spruce ecosystem, and their contribution highly depends on the level of VPD.
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Methane (CH,) is the second important greenhouse gas (GHG) after carbon dioxide (C0,), because CH,
has a relative global warming potential 28-36 times of (0, at a 100-yr time horizon. Moreover,
atmospheric CH, concentration has doubled since 1800 and contributes about 20% to the global
radiative forcing. Recently, a process-based coupled biogeochemical model estimated that CH,
emission from global terrestrial ecosystems was 144.39+12.90 Tg C/yr with an increasing rate of
0.43+0.06 Tg C/yr between 1981 and 2010 (Tian et al. 2015). The dominant sources of CH, are nature
wetlands and rice fields.

Asian wetlands occupy vast areas from tropical peat swamp forests in Southeast Asia to boreal marsh
in Northeast Asia, and as well as alpine meadow on the Tibet Plateau. Furthermore, Monsoon Asia is
the largest rice-producing area. The countries of this region together produce 90% of the global
output of rice. Thus, Asia plays an important role in the regional exchange of CH, between
terrestrial ecosystems and the atmosphere. However, currently Monsoon Asia is under various
pressures such as land-use and climate changes. Quantifying CH, balance is helpful for
understanding their response and feedback to the changing world, and simultaneously is critical for
setting targets for GHGs (e.g. CO,, CH,, N,0) emission reductions and to identify and promote
mitigation strategies. This talk will present C0,/CH, fluxes and their controls of a meadow
peatland on Tibet Plateau, a larch forest in central Japan, and a tropical rainforest in the
Peninsular Malaysia by using multichannel automated chamber systems.
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Mapping of year-to-year deforestation area in insular Southeast Asia
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Accurate mapping of year-to-year variability of the spatial distribution of deforestation is
important to evaluate the biodiversity, ecosystem functions and services in tropical ecosystems
under rapid human activities. In Malaysia and Indonesia, deforestation and vegetation plantation
establishment by planting oil palm or acacia have continued. Here, we examined the ratio of the
number of days of Terra and Aqua MODIS satellite-observed daily green-red vegetation index (GRVI)
< @ to number of days of all GRVI with high quality (mainly without cloud contamination) for each
year from 2001 to 2014 in insular Southeast Asia. We found that the area of deforestation and
vegetation recovery were detected each year in southern part of Malay Peninsula, lowland area in
Sumatra, and Sarawak and Central Kalimantan in Borneo. Our finding suggests that the biodiversity,
ecosystem functions and services may be deteriorating in large areas in Malaysia and Indonesia.
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observations in northern Japan.
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Valid estimation of terrestrial carbon cycle depends strongly on the accurate estimation of changes
of global forest carbon stock. To estimate forest biomass changes, its vertical structure is
critical information, and airborne light detection and ranging (LiDAR) is expected to be an
effective method to measure. 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 Experimental Forest (225 km’) of Hokkaido University in northern Japan. Whole the area of
the experimental forest was divided into 23,502 cells having 1 ha cell size, and the decadal change
of the mean canopy height (4AMCH) was obtained for each cell using the two digital surface models
observed in 2004 and 2014, then the AMCH was converted into the biomass changes using a linear
relationship obtained from the relationship between MCH and the biomass for the experimental forest
(Takagi et al., 2015). Estimated decadal biomass change was validated using the ground observation
obtained from long-term forest biomass observation plots and artificially logged-plots during the
period.

Decadal net biomass change had large spatial variation ranging from +35 to - 50 MgC ha™', even
after excluding the artificially logged plots during the period. The average was 4.06+6.44 (SD) MgC
ha"', where the photosynthetic biomass increase was 11.7+4.79 MgC ha™' and the tree carbon decrease,
caused by coarse woody litter or tree falling, was 8.71#4.08 MgC ha'. These values were comparable
with the results obtained from ground surveys or tower flux observations operated in Hokkaido,
northern Japan. The decadal net biomass change was significantly lower at high elevation, north
facing 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 Vegetation Indices, with r’=0.64 for NDVI
and 0.52 for Green ratio, which implies the application of MODIS Vegetation Indices to further
large scale estimation of forest biomass change using satellite observation.
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The radiation reflectance from the canopy surface is used in the remote sensing of vegetation
structure and biochemical properties, including photosynthetic capacity, water use and
photoinhibition. The canopy reflectance is strongly affected by leaf are index (LAI) as well as
leaf reflectance and transmittance of radiation in the canopy. Deciduous forest is characterize by
the remarkable change in canopy structure such as leaf expansion in spring and leaf fall in autumn.
In addition, leaf optical properties (spectral reflectance, absorption and transmittance of
radiation) of the deciduous trees also changes according to the leaf growth and senescence because
the leaf optical properties characterize leaf biochemical components, such as chlorophylls,
carotenes, anthocyanins, nitrogen, cellulose, lignin and water, and anatomical structures.

The forest at Takayama site is a cool-temperate deciduous broadleaf forest on the northwestern
slope of Mt. Norikura, in central Japan. The forest canopy is dominated by Quercus crispula Blume
and Betula ermanii Cham. In this forest, we measured the leaf optical properties of these dominant
trees during the growing season, from budburst in mid-May to senescence at beginning of November.
The measurements were conducted in 2004, 2005, 2006 and 2010@. The leaf reflectance in the red
(620-670 nm), blue (459-479 nm) and green band (545-565 nm) dropped in the beginning of growing
period and increased in senescing period. Near-infrared reflectance (841-876 nm) increased in the
growing period. Then these leaf-level phenology was examined with the seasonal change of air
temperature, and also up-scaled to canopy-level by a radiative transfer model SAIL to examine the
canopy-level spectral reflectance observed at the same site from the leaf and canopy
ecophysiological point of view.
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Comparison of the simulated global the canopy scale sun-induced chlorophyll fluorescence
and satellite-based SIF measurements
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Estimating evapotranspiration from seasonal wetlands in north-central Namibia based on
satellite data fusion and VI-Ts method
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%< MR —ILOZEE/RE—MERBIBICEBTFLEFTDTELEN D2, ZCTHRAETIEZ. 7TV
A - FZETHNEHEOZEEMENRIC. FEEODRFET —S (AMSRZ/Y —X | MODIS. Landsat ETM+)
ER—XE U eERERDBEDREHERTF EOREET O, AFEE. FEANICRI—THIYUXE
RS DREAHEBEREIT 3. BEHNDY — &, BEESTRAKE. TEBED2DICHTTENEN
FMLTze ZILTUXLRKRE2EBETERLUZ,. 1) SEEFT—INSEHELRKERET —IR—-X=D
TILDEREE (Mizuochi et al., 2014) TF—ATJa1—I3 VL. 30 mDfEE. BEOEKEZSY VI&EER
ULfzo 2) CNICMODISOBSR OSSO ~EMKREBRE OO REBVWTVI-TSEZEA L. 30 nFETS
BCEDNHEAMBOHEETDIZ, VI-TSEFTEEE L. HBEEHR (VI) CXREEE (Ts) OBARNS. &
BE. TEROERLEORSREEKDDIFECHDIM. AR TIECNEKIBE (MNDWI) &TslcU GERAT
BET. KAKETENSOBRAEHEEZNENT IO CILIT —IU (30 mAT) TERY B &= AJRE
[EUlz, BRI FTFIENOSDRFEEVI-TSSEERE - BUNGZRN S K. RICKEKNS DERAEHEE
AR EJarvisB O VSO Y ZEFTIVICEDUVTRS. REICZENSELEOILHICHHDREKDE
5 (WF) TEMIFFHALT, BEDTCIICHIFIRFAHREE Uz, F=ZET7ILHEBDIBEFAOT A MY 1 ~
(ZNZEN5.3 kmx5.3 kmDEEHE) (CHULT. RFEC KD T2003ENS2013FL TOREBNDEEOFRERR
FEEFEKRD. BRERMT S WO IEVANE. KL Penman-MonteithIICE T < MODISOEREE OS5 D ~
(MOD16) &L Uz, Ffew BMIRILF—Q CBRAD SO IEBRATS VIO IDOM) « QCEHEHDEBRD
SwHIDEIGEF. KEHNSDERNDBTEN. FLOWELET B ET. SMBHORREUSUE R,
HESINLERABERL. ISV IIBAECESITCRIAEL. T2EE - MEOZHBLELIKRETETL
Izo Efe. Q, EF, WC, WFDLLRIC KD, ZEEEMICHUVTIE. BMWIRILF—NIFTEREX (CHEHOHNTSH
D, KD, TETEELKREAKNS DERFENZERBNTH D EHERTE I, MOD16MZERAIEERE (Tkm) &b
N, BUZERBDEREE (30 m) TOHEMNAREICE T2 ET. B+H~HEnX T —ILOEEEMICHEVTEUVE
HEHELTUVBCEDERTE R, L. MOD16MEERIIMEMB/E LR, AFEDHEE(SDIENTBATE
MCTHD. BEDIREPLTIVT ) XLODHERRETH D ERDMN DIz BFRHRICKD. =EEMICARS
NBFEFRNAE— OB VIREIN S DEFEKHEDHEENRAIBEL LD, BEINEZFAE. HROMMIE
[CHVNTE. MHEXT—ILOFHERFEBEEFAND L TEREEZEZRS5ND, S&. VI-TsiEPlarvisB OV 45
DI IREFTIVCEZBINSA—IETMRAYF VA CECBITEREICL DT, ABERDLIHFIF
N, BEBECEDISHEREESZIDZIONMNIDVWTETMET > TUELL,

F—O—R ! F=OIR-I=ZDCIVRRE. VI-TsiA. =HTEH

Keywords: database unmixing, VI-Ts method, seasonal wetlands
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Optimization of a terrestrial ecosystem model by data assimilation: demonstrating
flexibility of the particle filter
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BHIPZRIC. T—IEEDICANEATUWEN DR, ZCTAMETE. KIFT LI EVST—IELF
FEAVBCET. FERLEHERIELERBREET VL. T—FEMLICL > TRELT B ERAJRE
THRICEETT, SOEFT—XXITr LT, BEMORE - BRI /OJ-ZWMOKRS, BE - BE
([CL DT, BWADEHREIIFHER CRANIEFHZE TR I, TOEBIER. BERELETETIVEETNSC
ERBZBD N NI THEANLFRTRBILIND CEREHITDEMN e, AAETIE. ATHETEAR
SNEEEREAOZHRMERVTT —FELET O, TO/ER. ETILOEHD/ IS A IHMENICR
BEEET NI,

F-O—R I EBREFTVYI, T-5EME. BELARER
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ARJERT COEDBENDRITTHFIMEREZBRADEE
Impacts of leaf wetness on forest carbon cycle under air pollution
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SREAY V(E. FHREAOHESREDERET 5L L 60, FHHEROELICHT 35ABEOMEES
L. BMOK  KEBEBICHEES23, COFEE. BEOBEETIVICIERSNTOEN, KHET
. AVVICEBEALENILEZR L L SEBEETTTILSOVEGE SREZBZ TV EBFENET. 1
MIRDEHEEBMADTV V(L ZHEERARE, CORBEFIICE. FrJ)E—0BUREICEC RS
UYOIRRE. ZIUCHES IIVRFVIUGRE (Y, ) ESAIVT DY R (g,) DELHNERENT NS, ¥
TaAL—-YavOBR BV VEEMETIE. SIBEOHICE DBERONEREROET & BHORE
AEBICET 0. AFIFSHRAKEICET TS ENBESMNCHE 2, —F. EROBMEEAS LT
F. FVVCLBRMADHEI NS H o, CNSOBRE. FVVICLIHMEE L. 4V VBERITT
B ENBEICERET 3. EERBL TS, SK. 7I7 CEEERAKNARLTBEOWSFHEH
0. THICELSBNEBOEEC & > TASBFR T CORISEDHLE HEBRDVETHAEH. FIELRD
K - REEENELT ZTEMNH B,

F—O—F ! FMRRER. ARER. 8RR
Keywords: Forest carbon cycle, Air pollution, Canopy wetness
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Current status of data-driven estimation of terrestrial carbon and energy fluxes using
eddy-covariance network and remote sensing data
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The terrestrial biosphere plays important roles in regional and global energy and carbon cycles
through biogeochemical and biophysical processes, in turn affecting the trajectory of climate
change. Despite the importance of this issue, model intercomparison efforts have revealed large and
persistent uncertainties in CO, fluxes among terrestrial biosphere models. Reducing uncertainties
in terrestrial carbon cycle simulation is a challenging task because of insufficient observed (O,
fluxes, which serve as references for refining terrestrial biosphere models at regional and global
scales. Recently, the network of eddy-covariance observation has increased, and more data have
become available to public. These datasets allow data-driven modeling (empirical upscaling) of
terrestrial (0, and H,0 fluxes, and their application has shown significant progresses. Since
data-driven models rely on the statistical relationship between observed fluxes and explanatory
variables, the estimated flux is independent from terrestrial ecosystem models. Therefore, the
results provide a new data constraint to terrestrial carbon and energy cycle communities.

In this presentation, we introduce an overview and applications of data-driven modelling to
terrestrial biogeochemical studies. We used regional and global networks of eddy-covariance
observations (e.g. AsiaFlux and FLUXNET) and remote sensing as the forcing of data-driven model,
and conducted various applications using them. First, we will show the methodology and algorithms
of data-driven model. Second, we will show the applications of the resulting data: i.e.,
spatio-temporal variability in terrestrial (0, flux (Saigusa et al. 2010; Ueyama et al. 2013) and
energy balance (Ueyama et al. 2014). Third, we will present evaluation of data-driven models with
an assimilation of atmospheric CO, from GOSAT Level 4A product (top-down approach) (e.g. Kondo et
al. 2015). Fourth, we will demonstrate that regional/global (0, and H,0 fluxes upscaled by
data-driven models can be used to refine terrestrial ecosystem models (e.g. Ichii et al. 2009).
Reference
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Evaluation of interannual variations in primary productivity by a simple vegetation model
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In a terrestrial ecosystem, heterotrophs depend on primary productivity, which is affected by
climate change. Various types of process-based models have been developed to estimate primary
productivity, resulting in growing understanding about the roles of terrestrial ecosystems in
material circulations and energy flows. However, meteorological constraints on phenology that
influence seasonal changes in primary productivity are still uncertain. Prognostic leaf growth
models are possible to contribute to interpret the mechanisms. We developed a process-based
vegetation model driven by simple climate variables to estimate primary productivity. Using this
model, we examined the spatiotemporal variability in primary productivity and the timing of leaf
onset and fall.

This model consists of four submodules: (1) energy and water balance, (2) water-carbon exchange,
(3) allocation of assimilated carbon, and (4) phenology. Photosynthesis and evapotranspiration
rates are computed forced by simple meteorological variables (i.e. air temperature, solar
radiation, precipitation, relative humidity, and wind speed) at a 3@0-min interval in (1) and (2).
The computed primary productivity is then transmitted to (3) and (4) wherein leaf growth is
calculated at a one-day interval. Leaf growth is computed based on meteorological resources and
allocations of assimilated carbon. The proposed model considers the differences in biophysical and
ecophysiological traits among plant functional types.

First, we examined interannual variations in gross primary productivity (GPP) at some flux tower
sites. We used meteorological and biochemical data observed at flux towers and those archived in
FLUXNET. Second, we evaluated spatiotemporal variability in GPP in Monsoon Asia. Gridded
meteorological data from general circulation models (GCMs) were spatially interpolated to the
resolution of vegetation distribution data. We examined the influences of the interannual
variations in climate on GPP and leaf phenology.

The proposed model captured seasonal changes in the measured GPP per site. The estimates of
interannual variations were rather comparable to the measurements. For example, the reduction in
GPP due to a cool and wet summer in 2003 at Fujiyoshida was greatly reproduced. Although the model
estimated a low GPP at Appi in the same year, the measured value was the greatest in 2000-2006.
This discrepancy occurred possibly because the model ignores species-specific traits. However, the
model comprehensively reproduced temporal changes in GPP in response to climate variations. The
results of the experiment suggest GPP at the peak of leaf growth affects the growth after that and
therefore annual GPP.

The total annual GPP in Monsoon Asia varied in response to interannual climate variations. There
were some areas, where the interannual variability in GPP was large. This result shows that the GPP
in these areas are sensitive to climate variations. In this presentation, we will discuss how
climate variability affects the GPP through leaf phenology.

F—O—REREH. —MEKER. JI/0I-
Keywords: interannual variation, simple climate variable, phenology
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Integrated modeling of greenhouse gas budget of terrestrial ecosystem
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Sap flow measurement for Japanese cedar throughout the year with three techniques and
related problem
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Forests cover about 66% of land area of Japan, and Japanese cedar (Cryptomeria japonica) occupies
18% of total forested area. In Kyushu Island, south-western part of Japan, the water balance of
Japanese cedar stand has been made clear quantitatively by using eddy-covariance method and sap
flow technique (Kumagai et al., 2014; Shimizu et al., 2015). Meanwhile, except these studies, very
few measurements of sap flow have been carried out throughout the year, although Japanese cedar is
the most representative planted species in the larger part of Japan. Recently, newly developed
techniques, that is heat ratio method (HRM, Burgess et al., 2001) and heat field deformation method

(HFD, Nadezhdina et al., 2012), have been available in Japan. Considering the background mentioned
above, we preliminarily compared these new methods with traditional thermal dissipation method
(TDM, Granier, 1985) for a mature Japanese cedar planted at the central part of Japan. (Iida et
al., 2015a). In this study, we show the results of measurement with HRM, HFD and TDM throughout the
year. And we point out the common problem of three techniques: calculated sap flow becomes smaller
when a single sensor is used for relatively long period (i.e., more than 10 months).

We conducted measurements in a mature stand of Japanese cedar, whose age is 63, within Tsukuba
Experimental Watershed located in southern part of Mt. Tsukuba, Japan. We picked up a tree of
Japanese cedar whose height is 24.9 m and diameter at breast height is 40.4 cm, and installed
sensors of TDP, HRM and HFD. We used handmade sensors for TDM (e.g., Iida et al., 2015b) and
sensors for HRM and HFD manufactured by ICT international Pty Ltd (type SFM1 and HFD8,
respectively). The length of TDM sensor was 20 mm, and the sap flux density was computed as mean
value along the sensor length by the calibration equation proposed by Granier (1985). The width of
sapwood was 44 mm, and additional TDM sensor was inserted into the sapwood at the depth from 20 to
40 mm. On the other hand, the length of HRM sensor was 35 mm, and the sap flow movement was
detected at the depths of 12.5 and 27.5 mm. For HFD, the sensor length was 96 mm, and the depths of
sap flow detected were 20, 30, 40, 50, 60, 70, 80 and 90 mm.

The values of sap flux density by HFD showed high correlation with vapor pressure deficit (VPD).
Generally, conifer canopy has large aerodynamic conductance due to the needle leaf, and therefore
has high coupling with the ambient air. Thus, the high correlation with VPD is reasonable. Similar
trends were confirmed for TDP and HRM. However, the relationships changed with time, and sap flux
densities had become gradually smaller since the sensor installation. The clear deterioration was
found at 10-months after the installation, in common to TDP, HRM and HFD. This may be induced by
wounding or air embolism, which cause disruption in water flow around the sensors (e.g., Moore et
al., 2010). Therefore, to obtain the whole-year dataset of sap flow, attentions must be paid for
any deteriorations by checking the relationships between sap flow and VPD.

Cited paper
Burgess, 2001. Tree Physiol., 21:589-598.
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Model-based analysis of tree-ring growth phenology in Picea glehnii forests on Hokkaido
Island, Japan
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Recent global change is predicted to broaden uncertainty of ecosystems especially in terrestrial
area. To reduce such uncertainties, tree-ring data is recently paid attention. Tree-rings have high
potential to examine terrestrial carbon fluxes since tree-rings intrinsically correlate with forest
carbon gains and stocks. A long observation time-span (decades to centuries) of tree-rings also
increases its potential, extending observation period beyond fundamental flux-tower carbon
observation (two or three decades). However, annual tree-rings are not simply in proportion to the
annual sum of forest production. Annual tree-rings are made in a short time-span (e.g. two to three
months) and such growing season's production is important for tree-rings though such growing season
is still not clearly determined in ecosystem models for many tree species. This insufficient
tree-ring growth phenology scheme has prohibited ecosystem modelers to use tree-ring data for
validation though it has high potential to reveal spatiotemporal carbon stocks. Therefore, this
research aims at revealing tree-ring growth phenology in conifer-hardwood mixed forests on Hokkaido
Island, Japan.

Seven tree-ring site data of Sakhalin spruce (Picea glehnii) on Hokkaido Island were obtained from
the International Tree-Ring Data Bank. At each site, mean chronology was calculated in BAI (basal
area increment). Long-term climate data were obtained from the ERA20C reanalysis data (1900-2010)
with downscaling and bias correction using random forest modeling and Automated Meteorological Data
Acquisition System (AMeDAS) data on Hokkaido Island. Eight climatic parameters were used to
construct the Vegetation Integrated SImulator for Trace gasses (VISIT) model. Flux data in Teshio
flux tower site was used to modify the VISIT model. Net primary production (NPP) in each tree-ring
site was predicted using the modified VISIT model and the downscaled ERA20C data. Predicted daily
NPP were summed up for various periods (from a month to seven months at two weeks intervals) and in
various temporal timings (at two weeks intervals). To analyze the most effective NPP period for BAI
explanation, correlations between BAIs and the sum of each NPP period were calculated with random
factor of sites and years and the best generalized linear mixed model was selected using the
Akaike's information criterion (AIC).

Model selection revealed that a model using the sum of NPP from day of year 43 to 183 was the best
model. This period contains tree-ring growing season (June) for Picea glehnii and other top models
whose AIC differences from the best model were less than two also contained this season, suggesting
importance of production in the tree-ring growing season. However, onset of the effective NPP
period varied from January to May among these top models.

This research revealed that NPP in the tree-ring growing season is an important factor for
tree-ring width variations. Although this analysis aimed at clarifying mean growth phenology among
seven sites, differences in growth phenology among sites is expected to be a potential source of
wide variance in the timing of onset. Although tree-ring growth phenology is difficult to observe,
this research suggests that the growth phenology can be estimated from statistical analysis between
tree-ring and NPP, which connects to a next step toward tree-ring-based validation of ecosystem
models to reduce terrestrial ecosystem uncertainties.
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Role of understory vegetation on net ecosystem exchange of water and (0, at larch forest
in eastern Siberia
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This study investigated evapotranspiration (ET) and (O, exchange over larch-dominated forests in
the middle part of the Lena basin, eastern Siberia. Forest ecosystem in this region is
characterized by low precipitation, a short growing season, and extensive permafrost. Seasonal
thawing permafrost supplies soil water, which is prevented to infiltrating by an impermeable frozen
layer, and supports forest development. Recently, expanding summer thawing depth and unusually wet
soil layer maintained for a few years at larch forest observation sites caused decline of larch
trees (Iijima et al, 2014) and would have affected the water and carbon flux of ecosystem scale
(Ohta et al., 2014). To investigate vulnerability of the larch dominant forest faced to too wet
condition, we analyzed water and (0, fluxes observed with eddy covariance methods inside and over
the forest from 2004 to 2013.

The study site is the Spasskaya Pad station (62° 15°N, 129° 14°E) on alluvial terrace near Yakutsk.
The mean annual air temperature and mean annual precipitation (1986-2004) at this site were -9 2C
and 256 mm, respectively. In tower site, soil water of active layer is high after unusually high
precipitation (compared with the previous 20-year average) in two successive summers, and soil
layer close to the ground surface was almost saturated around 2007-2009. The dominant species of
the upper canopy is larch (Larix cajanderi), while development of birch (Betula platyphyila) and
willow (Salix bebbiana) is remarkable during this decade. The understory was covered with dense
cowberry (Vaccinium vitis-idaea). Through the wet period, 19 of 212 larch trees on 2500 m’ area
became dieback, and grasses and shrubs with a high water tolerance have invaded this site.

A decadal observation of hydro-meteorological variables shows inter-annual variability including
extreme environmental conditions such as unusually wet active layer, which was maintained for a few
years. Some mature larch trees locating poor drainage area suffered wet damage, while young birch
and willow trees developed and herbs with water tolerance expanded. Compared to the fluxes of the
whole ecosystem, those based on the understory layer changed through the study period due to
increase biomass and change of inside canopy environments; plentiful light and soil water, and
enhanced turbulent mixing. Evapotranspiration from the understory layer increased and contribution
to the whole forest flux reached 60%. Although this layer always acts as (0, source in seasonal
average through the study period, source strength weaken and changed to temporal sink in the early
summer (June). On contrast, contribution of the larch layer, in spite of remaining uncertainty in
quantity, decreased in both of evapotranspiration and CO, uptake. Interactions between larches and
understory vegetation would support this forest ecosystem. Decline of larch contribution is made up
by understory growing, resulting in relatively stable whole forest exchange rate at least until
this wet event.
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Soil is the largest carbon stock in the terrestrial ecosystem. Therefore, understanding soil carbon
dynamics is essential to predict future climate change. In the last two decades, several global
soil datasets have been developed, and some are under further improvement. These datasets contain
the global distributions of soil physiochemical properties, which allow us to calculate the global
distribution of the soil organic carbon (SOC) stock, and some datasets provide the SOC stock by
default. These datasets are based on globally observed data points, although there are biases in
spatial distribution and densities of some data points. Earth system models (ESMs) have been
created to understand the current climate and project future climate conditions. These models
incorporate the terrestrial carbon cycle including SOC. However, it was reported that ESM results
agree moderately at the biome level but that the correlation between the distribution of the SOC
stock simulated by the ESMs and that of observational datasets is poor when the two were compared
at a fine scale (e.g., 1° scale). In this study, we identified key factors governing global SOC
distribution in observational datasets and those simulated by ESMs. We applied a data mining scheme
and boosted regression trees to identify influential factors and how these factors are related to
the SOC stock (Elith et al., 2008). We revealed similarities and differences between the
observational and ESM datasets after comparing their outputs. The results of this study will be
useful to understand the nature of observational SOC datasets and ESM outputs to improve the
terrestrial carbon dynamics model in ESMs.
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Estimation of understory carbon budget and environmental factors influencing on the
processes in a larch forest on the northern foot of Mount Fuji
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Forest ecosystem is very important component of terrestrial ecosystems, and elucidating the carbon
cycle mechanism in forest ecosystem is vital for understanding global carbon cycle and predicting
future carbon budget along with global climate change. There are many studies reported carbon
budget of specific forest ecosystem using eddy-covariance method, however, this technique cannot
provide detailed information about each process of forest carbon cycle. Especially, information
about understory carbon budget include understory vegetation is limited.

To understand the impact of forest understory carbon budget and environmental factors influencing
on processes of understory carbon cycle, we set multi-channel automated chamber measurement system
in larch forest on northern foot of Mt. Fuji in 2006. The control unit of chamber system mainly
consisted of a data logger (CR1000, Campbell Scientific), an infrared gas analyzer (LI820, LI-COR)
and an air compressor. We set soil chambers (90 cm x9@ cm x50 cm) for soil CO, flux measurement.
Surroundings of the half of those soil chambers were root cut with chainsaw until 25 cm depth for
the measurement of heterotrophic respiration (Rh), and the remaining control chambers were used for
soil respiration (Rs) measurement. We also set plant chambers (90 cm x90 cm x10@ cm) which included
understory vegetation to measure understory net (0, exchange (NUE), understory respiration (Ru) and
understory gross primary production (GPP_u).

We got continuous data for 8 years from 2006 to 2013 with chamber measurement method. Comparison
with eddy-covariance data showed that annual Ru accounted for 68.6% of annual ecosystem
respiration, and annual GPP_u accounted for 16.3% of annual gross primary production of the larch
forest. Primary factor for GPP_u was light intensity of forest understory, and positive correlation
between annually estimated GPP_u and annual average of understory PPFD (R* = 0.64) was confirmed.
Remarkable exponential correlations between soil temperature and Rs, Rh and Ru were observed, and
total Q,, values for Rs, Rh and Ru were 2.49, 2.57 and 2.25, respectively. On the other hand,
influence of soil moisture on those soil CO, fluxes were minor except summer season when soil
moisture was notably decreased due to few rainfall.

F—D— | MERERRINE. TEMERE. F V- DEFR. A5V UMK
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Initial results of observations of soil CO, and CH, fluxes in three ecosystem types of
tropical peatland in Sarawak, Malaysia
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Tropical peatlands in Southeast Asia store large carbon by accumulating peat and they are
vulnerable to climate change and human disturbances.

Soil carbon dioxide (CO,) and methane (CH,) fluxes observations were started on September 2015 at
three ecosystem types of tropical peatland in Sarawak, Malaysia. The sites were one tropical swamp
forest with high ground water level and one with low ground water level, and an oil palm plantation
on peat. In each site, we installed an automated multi-chamber system. We will present the initial
results of the observations.

F—O—R I BE8FvYVN—I T L RERW. F1ILIR—L4
Keywords: Automated multi-chamber system, peat swamp forest, oil palm

©2016. Japan Geoscience Union. A1l Right Reserved. - ACG22-P06 -



ACG22-P@7 HAMERSER S EA2016EAS

KREIRELROEEBBYHCH (T30, >5 v I XNDE(L
Change of (O, flux during an early secondary succession after severe forest disturbance
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Forest ecosystems are expected as a major sink of atmospheric carbon dioxide (CO,), whereas their
ability to absorb (0, is severely perturbed by disturbances, such as deforestation, fires,
windthrow etc. Many studies which adopted the chrono-sequence approach reported that such severe
disturbances often changed forest to be a (0, source. However, there are few studies that directly
measure CO, flux for a long term (more than 10 years) above a disturbed forest site during an early
stage of secondary succession after severe disturbance.A flux site of a larch plantation in
Tomakomai, Hokkaido, Japan was struck by a typhoon in September 2004. Because of wind storm, about
90% of trees fell down. The fallen trees were removed by heavy machinery from the site, through
which the soil surface and understory species were also disturbed. After the operations of timber
transport, secondary succession progressed naturally in the ex-forest site. We recommenced flux
measurement in August 2005. (O, flux has been measured by the eddy covariance technique with an
open-path €0, / H,0 analyzer (LI7500, Licor) during a snow-free period from mid-April to
mid-November. Cumulative net ecosystem CO, exchange (NEE) during the snow-free period was positive
every year until 2015, whereas it showed a negative relationship, which indicates that the (O,
source strength of the ecosystem decreased. This negative relationship was caused by the increase
of gross primary production (GPP) or ecosystem photosynthesis, which corresponded to vegetation
recovery through secondary succession.

F—U—F BAE. BERE. EERDE
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Influence of natural and human disturbances on long-term CO, exchange over larch forests
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NSV YMISIERNICERIEORFEEZ B F(FDEFRINZINHEI-S I T7ESBREBOIEMERKRT BiE
5THD. [URRHICH T IERERIDIGEFACEU CEBRENSVABNRTH D, FRERICHNT
(& BgEFDE UTAMPIEENASIGEEICNI TLUVWEBTAS VYRNMEMEINTEZ Iz, BEMORE
DEXICEDZLDASVIYAIREIEERT D ITONTUEWRIKICH D, (0Q2RINEE UTHRMZEEZ XD
1BE. ASVYMOBENRERNZICEZZHEEETMMIDICETEETH D,
COURBESRMNSENVREMEMCIENS VIYMNDKREZENZISTEE L. SURZENCHT T SIS PEBRINRNDEZE
WC K BDREETHIMT zH(c. IBBEBRZEHBTERND 3 DNDASVIKICELT02T7 S5 v D XNDRIFER
BETO>TUVS, IWRHENETIET S v I IERHY 1 SV TITBEEIIS0ED S VW AT T006EMN
SERAERMBL TH D, 2014F(C(F30%NBETCRIKEREL 2. ALBEDEHIR IS VOIS —FH 1 ~(C
HULTIF2000FEN SBRTHIA0ED NSV Y ALIMTERIEIT D TUZR, 2004FIHDERAICKDWEICEKD
XU DN S VVNEIN., ZOEOOEBREEHERL TUVS, LEEILEINORIECC-LagT 1 ~CHWT

(F. 2001 FENSHIERMICHVTERERR L. 2003FE(CEXETVASVYEEMKL 2, SUREBRTIC3
DOY A MMIZENZNELDREAEZ(TTHD. BERREN ISV I RPN AV IRAEICLIDIFEONZ
BEREHMBRUBNIDFETH Do
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Forest resources change observation using spaceborne LiDAR in Siberian
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IR 7ESCIHFKESBREMME TE. MBEKEBLICLDIR[EBED LENFRERRICETLTHD., CSULEH
BCTHEEDZIKREEZSV VI IRMEBEI D L(E. MHTEELREE LD TUL D, KGRI
HESANITBILEOHICIIBEVE— M EYIVIEFRIDICENRENLR. FTE. L—THEBHL THh
REMENHBEBEEEHICTETI3FEES I —NAETEZENHTUD, CNETIE. 2003~20095F (CNASATR
BERAURICESSatBEEARE—DEDNDTH > MELRNICIIS LIFFEOFEES 75 —HREHESEIN TS
D, FMERNOFIFARRATNTULD, € TAAETIE. BIFOFE S 15 —ICESat/GLASE AR 77 DF%
MERZEOERCIHAL. ZORENDEHESNCITDICEZBENE Ulc, J6ig40° LN DEER60° IR TR
170°F THEEEER U ZCLAST —IEIE L. BRIGES VT —IDIXI) -0 EHEok, Bl
RIIC(E. (1) EXIEFMBEESRL T —5. (2) FEIC) 7 XIRZVNT—5. (3) SHRRENKSLBIE
FHIDT—FEETH D, TO/RE. BRICSEL 305 =NDT—9 v RERFE LI, RIC. GLASSKEDORF
REBN IS ET. SHRAMKICH TIBREMETNNrFIVIEEE Uz, BE(E. SHKEORBAE & it
BHASORNE—D EDEERETHBIRN0ESTE L, MERNTAVX(E. IRNUTPENRE URFKITHE
(Neigh et al., 2013) ([CKADBREINCHEETIVICEEDVWTEHE LR, ZOEBER. MRS DETOR
B FERA T A Y ZDFET . 4B £ V23.0 Mg ha ' TH Dt RIC. BMERDEEDHEIBRT 3
S, BEREBEE(I AV a1CcEICBEEMEE/NTAVIDGLASHEEDFIZEAE Lz, Bt EER
NTA AV ZDZEBAHRIFELUL THED. FHTRETEEL. HEFEBWMEEZRLEZ, Tz, HEAZLLEERIER
I B0, GLASOESBIBSERCH L T2DD T IL—F (2003~20055FE3857—5 . 2005~20074 807 —75) (T4
L. ZNZNOFHEEEAE L TZDOEMERAZEER Uz, ZOR/R. BEEEREICHTFMNET I SEA
RESNe—7A. MEBNATAVIEZ DB TCEERESNEVEDD., AL E —EBCEMERZ RS
gEMRRE SNz (REER) , S&IE. COURRERBERERIBERICDVTRAEENDIFTETH D, <D
KO, BESAI—ZFMATEICET. LEBOFMERDEZILINRESREICEZIY VI TEITEIENR
Inre,
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Phenological changes for 10 years and the influence on ecosystem productivity in a larch
forest at the foot of Mt. Fuji
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Phenological changes such as earlier budding or flowering and later leaf coloring and leaf fall
have been reported around the world along with recent global warming. Phenology is an important
index for climate change, and is also one of valuable factors to regulate the carbon cycle in
terrestrial ecosystems. As the phenological responses to environment vary across species,
assessment of long-term phenological trend for each species is required. In this study, we
investigated the phenology of a Japanese larch forest by near-surface remote sensing, and analyzed
the relationship between the phenology and climate change and also the influence of phenology on
the forest ecosystem productivity derived from (O, flux observation.

Our study was conducted in a larch plantation at Fuji-hokuroku flux observation site (Fujiyoshida
city, Yamanashi). About 87 % of the canopy is dominated by 60-year-old Japanese larch (Larix
kaempferi) and the maximum LAI of the canopy was 3.2 m’ m” in 2012. €0, flux and micro
meteorological factors have been measured by eddy covariance method for ten years since 2006. For
phenological observation, reflectance from the canopy has been continuously observed on the
observation tower by using two spectral radiometers (upward and downward) and digital cameras. The
vegetation index to detect seasonal changes of the canopy greenness was calculated as Green Ratio:
GR=G/(R+G+B). The start and end dates of the growing season were determined from the days when the
time series of GR indicated the maximum rate of increase and decrease. Then relationships of the
yearly variations of phenology, temperature, net ecosystem exchange (NEE) and gross primary
production (GPP) were analyzed.

As results, the mean dates of start and end of growing season were Apr. 23 and Nov. 8, with large
amplitudes of 12 and 8 days respectively. Significant earlier or later phenological trend was not
found across these ten years from 2006 to 2015. The mean annual growing season length was 198.5%4.1
days. The start and end dates were significantly related to the mean temperature respectively
during Mar.-Apr. and during Sep.-Oct. The phenological responses to temperature were -4.5 day/2C (R
2-0.88) in spring and 2.3 day/°C (R®= 0.74) in autumn. In addition, the influences of phenology
on GPP and NEE during spring (Apr. and May) and autumn (Oct. and Nov) were indicated. Meanwhile,
yearly variations in annual GPP and NEE were more influenced by the decrease of summer
productivities due to thinning and typhoon than phenological factors.

F-O—k:71/0Y- £BHE. [URRE. KREBER. PP
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Sun-induced chlorophyll fluorescence reveals strong representativeness of ecosystem-level
photosynthesis in rice paddy field in Mase Japan
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KEBEHICKD>THEHRINZOOOT v JLEYE (Sun-Induced Fluorescence: SIF) AREREMEEZ AR

L. @& [Frankenberg et al., 2011; Guanter et al., 2012; Joiner et al., 2013] *°ith £ [Daumard et
al., 2010; Porcar-Castell, 2011 CERAICTET BB L THEEERINTVSD, LN ULEMNRS. HEEROEEES:
EBRTOMEERDOAIEREZZ UL SIFORBAREEMZETHITFTUL D,

BRI, PITPEEBTERINTUVIKEENRE USIFEBHEBECET > CTEHASNIZERBR A MEGWPE
DERERIEL Tz, T—H1F. DL IEHEREDAKE(36°03'N, 140°01°E, 11 m a.s.1.)T. 20065FH 520124
F TN CESNIZ, ¥ =R(0riza sativa L.; cultivar Koshihikari)(d. 5BI(CBIETNIACINEST N
fco SIF(E. KHAICHESTNIBEREEDOHDIND Y X ~CED(F 5N HmEYET(MS700, RahfEHER |
FWHM=10nm, SAIE-r >S5 —/\JL=3.3mm) £ O0—F—5 — (BIRIBTH) H SEBR S NS HIRDSHETETH(HSSR) (T
SO THAESNZKBEERERNS DRFBEZENA L TEHEINIZ, SIF (SIF,,) OEEE. 760nmfTiED
02-AIRUNFE D X RD < JLERMA L. Fraunhofer Line Depth i%&[Maier et al., 2003](C &> TITHNIT,
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M. GPP-SIF, ,DBIHRIIABDEMNEFEAELED D /ZM. GPP-APARDBIRIIABTEIL LT, e, FFERH
1$GPP-SIF, ., DBIRIE. IXNTOEICHFVTEAS Nz, BSIF,, (FHPPERAKRDFHEILERLIZ, —/AT
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