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"Forestry and Forest Products Research Institute, Tsukuba, Japan
?Yonsei University, Seoul, Korea
*National Institute for Environmental Studies, Tsukuba, Japan
‘Hokkaido University, Sapporo, Japan
National Institute of Agro-Environmental Sciences, Tsukuba, Japan
National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan
"Kyoto University, Kyoto, Japan

We have introduced last year, at the 4th AsiaFlux Workshop held in Fujiyoshida, Japan, about our plan on
building the Asian regional flux network along the frame work of projects "Initiation of the next-generation
AsiaFlux (MEXT)" and "Standardization and Systematization of Carbon-Budget Observation in Asian
Terrestrial Ecosystems Based on AsiaFlux Framework (APN)". After the Workshop, we have situated two
workgroups with three sub-workgroups under each workgroup, in the AsiaFlux organization (Ohtani, 2005).
We are steadily carrying out our activities, and these AsiaFlux workgroups play important roles in its
implementation.

One of the most topical and fruitful activities in this year was the very first AsiaFlux Training Course on
Micrometeorology, organized by Short Training Course Sub-workgroup. The training course aimed for
diffusing basic theory and observation techniques to Asian flux rescarchers. More than twenty participants
who were about to start carbon dioxide flux measurement joined from ten different countries (Saigusa et al.,
2006). We believe this training course has contributed to extend the carbon dioxide flux observation in Asia,
and to improve data quality and fostering leading rescarchers. Above all, cooperative relations among Asian
rescarch institutions we developed through the course is a great hoard to AsiaFlux community.

AsiaFlux Editorial Sub-workgroup has issued five volumes of AsiaFlux Newsletter in the updated editorial
linc. In these issucs, five cditors from Korea and Japan compiled 21 articles from Korean, Chinese and
Japanese authors. Contributions from wider district in Asia arc expected, along with the further intensification
of our activities.

In parallel with these on-going activities, we are discussing AsiaFlux policy and membership to be taken in
context. We have not updated those descriptions in our web site since the establishment of AsiaFlux in 1999.
The AsiaFlux executive and stcering committees are conducting comprehensive deliberations on these matters,
suggested by Network Management Sub-workgroup. One important issuc is to situate AsiaFlux to be an
umbrella organization which covers Asian communities who carry out obscrvations on carbon dioxide, encrgy
and water vapor flux or terrestrial carbon.

Morcover, Database and Data Policy Sub-workgroup has begun to discuss the AsiaFlux database policy
and updating site information. Measurement Support and Standardization Sub-workgroup has also started the
development of standardized flux measurcment systems. Some workgroup members have suggested us that we
have to reconsider the current linkage among each subgroup activitics. We intend to improve AsiaFlux to be
more accessible and attractive with a cooperation of participants who join to AsiaFlux.

Acknowledgements: We would like to thank all the collaborators in AsiaFlux sub-workgroups for promoting
our activities. The Asialllux activities were financially supported by the Japanese Ministry of Education,
Culture, Sports, Science and Technology (MEXT) and by the Asia-Pacific Network for Global Change
Research (APN).
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Ohtani, Y. 2005. AsiaFlux implementation of New Programs funded by MEXT and APN, AsiaFlux Newsletter
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Saigusa, N., Takagi, K., Yuta, S. and Hirata, R. 2006. Report on the AsiaFlux Training Course 2006, AsiaFlux
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FLUXNET AFTER 10 YEARS: SYNTHESIZING CO, AND WATER VAPOR
FLUXES FROM ACROSS A GLOBAL NETWORK

M. Falk' and D.D. Baldocchi’
'CALSPACE, University of California, Davis, USA
’ESPM, University of California, Berkeley, USA

FLUXNET is a global nctwork of
micrometeorological flux measurcment sites (Fig. 1)
that measure the exchanges of carbon dioxide, water
vapor, and cnergy between the biosphere and
atmosphere. Over the past ten years, the FLUXNET
project has grown from a handful of sites that are
continuously measuring carbon dioxide and energy
fluxes to over 400 sites worldwide (Fig. 2). With
an extended datasct overlapping the duration of the o
TERRA and AQUA satellites, thc FLUXNET |l-...

project is poised to address the next generation of Fig 1. Distribution of flux tower sites (October 2006)
carbon cycle questions. The overarching goal of

FLUXNET is to quantify spatial/temporal variations Growth of Fluxnet

of terrestrial carbon dioxide exchange, as assessed with a global 417 Towers as of September 30, 2006
network of eddy covariance flux mcasurement towers, and relate '
this information to carbon fluxes being deduced from remote 500
sensors on satcllites and towers.
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The FLUXNET project produces gap-filled, valuc-added Fig 2. Number of flux tower sites

databascs of carbon flux measurements. These data provide
the cxperimental foundation for improving and testing 1.00 —— . .
algorithms that assess gross primary productivity (GPP) and o conifers
net primary productivity (NPP) using remolc sensing data and = _ deciduous
normalized vegctation indices (Fig. 3) and validating and
improving SVAT models used for wecather, climate,
biogcochemistry and ecosystem dynamics.

The intrinsic value of flux networks on regional and global
scales lics in their ability to produce large and long-time data e
sets, reduce sampling error, create robust datasets for model L o ;:gg:,and
development, capture pulscs and lags of ccosystem processcs, 0.00 4=~ . . ——
study the gradient of climates, structurc and function, and 0.00 025 0.50 0.75 1.00

provide for better integrated rescarch studics. NDVlyo0is

Fig 3. A broadband tower NDVI plotted
against MODIS NDVI for 14 FLUXNET sites
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NEW DEVELOPMENT IN CANOPY-ATMOSPHERE EXCHANGE

M. Y. Leclerc',J. Hong', G. Zhang', A. Andrews’,R. Avissar®, P. Bertsch®, W. Eichinger®, M. Parker®,
G.Qiu’, J. Warland® and T. Watson®
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This paper introduces the concept of a Carbon Flux Super Site, the next-gencration of flux sites aimed at
characterizing carbon exchange between terrestrial ecosystems and the atmosphere. The Carbon Flux Super
Site harnesses cutting-cdge technologics to generate insights leading to highly relevant biological and physical
process information about thc carbon cycle. It does so in a concentrated, integrated effort, so that
comprehensive novel measurcments related to carbon exchange in non-ideal conditions result in more
scientifically credible data.

Using recent methods to characterize the impact of frequent and poorly documented atmospheric
phenomena on carbon fluxes, this Carbon Flux Super Site aims at producing revised, more robust regional-
scale carbon fluxcs. This data is obtained using both stationary and airborne flux platforms combined with
onsite tall tower CO; mixing ratio measurcments. The data will be uscd as input into regional models to
simulate more accurate climate change scenarios that result from increascd atmospheric CO; concentrations.

The sccond portion of this talk reports on the latest developments surrounding canopy-atmosphere
exchange. A recent Lagrangian diffusion method is used to examine the canopy-atmosphere gascous exchange
for sources vertically distributed within the canopy layer. We examine the validity of the Lagrangian diffusion
method and discuss the behavior of the diffusing scalar as a function of distance from the in-canopy
sources/sinks, both for the near-ficld and for the far-ficld. It mimics the diffusion of CO; respired from the soil
surface, and the diffusion of gascs cxchanged scparately from the main canopy layer and from the understory.
The influence of buoyancy forcing on the results is discussed. These results spark new understandings on
gaseous transport inside forest canopies and its exchange of gases between the canopy layer and the
atmosphere.
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SYNTHETIC ANALYSIS OF THE LONG-TERM CARBON BUDGETS
ESTIMATED FROM TOWER-FLUX MEASUREMENTS AT VARIOUS
FORESTS IN EAST ASIA

S. Yamamoto', N. Saigusaz, R. Hirata®, R. Ide®, Y. Ohtani®, M. Tani®, Y. Kosugi®,
M. Gamo?, H. Wangz, H. Koizumi® and Y. Fujinuma3
Okayama University, Okayama, Japan
National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan
*National Institute for Environmental Studies, Tsukuba Japan
Forestry and Forest Products Research Institute, Tsukuba, Japan
TKyoto University, Kyoto, Japan
Gifu University, Gifu, Japan

The elucidation of the carbon budgets at various ecosystems has become an important subject of the
global warming issuc. Espccially, forests have a key role in the global carbon cycle, scquestering large
amounts of atmospheric CO,. However, the ability of carbon sequestration depends on the type of forests
and climate conditions. The environmental conditions in East Asia under a monsoon climate differ from
North America and Europe. The precipitation in East Asia is larger than that in these continents, in
particular, thc much precipitation in the mid-latitude. Due to the specific features of climate and forest type
the carbon budgets in East Asia should be different from those of North America and Europe.

From this point of view, in this lecture, the preliminary results of long-term carbon budgets at forest
sitcs in East Asia are explained and discussed about following points: (1) Annual-integrated values of
carbon budget and their relation with metcorological conditions, (2) Comparison of the results of Net
Ecosystem Production (NEP) with cach other in East Asia and with NEP values in American and European
forests and (3) Quantitative evaluation of NEP by the eddy covariance method through comparison with
biometric estimation of NEP.

Table 1: Annual-integrated values of NEP, RE, GPP (gC/m¥ycar), NEP/GPP, Mcan Air Temperature (degC),

PPFD(mol/m*/year) and Precipitation(mny/year) (from data-base of S1 project, *: without u*-correction)

b

Site  (degN, degE) Years NEP | RE aGrr NEP/GPP | Air Temp. PPEFD | Precip.

Takayama, Japan (36.1,137.4) 2000-04 | 337 882 1219 0.28 7.3 9900 2400
(deciduous broad-leaf forest)

Fujiyoshida, Japan (35.5,138.8) 2000-04 | 489 1059 1548 0.32 9.5 10466 | 1506
(evergreen needle-leaf forest)

Kiryu, Japan (35.0,136.0) 2001-04 | 554 1471 2025 0.27 15.1 9146 1500
(evergreen needle-leaf forest)

Tomakomai, Japan (42.7,141.5) 2001-03 177 1502 1679 0.11 1.7 8529 1247
(deciduous necedle-leaf forest)

Laoshan, China (45.3,127.6) 2004 121 1227 1348 0.09 2.8 --- 724
(deciduous needle-leaf forest)

Pasoh, Malaysia (3.0,102.3) 2003-05 854* --- --- - 26.3 12967 | 1733
(tropical rain forest)

Sakaerat, Thailand (14.5, 101.9) 2003 1283* | 1543* | 28206* 0.46* 243 14570 | 1750
(tropical scasonal forest)

Acknowledgements: This study was supported by Japan Ministry of Environment (S1 project: Integrated study for
terrestrial carbon management of Asia in the 21st century based on scientific advancements). The authors would like

to thank all the project investigators, their co-workers, and students for providing data.
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TEMPORAL AND SPATIAL VARIATIONS IN THE SEASONAL PATTERNS OF CO,
FLUX IN BOREAL, TEMPERATE, AND TROPICAL FORESTS IN ASIA
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"Forestry (ma' Forest Products Research Institute, Tsukuba, Japan
SUniversity of Tsukuba, Tsukuba, Japan

Measurements of the net ecosystem production (NEP) over forest stands were conducted from flux towers in
boreal, temperate, and tropical regions in East Asia from 2000 to 2005. The sites are distributed over a wide
latitude ranging from 3 to 64 °N and include borcal and temperate needle-leaf deciduous forests (larch) (central
Siberia, Mongolia, China, and northern Japan), temperate broadlcaf deciduous and needle-lcaf evergreen forests
(central Japan), and tropical rain forest and scasonal forest (Malaysia and Thailand).

The boreal larch forests had short growing periods of 3-4 months. The temperate deciduous sites showed the
greatest positive NEP in carly summer, after leaf expansion. The tempcrate cvergreen sites showed carlicr
positive NEP in spring than the deciduous sites and had long growing periods (> 10 months). The tropical rain
forest showed a small flux throughout the year without a clear scasonal change.

In 2002 and 2003, several significant weather anomalies were observed, such as positive temperature in the
temperate sites in the 2002 spring, negative precipitation in the tropics in 2002, and negative solar radiation in
the temperate sites in the 2003 summer. The scasonal patterns of NEP were scnsitive to the anomalies, and the
variations were caused by (1) high spring-air temperature, which induced an carly start of the growing period in
the temperate sites, (2) summer solar radiation, which controlled the annual gross primary productivity; (3) and a
long dry season, which affected the lcaf area index and NEP in the tropical seasonal forest.
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Fig. 1. Monthly NEP observed in (a) boreal larch forest in central Siberia; (b) boreal larch forest in Mongolia; (c) temperate larch
forest in northeastern China; (d) temperate larch forest in northern Japan; (¢) temperate birch-oak forest in central Japan; (f)
temperate red-pine forest in central Japan; (g) temperate cypress forest in central Japan; and (h) tropical rain forest in Malaysia.
The symbols DN, DB, EN, and EB indicate deciduous needle-leaf, deciduous broadleaf, evergreen needle-leaf, and evergreen
broadleaf, respectively. The year(s) of NEP evaluation and annual air temperature (T,) are indicated in each figure.

Acknowledgements: This study was supported by the Japan Ministry of the Environment (Integrated study for the terrvestrial
carbon management of Asia in the 21st Century on the basis of scientific advancements). The authors would like to thank all the
project investigators, their co-workers, and students for providing data.
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THE SPATIAL AND TEMPORAL DISTRIBUTIONS OF THE ENERGY

PARTITION ABOVE FORESTS IN MID- AND HIGH-LATITUDE REGIONS
—Analyses using the AmeriFlux, EuroFlux, and E. Eurasia-Japan datascts—

T. Ohta

Nagoya University, Nagoya, Japan

Introduction

Water, energy, and carbon dioxide exchanges have been examined intensively at many sites on the globe
in the last decade, and site-specific characteristics are revealed using these datasets. Nevertheless, the
quantitative characteristics of the spatial and temporal distributions of thesc exchanges remain obscure. The
cxchanges arc strongly controlled by environmental conditions, such as radiation, temperature, humidity,
wind speed, and soil moisturc. Which factors control the spatial distribution and which factors limit the
temporal distribution? This study investigated the spatial and temporal distributions of water and cnergy
exchanges using datasets obtained in North America, Europe, astern Eurasia, and Japan.

Materials and Method

The data analyzed in this study comc from ninc
AmeriFlux, sites, ten EuroFlux sites, and cight sites in
Eastern Eurasia and Japan. They are located {from 33°N to
64°N and from 142°E to 122°W. In addition to the datasct
for the turbulent fluxes and meteorological clements, soil
moisture content (SWC) was also used. Data that were
more than two standard deviations outside the relationship
between TF and net all-wave radiation were excluded from
the following analysis. The period analyzed is 90 days of
growing scason, i.e., day of ycar (DOY)=151 — 240, at cach
site, in every year. The characteristics in the 73 growing
scasons arc totally analyzed in this study.
Results and Discussion

Figure 1 shows the relationships between the Bowen
ratio (BR) and SWC and net all-wave radiation (Rn). The
BR dropped rapidly as thc SWC increased from 0 to 20%
and then remained constant at an SWC above 20% (sec the
upper figure) regardless of forest type or tree species. The
lower the annual mean temperature obtained from the
IIASA global climate datasct is, the larger the values of the
BR for wet SWC exceeding 20%. There was no significant
rclationship between BR and Rn (see the bottom figure). By
contrast, the opposite was true on a half-hourly basis. The
BR increased with the Rn, while there was no clear
relationship versus SWC at cach site. These results show
that spatial and long-term temporal, i.e., ycar to yecar,
variation in the characteristics of water and cnergy
exchanges is strongly limited by the SWC, whercas
short-term temporal distributions are controlled mainly by
radiation conditions.
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SEASONAL VARIATION OF NET ECOSYSTEM PRODUCTIVITY IN JAPANESE
TEMPERATE FORESTS
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Micrometeorological observations of the net ccosystem productivity (NEP) were conducted in different types
of temperate forests, such as deciduous broadleaf, deciduous conifcrous, evergreen coniferous and mixed forests,
distributed in Japancsc main islands from Hokkaido to Kyushu. The measurcd NEP modificd by data sclection
and empirical gap-filling procedures, obtained from 2000 to 2003, were used in this report.

The maximum NEP was largest in deciduous coniferous forest, followed by deciduous broadleaf forests.
These groups had remarkably higher maximum NEP than evergreen coniferous forests, with large inter-annual
variability in the growing scason. In evergrcen coniferous forests, the NEP's intetr-annual variability was
appreciable throughout the year, but its magnitude was smaller than that of the deciduous forests. The period of
positive NEP lasted for 140 to 200 days in dcciduous broadleaf forests, and more than 290 days in evergreen
coniferous forests. These varietics in NEP might be caused by the different forest response to the regional and
inter-annual climatic variations. The response of the NEP, as the difference between gross primary productivity
.md ecosystem rcsplratlon to lhc climatic variations will be discussed in the prcscntatlon
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THE CARBON DYNAMICS OF TROPICAL RAIN FORESTS: LESSONS
FROM FLUX STUDIES AND BIOMETRIC MEASUREMENTS IN AMAZONIA

Y. Malhi
Oxford University Centre for the Environment

In this talk I review the progress that as been made in our understanding of the carbon and water
dynamics of tropical rain forests, through the application of eddy covariance and biometric techniques in
Amazonian forests.

Eddy covariance studies have been able to quantify the scasonal and intcrannual variability of carbon
fluxes in Amazonian forests. They have demonstrated that rainforests can demonstrate scasonal variability,
but the pattern of this variability can vary from site to sitc. In forests wherc the water supply can be
maintained in the dry scason, therc is often an increasc of carbon uptake in the dry season as
photosynthesis increcases but soil respiration declines. In forests where the dry scason is more scvere,
carbon uptake declines in the dry scason. Many rainforests demonstrate seasonal phenology, but there is
increasing evidence that these seasonal shifls are not triggered dircctly by water supplics but by internal
rhythms in the ccosystem.

The issue of determining the net carbon balance of tropical forests using flux techniques has proved
more challenging. The problem centres around the accurate determination of night-time CO, fluxes. This
problem is particularly acute in many tropical forest regions because (i) night-time wind speeds can be
particularly low; (ii) the tall dense canopies discourage within-canopy turbulence; (iii) the photosynthetic
and respiratory fluxes are so large that small errors in respiration can lead to large errors in the net carbon
balance. At some sites the application of a friction velocity filter appears to remedy this issuc; at other sites
the friction velocity filter is not adequate.

Flux measurcments are much more valuable when couples with biometric measurements, of woody
growth, litterfall, root dynamics etc. They also help to place the study site in regional context. In Amazonia,
the RAINFOR nctwork of biometric mcasurements has demonstrated that (i) therc is large regional
variability in forest carbon dynamics that is not adequatcly captured by the flux tower network; (ii) the
regional patterns scem more driven by soil propertics than by climate; (iii) there appears to be a net
increase of biomass in Amazonian forests over time; (iv) tropical forests may losc up to 70% of their
acquired carbon through plant respiration. I explore the consequences of these findings for how tropical
forests may be responding to global atmospheric change.
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LAND-ATMOSPHERE INTERACTION IN CLIMATE MODEL:
INDOCHINA DEFORESTATION, GLACE, AND WHAT’S NEXT
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This presentation describes some previous studics on land-atmosphere interaction with the utilization of
numcrical climate models, and discusses on potential future studics that may be interesting. Firstly, a numerical
simulation study on the impact of dcforestation on precipitation-decreasc over Thailand is introduced based on
Kanae et al. (2001) in J. HHydrometeorology. Next, results of GLACE, a model inter-comparison study under
GEWEX for land-atmosphere coupling, are briefly described. Finally, we will try to discuss on future issues.

The extent of deforested area in Thailand and Indochina is large, as you might alrcady know, after the
deforestation through past decades. The evaluation of the impact of deforestation on hydrology and climate is ¢
topic of general concern in this region. On the other hand, although most of previous numerical simulation
studies (mostly for Amazon) showed decrcases in precipitation occur as a result of deforestation, they did not
show observational cvidence. Thus, both from the viewpoint of social concern and scientific concern, the impact
of deforestation on precipitation-change was an important target. In our study, statistical analyses were applied
to precipitation data through 1951-1994 for cach month at each meteorological station in Thailand. Significant
decrcases in precipitation over Thailand were detected only in the time series of monthly precipitation in
September. Then, numerical experiments with a regional climate model with a simple land surface scheme were
carricd out for the Indochina Peninsula. In these experiments, the type of vegetation in the northeastern part of
Thailand was specificd as cither short vegetation (the current vegetation type) or forest (the former vegetation
type). The experiments were carried out using the conditions of August and Scptember. As a consequence of
these numerical experiments, a decrease in precipitation over the deforested arca was obtained for Scptember,
but not for August. The climatic mechanism was speculated as follows. Precipitation in the wet season over the
Indochina Peninsula basically occurs under the influence of the Southeast Asian summer monsoon system. The
strong summer monsoon westerlics bring abundant moisture to the Indochina Peninsula as a source of
precipitation. The monsoon westerlies arc the predominant external force influencing the regional climate.
However, the strong westerlics over the Indochina Peninsula disappear in September, although it is typically the
month of maximum precipitation. Accordingly, it is inferred that the impact of local deforestation appears
significantly only in September because of the absence of this strong external force. A simulation study with
stable isotope of water also showed a positive result (Yoshimura ct al., 2004, J. Meteor. Soc. Japan).

Although both observational cvidence and numerical simulation qualitatively showed the impact of
land-surface change on precipitation for the casc of Thailand, a better representation of the land-impact in
climate model is preferable. So, we join GLACE. GLACE (Global Land-Atmosphere Coupling Experiment) is a
multi-model inter-comparison experiment focusing on the ability of land surface state to affect rainfall
gencration and other atmospheric processes. The cxperiment aims to quantify the strength of land-atmosphere
coupling in the different global atmospheric models used for weather and climate studies. The hope was that the
development of a "table" of coupling strengths would aid in the interpretation of the many land-atmosphere
interaction studies now appcaring in the literature. The representative result alrcady appeared on Koster et al.
(2004) in Science. The main result showed that the land-atmosphere coupling is strong enough only over
scmi-arid regions of the world. Although the result of GLACE is cxcellent as a state-of-the art modeling study,
the result is not so positive in order to quantify the impact of land-surface change/variability over Asia. In
addition, the inter-model difference in the degree of land-atmosphere coupling indicates difficulty in quantifying
the impact of land change by using a climatc model.

Finally, based on the experiences above, we want to discuss future ways to go. In terms of land-surface
modcling, the utilization of stable isotope is a big challenge. We want to introduce some recent results. More
investigation on modeling of boundary layer should be a big challenge as well, but we arc not familiar. From
atmospheric modeling point of view, modcling with very fine resolution — cloud resolving model — should be a
big challenge for land-atmosphere coupling studies.
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CO; AND WATER VAPOUR FLUXES MEASUREMENT OVER A STEEP SLOPE
FOREST USING TWO FLUX TOWERS

Y.-J. Hsia, S.-C. Chang, C.-W. Lai
Institute of Natural Resources, National Dong Hwa University, Hualien, Taiwan

Fluxes of CO2, H20, and scnsible heat have been measured by eddy covariance technique at carcfully
sclected sites with flat terrain, homogencous surface. Fluxes measurement over patchy forest at steep slope
poses difficult problems since it might violate some basic assumptions underly the theory of cddy covariance
technique. Among these problems, the requirement of sufficient fetch is a primary limitation on the flux
measurement in mountain arca of Taiwan. The possibility of using two point mcasurements along the
prevailing wind direction to represent the fluxes of a forest stand is tested at the Chilan flux tower site, Ilan,
Taiwan. The experimental site is located at a 310 ha partially managed natural regenerated conifer forest
(Chamaecyparis obtusa var. formosana) and the average tree height is about 9.8 m. The stand extends down
slopc of a relatively uniform mountain slope with a slope of 14° facing southcast direction. Pronounced diurnal
mountain-valley wind pattern was observed year round. Accompany with the valley wind, uplifted moist air
brings heavy fog at the study site. With steeper slope and heterogencous forest canopy sounded the study stand,
source arcas of flux measurcments sometimes fall outside of the closed and relatively uniform forest stand.
Based on preliminary footprint analysis, two flux towers (23.4 m and 28.6 m tall, respectively) separated by a
distance of 220 meters mere cstablished. Open path COy/H,O-analyzers (LI-COR 7500 and OP-2 ADC) and
3D sonic ancmometers (Young 81000 and Gill R3) were mounted on top of both towers and signals were
recorded with sampling rates ranged from 10 to 20 Hz. 30-minute averaged fluxes were then calculated.

Footprint analysis showed that the source arcas of flux measured at the upper slope tower were well
situated within the homogencous stand when the upslope valley dominated. As the wind shifted from upslope
wind to the downslope mountain wind, source arcas also shifted direction but most of them fell outside of the
homogencous stand. With an additional tower located downslope, fluxcs represented the forest stand can then
be estimated confidently in terms of the fetch requirement. However, as the downslope mountain wind also
bring in strong sinking advection air, turbulence is suppressed as indicated by the low friction velocity, u* and
downward momentum fluxes, questions on the eddy flux estimation remained unsolved cspecially during the
nighttimes. In addition to the above-mentioned problems, Daily foggy hours cstimated with a visibility meter
ranges from 4.7 hours in summer to 11 hours in winter. Heavy fog occurrence at the study site causes
instrument malfunction for both the open path CO2/H20-analyzer and the sonic anemometers and thus
introduces many data gaps in our fluxes estimation. However, as the cloud mountain forest consists of a large
portion of forest in Taiwan, flux measurcment at such a non-ideal hilly site is important and poses a challenge
task for forest micrometeorological research in Taiwan.

-10-
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MEASUREMENTS OF CO, FLUXES IN A TROPICAL CITY (SINGAPORE)

C. Jansson and M. Roth
National University of Singapore, Singapore

Although small in terms of land area, the urban environment is estimated
to be the source from which up to 85 % of the anthropogenic emission of
CO, originates. Urban arcas are thercfore significant sources for CO, and the
influence of these emissions reaches hundreds, and for large citics even
thousands of kilometers downstrcam the border of the source itself.
However, dircct measurcments of urban CO, budges are not that extensive
and have mainly been conducted in mid-latitude cities. To the authors
knowledge only one such study has been reported from a tropical city
(Mexico). Hence, in the context of urban development in the tropics being
among the fastest growing in world, there is an increasing intercst to
investigate the CO, budgets for these environments.

Here we will present results from ongoing research in Singapore which
aims to quantify urban CO, concentrations and fluxes as well as the urban
energy balance in a long-term perspective (at least onc year). The
measurcment site is located east of central Singapore in a residential area
characterized by 10 m high buildings (Fig 1). The measurcment equipment
consists of a CSAT3 sonic anemometer, a Licor 7500 open path vapor and
CO; analyzer and a CNR radiation scensor. The sensors have been mounted
onto a tower (Fig 2) and the data are sampled at 10Hz. For the flux
mecasurements to represent the arca average characteristics of its
heterogeneous surroundings the equipment has to be sited at such height that
the contributions from the individual surface patches cannot be distinguished.
As a rule-of-thumb this height starts at about two times the mean building
height. The sensors have therefore been mounted at 20 m which should be
above this co-called blending height.

The presentation will give a preliminary cstimate of this city as a source
(or sink) of CO; in general and cxamine the diurnal and seasonal flux
patterns. In addition we will try to associate CO, flux variations to various
emission sources, in particular those from transport.

-11 -
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Fig 1. Aerial photo of tower
surroundings

Fig 2. Measurement tower
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TOWARD FOUR DECADES OF FLUX OBSERVATION IN THAILAND

N. Tangtham
Faculty of Forestry, Kasetsart University, Bangkok, Thailand

Starting in 1968, preliminary of encrgy flux observation to study cvapotranspiration of Dry
Evergreen forest at Sakacrat Experiment Station (SER) in Nakorn Ratchasima province, Northeast
Thailand was initiated and inconsistently observed for gases and energy fluxes until the present.
Almost 20 years later, the aforementioned fluxes observation have been investigated at the Mac
Klong Watershed Research Station in Mixed Deciduous forest (in 1996), and at Kog-Ma
Watershed Experiment Station, Chaing Mai province in Hill Evergreen forest (in 1997- to
present). Besides these 3 observation stations, energy flux has been observed in tcak Plantation in
Lampang province, rain-fed paddy ficld in Sukhothai province and cassava ficld in Nakorn
Ratchasima under cooperatively work of TUAT and KUFF. Recently, the encrgy and carbon
fluxes have been comparatively studied in the rubber plantation in Chachoengsao province by
KU, UMR Ecologies Microbicnce des Sols (CNRS-University Lyon) and Department of
Agriculture and Cooperatives. The soil CO; emission in different forest and agricultural soils and
CH,4 flux from rice field have also been investigated continuously during the past decade by
KMUT.

In the coming year, ThaiFlux in forms of research, development and technology transfer would
be cstablished and more publication could be contributed to those who are interested and all
stakeholders related to this field.
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THE POTENCY OF INDONESIAN BIOSPHERE RESERVES IN ABSORBING CO,

T. Junc', T. Hirano® and A. Ibrom®
'SEAMEO BIOTROP, Bogor Agricultural University, Indonesia and MAB UNESCO,
’Hokkaido University, Japan,
*Univesity of Gottingen, Germany

Indonesia has six biosphere reserves (BR), they are: Gunung Leuser (in Sumatera with corc zone 792,675
ha, 0-3466 m.a.s.1., major ecosystem tropical rainforest)), Siberut Island (in Sumatera with core zone 46,533
ha, 0-384 m.a.s.l., major ccosystem lowland diptcrocarp rain forest), Cibodas (in Jawa with core zone 15,196
ha, 700-3015 m.a.s.l., major ccosystem mountainous rain forests); Tanjung Puting (in Kalimantan with core
zone 415,040 ha, 0-10 m.a.s.l., major ccosystem tropical humid forest), Lore Lindu (in Sulawesi with core
zone 217,982 ha, 200-2,610, major ecosystem montane forest;) and Komodo Island (in Flores with core zone
31,258 ha, 0-735 m.a.s.l.,, major ccosystem mangrove and lowland forest. Each biosphere reserve is designed
to fulfill three functions: Conservation, Sustainable development, and logistic (to provide support for research,
monitoring, cducation, and information cxchange related to local, regional, national and global issues of
conservation and sustainable development).

Besides the above functions there is a growing needs for the ‘global wellbeing’ in keeping the core arca of
the biosphere reserves as an important stock and sink of carbon. Therefore, we need estimation of how much
carbon absorbed and stays in these forests and how to easily monitoring it.

NPP (Net Primary Production) is one of the most important variable characterizing the performance of an
ccosystem. It is the difference between the total carbon uptake from the air through photosynthesis (Gross
photosynthesis, GPP) and the carbon loss duc to respiration (growth and maintenance) by living plants. By
combining remote sensing and GIS  technology with simple modeling, we can estimate GPP and NPP of a
large ccosystem casier.

This paper presents the estimation of CO, absorption by six biosphere reserves in Indonesia through the
cstimation of NPP values using radiation usc cfficiency and cstimated absorbed PAR (Photosynthetically
Active Radiation). Absorbed PAR is derived from LANDSAT TM imagery. It is found that these areas arc
quite a significant carbon sink.

Keywords: Carbon absorption, Biosphere Rescrves, Indonesia
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CARBON DIOXIDE EXCHANGE AT DOUBLE CROPPING RICE PADDY FIELD
IN BANGLADESH

Md. A. Batcn', A. Miyataz, M. Manol, R, Khatun', Md. B. Khanl,
Md. S. Hossen', K. Ono? and H. Nagai’
'Bangladesh Agricultural University, Mymensingh 2202, Bangladesh
National Institute for Agro-Environmental Sciences, Tsukuba, Japan

Rice is a major crop in Bangladesh. It is practiced at least twice in the same land in a ycar (rice-fallow-rice
pattern) and hence, it is thought that rice ficld plays an important role in annual carbon budget in agricultural
ccosystem in Bangladesh. We have been conducting a long-term observation of carbon dioxide (CO;) flux
using the eddy covariance technique since FFebruary 2006 in Bangladesh low land rice-fallow-rice ecosystem to
investigate scasonal variation of nct ccosystem CO; exchange (NEE) between rice paddy and the atmosphere
and to estimate annual carbon budget of the ccosystem. Some other related parameters were also observed. The
observation sitc was located in the extensive farmland (24.75°N, 90.5°E, 18 m above sea level) of Bangladesh
Agricultural University. A part of the farmland is occasionally used for green manuring crop in summer
scason. The mean annual rainfall is 2,175 mm, with 70% falling from May (o August. A sonic ancmometer
(HS, Gill) and an open-path infrared gas analyzer (LI-7500, LI-COR) have been installed at the top of a 3-m
high observation mast. Output signals from the eddy covariance sensors were sampled at 10 Hz using a data
logger (CR1000, Campbell) and recorded. Half-hourly variances and covariances were calculated on line to
detect instrumental failure as carly as possible. The 10 Hz data were post-processed to calculate half-hourly
fluxes of momentum, sensible heat, latent heat and CO,, and also used for quality control tests. The storage
term in NEE was estimated from the mean CO; density mcasured at the flux measurement height. Missing
half-hourly fluxes caused by failurc in power supply or thosc rejected by the quality control tests were filled
with fluxes cstimated by a parametric method (non-linear regression) from air temperature and incident
photosynthetically active radiation flux density.

During the dry scason of 2006 (from DOY 30 to 140), daily NEE showed a seasonal variation with a
maximum net uptake rate of 9 g C m™> d"' at the maximum growth stage of ricc (60 days after transplanting
with a LAI of about 5), whilc the net uptake was small in carly and late growth stage duc to decreased
photosynthetic fixation. The rice ficld turned a net source of CO, for scveral days immediately after the
harvesting, but afterwards, it acted again as a net sink of CO, due to new plant sprouting (ratoon/re-growth)
from the base of harvested plants and with appearance of different kinds of weedy plant. The ratio of gross
primary production (GPP) to ccosystem respiration (RE) was 1.8 for the rice growing period (from DOY 34 to
140) and 1.1 for the former half of the fallow period (from DOY 141 to 185). Continuously watered conditions
after the harvest with only a few drained days (from DOY 203 to 205 and DOY 212 to DOY 218) resulted in
reduced soil respiration under high tempcrature conditions, and thereby affecting NEE in the fallow period.
The observed CO, exchange in the fallow period differs from results in previous studies that were conducted in
single cropping rice paddy ficlds in north-cast Asia, where ficlds arc drained during the fallow period. The
difference in ficld management and resultant difference in CO, exchange in the fallow period as well as
difference in cropping pattern have probable influence on the annual carbon exchange in paddy ccosystem.

-14 -
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IN PURSUIT TOWARDS ESTABLISHING
A CO, FLUX MONITORING STATION IN THE PHILIPPINES

M. M. Aguilos’, T. Mac(laz, R. D. Lasco® and P. S. Sanchez’
'Department of Environment and Natural Resources, Caraga Region, Philippines
*National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan
*World Agroforestry Center (ICRAF) Philippines, Los Baiios, Laguna, Philippines

The Kyoto Protocol in the Philippines was enforced in February 2005. With it came an urgent need o
cvaluate the carbon scquestration in forest ccosystems. In view of the participation of the Philippine
Government to this international agreement, there is a need (o assess the gas exchange capacity of its major
forests. Especially, since that the Philippines is an archipelagic country (surrounded by Pacific Ocean on
the east, the South China Sea on the west and north, and the Celebes Sea on the south) with a tropical
climate; is likely to be highly vulnerable to long-term climate change.

But unlike most of the countries worldwide, the Philippines is still behind in terms of CO, flux
measurement cfforts. It is sad to note that until now, the Philippines is still using the conventional way of
measuring CO, done at the expense of cutting down trees by way of destructive sampling.

It is on this premisc that we would like to embark on establishing our own flux tower station. This will
be situated at the Mt. Makiling Forest Reserve in Los Baios, Laguna managed by the University of the
Philippines at Los Baios.. It is a 4,244-hectare natural and sccondary forest vegetated with mostly
dipterocarp specics. It has a rugged topography, rcach up to 1,100 m asl. It has two pronounced season:
wet and dry. The average annual rainfall is 2,397mm and mecan annual temperature ranges from 25.5°C to
27.5°C. Ecologically, it is an important watershed area, a wildlife sanctuary, a gencpool for genetic
diversity, a recreational site and an educational and scientific laboratory for instruction and research. The
Philippines is often struck by typhoon, and Mt. Makiling sits across the typhoon belt making it a very
challenging task for the researchers to tackle. Not to mention the frequent occurrence of El Nifio
phenomenon that adds pressure to this forest. The influences of these disturbances on the carbon cycle can
be of interest to research.

Nevertheless, with this proposed tower, we will try to monitor long-term CQO, and cnergy balance ([tux)
between forest ccosystems and the atmosphere in order to determine whether the country is a major
‘source’ or ‘sink’ of carbon; investigate the biological responses of vegetation to the changing climatic
condition; examine the effects of extreme cases like typhoon and ENSO event to the scasonal and diurnal
fluxes; investigate the functions of soil ccosystems; and examine the influence of anthropogenic
disturbances to the amount of emissions in a given ecosystem. The database that we will get from the flux
tower can be used as baseline information to validate other rescarches in climate change (e.g. modeling,
etc.)

But due to cconomic crisis, financially, we are secking funding institutions to help us build the tower,
With that, we would like to collaborate highly developed countrics like Japan through the support of
Asiaflux Network.

There are so many factors that ensure the success of this endeavor. Given all the endless possibilities of
the uses of this flux tower...with the Philippinc government to joining hands with other countries in
combating global climate change...; with the people having the will to keep up-to-date with the latest
tcchnologies in atmospheric gas monitoring...; the presence of a trained rescarcher on CO, flux
measurements; and the strong support from experienced local and foreign collaborators. .., we are positive
it will not take long before, we will be installing the most-awaited state-of-the-art CO, flux tower in the
Pearl of the Orient Seas — the Philippines.

- 15 -
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NOCTURAL CARBON EFFLUX: RECONCILIATION OF EDDY COVARIANCE
AND CHAMBER MEASUREMENTS USING AN ALTERNATIVE TO THE U*-
THRESHOLD FILTERING TECHNIQUE

R. Leuning', S. J. Zegelin', K. Jones” and R. Clement?
ICSIRO Marine and Atmospheric Research, PO Box 1666, Canberra, ACT 2601, Australia, *Institute of
Atmospheric and Environmental Science, The University of Edinburgh, Edinburgh, EH9 3JK, UK

Eddy covariance measurements often underestimate net ecosystem CO, exchange under stable atmospheric
conditions at night when compared 1o biological measurements of plant and soil respiration. One hypothesis is
that errors arise because eddy covariance instruments placed above the canopy cannot measure the horizontal
flux divergences associated with lateral drainage of stably stratified air in the layer below the instruments.
Measuring horizontal flux divergences is difficult because the flow of stably stratified air close to the ground is
determined by the topography and the degree of stability, and measurements must thus be made in three
dimensions. We present details of a novel mass-balance approach to measure the mass balance of a 50 x 50 x 6
m control volume installed in a tall Eucalyptus forest in south east Australia. Net fluxes of carbon dioxide from
the soil and vegetation arc cstimated from the vector sums of fluxes through the side walls and upper surface
of the control volume. The novelty of the measurement system arises from the use of windspeed-weighted
sampling of air from six air lines per side wall combined with eddy flux instrumentation at 6 m.

o . 2.
The mass balance for a square with sides of length L and arca 4 = L” is:

k= hL2 L L Llc z‘ ——E dxdydz
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where u,v, ware the wind vector components in the orthogonal x, y, z dircctions, ¢ is time, ¢, is the

concentration of dry air, ¥,

c

is the mixing ratio of the trace gas relative to dry air, and the overbar represents a
time-average. Standard Reynold’s notation is used to express the instantancous value of a quantity as the sum
of the mean and fluctuations about the mean. The term f represents the time and space average flux density

of the trace gas at the lower boundary of the control volume. If we assume that the profiles of # and v have a
constant shape and that the wind dircction is constant across the control volume during a given averaging
period, then the windspeed at any height can be written as

u(z)=u,8(z), v(z) =v,S(z), 2

With the further assumption that terms such as uc, can be approximated by 1 ¢, , Equation (1) can be written

as
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Note that S(z) can be considered a weighting factor for the concentration at cach height. The paper discusses

in detail how the shape factor is used to calculate the vertical velocity and advection terms paper using the
continuity cquation for total mass flow for the control volume. Details of a practical implementation of
Equation (3) scheme will be presented, along with results of a two-week ficld campaign in March 2005 which
compares the mass-balance measurements for CO, with independent estimates of respiration from the soil and
understorey. The relative importance of the eddy flux, change in storage, horizontal advection and vertical
advection terms in the mass balance cquation will be shown.
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FLUX-TRANSPORTING EDDIES REVEALED BY LARGE EDDY SIMULATIONS

T. Watanabe
Forestry and Forest Products Research Institute, Tsukuba, Japan

Most of tower flux measurcments are made essentially in the roughness sublayer, which is strongly affected
by coherent large-scale cddies developed near the top of plant canopy. The existence of coherent eddies causes
some practical difficultics in measuring or modeling fluxes transported to/from canopics. The Monin-Obukhov
similarity (MOS) does not predict the enhancement of turbulent transfer across the roughness sublayer, which
leads to underestimation of fluxes when they arec measured or modeled using the flux-profile relationship.
Nevertheless, because of their spatial scale much larger than the canopy depth, the presence of coherent eddics
more or less ensurcs the similarity between scalar quantities irrespective of difference in source/sink
distributions. We can cxpect well-behaved similarity between scalar quantitics when the above-mentioned
coherent eddics are the dominant agent in the flux transportation. In such situations, we can usc the
Bowen-ratio method for measuring the heat and water vapor fluxcs, while the profile shape itself is different
from the MOS prediction.

The eddy covariance method is a technique to count all contributions of individual coherent-cddies that
passed through a flux tower. Indced, the signaturc of their passage can be recognized as the so-called “ramp
patterns” in mecasured time traces of scalar densitics. By taking averages over a long period of time, we can
obtain in principle a rcasonable cstimate of the actual flux by this method. In reality, however, we have been
facing problems of the lack of cnergy balance closure and the dissimilarity between temperature and water
vapor fluctuations especially in low-frequency components. From the above discussions, it is clcar that these
problems do not arisc when the coherent eddies are dominant in the turbulence spectrum. Since these problems
were observed even at the most homogencous sites, advection due to the surface heterogeneity is not the only
reason. There must be a common mechanism that causes additional flux or fluctuations, independent of the
surface condition.

In this study, several runs of small-scalc and large-scale large eddy simulations (LES) were conducted. The
small-scale LES was used to investigate the 3D structure of coherent cddies in the roughness sublayer over a
homogeneous plant canopy. The revealed structure was a combination of strcamwisc clongated regions of
high-speed and low-speed streamwise velocities, co-located with a downdraft and an updraft, respectively. The
length scale of cach clongated region was on average 3 to 4 times the canopy height. These propertics are
consistent with previous field observations showing that the sweep and ejection motions are dominant in the
flux transportation across the canopy-top and that the peak wavelength of the strcamwisc-velocity spectrum is
about 7 times the canopy height. Since this type of eddics arc normally the most dominant carrier and are
sampled quitc well during the averaging period of eddy-covariance measurements, a large part of the actual
fluxes can be captured. A problem, however, may arise if long-term (large-scale) transportation mechanisins
exit in the background of thesc active eddics.

The large-scale LES was then applied to model the turbulent transfer in the entire boundary layer under the
convective conditions, when most of the problematic cascs have been observed. Simulated scalar transport in
this spatial scale was not similar. The spatial perturbation of temperature (active scalar) was well corrclated
with the vertical motions and organized in the form of convection cells. However, the correlation between
water vapor (passive scalar) and the vertical velocity was less obvious near the surface, and the spatial scale of
watcer vapor perturbations was much larger than temperature. These differences are caused by different
contributions of the entrainment to the vertical transfer of each scalar quantity. The entrained dry air, which are
transferred downward by large-scale cddics, contaminates the spatial distribution of water vapor near the
surface, thereby producing large-scale perturbations. Using these simulation results, some discussions will be
presented with respect to possible explanations of the non-closed energy balance and the dissimilarity between
temperature and water vapor fluctuations.
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APPORTIONMENT OF OBSERVED HEAT FLUXES TO
HETEROGENEOUS SURFACES

Xuhui Cai', Guliang Peng', Hongsheng Zhang?, Aiguo Li’, Fei Hu® and
Monique Y. Leclerc?

'Department of Environmental Sciences, Peking University, Beijing 100871, China,
Department of Atmospheric Sciences, Peking University, Beijing 100871, China,
SLAPC, Institute of Atmospheric Physics, Chinese Academy of Science, Beijing 10029, China,
4Laboratory for Environmental Physics, The University of Georgia, Griffin, GA 30223, USA

Heat flux data collected from the Baiyangdian (38°55'N, 115°58'E) field cxperiment were analyzed
using footprint analyscs. As a sensitive site in response to climate and environmental changes, Baiyangdian,
the largest lake/wetland in Northern China Plain, is suffering from degradation or drying out in recent
decades. Heat, vapor and energy fluxes and their balance in this arca are of special concern, as well the
CO2 flux in the related bio-system. However, difficulties cxist in observation of turbulent fluxes over such
a location characterized by highly heterogencous landscape. Footprint method is used for interpretation of
the observed results.

Data from two obscrvation sites in September, 2005 were used. One site (Wangjiazhai) located in the
central area of the Baiyangdian lake/wetland, was surrounded with highly heterogencous surfaces. Another
site (Xiongxian) is on land as a reference, with more uniform land cover. High resolution (25m) Landsat5
satellite imaginery was used to determine land cover in this area and four types of surfaces, i.c., farmland,
water, wetland and village arc assigned to cach mesh of the model domain. An improved Eulerian
analytical flux footprint model is applicd to analyze the ‘source arca’ of heat fluxes during this experiment
and to select the turbulent flux data from the raw collection, i.e. a mixed landscape composed information
from different surface types. Results show that, in general, the wetland and water surface contribute most
to heat fluxcs in Wangjiazhai sitc while the farm field contributes most to the Xiongxian sitc. Using the
footprint distribution and the asscssment of a major influence type for the obscrvation data, heat fluxes
were apportioned for water surface, wetland and farmland, respectively. Mean results show that heat fluxes
of wetland and farmland are comparable. While heat flux from water surface is obviously lower during
daytime (about 50 w m and 100 w m™lower than their wetland or farmland counterparts, respectively for
sensible and latent heat fluxes).

Keywords: flux footprint, Eulerian analytical model, heat flux, heterogencous surface
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.USING OPEN-PATH LASERS TO MEASURE AMMONIA EMISSIONS FROM
SMALL FIELDS

Deli Chen'?, Debra Turner', Zhiping Yang’, , Jianjie Zhang?, Pushan Zhang’, Mingchang Chen?, Qiang
Zhang®, Tom Denmead? and John Frencyz’3
"University of Melbourne, Melbourne, Australia
“Institute of Soil and Fertilizer, Shanxi Academy of Agricultural Sciences, Taiyuan, P.R.China
ICSIRO, Canberra, Australia

Ammonia (NH;3) is an indirect greenhouse gas. When cmitted to the atmosphere, it affects the carth’s
radiation balancc and the greenhouse effect through acrosol formation and cloud-forming processcs.
Agriculture is a strong source of atmospheric NH;. The gas is gencrated from animal wastes and from the
breakdown and volatilization of nitrogenous fertilizers and organic manures. NH; cmissions are often
responsible for low cfficiencies of N fertilizers in agriculture. However, quantifying emissions is difficult. Not
only is there a sampling problem because NH; is a sticky gas, but also, most of the standard techniques for
measuring atmospheric NH; concentrations arc indirect (involving wet chemistry), labour intensive and often
rcquirc mains power. Recent years have scen the development of open-path sensors for measuring
atmospheric NH; concentrations and new theorctical treatments of atmospheric dispersion, which, between
them, make it possible to measure emissions of NH; from small, well-defined sources, such as a farmer’s ficld.
Here we describe the application of this technology to measuring emissions of NH; from a maize field after
application of urca fertilizer. Linc-averaged concentrations of NHj over paths of 50 to 100m werc measured
upwind and downwind of the ficld using an open-path laser mounted at 3.4m above the ground and the
cmission rate was calculated by application of a backward Lagrangian stochastic (bLs) dispersion model.
Inputs to the model are the enrichment in NH; concentration as the wind blows over the ficld, the height and
location of thc measurement, the exact geometry of the ficld and its surface roughness, and atmospheric
information including wind spced and dircction, atmospheric stability and turbulence as measured by a 3 D
sonic ancimometer. The combination of open path laser and bLs model is sensitive enough to mcasure fluxes
of less than 1 kg N ha™ day™.

Fig.1. Half-hourly NH; emissions from a fertilized i
maize field at Yongji, Shanxi Province, China.
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EDDY COVARIANCE MEASUREMENTS OF ISOTOPIC CO2 FLUXES WITH
TUNABLE DIODE LASER SPECTROSCOPY

S. D. Sargent ', T. J. Griffis %, E.Swiatek ', B.D. Tanner ! J.P.Greene ' and J. M. Baker *
! Camphbell Scientific, Inc., Logan, Utah, 84325, USA
! University of Minnesota-Twin Cities, St. Paul, Minnesota, 55108, USA
’ United States Department of Agriculture — Agricultural Research Service, St. Paul, Minnesota, 55108, USA

Surface fluxes of CO2, 13C0O2, and C1800 were measured over soybean (Glycine mays) for several weeks
during the summer of 2006 using the eddy covariance (I3C) technique. The analyzer (Model TGA100A,
Campbell Scicentific, Inc) uses a tunable diode laser (TDL) capable of scanning adjacent absorption lines of the
three isotopomers, in the mid-infrared spectrum (~ 2300 cm ™). The analyzer can be deployed in the field but
requires frequent measurement of calibration gases to achieve high accuracy in the isotopic ratios. A
specialized sampling system is required to obtain proper eddy covariance sampling and accurate automated
mcasurements of the calibration gases, while minimizing the consumption of the gases. During the field study,
34 seconds out of cvery five minutes were used to measure three calibration gases with accurately known
isotopic composition, and fluxes arc computed over a 30-minute averaging period. The discussion includes
description of the TDL analyzer and EC/calibration sampling system, the effects of the periodic calibration on
the 30-minute flux estimate (disjoint EC), flux processing methodology, noise analysis of the measured
isotopic ratios, measured fluxes and isotopic flux ratios.
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OBSERVATION AND SIMULATION OF NET ECOSYSTEM CARBON
EXCHANGE IN CHINA

G. Zhou, Y. Wang, L. Zhou, Y. Li and W, Yuan
Laboratory of Quantitative Vegetation Ecology, Institute of Botany,
the Chinese Academy of Sciences, China’

Terrestrial ecosystems play a critical role in modulating the global carbon cycle. Human activities are
disrupting terrestrial ecosystems that dircetly affect ecosystem function. Previous studics have suggested
that tropical Asia is an important sourcc ol carbon to the atmosphere, ranging from 25% to 31% of the
global carbon emissions relcased from land since the middle of the eighteenth century. Recent estimates
have indicated that tropical deforestation in South and Southcast Asia relcased from one third since the
1980s to more than half of the total carbon lost derived from land-use changes across the globe. However,
more recent analyses bascd on atmospheric transport models and CO, obscrvations suggested that the
northern portion of monsoon Asia has acted as a carbon sink. The uncertainty in the magnitude of the
carbon source or sink strength in monsoon Asia is clearly a key to balancing the global carbon budget. To
reduce the uncertainty of the carbon budget in monsoon Asia and to improve our understanding of the
carbon cycle at various spatial and temporal scales, the integration of multiple, complementary and
independent methods used by the different rescarch communities should be required.

This report will present the main rescarch results related to terrestrial ccosystem carbon budget and
trend in China during recent years from the following aspects: (1) Terrestrial ecosystem carbon databascs,
including long-term eccosystem research obscrvation data, [GBP-terrestrial transect rescarch data of
International Geosphere - Biosphere Program (IGBP), long-tcrm national forest inventory data (FID) and
carbon flux data from eddy covariance (EEC) towers. (2) Carbon budget simulation models of terrestrial
ccosystems, including FID-bascd NPP model and process-based models. Here, we present a framework for
the requisite next step in biosphere model development: a dynamic terrestrial ccosystem model coupled
biological, physical and chemical processes. Lispecially, it includes the cffects of soil carbon and nitrogen
on leaf photosynthesis and an environment-bascd carbon allocation model. It consists of land surface
processes, lcaf nitrogen uptake, canopy physiology, carbon allocation, vegetation phenology, terrestrial
carbon balance, and vegetation dynamics. It could simulate the dynamics of grassland ccosystem much
better than IBIS model docs, based on a 14-ycar observation of aboveground net primary productivity and
2-year flux obscrvation by cddy covariance tower in typical steppe ccosystem in Inner Mongolia. (3)
Carbon budget cvaluation and prediction of Chinese terrestrial ecosystems in terms of carbon flux
observation, FID data and process-based models from typical terrestrial ccosystems, vegetation types and
regional level. The uncertainty of evaluating terrestrial eccosystem carbon budget and trend in China was
discussed from the carbon flux observation network, long-term terrestrial ccosystem monitoring as well as
model development, and some key scientific tasks related to carbon budget evaluation were suggested.

Key words: Carbon budget, Eddy flux, NECT, Transect Approach, NEE, Model
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COMPARISON OF ECOPHYSIOLOGICAL TECHNIQUE WITH EDDY
COVARIANCE METHOD AND BIOMETRIC APPROACH FOR ESTIMATING
CARBON BALANCE OF FOREST ECOSYSTEMS

N. Liang', K. Takagi’, Y. Kosugi’, M. Tani®, T. Okuda® and Y. Fujinuma'
'CGER, National Institute for Environmental Studies, Japan; *Hokkaido University, Japan;

3 . . . . . .
Kyoto University, Japan; * Hiroshima University, Japan

In terrestrial ccosystems, plants arc the interfaces between soil and atmosphere and as well as
transducers that provide the cnergy for microbial metabolism through the turnover of foliages and roots.
On the other hand, soil CO, efflux is a combination of plant and microbial processes that respond to
climatic drivers at a varicty of temporal and spatial scales. Therefore, deconvolving the CO; flux signal
into several components over similar time scales may help us critical understand the controls on ecosystem
carbon balance, and it is onc of the major goals of the AsiaFFlux network. We used automated chamber
systems to continuous partitioning the net ccosystem production (NEP) among gross primary production
(GPP), autotrophic respiration (foliage respiration, aboveground woody tissuc respiration, and root
respiration), and heterotrophic respiration at three representative tower sites — Tomakomai, Teshio and
Pasoh — within the AsiaFlux. The methodology and progress will be presented. At both Tomakomai
(50-year-old larch forest) and Teshio (clear-cut and reforested) sites, NEP integrated by the chamber
technique matched the result observed via eddy covariance method (EC). At Tomakomai site, interannual
variability in NEP was closcly linked with interannual change in heterotrophic respiration, whereas at
Teshio site, interannual NEP was strongly driven by the combination between regeneration of vegetation
(increasing in photosynthesis) and interannual soil CO; efflux. At Pasoh (tropical primary rainforest) site,
EC obviously overestimated NEP, probably duc to EC significant underestimated ecosystem respiration
(Re) under poor mixing conditions such as the calm nights. However, the corrected NEP (synthesized Re

with the chamber technique) consisted with NEP that estimated by the biometric approach.
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THE CORRECTED METHOD OF FLUX USING GYRO AT

NON-STATIC PLATFORM

Y.-Y. Lan, B.-J. Tsuang and H.-Y. Hsich

Dept. of Environmental Engineering, National Chung Hsing University, Taichung 40227, Taiwan

There are lots of factors nceded to be overcome when measuring
“accurate” flux at sca, including wave stress reduced by sea-spray,
flow distortion cause of the movable ship, and other marine

cnvironmental factors.

This study is trying to simulate mobile platform at sea which
using Gyro that could measure angle vectors (pitch, roll, yaw) along
three axis and installed two cddy covariancc systems on
experimental farm for soybean in Wu-Feng Agricultural Institute, in
Central Taiwan (24° 01" N, 120° 41° E) as Fig 1. Therc arc three
different experimental designs to mcasure covariance flux of
atmosphere (still vs shaking_still, still vs shaking_Srpm and still vs
10 rpm) between 27 December 2005 and 17 January 2006, between
18 January and 20 January 2006 and between 20 January and 24
January 2006. The mechanical shaking equipment simulates mobile
platform shows as Fig 2. Furthermore, we use statistics mcthods of
OLS, average of difference and standard deviation to compare three
different correction mecthods of two-axis rotation correction,
three-axis rotation corrcction and sca correction method which
published by Edson (1998). The results showing that the seca
correction method is the most appropriate method, secondly is
two-axis rotation correction. Although three-axis rotation correction
is relatively unsatisfactory, it is still better than uncorrected data.

Therefore, the raw data is needed to be corrected certainly.

KeywordsGyro, cddy covariance system, coordinate rotation,

mobile platform, flux corrcction
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INTRODUCTION TO ASIAFLUX DATABASE

T. Hirano', B. Lec?, Y. Fujinuma:’, Y. Kobayashi‘, R. Hirata®, S. Yuta® and K. Inukai’
'Hokkaido University, Sapporo, Japan
’Korea Meteorological Administration, Seoul, Korea
*National Institute for Environmental Studies, Tsukuba, Japan
'National Institute Jor Agro-Environmental Science, Tsukuba, Japan

AsiaFlux now stands in the entrance to the next rescarch phase of integrative and/or inter-comparative
studies. Compared with CARBOEUROPE/AmeriFlux, AsiaFlux activitics are performed under diverse
countries, languages and cultures. AsiaFlux will try to combine data from such activities. In this report, we
introduce AsiaFlux Data Base (AsiaFlux DB), which is now constructed. Coordinated database system is
sure to facilitatc the multidirectional studics in flux rescarching communities. Development of an
casy-to-usc open database system, “AsiaFlux Databasc”, is onc of the key activities of AsiaFlux. An
cffective use of the AsiaFlux database will provide a number of benefits including:

e Distinguishing (extract) essential characteristics of material exchanges between individual sites
(ccosystems) and atmosphere,

¢ Advances in understanding of material circulation in Asian region,

o Contribution to Asian environmental management strategy by cxtending cooperation with the
modcling and remote sensing communities, and

e Efficient upgrading of observation techniques and analysis processcs.

All data sets to be registered in AsiaFlux DB will be provided by Principal Investigators (Pls) at
observation sites in AsiaFlux network. Each data should be acquired and analyzed by Pls, and contents in
the data set are copyrighted to the individual Pls unless stated otherwise.

All data scts are to be downloaded by anyone at will as long as they agree and abide by AsiaFlux DB
Fair-Use Policy and register as AsialFlux DB user. We hope this DB will greatly influence this study ficld
and encourage further education for young rescarchers.

We consider that the most important thing is data provider’s copyright. In order to protect it and avoid
their concern, we have compiled the rules for DB as fair-use policy as follows.

1)  Any distribution of downloaded data to the third person for any use whatsoever is strictly
prohibited.

2) If you wish to distribute the downloaded data to the third person, after post-processing and

reanalyzing, you must inform the data provider and obtain his/her/their approval.

3)  If your rescarch dircctly conflicts to data provider’s analysis, you must give clear priorities to the
data provider. He/She/They may ask you to postpone the usage of the data.

4)  For any publication using data from AisaFlux DB, the data provider must be informed and

his/her/their approval obtained prior to publishing. The data provider may request co-authorship. A

proper acknowledgement to the data provider and AsiaFlux is required.

S)  All data users arc required to provide reprints of paper/article using data from AisaFlux DB to

data provider and AsiaFlux immediately after the publication.

The data user is required to register using Registration Form to obtain uscr ID and password, before any
data can be downloaded.

We would like data provider to prepare document files about their data on specified format. Document
files describe site information, instrument for flux/metcorological measurcment, calculation method and
revision number. We realized that flux data arc sometimes recalculated, so we can confirm it from the
document. The document files should ensure the data traceability. Document files are packed with data
files.

AsiaFlux committce members wish “AsialFlux database” becomes the entrance for new studies and
produces new encounters.

Acknowledgements: This activity was supported by Japan Ministry of Education, Culture, Sports, Science and Technology
(Initiation of the next-generation AsiaFlux).
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EFFECT OF ORGANIC MATTER VARIATION ON DECOMPOSITION PROCESS
IN FOREST ECOSYSTEM
-EVALUATION USING MODIFIED ROTH-C MODEL-

M. Jomura ', Y. Kominami?, T. Miyama?, M. Dannoura' and Y. Kanazawa'
! Graduate school of Science and Technology, Kobe University Kobe. Japan
Forestry and Forest Products Research Institute, Kansai Research Center, Kyoto, Japan

The structure and function of carbon budget in soil should be understood for the estimation of long-term
forest carbon scquestration. Annual carbon accumulation in soil is considerably small, so it is much difficult to
mcasure the accumulation rate directly and estimate as a difference between organic matter input and
dccomposition carbon loss. Soil organic matter (SOM) turn over models are effective at simulating temporal
changes in SOM. These models have conceptual organic matter pools and can calculate flows and storages of
carbon as a function of environmental factors and decay ratc of each component. Numerous SOM turnover
models have been developed for grassland and crop ficlds (c.g. Parton et al. 1987; Jenkinson, 1996). Forest
litter is characterized as a great amount of wood litter, such as branch, stem, and root litter. So to evaluate
carbon budget in forest soil, the model should contain their mortality and decomposition processes.
Decomposition rate of wood litter is slower than that of leaf litter. Wood decomposition process is affected by
chemical and physical characteristics of wood material (Harmon et al. 1986). Our objective of this study is to
modify a SOM turnover model to give a better fit to carbon budget in forest soil. Primarily, we check existing
and new setting parameters for leaf and wood decomposition in the model.

Materials and methods

We modificd a SOM turnover model of Rothamsted Carbon Model (RothC, Coleman and Jenkinson, 1996).
Roth-C model is a model of the turnover of organic carbon in non-waterlogged soils that allow for the effects
of soil type, temperature, moisture content and plant cover on the turnover process. It needs few inputs and
those it needs are easily obtainable. Soil organic matter is split into four active compartments and a small
amount of incrt organic matter. Incoming plant carbon is split between decomposable plant material (DPM)
and resistant plant material (RPM) depending on the DPM/RPM ratio of incoming plant material. Shirato and
Yokozawa (2000) indicated that the ratio can be obtained from an experimental measurement and reported the
ratio of both leaf and wood litter. Thus, we checked primarily the validity of the ratio of wood litter. Moreover,
we cxamined the effect of wood size that is one of the important factors affecting wood decomposition rate
(c.g. Harmon et al. 1986) on wood decomposition process in the model. Investigation of model parameters was
conducted by comparing between model outputs and measurement valucs of decay rate and CO, efflux of lcaf
and wood litter.

Results and Discussion

The DPM/RPM ratio of leaf litter is provided 0.2 for tree leaf litter in the Roth-C model. Shirato and
Yokozawa (20006) reported that this value was consistent to the value obtained from experimental measurement.
In our site, leaf litter decay rate simulated by the model is almost consistent to the observed value. On the other
hand, DPM/RPM ratio of woody material (0.13 provided by Shirato and Yokozawa, 2006) gives a faster decay
ratc than the observed. Thercfore, incorporation of wood decomposition process into the modcel needs other
parameters that express the physical and chemical properties of wood matcerials.

References

Coleman K. and Jenkinson D.S. 1999. RothC-26.3 A model for the turnover of carbon in soil, Model description and
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CARBON ACCUMULATIONS IN FOREST SOILS OF
NORTHERN THAILAND
AS CARBON POOLS IN THE GLOBAL ECOSYSTEMS

S. Khamyong', D. Seramethakun® and D. Saenchanthong®
!Chiang Mai University,
‘Naresuan University,
*Land Development Department, Thailand

Fifty-one soil pits sampled from different locations in various forest types and subtypes of northern
Thailand are interpreted, synthesized and reviewed to explain about organic carbon accumulations as a
carbon pool in the forest ccosystem. The forests include 5 types (1) dry dipterocarp forest (DDF), (2)
mixed deciduous forest (MDF), (3) dry cvergreen forest (DEF) (4) pine forest of two subtypes, pine-dry
dipterocarp forest (P-DDF) and pine-lower montane forest (P-LMF), and (5) montanc forest (MF)
consisted of 3 subtypes; lower montane forest (LMF), middle montane forest (MMF), and upper montanc
forest (UMF).

Soil types in thesc forests are classificd into 4 Orders; Entisols, Inceptisols, Ultisols and Alfisols. The
Entisols represent very shallow rocky soil profiles, less than 50 cm. Order Inceptisols are developing soil
profiles decper than that of Entisols (50-100 c¢m), and have poor clay accumulation in subsoils. The
Ultisols are well developed soils, depth of 100 cm or more, high clay accumulation in subsoils, and basc
saturation <35%. The Alfisols are similar to Ultisols that contain high clay contents in the profiles. These
soils usually develop on limestone area with the depth of 100 cm or more, base saturation > 35%.

Soils under DDF vary from Entisols to Inceptisols and Ultisols (Suborder Ustults). Carbon storages in
one-meter depth are normally varied between 12.11-93.66 t/ha. It is exceptional for a high carbon amount
as 106.68 t/ha for soil in limestone area. MDF soils arc usually Inceptisols and Ultisols (Suborder Ustults),
and contain 94.8-197.29 t/ha of carbon. The DEF are Inceptisols or Ultisols (Suborder Humults), with
carbon of 56.51-93.41 t/ha. Most soils under montanc forest are Ultisols (Suborder Humults). The LMF
soils are Ultisols with carbon storages of 96.72-201.66 t/ha. The MMF soils arc Order Ultisolss, 173.12
t/ha of carbon. The UMF soils are Order Inceptisols or Ultisols, and contain the higher carbon
accumulation, 237.49-371.04 t/ha.

Differences in soil types, forest types and conditions, parent rocks, altitude, forest fire and topographic
conditions arc important factors affecting amounts of carbon accumulations in forest soils of northern
Thailand.
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EXPLORING THE VARIATION OF ABOVE-GROUND WOOD PRODUCTIVITY AND
ROOT PRODUCTION ACROSS 50-HA PASOH FOREST PLOTS AND THEIR
RELATIONSHIP TO SOIL DETERMINING FACTORS

L. K. Kho', Y. Malhi?, E. Philip', and A. R. Nik'
'Forest Research Institute Malaysia (FRIM), 52109 Kepong, Selangor Darul Ehsan, Malaysia
2Center for the Environment, Oxford University, Oxford, OX1 3QY, United Kingdom

The net primary productivity (NPP) of an ccosystem is the net amount of carbon that is fixed from the
atmosphere into new organic matter per unit time. Understanding the relative magnitude and spatial and
temporal variation of these terms is a subject of considerable interest, for testing our understanding of the
functioning of ccosystems, the role of the biosphere in global biogeochemical cycles, and the response of
ccosystems to local and global perturbations. However, below or above-ground NPP are still poorly quantified
and their relationship to environmental factors not well understood, particularly in tropical forests and
savannas. This study attempts to assess some components of forest productivity by using the censuses or forest
inventory of Pasoh Forest Rescrve, Peninsular Malaysia and conduct measurement on litterfall and root
production to acquirc more comprchensive cstimates of productivity and allocation. Here we define above-
ground wood productivity as the rate of carbon fixed and produced in woody biomass such as coarse stems and
branches. The magnitude and variation of coarsec wood productivity can be dircctly determined from the long
term forest census data, using the approach and corrections. The assessed spatial variation of above-ground
productivity and root production will be explored over the forest plot. The study aims to evaluate the questions
as follow:

1. Is there a significant relationship between productivity and soil propertics with the 50 ha plot?

2. What arc the main soils or landscape factors contributing to the productivity variations?

3. How do the patterns obscrved at Pasoh compare with the productivity-soil trends observed in the
Neotropics? Do Palcotropical forests fall into the same explanatory framework, or arc they
fundamentally different?
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MOISTURE AND TEMPERATURE EFFECTS ON RESPIRATION OF AGRICULTURE
AND FOREST SOILS IN THAILAND

A. Chidthaisong and S. Wiriyatangsakul
Joint Graduate School of Energy and Environment, King Mongkut’s University of Technology
Thonburing, Bangkok 10140, Thailand

We investigated soil respiration both in the field and laboratory incubation to understand the
rclationship between soil respiration, and soil temperature and moisture in tropical upland soils. Diurnal
variations of in situ CO; efflux was studied in May 2004 and February 2005 at an agricultural site (maize)
and a dry evergreen forest. In the laboratory, we mcasured soil respiration in a short-term incubation under
various moisture contents (air-dry, 25, 50, 75 and 100%WHC) and various constant temperatures (10°C to
45°C). The soil CO; flux showed significant diurnal changes and these patterns were highly correlated
with both air and soil tempcratures. CO; efflux from both study sites increased to the maximum values
during the late afternoon, usually 2-4 hours after a peak in air temperature. The total soil CO, effluxes
integrated over one day period were 1354 and 3082 mg CQO, m™ at agricultural site and 1467 and 12851 mg
CO, m™ at forest sitc in May 2004 and February 2005, respectively.  The Qo values for agricultural site
estimated from relationship between soil temperature at S cm and CO, efflux was 3.37 (available only in
May 2004). For forest site, the Qo was 2.04 (available only in February 2005). Results from laboratory
study indicate that the topsoil layer (the top 20 cm) contributed mainly to the overall respiration. Soil
respiration was highest at moisture between 20% and 75% WHC. The Qo values of agricultural soil were
higher than of forest soil in laboratory incubation, confirming the ficld measurement results. Laboratory
results also indicate that subsoil was morc sensitive to temperature and moisture changes than topsoil.
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PARTITIONING OF WATER FLUX IN RUBBER PLANTATIONS:
ESTIMATION OF TREE TRANSPIRATION BY SAP FLOW MEASUREMENT

P. Thaler', M. Vcrdicr', 0. Roupsard', A. Chantum:ﬁ, P, Siripornpak(lcekul’, P, Kascmsap’, and

K. Sangkhasila®,

I Cirad, UR Plantation Ecosystems, DORAS Center, Kasetsart University, 10900 Bangkok, Thailand
? Department of Horticulture, Faculty of Agriculture, Kasetsart University, 10900 Bangkok, Thailand.
? Department of Soil Science, Faculty of Agriculture, Kasetsart University, 10900 Bangkok, Thailand.

! Chachoengsao Rubber Research Center, RRIT-DOA, Sanam Chai Ket, Thailand

In Thailand, rubber is the major trece crop covering morc than 2 millions hectares. Its impact on
cnvironment, and particularly water use, is a major issuc. In order to asscss water balance of tree
plantations at plot scale, it is necessary to partition total water flux measured by eddy-covariance between
soil and undecrstorey cvaporation (E), tree transpiration (T). Thercfore, accurate dynamic measurement of
tree transpiration is required.

Sapflow was mcasured in a 12 ycars old rubber plantation (RRIM 600) in eastern Thailand, by hcat
dissipation method (Granicr 1985, 1987) using home-made 20 mm-long radial probes, continuously
heated (0.2 W), and connected to a data logger. The calibration of the home-made probes was checked in
the laboratory with reference to the gravimetric method.

We adjusted the experimental devices to rubber ficld conditions and evaluated the different sources of
variability to design the appropriatc monitoring process. Natural thermal gradient was not significant.
Vertical variation along the trunk below canopy was low. Conversely a significant azimuthal variation
was recorded, though without specific trend. Accordingly 2 probes (onc on the North face, one on the
South face), located above the tapping panel were used for monitoring.

Radial distribution of sapflow was recorded, using a long probe, and our results showed significant
variations of sapflow along the radius. A function was derived from these radial variations to estimate
total tree sapflow from mecasurements within the outer 2 cm of sapwood. Finally to evaluate stand
transpiration (mm h™"), trees were sampled according to trunk diameter. Transpiration data will be
processed together with flux data obtained from eddy-covariance.

Keywords: Sapflow, transpiration, ficld monitoring.
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STRAW MANAGEMENT AS KEY FACTOR FOR DETERMINING PRESENT AND
FUTURE GREENHOUSE GAS EMISSIONS FROM RICE ECOSYSTEMS

R. Wassmann

International Rice Research Institute, Manila, Philippines, and
Institute for Meteorology and Climate Research, Research Center Karlsruhe, 82467
Garmisch-Partenkirchen, Germany

Wetland rice fields are a source of the greenhouse gas (GIHG) CH, and — to a lesser extent — N,O. CH,
cmissions arc generally enhanced by organic inputs into the soil and thus, are corrclated to straw recycling.
The actual impact of straw amendments, however, depends on a variety of management factors. This study
summarizes various ficld studies as well as incubation cxperiments conducted in the Philippines. The
common practice of incorporating rice straw during field preparation resulted in scasonal averages of 30 to
250 mg CHy m™ d™'. Early residuc incorporation (i.c. app. 30 d before ficld preparation) reduced cmissions
by 81 %, 18 % and 54 % in the diffcrent seasons studied. Emissions could also be reduced when the straw
was cither composted or mulched on the soil under zero-tillage.

However, GHG emissions triggered by straw in flooded soils have to be seen against GHG emissions
from straw burning which is the prevailing practice in rice farming systems. Agricultural crop residuc
burning is increasingly posing local hecalth hazards and adds significantly to global warming by emitting
large amounts of N,O. Therefore, this presentation also asscsses alternative uses of rice straw with the
potential to mitigate overall (i.c. on-farm and off-farm) emissions. There are several technological options
to utilize rice straw for cnergy (and thus, offsctting CO, cmissions from fucl) or carbon scquestration.
While none of these options has yet achieved wide acceptance, they will become more attractive under
high prices of fossil fucl and may gradually change the practices of straw management in the near future.
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ASSESSMENT OF THE CARBON BALANCE IN A FORESTED WATERSHED OF
TAKAYAMA BY ECOLOGICAL PROCESS-BASED APPROACH

M. Lee, N. Sode, A. Nishiwaki and H. Koizumi
Institute for Basin Ecosystem Studies, Gifu University, Gifu, Japan

Is the forest ccosystem a source or a sink of carbon, and how will global climate change affect the forest
carbon balance? This critical question remains difficulty to answer, in part because of spatial heterogeneity
such as in mountainous region, Japan. The carbon net balance is sum of two large terms: photosynthetic
carbon uptake and respiratory carbon releasc. The ecological process-based method provides a detailed
assessment of belowground compartment as one of the major compartment of carbon balance. This method
is determined by the balance between net primary production (NPP) of vegetation and heterotrophic
respiration (HR) of soil. The carbon balance of forest ccosystems was estimated in Daihachigakawa
watershed, Takayama, Japan since 2004. To estimate the NPP, we applied a biometric method involving tree
allometric analysis and litter traps for biomass measurements. Morcover, to cstimate the annual soil carbon
cmission (SR), we used a chamber system with automatic open and closing for measuring continuous soil
CO;, efflux bascd on an open-flow method, a
portable system for measuring soil respiration
(L1-6400) and a closed chamber method by soil
air samples. Our object is to cvaluate (1) the
ccosystem carbon balance in second-growth
deciduous forests, plantations of Japanese cedar
and a larch forest at the Daihachigakawa )
watershed, (2) the rclationships between 1L teje T ek i e R
ccosystem carbon pools and fluxes and (3) ¢y
temporal changes in soil CO, effluxes of the
above forest types. The overall goal of this study
is to investigatc carbon cycling on a regional
scale using ccological process, remote sensing,
and climatic obscrvation and modeling analysis
as a part of the COE program "Satellite Ecology".
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The study region refers to a cool temperate zone, —
Asia monsoon climate. The study arca was
located in Takayama city, central Japan (Fig. 1,
36° 08’ N, 137° 22’ E). The annual mcan of air temperature and 2000

precipitation for the sites were 7.2~11°C and 1745~2079 mm, ’:2‘30‘?’“

Fig. 1. Map of the principal study stands in the Daihachigakawa
watershed, Takavama.

respectively. The Q50, Q20 and Q7 stands composed mainly by
Quercus are sccondary deciduous forests of 50, 20 and 7 ycar old, N
respectively. C50 and C3 sites composed by Japanese cedar "
(Crytomeria japonica) are 50 and 3 year old plantations. L50 stand ¥
composed by larch forest (Larix kaempferi) is 50 yecar old. Biomass )
of C50 stand was larger than other  stands o
(C50>L50>Q50>Q20>Q7>C3). The aboveground NPP (ANPP) of

Q7 stand was largest (Q7>C50>C3>Q20>Q50>L50). There were
significant exponential relationship between soil CO; efflux and soil
temperature in all stands. There was higher ANPP and SR in Q7 0
stand than thosc of other stands. We found a significant corrclation 0 500 1000 1500 2000
between ANPP and SR (Fig. 2). The results suggest that linkage ANPP @€ m 2 yr)
between the remote sensing method using the satellite data and
ccological process- based mcthod provides a key approach to
evaluate carbon balance and dynamics in a mountainous region.

Fig. 2. Relationship between ANPP
and SR for six forest stands.
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MOVING TO THE REGIONAL-SCALE: ATMOSPHERIC BOUNDARY LAYER
CONCENTRATIONS AND SURFACE FLUXES

J. Berry
Carnegie Institution of Washington, Department of Global Ecology, Stanford, CA

Precise measurements of the concentration of trace gases and isotopic ratios have been made for up to 50
years at a number of locations around the world. These measurements have been widely used to track changes
in the total atmospheric burden of CO, and to estimate the geographical location of sources and sinks for
carbon. Measurements of other trace gases and isotopic species have been used to infer the respective roles of
the oceans, terrestrial biosphere and human activities in the carbon cycle. Adding such measurements at flux
sites around the world would greatly increase the sampling of trace gases in the atmospheric boundary layer
over the continents. My talk will review some technologics for making such measurements; what level of
precision is needed for such measurements to be useful, and some approaches for using these measurements
for model validation and to infer surface fluxes at regional scales.
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CARBON SINKS AND SOURCES IN CHINA’S FORESTS
DURING 1901-2001

S. Wang', J. M. Chen"? ,\W. Juz, X. Fcng', M. Chen?, P. Chen' and G. Yu'

'Key Laboratory of Ecosystem Network Observation and Modeling, The Synthesis Research Center, CERN,
Institute of Geographic Sciences and Natural Resources Research, Datun Road No. 114, Beijing, 100101,
P.R. China
’Department of Geography, University of Toronto, Toronto, Canada

This paper reports annual carbon (C) balance of China’s forests during 1901-2001 estimated using the
Integrated Terrestrial Ecosystem C-budget mode! (INTEC). Annual carbon source and sink distributions are
simulated for the same period using various spatial datasets including land cover and leaf area index
obtained from remote sensing, soil texture, climate, forest age, and nitrogen deposition. During 1901-1949,
China’s forests were a source of 21.0+7.8 Tg C yr' duc to disturbances (human activitics). Its sizc
increased to 122.3+25.3 Tg C yr'' during 1950-1987 due to intensified human activitics in latc 1950s, early
1960s, 1970s and carly 1980s. The forests became large sinks of 176.7+44.8 Tg C yr' during 1988-2001,
owing to large-scale plantation and forest regrowth in previously disturbed arcas as well as growth
stimulation by nondisturbance factors such as climatic warming, atmospheric CO, fertilization, and N
deposition. From 1901 to 2001, China’s forests were a small carbon source by 3.32 Pg C, about 32.9422.3
Tg C yr''. The overall C balance in biomass from InTEC generally agrees with previous results derived
from forest inventorics of China’s forests. INTEC results also include C stock variation in soils and arc
therefore more comprehensive than previous results. The uncertainty in INTEC results is still large, but it
can be reduced if a detailed forest age map becomes available.

Key words: Carbon sink, Carbon source, Forest, Carbon cycle, China
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SATELLITE AND TOWER FLUX COMPARISONS OF
SEASONAL VEGETATION DYNAMICS IN MONSOON ASIA

A. Huete!, K. Didan', P. Ratana', K. Ichii%, S. Panuthai® and M. Gamo®*

"University of Arizona, Tucson, Arizona U.S.A.
San Jose State University, San Jose, California, U.S.A.
'National Park, Wildlife and Plant Conservation Department, Thailand
‘National Institute of Advanced Industrial Science and Technology, Japan

The metabolism and phenology of the world’s rainforests significantly influence global dynamics of the Earth
system through their role in biogeochemical cycling and climate, and as major reservoirs of the planct’s
biological diversity. Despite their enormous importance, the impact of environmental and human factors on
tropical forest functioning and phenology remain poorly understood. Recent neotropical rainforest studies with
in-situ tower flux measurements of gross primary productivity (GPP) and regional satellite obscrvations from the
Modcrate Resolution Imaging Spectroradiometer (MODIS) have shown dry season increases in vegetation
photosynthesis resulting from greater scasonal availability of sunlight. These studics yield consistent depictions
of forest scasonality but contradicted ccosystem models that predict dry scason declines in photosynthesis duc to
water limitations. Intact rainforests appear to avoid dry season water stress through root access to decp soil
waters and hydraulic redistribution. However, a reversal in the scasonal patterns of ecosystem fluxes and
satellite phenology was found in disturbed forests and with forest conversion. In this study we assessed the
extent to which the tropical rainforests in Southeast Asia respond similarly as the neotropics to sunlight,
moisture, and human controls on seasonal ecosystem functioning. Tropical forest degradation induced by land
usc pressures is more prominent in Monsoon Asia and deforestation rates are the highest on the planct with
important conscquences to tropical forest sustainability, fire susceptibility, carbon cmissions, and resilience to
land-use pressures.

We analyzed the phenology of Monsoon Asia at multiple
scales with 6 yecars of MODIS satellitc mecasures of
‘greenness’, using the Enhanced Vegetation Index (EVI, an
index of canopy photosynthetic capacity). More intense
analyses were conducted at local ficld study sites and with
scasonal canopy photosynthesis measured from eddy flux

Figuro 1. Southonst Asta ,:w,,a, m,w towers at thc MaeKlong Watershed Research Station (mixed
;W ”‘b"‘f&;@g‘;;};ﬁ;" deciduous tropical forest, 14° 34.57'N; 98° 50.62'E) and the
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However, satcllite measured greenness and tower flux GPP measurements from these sites, at 14° latitude,
were positively correlated with precipitation seasonality, such that photosynthesis was more tightly coupled with
water availability, as found in the drier and transitional, southern Amazon rainforests.

The more moist rainforest sites, closer to the equator, such as Lambir Hills National Park in Sarawak,
Malaysia (4.1865° N;114.017° E) and Palangkaraya in Central Kalimantan, Indonesia (2° 20.7' S; 114° 2.183' E)
displayed satellite grecnness phenologies that were less well coupled with rainfall and showed slightly higher
photosynthesis in the dry scason when light availability was stronger. As there were no tower flux data available
over these wetter areas, our results arc not entircly conclusive as to whether ncotropical and Monsoon Asia
tropical ecosystems respond similarly to light and rainfall controls. Throughout the region, however, land
disturbances resulted in satellite phenology profiles that strongly followed precipitation scasonality.

-3§5-



044

COMPARISON OF SATELLITE GREENNESS DATA WITH FLUX TOWER
MEASUREMENTS IN AMAZON

P. Ratana ', A.R. Huete, Y. Shimabukuro® and S. Saleska'
" University of Arizona, Arizona, USA
? Instituto Nacional de Pesquisas Espaciais — INPE, Brazil

Recently, a better understanding of vegetation phenological responses to environmental factors, e.g. climate is
nccessary to develop reliable biosphere-atmosphere and climate models for predictions of mass and cnergy
exchanges between the land surface and atmosphere. The Amazon, the largest extent of tropical rainforest on the
Earth with extensive tropical savannah (cerrado) and ecotone, is under great pressurc of landuse/ landcover
changes from anthropogenic impacts. For more than two decades, the Amazon region has been transformed into
pasture and agriculiural uses with significant consequences on biodiversity, biogeochemistry, carbon and water
budgets, and productivity in regional and global scales. The controlling mechanisms and factors on tropical
forest phenology and productivity are not well understood, yet the Amazon basin continues to undergo rapid
rates of human-induced disturbances.

Therefore, the objectives of this study were to investigate the interactions of moisture and light controls and
vegetation physiognomy on vegetation phenology across various eco-climatic transects traversing rainforcst,
transitional, and cerrado biomc types with intact and converted forest arcas. Then, we evaluated the
satellite-derived greenness scasonal variations with flux tower photosynthesis data to examinc the consistency of
the MODIS EVI with local flux measurements.

We utilized 5-years Moderate Resolution Imaging Spectroradiometer (MODIS) Enhanced Vegetation Index
(EVI, “greenncss” or canopy photosynthetic activity measurement) satellitc time series data to analyze scasonal
and spatial patterns of biological vegetation activity over the Amazon basin. We found MODIS EVI depicted
significant trends in landscape phenology observed across the rainforest, cerrado and ecotone forests with strong
scasonal shifts resulting from differences in vegetation physiognomic responses to rainfall and sunlight. In the
cerrado region, strong seasonality with greening and browning was tightly coupled to rainfall. The dense and open
tropical rainforest phenologies were morc controlled by scasonal variations in sunlight with greening in the
sunnier dry scason coincident with periods of maximum solar radiation. This suggested the rainforest ecosystems
were light-limited. Significant changes in phenology were obscrved in both converted- ecotone and open rainforest
with greening synchronized with rainfall and browning coinciding with the dry season, resulting in a forest
conversion seasonality similar to the cerrado. In contrast, transition ecotone forest secasonal dynamics were unique
and complcx as neither sunlight nor 1amfall had a direct influence on the forest metabolism and phenology.
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and conversion sites behaved similarly to GPP profiles confirming the
MODIS EVI greenness patterns. This suggests that satellite-based
greenness measures with EVI, in intact and converted rainforests can
be confidently related with their photosynthetic activity.

‘,f‘,‘}r‘*g,e* PRI e ‘3’5“» d Therefore, MODIS satellite greenness measures are potentially
Fig. ~ 2 Comparison  bctween uscful for quantitative and consistent regional estimates of carbon

satellite-based EVI and GPP at Tapajos . . .
satellite-L s by dynamics and for monitoring human-induced landcover changes.
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THE SIMULATION OF WATER VAPOR AND CARBON DIOXIDE FLUXES
OVER IRRIGATED FARMLAND BY MODIFIED SOIL-PALNT-ATMOSPHERE
MODEL (mSPA)

Y.-H. Lee' , J. Kim* and J. Hong?
'Kyungpook National University, Daegu , Korea

?Yonsei University, Seoul, Korea

The exchange of CO, and water vapor in the farmland was examined with a two-layer canopy model
(mSPA model). The study site is located in a southwestern end of Korcan peninsular (34.55°N, 126.57°E)
which is part of the Koflux sites (Haenam). The turbulent fluxes of cnergy and CO, were measured from
October of 2002 to September of 2003 by eddy covariance method. The landcover was the mixture of rice
paddies and various agricultural crops such as beans and sweet potatoes etc. Four cases were selected for
detailed examination among southeasterly wind cases during growing scasons (June to September in 2003).
The footprint area consists of mostly rice paddy ficld. Case 1 is characterized by low LAI, small root
biomass and high vapor pressure deficit while Case 2 is characterized by near maximum LAI, large root
biomass and moderate vapor pressure deficit. Cases 3 and 4 are characterized by ripening period and
maturity period, respectively. The simulated diurnal variation of turbulent fluxes agrees well with
observation in Cases 1 and 2. However, the model fails to simulate both latent heat flux and CO, flux
during late growing season (Cases 3 and 4). The observed assimilation-stomata (A-g;) relationship shows a
different slope between mid-growing scason and late growing secason while modeled one shows same slope
in both seasons.

Sensitivity test was performed to investigate the influence of uncertainties of prescribed model
parameters on simulated cumulative GPP and evaporation during growing scason. During this period,
vapor pressure deficit was moderately low and soil moisture was ample duc to irrigation and rainfall. The
cumulative evaporation showed little sensitivity to both LAI and V. due to compensating effect of soil
evaporation. The cumulative GPP showed a larger sensitivity to LAI than V. , which emphasizes the
importance of good cstimates of LAI for reasonable long-term GPP estimate. For hydraulic parameters
such as stem hydraulic conductivity and root resistivity, model showed little sensitivity. It is due to low

water stress during the growing scason.

Keywords: Farmland, Net ccosystem exchange, mSPA model, Eddy covariance fluxes
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MODELING SEASONAL VARIATION OF CO, FLUX IN A SUBTROPICAL
CONIFERIOUS FOREST USING THE EALCO MODEL

N. Mi"? G.R. Yu', X.F. Wen', X.M. Sun', L.M. Zhang', X. Song' and S.S. Wang’

!Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences,
Beijing, China
*Nanjing University of Information Science and Technology, Nanjing, China
*Canada Centre for Remote Sensing, Ottawa, Canada

EALCO (Ecological Assimilation of Land and Climate Obscrvations) model is a process-based model
uscd to simulate the carbon, water and energy exchange between the atmosphere and land surface. It has
been succeeded in modeling the deciduous ccosystem in boreal forest and contributing to the study of
ccosystem processes. Seasonal drought frequently happens in the southern subtropical region of china,
which was commonly combined with high temperature. Flux measurements using eddy covariance technology
at Qianyanzhou sitc (QYZ) (26°44'N, 115°03'E, 110.8m) of ChinaFLUX have been made since October of 2002
in order to investigate the carbon flux characteristics and the impact of seasonal drought on terrestrial
ccosystem processes. QYZ is located in southern China, influenced by subtropical monsoon climate. The
vegetation is man-panted coniferous forest. It’s a relatively dry year in 2003 (precipitation=855 mm), with
35% less precipitation than the historical average. The year 2004 has a close to normal precipitation of
1325mm. The contrasting climate conditions over these two ycars cnables us to test the sensitivity of
carbon exchanges to seasonal drought (combination of increasing temperature and declining precipitation)
with EALCO modcl, which is one of the possible trends in the future climate projections.

In this study, EALCO model is parameterized to simulate ccosystem carbon exchange process in the
man-planted cvergreen forest. Simulation results have been validated using the half-hourly carbon fluxes
and daily and annual GPP (gross primary production), NEP (Net ccosystem production) and TER (Total
Ecosystem Respiration) estimated from eddy covariance measurements. The influences of seasonal drought
on ccosystem photosynthesis and nct ccosystem carbon budget have also been discussed.

In general, thc model can considerably simulate the two ycars’ carbon fluxes among soil —plant
~atmosphere on hourly, daily and annually scale. Both the simulations and observations showed strong
impact of drought on GPP in 2003. Compared with 2004, thc annual GPP in 2003 deccreased 12.9%
according to obscrvations (1610 vs. 1865 g C m) and 11.2% according to model results (1637 vs. 1844 g
C m™®). The diurnal variations of NEP from both observations and simulations during the period of soil
water deficit show asymmetric format, that is, the peak valuc of carbon exchange accrued on a certain time
in the morning then decreasing with time. Modeling results indicate that water stress have more influence
on TER than photosynthesis, which lead to the decrease of NEP. Further analysis suggests that deep soil
water content controls the canopy photosynthesis dramatically in sunny day before noon time during soil
water stress. While afler noon time both high temperature and deep soil water content climinate the GPP
and their elimination percents are equal. In cloudy days, radiation and deep soil water content primarily
determine the photosynthesis and temperature becomes a minor controlling factor gencrally.
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CARBON SEQUESTRATION IN EAST ASIA:
A MINI-REVIEW OF EDDY FLUX MEASUREMENT STUDIES

T. Kato

Frontier Research Center for Global Change, Japan Agency for Marine-Earth
Science and Technology, Yokohama, Japan

The terrestrial ccosystem and the physical climate
system arc strongly coupled through carbon cxchange.
However, major uncertaintics in the magnitude of these
feedbacks to climate change are still remaining. To solve
these problems, many rescarch activitics has built up the
cddy flux tower monitoring the carbon dioxide exchange
over the canopy of natural ccosystems and attempt to
clarify the carbon dynamics between the atmosphere and
the terrestrial ecosystems in East Asia. Most of them have
published their measured results in the international and
domestic scientific journals in these years. There is,
however, no summarized discussion with regard to their
relationship  of carbon dioxide exchanges against
cnvironmental gradicnts on the sub-continental spatial
scale. To understand the present situation of carbon
sequestration capacitics over whole of East Asia and to
recognize the inherent problems in terms of tower
installation location and coverage rates of cach ccosystem
types in East Asia, the summarizing report of the
alrcady-stored data about annual carbon uptake values is (o
be shown as quickly as possible.

We review the published results of the eddy covariance
flux measurcments, which have been conducted in more
than twenty field points within East Asia (70 °N - 10 °S,
90 °E - 150 °E) in these ten ycars (Fig. 1), and investigate
the relationships between carbon dioxide budgets and
environmental factors in East Asia. Annual net ecosystem
exchanges (Ann. NEE) of carbon dioxide is higher in the
dipterocarp forest in tropical region and lower in alpine
grassland on Tibetan Platcau and larch forest in
high-latitudinal region. The rclationship between Ann.
NEE and latitude is lincar-like but not so clear (Fig. 2).
Against to annual mcan air temperature, Ann. NEE
indicated rclatively clear positive relationship without
reference to ecosystem types. Ann. NEE and annual gross
primary production (Ann. GPP) show a negative and
strong positive correlation to maximum lcal arca index and
annual ecosystem respiration (Ann. Re) also increases with
annual mean air temperature incrcasing. These indicate
that annual ecosystem carbon fluxes have apparent
correlation  with environmental factors rather than
geographical location. On the other hand, it is found that
further research is needed in higher and lower latitudinal
regions, in which there is smaller number of evidence.
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Fig. 1. Location of cddy flux measurements
in Last Asia.
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FLUX OBSERVATION AND EVAPOTRANSPIRATION OF
THREE LAND USE TYPES IN THAILAND

S. Boonyawat', M. Aokiz, P. 'l‘ong(lccnok', Y. Keereemungklala', S. l’ukng:\m' and A. Pisutthicharu'
'Faculty of Forestry, Kasetsart University, Bangkok, THAILAND
’Faculty of Agriculture, Tokyo University of Agriculture and Technology, JAPAN

An intensive flux observation were carried out in various types of land use, Thailand. In order to find
out the heat budget and cvapotranspiration (ET) in difference types of land use, which are paddy field,
teak plantation and cassava ficld in Sukhothai, Lampang and Nakhonratchasima Provinces. Each land use
type was installed the automatic weather station (AWS) in different height of tower. The measurement of
energy balance using Bowen ratio technique and collecting data between January — December 2005.

The results showed that an average daily solar radiation (Rg) of the whole year in paddy field was 19.3
MJ m and an average daily net radiation (R,) was 13.2 MJ m™, while in teak plantation and cassava ficld,
the average daily R, was 19.0 and 18.6 MJ m2, and an average daily net radiation (R,) was 14.8 and 14.3
MJ m respectively. The average daily ET of paddy ficld was 4.1 mm. while the average daily ET of teak
plantation and cassava ficld were 3.9 and 4.7 mm. respectively.

Comparison of latent heat flux, sensible heat and soil and water heat flux among land use type found
that in paddy ficld almost 72.3 percent of R, was used for latent heat of vaporization (LE), while in teak
plantation and cassava ficld were only 71.6 and 68.7 percent of R,. On the other hand scensible heat (H) in
cassava field was 27.5 percent of R, while in paddy field and teak plantation were only 22.9 and 23 percent
of R, respectively. Heat storage in soil and water (Gs, Gy) in paddy field were 3.1 and 1.7 percent of R,
while G; in teak plantation and cassava field were 5.4 and 3.8 percent of R, respectively.

- 40 -



P03

EFFECT OF ENVIRONMENTAL FACTORS ON CARBON DIOXIDE
EXCHANGE OF FOREST ECOSYSTEMS IN EAST ASIA

R. Hirata' , N. Saigusa?, S. Yamamoto®, R. Ide!, M. Gamo?, T. Hirano®, Y. Kosugi’, Y. Ohtani®, M.
Tani®, H. Wang® and Y, Fujinuma'
!National Institute for Environmental Studies, Tsukuba, Japan
*National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan
SOkayama University, Okayama, Japan
‘Hokkaido University, Sapporo, Japan
*Kyoto University, Kyoto, Japan
SForestry and Forest Products Research Institute, Tsukuba, Japan

Understanding of global carbon cycles demands evaluation of the interaction between various terrestrial
ecosystems and the atmosphere. Long-term observation of net ecosystem CO, exchange (NEE) has been
performed by eddy covariance technique over various terrestrial ecosystems. Comparative studies of NEE
have been advanced in America or Europe. However, reports that address the NEE for Asian ecosystems,
which are affected by Asia monsoon, arc few. In this study, we analyze the response of forest ecosystems
to environment factors. The study sites are two larch forests (Laoshan (LSH), China and Tomakomai
(TMK), northern Japan), two evergreen ncedle-leaf forests (Fujiyoshida (FJY), Kiryu (KEW), central
Japan), deciduous needle-leaf forest (Takayama (TKY), central Japan) and tropical rain forest (Pasoh
(PSO), Malaysia) and tropical seasonal forest (Sakaerat (SKR), Thailand).

Figure 1 shows relationships between half-hourly mean daytime NEE and PPFD for four months (June
to September). Curves were fitted by the non-rectangular hyperbola equation, and maximum gross primary
production at light saturation (Py.y) (pmol m? s™), the initial slope (#) (mol mol™), the convexity of the
light-responsc curve (6) and daytime respiration (REy,y) were obtained. The curves of the equation show
the large difference between two tropical forests at low-latitude (PSO, SKR). It should be caused by the
difference of vegetation, tree age, climate, and soil type. In contrast, for three mid-latitude forests in central
Japan (TKY, FJY, KEW), their fitting curves almost overlapped in spite of different vegetation and
cnvironment. Although two curves for larch forests (LSH, TMK) show large difference because of different
cnvironment, both forests have common characteristics that Pp.x and RE4, were larger than other forests
except for SKR.
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ANNUAL CARBON BUDGET OF A SINGLE-RICE CROPPING PADDY FIELD
BASED ON LONG-TERM FLUX MEASUREMENT

A, Miyata', M. Mano', T. Yamada', K. Ono', H. Nagai', G. H. Han, Y. Kobayashi', H. Yoshikoshi?,
M. Saito® and Y. Harazono*
'National Institute for Agro-Environmental Sciences, Tsukuba, Japan
? Kyushu University, Higashi-ku, Fukuoka, Japan
SUniversity of Tsukuba, Tsukuba, Japan
‘International Arctic Research Center, University of Alaska Fairbanks, Fairbanks, AK, USA

Rice paddy ficlds are agricultural ecosystem covering the largest land area in monsoon Asia. Although
there are a variety of cropping patterns in rice paddy fields, single rice-cropping paddy fields widespread in
northeast Asia are characterized by continuously flooded crop-growing scason followed by a contrasting
drained fallow period. Ecological conditions of paddy ficlds are basically controlled by human activitics and
exhibit drastic changes within each year. Carbon exchange between paddy ficlds and the atmosphere is also
influenced by cultivation practices and field management. In this paper, annual carbon exchange at a
customarily cultivated single rice-cropping paddy field in central Japan is presented based on results of
measurement of carbon dioxide (CO;) and methane (CH,) fluxes combined with ecological measurement.

The present study was conducted at Mase paddy flux site (36° 03°N, 140° 02’E, 15 m asl). Rice is
transplanted to the irrigated ficld at the beginning of May and harvested in mid-September. The field was
flooded to a depth of 3 to 5 cm from late April to mid-August with temporary interruption by mid-season
drainage. Harvest residue (rice straw and stubbles) was ploughed into soil. CO, flux density was measured
by the standard eddy covariance method with an open-path infrared gas analyzer, while CH, flux density was
determined by the modified acrodynamic method from the vertical gradient of CHy concentration.

CO;, flux exhibited a distinct seasonal variation: uptake during the growing season and rclcase during
the fallow period. CO, flux showed a maximum uptake of 9 g C m™ d' around heading period of rice. The
field became a net source of CO; prior to the harvest due to declined photosynthetic fixation and increased
soil respiration under drained ficld conditions. With a peak emission immediately after the harvest, release of
CO; as small as 1 g C m™ d”! continued until the field was irrigated again in April. The annual net ecosystem
CO; exchange (NEE) from 2002 to 2005 ranged between —130 and 290 g C m? y'. The interannual
variability in NEE was caused by 1) changes in Gross Primary Production (GPP) influenced by the amount
of incident solar radiation, 2) changes in soil respiration influenced by duration of drainage, and 3) changes
in soil respiration during the fallow period influcnced by temperature and length of the fallow period. CHy
flux cxhibited a commonly observed seasonal pattern. It showed a gradual incrcase from about 40 days after
flooding, a temporary decrease during the mid-season drainage, and a flush of CH,4 stored in soil at the final
drainage. Timing and magnitude of the flushes varied year by year depending on water management of the
ficld and precipitation during the drained periods. The total amount of CH, released from the field in the
growing season of 2003 to 2005 was 19.9, 19.1 and 11.4 g C m™ season™, respectively. A long mid-season
drainage in 2005 resulted in smaller amount of CH4 emission than those in previous two years.

Carbon removed from the field at harvest was cstimated between 200 and 260 g C m™ depending on
yield of rice. Previous studies conducted at the study site showed that the budget of water-dissolved carbon
was almost balanced in the total of the irrigated period. The annual carbon budget of the filed estimated by
including all of these components ranged between +30 (gain of carbon) and -90 g C m? y! (loss of carbon).
The total carbon budget of the field was close to ncutral on average, but its year-to-year variations exceeded
100 g C m? y™'. Seasonal CH, emission from the field was only 3 to 5% (on molar basis) of the magnitude of
NEE in the growing season. However, CH, emission is important in the greenhouse gas budget of the field
when the global warming potential of CH, is taken into account. From the viewpoint of greenhousc gas
exchange, the paddy ecosystem is more important as a source of CH,4 than as a sink of COs.

At the study site, unexpected downward CO; fluxes were often observed in the latter half of the fallow
periods as is reported at other flux study sites where open-path eddy covariance system is employed. It is
important to solve this problem to improve the estimate of annual NEE of the paddy ficld as the fallow
period lasts for about two-thirds of a year. In order to understand how the paddy ecosystem in Asia affects
the global carbon budget in total, observation at paddy ficlds with various cropping patterns is needed, such
as double-rice and rice-wheat cropping paddy ficlds that are widespread in Asia. This study was sponsored by
the GWIP by MAFF, Japan, GERF (B-3, S-1) by ME, Japan and CSSPR (H12-10) by JST.
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SEASONAL VARIATION OF CARBON DIOXIDE EXCHANGE AND ANNUAL
CARBON BUDGET AT FOUR MANAGED GRASSLAND SITES IN JAPAN

A. Miyata', R. Hatano’, M. M‘mo Y. Kouda®, M. Shimizu?, S. Matsuura®, M. Nmm T. Salgusa s
S. Kano M. HOjltO A. Mori* ,0 Kawamula A, H‘lyakawa S. Marutani ,H Fukami®,
Y. Taniguch®, M., Olkawa and T. Mitamura’
! National Institute for Agro-Environmental Sciences, Tsukuba, Japan

? Hokkaido University, Sapporo, Japan

? Hokkaido Prefectural Konsen Agricultural Experiment Station, Nakashibetsu, Japan

“National Institute of Livestock and Grassland Science, Nasushiobara, Japan
3 Miyazaki University, Miyazaki, Japan
National Livestock Breeding Center Miyazaki Station, Kobayashi, Japan
7Japan Grassland Agriculture and Forage Seed Association, Chuo-ku, Tokyo, Japan

Grassland occupies 40.5% of the total land arca in the world, and it is an important ecosystem to
support herbivorous livestock production. Grassland is also important as a rescrvoir of organic carbon
stock because of perennial plants dominating in grassland vegetation. In Japan, where grassland accounts
for 13% of the total agricultural land arca, the abandonment of livestock excreta together with the
insufficient manure application to crop ficlds due to livestock husbandry supported by enormous imported
feed has resulted in the strcam and groundwater pollution. To promote the use of livestock excreta as
manurc to grassland, it is necessary to understand how manure application affects carbon budget in
grassland ecosystem, taking the influence on the total greenhouse gas exchange into account. We started a
field study to clarify the impact of manure application on carbon budget at four grassland sites located
from cool temperate to warm temperate region in Japan (Fig. 1). At each site, adjoining two plots were
provided for the experiment: onc for stable manure application, and the other for chemical fertilizer
application. Flux densities of carbon dioxide (CO,) at both plots arc monitored by the eddy covariance
method using the same instruments and a common data processing mcthod. In this paper, we place the
focus on the chemical fertilizer plot at the four study sites, and present seasonal trend of CO, exchange and
annual carbon budget at cach site by using the results obtained from November 2004 to October 2005.

Observed NEP exhibited high-degree of scasonality and inter-site variability that are influenced by
climate conditions and field management. At Nakashibetsu (NKS) site and Shizunai (SZN) site in northern
Japan, the grassland was generally dormant in CO, exchange from November to April. At Nasushiobara
(NSS) site in central Japan, diurnal variation of CO, flux was observed even in mid-winter, but daily NEP
was close to zero, indicating photosynthetic CO, fixation was almost balanced by ecosystem respiration on
daily basis. In contrast with these tlncc sites, at Kobayashi (KBY) site in southwestern Japan, daily CO,
uptake as much as 4 to 5 g C m™ d™' was observed continuously on clear days in winter. CO, exchange at
all of the study sites was activated by the beginning
of the growing scason of grasses. NEP during the
growing season repeated a gradual increase in nct

Ms  5.3°C, 1225 mm;
CO; uptake with growth of grasses followed by an T ity and
abrupt change to CO, emission immediately after O 7.9°C. 1365 mm:
harvest of grasses. The annual NEP langed from2.7 ., " roed canarygrass .
Mg C m? y! at NKS to 6.4 Mg C m? y”' at NSS. and meadow foxtail
Interestingly, Net Biome Production (NBP)
estimated by subtracting harvested carbon from the M5 120 °Cd»1551 mm;
annual NEP was negative at two sites in cool g:ﬁihﬁ;ngaﬁsr;egrass
temperate region (NKS and SZN), while NBP was 1614
positive at the other two sites in wamer region (NSS P L oréha%g%gggr‘:g'lall fescue
and KBY). This indicates that at NKS and SZN the i
total outflow of carbon from the grassland by harvest e
and decomposition of harvest residue and soil A
organic matters exceeded Net Primary Production * 130° E 140° €

(NPP) of the ecosystem. _ ) )
This study was financially supported by Japan Fig. 1 Location of study sites with their annual

Grassland Agriculture and Forage Seed Association, ~ mcan air  temperature,  annual — amount  of
nrecinitation and dominant species of grasses.
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SEASONAL AND INTER-ANNUAL VARIATIONS IN CARBON DIOXIDE
EXCHANGE AT FIVE GRASSLAND AND CROP FIELD SITES IN EASTERN ASIA

Y. Kobayashi ', A. Miyata', Y. Tang?, T. Oikawa®, T. Iwata®, K. Ohba’, T. Kato®, M. Du', Y. Hamada®,
S. Shimoda’, H. Nagai', M. Mano', T. Takimoto®, and A. Maruyama®
!National Institute for A gro-Environmental Sciences, Tsukuba, Japan
*National Institute for Environmental Studies, Tsukuba, Japan
I Graduate School of Life and Environmental Sciences, University of Tsukuba, Tsukuba, Japan
‘Faculty of Environmental Science and Technology, Okayama University, Okayama, Japan
National Agricultural Research Center for Kyushu Okinawa Region, Kumamoto, Japan
SFrontier Research Center for Global Change, JAMSTEC, Yokohama, Japan
"National Agricultural Research Center for Western Region, Fukuyama, Japan

Carbon dioxidc exchange in grassland and agricultural ccosystems in eastern Asia are discussed based on
net ecosystemn CO, exchange (NEE) and meteorological data obtained at five tower-based flux sites from 2002
to 2004. The study sites include alpine meadow on Tibetan Plateau (QIB), C3/C4 mixed grassland in central
Japan (TGF), rice paddy in central (MSE) and western Japan (HCH), and a rotational forage (maize-Italian
ryegrass) ficld in southwestern Japan (KON). We used the original datasets of half-hourly fluxes (15-minute
fluxes for QHB) registered on a S-1 project database. After applying a common set of quality check to the
original flux data, we applied the multiple imputation (MI) method semimonthly to fill up the gaps in the
half-hourly NEE dataset, and estimated scasonal and annual sums of NEE. Half-hourly ecosystem respiration
(RE) was also estimated by applying the MI method to the dataset composed of nighttime NEE, air
temperature and friction velocity. Gross primary production (GPP) was calculated from the estimated NEE and
RE. As an example, variations of estimated semimonthly NEE, GPP and RE at MSE are shown in Fig. 1.

At QHB, incident short-wave radiation (Rs) in early spring was a determining factor of the length of the
growing season and the annual GPP. The soil moisture content had an obvious cffect on the phase and the
amplitude of GPP and RE. An extended dry period from beginning of July 2002, when the soil moisturc
content was lower by 0.1 m’ m”, yiclded smaller annual GPP and RE by 36% and 25%, respectively, than
those in 2004. At the paddy sites (MSE, HCH), which were under the control of water management for rice
cultivation, seasonal and inter-annual variations of GPP were influenced by Rs and timing of rice planting.
Decreased Rs from June to July 2003 significantly influcnced the annual GPP at MSE because the period of
decreased Rs overlapped the first half of the growing scason. Contrastingly, at HCH, influence of decreased Rs
on GPP was more obvious in and after August 2004 than in June and July 2003 because the growing season of
HCH was behind MSE by about 30 to 40 days. At MSE, the amplitude and the variation of RE during the
growing season corresponded to the frequency and the length of mid-scason drainage practices. At TGF, where
observed CO, exchange during the growing season was quite different from the other study sites, closed
vegetation (thc maximum leaf arca index exceeded 6.5) and dead grasses that were mown and left in the field
previous year caused considerably large GPP and RE. At KON, continuous CO, uptake by the rotational
forage field was observed almost throughout
the year. At this site, a draught period " wemammn - T T | "
accompanied by high vapor pressure deficit {.,\ i
had decisive influence on magnitude of GPP. N A / \ :
Although our study sites located in monsoon i /% ga ]
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Asia arc generally belicved to be less

water-stressed than European and e !

o T o] ;
North-American sites, the present results 5] W y
suggest that not only radiation but also e im0 %0 @0 @ % w0 2h %0 6w i wHo 3n %o

DOY of 2002 DOY of 2003 DOY of 2004

dl’ynesﬁ are key factors to lllvestlgatf? carbon Fig. 1 An cxample of seasonal and inter-annual variations of
dynamics on grassland and agricultural semimonthly carbon budget components estimated by the MI method.
ecosystems in this region.
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ENVIRONMENTAL CONTROLS ON CARBON BUDGETS IN
TYPICAL GRASSLANDS IN CHINA

Y.L.Fu',GR. Yu',X. Q. Zhao %, Y. F. Wang *, Y. H. Tang * and P. L. Shi '
"Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences
‘Northwest Plateau Institute of Biology, Chinese Academy of Sciences
3The Graduate University of Chinese Academy of Sciences
"National Institute for Environmental Studies

Long-term measurements of CO,, O and heat fluxes between natural vegetation and atmosphere have
facilitated the research on carbon cycle in terrestrial ecosystems and its response to global climatic changes.
Based on flux measurements at five different grassland ecosystems, one semi-arid Leymus chinensis steppe in
Inner Mongolia (NMG), an alpine meadow (BT), an alpine shrub-meadow (GCT), an alpine swamp-meadow
(SD) at Haibei in Qinghai and a steppe-meadow at Dangxiong on Tibet Plateau, the dynamics of main processes
of ecosystem CO; exchange in the five grassland ecosystems and their responses to environmental changes were
investigated.

Located in different regions, there were significant differences in the climate, vegetation and soil type
among the five grassland ecosystems, which result in their different response to environmental changes.
The net ecosystem CO; exchange (NEE) in five grasslands showed large seasonal and interannual variation
with the change of temperature, water availability and solar radiation. The four alpine meadows on Tibet
Plateau mainly sequestrate carbon from June to Scptember and emit carbon in other months. The NEE of
NMG has biggest interannual variation due to the fluctuation in precipitation. The alpine meadow (BT),
shrub-mcadow (GCT) and swamp-mcadow (SD) at Haibei have larger photosynthetic production (Fggp)
than the alpine steppe-meadow at DX and the semi-arid steppe at NMG. With abundant rainfall during
growing scason, the Fgpp of alpine ecosystems at Haibei was mainly limited by air temperature and solar
radiation, while the Fgep at DX showed significantly positive correlation with soil and air moisture. The
frequent moisture stress has important cffects on both Fgrp and ecosystem respiration (R..,) at NMG site.
The annual total ccosystem respiration of the five grassland ecosystems followed the order in
BT>SD>GCT>NMG>DX. In arid and semi-arid ecosystems, soil water condition has important effects on
R.co and its responsc to temperature. Results indicated that temperature and water availability are main
determinants of net ecosystem CO; exchange in all grassland ecosystems.

Comprehensive analysis shows that NMG, DX and SD sites were a net carbon source during the
observing years, and the GCT and BT sites are nct carbon sink. The global change with global warming
and changes in precipitation could have profound effects on temperate and alpine grasslands in China.

Keywords: Eddy covariance, grassland ccosystem, alpine mecadow, net ecosystem CO, exchange,
ccosystem respiration
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STUDY ON THE RELATIONSHIP BETWEEN CO, FLUX AND H,0 FLUX
IN PADDY FIELDS OF THILAND AND JAPAN

T. Pakoktom', T. Seto', T. Wongraksaz, P. Kasaemsapz, B. Samakkee?, A. Pedram', M. Yokoya', D.
Komori® and M. Aoki'.
"Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183-8509
2 Kasetsart University, Bangkok, Thailand. 10900
? Tokyo University, Komaba, Meguro-ku, Tokyo 153-8505

There is high correlation between FCO, and FH,O during all growth stages of paddy rice ficlds in
Thailand as well as in Japan. Furthermore, FCO,/FH,0 (CWFR) in cach growth stage can be estimated by
VPD, and then we could estimatc CWIEFR by VPD in each growth stage (Pakoktom et al, 2004). If we can
cstimate the ratio of CWFR, then we can estimate CO; flux from H,O flux which is rclatively easy to
calculate by using simple climatic data. In the present research, the further analysis was carried out using

measured data sets of Japan in 2005,

1.0 7 .

Az Japan, 2005 .

Measurement ‘. Vpll,<3 ¢ L

The measurements were conducted at a paddy 081 H3hen<d - o
field of Tokyo University of Agriculture and
Technology, Fuchu city, in 2005, Flux densities 061
of CO, and H,O were measured during 4 stages 2 oul
of growth, LAI<LS (stage 1), 1.5<LAI<4 (stage E
I1), 4<LAI<6 (stage 11I) and ripening stage (stage 8, |
1IV) based on Bowen ratio technique. The E
relationship between FCO, and FH,O, CWFR § o . i
and climatic data werc analyzed by regression & B2 Thailand, 2004
analysis. 0.8 1
Results 0.6 1 . !

The FCO; and FH,0 showed high correlation
for all of VPD levels at all growth stages as 0.4 1 A
shown in Fig. 1. Fig. | shows the corrclation at KT
stage III. The slope of the regression lines g
decreased when increasing VPD in a paddy field 00 : :
of Japan (fig 1A) as the same as in a paddy field o 0.05 0.10 0.15 0.20
of Thailand (Fig 1B). FILO (g11;0/m"s)

The CWER i VP in 2 padly il o it oin e FO st O
Japan showed high corrclation in all of growth and Thailand (1) for stage 111
stages as shown in Fig. 2. The trend of regression 10 A LALSLS
lines were decreased when increasing VPD at all ) . |”<<| /;M
of growth stages in a paddy ficld of Japan (scc fb 8 04;I,,(I<6
Fig.2) as the same as in a paddy ficld of Thailand. 8 o ° '

g v T .20

Conclusion g 4 " =

A high correlation between FCO, and FIHLO 2, | °
during all  growth stages and CWFR d
(FCO,/FH,0) in cach growth stages had high 0 ' T 1
correlation with VPD. Then it may be possible to 0 z 4 6

estimatc CWFR by VPD for both of paddy ficlds VD ()

in Japan and Thailand. .
map Fig. 2 Correlation between CWFR and VPD in each

growth stage of Japan, 2005
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ANNUAL CARBON CYCLE OF PINUS DENSIFLORA STAND EVALUATED
BY EDDY FLUX OBSERVATION AND ECOLOGICAL SURVEY

T. Machimura', M. Ooba', Y. Kikuchi', T. Oda', K. Yamase’, Y. Aoyama3 and S. Okada®
!Graduate School of Engineering, Osaka University, Suita, Osaka, Japan
Forestry Technology Institute, Hyogo Prefectural Technology Center for Agriculture, Forestry and
Fisheries, Shiso, Hyogo, Japan
*Hyogo Prefectural Technology Center for Agriculture, Forestry and Fisheries, Kasai, Hyogo, Japan
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Annual ecosystem carbon cycle of a broadleaf species mixed Pinus densiflora stand in Miki, Hyogo,
Japan (34°47'N, 134°59'E) including flow among carbon compartments was evaluated based on the eddy
flux observation and ecological survey during the period between December 2004 and December 2005.
CO, flux above the forest was measured by means of the eddy covariance method. Meteorological
conditions including photosynthetic photon flux density (PPFD), air and soil temperatures, soil water
content etc. were also measured in the period. Lincar trend removal for CO, concentration and WPL
correction were applied for flux calculation and the less reliable data were removed by the stationarity,
standard deviation and foot print test to produce the quality controlled half hourly datasets of CO; flux. The
hyperbolic relationship between gross primary productivity (GPP) and PPFD, and the exponential
relationship between ccosystem respiration (Re) and air temperature were determined simultancously
applying the genetic algorithm in monthly basis, and were used to fill the data gap of ecosystem CO,
cxchange and to evaluate monthly GPP and Re. Soil respiration was measured using two automatically
ventilated closed chambers which were replaced biweckly. Above ground tree biomass and soil carbon
content were measured in December of 2004 and 2005. Litter fall was collected in ten traps and the carbon
content of litter was analyzed monthly.

Monthly mecan air temperature rcached its maximum in August, while monthly PPFD showed two peaks
in May and August. Monthly Re and GPP showed similar seasonal courses to those of air temperature and
PPFD, respectively. This difference in the seasonal courses of Re and GPP caused a unique seasonal
course of net ecosystem productivity (NEP) which showed two peaks in May and October and the
minimum in February. Monthly NEP was positive (CO, sink) throughout the observation period, and
annual NEP was estimated to be 53 molC m™ y™'. The initial gradient of GPP to PPFD and the maximum
GPP estimated by the hyperbolic model correlated to air temperature. Soil respiration rate was related to
soil temperature and also moisture.

Above ground tree biomass evaluated by in situ survey was 276 and 287 molC m™ in December of 2004
and 2005, respectively, and its annual growth was 9 molC m™ y™'. Total biomass including root was
estimated by an allometric cquation, and its annual growth was estimated to be 11 molC m™ y™' between
2004 and 2005. Annual litter fall of this period was 17 molC m™ y™' and the increase of soil organic matter
was 5 molC m™ y ', Annual heterotrophic respiration from soil evaluated as the difference between annual
litter fall and annual soil organic matter rise was 12 molC m™ y™'. Annual net primary productivity (NPP)
was calculated by summing annual tree biomass growth and litter fall, and was 28 molC m™? y™'. While
NPP calculated by summing annual NEP from flux measurement and heterotrophic respiration was 64
molC m™ y™', which was larger than NPP evaluated by the ccological survey. The estimated ratio of above
and below ground trce respiration by using ecosystem, soil and heterotrophic respirations was 0.9 and was
far smaller than the ratio of above and below ground biomass (4.5) in the allometric equation. Thesc
differences suggested the underestimation of Re, and/or over estimation of GPP and NEP by the flux
measurement. This may be caused by the commonly reported tendency of CO, flux measured by the
open-path eddy covariance systems. The result suggested the importance of validation employing different
methods to evaluate ecosystem carbon cycle.

This study was supported by Japanese Ministry of Environment providing the grants "Strategy for the
reproduction of natural and urban area in a basin.”
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ENERGY, WATER, AND CO, FLUXES ABOVE GMELIN LARCH FOREST ON
CONTINUOUS PERMAFROST OF CENTRAL SIBERIA

Y. Nakai', Y. Matsuura', T. Kajimoto’, A. P. Abaimov’, S. Yamamoto®* and O.A.Zyryanova®
! Forestry and Forest Products Research Institute, Tsukuba, Japan
? Kyushu Rescarch Center, Forestry and Forest Products Research Institute, Kumamoto, Japan
I Sukachev Institute of Forest, Krasnoyarsk, Russia
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We constructed a 20-m high tower made of wood
(Fig.1) at a Gmelin larch forest, which is a principal
ccosystem in continuous permafrost of Central Siberia.
Heat, water vapor, and carbon dioxide fluxes were
measured at the top of the tower during a growing season
from June to carly September, using the eddy covariance
technique. Micro-meteorological  variables as  air
temperature, humidity, wind spced and direction,
radiations, soil temperature and moisture, were measured
to support the eddy flux measurements.

The study site was an even-aged Larix gemelinii
forest, near Tura in Evenki region, central Siberia
(64°12°N, 100°27°E, 250 m a.s.l.). The forest trees
formed open canopy structure, where canopy closure
index was bellow 0.4 m*m?,

Monthly mean air temperature for the study period
was higher in June but lower in July and August than the
stationary 30-year averages. Monthly precipitation was
half in June but was almost same in July and August of
the long-term averages. Air temperature averaged 13.5°C
through the measurement period (105 days) and total
precipitation was 125.5 mm for thc whole measurement
period.

The sum of the eddy covariance heat and vapor fluxcs
occupied about 80% of nct radiation on daily basis.
During thc growing season, mid-day mean daily  Fig.1 The meteorological tower cquipped with
shortwave and PPFD albedo values were lower  golar panels
compared with grass and tundra ccosystems. Values of
mid-day mean daily Bowen ratio ranged approximately
between | and 2, being relatively higher at the beginning
and at the end of the growing period. Sensible heat fluxes responded to changes in incident radiation more
sensitively than water vapor fluxes. Cumulative evapotranspiration slightly cxcceded the total precipitation for
81 days of the growing period. Slight absorption of carbon dioxide by the ccosystem was observed during
daytime even in early June when the larch trees were developing needle leaves and when the soil surface was
snow-free but still frozen. The maximum half-hourly net uptake of carbon dioxide was observed between late
June and early August. In carly September, the ecosystem became the source of CO; in daily basis when the
needles were still alive but began to change colors to yellow. The scasonal variation in the net uptake of CO,
was primarily related to needle phenology of the larch trees. The magnitude of net uptake and release of CO, at
the larch ecosystem was relatively low compared with other boreal forests and even with other larch forests on
the continuous permafrost near Yakutsk.
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LONG-TERM VARIABILITY OF NET ECOSYSTEM PRODUCTION
OF FUJIYOSIDA SITE ESTIMATED BY AMEDAS DATA
- RESPONSE TO FLUCTUATING METEOROLOGICAL CONDITIONS
OVER 30 YEARS -

Y. Mizoguchi', Y. Ohtani', T. Watanabe', Y. Yasuda' and H. Iwata 2
" Forestry and Forest Products Research Institute, Tsukuba, Japan
2 . . -
University of Tsukuba, Tsukuba, Japan

A tower was constructed at the northern foot of Mt. Fuji (Fujiyoshida 450N ~/
forest metecorology site: Fig.1) and CO, flux monitoring started in 1999. ‘ :

n_ f
Fujiyoshida site (35°27°N, 138°46°E, 1030m in clevation) is located on a /?{'/ ﬁ\[

gentle slope in a cool temperate region of central Japan, The dominant 40°N - ﬂ o
species of the site are Japancse rcd pince (Pinus densiflora) at the upper . )
canopy and Japancese holly (/lex pedunculosa) at the lower canopy. The soil N/\ ﬂ ' )

is composed of volcanic lava and covered partially with litter and organic }S o Tokyo
matter. 35“N PAg

CO;, flux has been mecasured by eddy covariance method using a {ﬁ}@Map area
threc-dimensional sonic ancmometer (SAT; DA600/KAIJO) and an infrared ‘?
gas analyzer (IRGA; LI-6262/LI-COR). The SAT was set at a height of 26m 130°E 135°C M40°E
on the tower, which is about 6m above the mean canopy height (Fig.2). ) . 3 ]
The air is drawn at the same height by an air pump to the IRGA and the  Fig.1 Location of Fujiyoshida
CO; concentration is analyzed. forest meteorology site

The net ccosystem CO; exchange (NELE) was calculated every 30
minutes, taking account of CO, storage change within the canopy. Within
this method, three-dimensional axis rotation (McMillen, 1988), corrections
of the effects of lateral wind and water vapor on sonic velocity (Kaimal et
al., 1968), and WPL corrcction (Webb ct al., 1980) were employed. Then
the data quality control tests (QC) were put into practice to check for
inadequate data. The QC procedure followed Foken and Wichura (1996)
and Vickers and Mahrt (1997).

The nighttime NEE was parameterized by air temperature. It equals
ccosystem respiration (Re). Gross ccosystem assimilation (Ag) was
calculated using the relationship: Ag = -NEE+Re. Ag was parameterized by
absorbed photosynthetically active radiation (APAR).

The meteorological data have been measured at Kawaguchiko weather B o
station (AMeDAS) for more than 30 years (Fig.3). The station (35°30°’N,  F'ig-2 Tower at Fujiyoshida site
138°46°E, 860m in clevation) is about

Skm north of the Fujiyoshida site. The air 22— 2500
temperature and APAR of the Fujiyoshida E I A _ Zi ] <
site was estimated by the metcorological o " L AT 1 2000 S
data of the wecather station. Then, the 2 d 5.: *‘: ®
annual NEP (Net Ecosystem production: ?g 10 o+ ,r *i*}.f* ] B
NEP= negative NEE) for 30 yecars was E - 1500 2
estimated by the above relationship using - 9 . §
the metcorological data, assuming that the < S RERERERRARRRNRRANARRNANERANARRAR) p 1000 @
condition in the forest did not change. 1970 1980 1990 2000
This  presentation  shows  the Year

characteristics of the variability of the

. G Fig.3 Annual mean air temperature and annual sunshine duration
annual NEP in Fujiyosida site.

of Kawaguchiko weather station (Mcteorological Agency)
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CO; AND WATER VAPOUR FLUXES AT A SUBTROPICAL MONTANE
CLOUD FOREST ECOSYSTEM IN NORTH-EASTERN TAIWAN

E. Beiderwieden', K. Mildenbcrger', Y.-J. Hsia®> and O. Klemm'
'University of Miinster, Institute of Landscape Ecology,
Robert-Koch-Str. 26, 48149 Miinster, Germany
’Institute of Natural Resources, National Dong Hwa University, 974 Hualien, Taiwan

From 04 August through 27 September 20006, an cddy covariance setup was installed within a
subtropical montane forest ccosystem to study the turbulent vertical fluxes of CO, and water vapour. To
our knowledge, this is the unique eddy covariance site in Taiwan due to high micrometeorological
requirements concerning the experimental site. The study site is part of Taiwan’s Long Term Ecological
Research sites which is supported by the Taiwan National Science Council in cooperation with the Taiwan
Forest Rescarch Institute. Scope of the program is to research the ecological processes with regard to
hydrological and biogeochemical cycles of the ecosystem.

The experiment was carricd out in a partly managed forest plantation where the tree canopy is
considerably closed and uniform and the average height is 13.7 m. The meteorological tower is situated
within a valley on a relatively flat section which slopes with an angle of 15° towards south cast. The cddy
covariance sctup consisted of a Young 81000 sonic anemometer and a LI-COR 7500 combined infrarcd
COy/H,0-analyzer (12.5 Hz sample frequency) which was installed at the uppermost platform at 23.4 m.

In this study we examine the influence of fog on the vertical fluxes of CO, and water vapour and hence
on the microclimate of the endemic cypress forest. A pronounced diurnal wind regime dominates with
valley winds from S to SE during the day and downhill winds from N to NW at night. The presence of fog
is strongly related to wind directions from SE and S. The occurrence of fog at the study site is very
frequent with an average duration of 4.7 to 11 hours per day. During about 25 % of the experimental
period, foggy conditions (visibility < 1000 m) were prevailing. Fog affccts the physiological conditions of
the plants (Chamaecyparis obtusa var. formosana and Chamaecyparis formosensis) by high air humidity
and strong reduction of incoming shortwave solar radiation. Therefore, not only the leaf metabolism but
also the development of flowers or fruits for reproduction is influenced. Morcover, a reduced mineral
uptake by plants is associated with the minor rate of transpiration during foggy conditions.

The measurements took place in mountainous and rather non-ideal terrain for the eddy covariance
approach. Moreover, the presence of fog causes large instrumental difficulties since the optical and sonic
measurcment tcchniques are often obstructed by water droplets on the sensing devices. Special cffort was
employed on quality assurance of the flux data. Only data during steady-state conditions during the 30-min
averaging intervals, simultancously exhibiting a well developed turbulence regime, were used for the
calculations of turbulent fluxes. The extent of atmospheric turbulence was determined with help of the
friction velocity u*, and the integral turbulence characteristic ITC. In particular during nighttimes, when
atmospheric layering was stabile and the turbulence regime poorly developed, the measured fluxes were
small. The examination u* lead to the hypothesis that advective downhill fluxes associated with positive
momentum flux, c.g. drag from below the canopy occurred at nighttime.

A footprint analysis was applied to evaluate the fluxes and data quality regarding the changing
topography and fetch propertics of the study site depending on wind direction. A source weight function
bascd on the Eulerian approach was used to identify the surface area influencing the flux measurcments.
The footprint calculation shows excellent fetch conditions for flux measurements for winds from south
casterly direction.

The 30 min averages of CO, fluxes ranged between -52.5 pmol m? s and +18.1 pmol m? s, and the
median was +2.6 pmol m? 5™, The net CO, flux is hence assumed to be positive, e.g. directed upward. The
fluxes proceeded in a pronounced diurnal cycle with negative values for the CO, fluxes during daytime
representing CO, uptake by the plants. At night, CO, fluxes were positive, ¢.g. dirccted upward resulting
from respiration. During foggy conditions, the CO; fluxes of both directions were considerably reduced.
The water vapour fluxes showed an opposite diurnal pattern with maximum positive values at daytime and
minor or cven negative fluxes during night times. It ranged between -3.2 mmol m? s and +6.7 mmol m°
25! with a median flux of +0.9 mmol m?s™.
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CO; FLUX IN TROPICAL AREA IN SOUTHEAST ASIA MEASURED
WITH EDDY COVARIANCE METHOD

M. Gamo ', T. Maeda', N. Saigusa', H. Kondo' and S. Panuthai ?
! National Institutes of Advanced Industrial Science and Technology, Tsukuba, Japan
? National Park, Wildlife and Plant Conservation Department, Bangkok, Thailand

We have been observed CO, flux at 45 m
tower in the Sakaerat Environmental Research
Station (here after abbreviated by SKR), Nakhon
Ratchasima, Thailand (14°29°29°’N,
101°55°05”°EE, elevation 535 m.a.s.l.) and other
two sites in tropical area since 2001, Gamo et al.
(2005) reported that the -NEE estimated by eddy
covariance method at the top of the tower at SKR
in a whole year took a too big value, which cannot
be explained with census data analysis. Figurc |
shows the wind rose at the tower in 2004 at SKR.
Most of the wind direction is SW, and NE wind
appears only in short time during dry season. The
nighttime NEE docs not increase as temperature
rises, because there is clear corrclation between
temperature  and vapor pressure  depression
(Figure 2).

Figure 3 shows an cxample of monthly
averaged daily variation of CO? concentration at
the four levels on the tower in June, 2003. This
figure suggests there is not so big storage of CO,
in the canopy and not small amount of CO,
outflows from the community without being
detected by eddy covariance equipments.

Since the surface around SKR is inclined by
6 %, the CO, may flow out as drainage flow in the
understory in the canopy at night. Takayama site
in central Japan is located on a hilltop, and we
sctup a new 20m tower in a small valley there, the
inclination of the slope is approximatcly 40%.
The profile observation at the Takayama tower
showed that drainage flow in the understory is
gencrated soon after the sunset and CO, rich
airmass is restricted below the layer 6 m above
the ground. Similar process might be worked in
the tropical forests.

Figure 1 Wind
4 rose at SKR in
72004,
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Figure 2 The relation between temperature at
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EFFECTS OF MANURE APPLICATION ON CARBON BUDGET OVER
MANAGED GRASSLAND IN CENTRAL JAPAN

S. Matsuura', A. Miyata?, M. Mano’, M. Hojito', A. Mori', T. Miyaji',
S. Itano', R. Hatano®, K. Kohyama® and H. Sasaki'
!National Institute of Livestock and Grassland Science, Nasushiobara, Japan
’National Institute for Agro-Environmental Sciences, Tsukuba, Japan
*Hokkaido University, Sapporo, Japan

In order to investigate the effects of manure application on carbon budget over managed grassland, ficld
experiment has been conducted. The eddy covariance measurements of carbon dioxide (CO,) were made from
September 2004 to August 2006 at grassland in National Institute of Livestock and Grassland Science
(NILGS), Nasushiobara, Japan (36°55’N, 139°58’E, 320 m a.s.l.). The annual temperature and precipitation of
the experimental site are 12.0°C and 1561 mm, respectively. The vegetation is dominated by orchardgrass
(Dactylis glomerata L.) and ltalian ryegrass (Lolium multiflorum Lam.), and the grasses are harvested four
times a year.

At the grassland two contiguous plots were provided for the experiment, one for manure application
(M-plot) and the other for chemical fertilizer application (F-plot). Composted cattle manure was applied on
M-plot after the last harvest of cach year (mid-November, 15 Mg ha” in 2004 and 32 Mg ha™' in 2005). Fluxes
of CO, were measured with the eddy covariance system, which consisted of a sonic anemometer (CSAT3,
Campbell Scientific) and an open-path infrared gas analyzer (L1-7500, LI-COR). The system was installed at
cach plot with instruments to measure other meteorological variables.

Seasonal trends in CO; flux () of the two plots were similar throughout the observation period: F, of both
plots were kept almost zero during winter season, and, from mid-March, increase of CO, uptake with growth
of grasses and temporal CO, release afler harvest were observed. However, in summer season when the
temperaturc was high, values of F, between the plots were somewhat different: /. of M-plot shifted toward
CO; release, especially in 2006.

Each year net biome production (NBP), which represents carbon budget in terrestrial ecosystem, was
calculated as a sum of carbon in the nct ccosystem production (NEP), exported carbon through grass harvest
(Cy)) and imported carbon through manure application (Cy). In the first year, integrated value of NEP was
larger than Cyy in both plots. While NEP was smaller in M-plot than in F-plot, NBP of M-plot was larger than
that of F-plot by 0.48 Mg C ha™' duc to carbon input through manure application. In the second ycar, NEP was
smaller than Cy; in both plots and, manure application taken into account, NBP of M-plot was larger than that
of F-plot by 3.68 Mg C ha™".

Although manure applied on the _
Table  Annual carbon budget of the experimental plots

grassland in autumn was suggested to be ]
Carbon budget (Mg C ha™)

decomposed and more CO, was released Year Plot

from M-plot than from F-plot during NEP Cu Cu NBP*
summer season, this study showed that 2004-2005+ M-plot 5.27 4.81 1.85 2.32
manure application can increase thc amount F-plot 6.36 4.53 0.00 1.84
91 ?albf)n sequestered to managed grassland 2005-20061 M-plot 2.72 3.06 3.79 3.45
in central Japan. E-plot 240 263 000  -0.23

This study was conducted as a part of R
“Establishment of Good Practices to NBP = NEP - Cyy + Cy
Mitigate Greenhousc Gas Emissions from + Intcgrated value from the last harvest of 2004 to the last harvest

, . » . I of 2005 (373 days).

Japanese Grasslands”, “.’.hmh \.vas Olgz}ll{ze(i 1 Integrated value from the last harvest of 2005 to the second
by Japan Grzllss.land Agriculture and Forage harvest of 2006 (241 days).

Seed Association and funded by Japan

Racing and Livestock Promotion

Foundation.
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EVAPORATION AND CO, EXCHANGE IN MAIZE FIELDS
IN SHANXI PROVINCE, CHINA

0. T. Denmead', D. Chen?, M. Zhang®, Y. P. Wei* and J. Zhang®
'CSIRO, Canberra, Australia
‘?University of Melbourne, Melbourne, Australia
IShanxi Provincial Institute of Hydraulic Research, Taiynan, P.R.China

We report on collaborative studies of water use and water usc cfficicncy by maize crops conducted in
2005 and 2006 in Shanxi Province, China. The area is semi-arid and crops arc irrigated. A
micrometeorological flux station has been established in the midst of farmland in Yuci County. In both
years, the site has been surrounded by extensive maize fields. Instrumentation includes a 3-D sonic
anemometer, an opcn-path CO,/H,0 gas analyser, a net radiometer, soil heat flux plates, soil thermometers,
soil moisture probes and a recording rain gauge. The instruments and data logger are powered from
batteries connected to solar pancls. Relevant fluxes of energy, momentum, heat, water vapour, CO,, and
supporting information are measurcd continuously in 30-min runs. In 2005, measurcments were made
from May 20 to October 6, covering the period from planting to near maturity. In 2006, mcasurements
were made over a similar period from May S to September 26. Highlights have been:

e Encrgy closure is quite satisfactory, giving confidence in the eddy covariance system.
Regressions of the sum of sensible and latent heat (uncorrected for sensor separation or low us) on
the available energy yiclded a regression coefficient of 0.88 with an 1? value of .853 in 2005 and a
cocfficient of 0.94 and an 1* of 0.832 in 2006.

e  Evaporation rates were high, averaging 3.2 mm d”' for the whole growing season in 2005
and 2.6 mm d”' in 2006. Maximum rates exceeded 5 mm d™' in both ycars.

e Total water usc was cstimated at 440mm over 144 days in 2005 and 374mm over 140 days
in 2006.

e Crop CO, exchange rates were similarly high, with 24-h averages of -0.17 mg CO, m? d”’
for the whole of the growing scason in both years. Maximum sequestration rates were ncar 50g m’
2a.

¢ Equilibrium evaporation, E (= (s/(s+y) (R-Gg)),was a good predictor of actual
cvaporation. Regression analysis yielded AE = 1.09E,, r* = 0.850 in 2005 and AE = 1.17E.q, r? =
0.825 in 2000.

e Crop CO, exchange was closely linked to crop evaporation. For the hours of 0700-1800,
water use efficiency, F/E, was -3.886 pmol mmol™, with an 1? value of 0.688 in 2005 and was -
3.542 pmol mmol™, with an 1 of 0.604 in 2006.

The project is yielding valuable basic data for a main cereal crop in the North China Plain.

CO, exchange rate, Yuci site, May 18- Sep 25, 2006

- O

T

13-Apr  3-May 23-May 12-Jun  2-Jul  22-Jul 11-Aug 31-Aug 20-Sep 10-Oct

mgm?s™’

Fig 1. Example CO; fluxes. CO, exchange shifts from positive to negative as the crop grows.
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MICROMETEOROLOGICAL MEASUREMENTS OF GAS EXCHANGE BY
SUGARCANE

O.T. Denmead', B.C.T. Macdonald®, W.Wang® and G. Bryant4

!CSIRO Land and Water, Canberra, Australia
2 dustralian National University, Canberra, Australia.
I Queensland D(,])(II tment of Natural Resources, Mining and Water, Brisbane, Australia
‘University of Wollongong, Wollongong, Australia

Sugarcanc is a high-producing tropical crop, but although much studicd, there is little documentation of
gas exchanges with the atmosphere. High CO, assimilation rates arc cxpected because sugarcanc is a C4
plant, and high evaporation rates because the crop is grown in wet tropical and sub-tropical rcgions.
However, the high usc of nitrogen fertilisers in its production and the same environmental conditions are
also conducive to the production and emission of nitrogen gases, most notably the greenhouse gas nitrous
oxide, N,O. We report first results from a project to determine the magnitudes and seasonal patterns of gas
exchange from Australian sugarcane crops. Fluxes have been measured using micrometeorological and
chamber tcchniques for the whole of the 2005/2006 growing season on a ratoon crop growing on an acid
sulfate soil at Murwillumbah (latitude 28°S) on Australia’s east coast. An account will be given of the
measurement techniques employced and results from the first year’s investigations will be presented. Some
notable outcomes of the study are:

e The average CO, exchange rate for the growing scason was 31.7 g m?s™, but soil 1csp11dt|on
measurements indicated that net assimilation rates were much higher, ﬂpproachmg 50 g m?s

e Over the 350 days of the study, cvaporation from the canc averaged 3.1mm d”' for a total
evaporation of 1089 mm

e Rainfall for the period was 1879 mm

e The soil was thus frequently wet

e Emissions of N,O from fields fertilised with 160 kgN ha™' as urea have been large, totalling
41 kgN ha™' over the 350 days; they were greatly stimulated by high soil moisture contcnts

e Emissions from the unfertilized soil have also been large, amounting to 20 kgN ha™

¢ Emissions from the fertilizer thus constituted 13% of the N applicd

o This contrasts with the figure of 1.25% commonly used in greenhouse gas inventorics

e Net sequestration of CO; by the crop from the atmosphere was 110 t ha™', while the emission

of N,O was equivalent to 20 t ha™! of CO,.

Fig.1. Eddy covariance equipment in sugarcane crop 2m high.
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SEASONAL AND INTERANNUAL CHARACTERISTICS
AT RAIN-FED PADDY FIELD, THAILAND

D. Komori ', M. Aoki 2, W. Kim 3 S. Miyazaki 1 J.Cho I'S. Boonyawat * P Polson 5
7

S. Pukngam P Tongdcenok 1 S. Kanae 6, T. Oki ' and K. Musiake

" Institute of Industrial Science, University of Tokyo, Japan
? Tokyo University of Agriculture and Technology, Japan
¥ National Institute for Agro-Environmental Sciences, Japan
* Kasetsart University, Thailand
* Royal Irrigation Department, Thailand
8 Research Institute for Humanity and Nature, Japan
7 Fukushima University, Japan

To understand surface energy and water balance over paddy field which is main
crop in Tropics is pivotal in investigating the interaction between vegetation and
atmosphere. Rain-fed paddy ficld, Sukhothai (17°04'N, 99°42°E, 194 m asl, Fig.1) : \
located at Chaophraya river basin, which is onc of the mcasurement sites as the U T
framework of the GEWEX Asian Monsoon Experiment-Tropics (GAME-T) was b - 7.5
selected for measuring heat and water vapor cxchanges between biosphere and v =~ §
atmosphere in time and in space using a micrometcorological fluxes mecasurcment
mecthod. Sensors were installed on a 10m high tower to measure evapotranspiration
(ET), sensible/latent heat flux and micrometeorological data since March 1997. The
7-ycar data obscrved continuously by GAME-T at Sukhothai rain-fed paddy ficld ,
(1999-2005) were analyzed. N K]

From data analysis using hydrologic cquation, Fig.1 Flux observation site at rain-fed paddy field

|
TS £ 240 Vo 0
i

(Precipitation) - (submerge water) - (evapotranspiration) = (infiltration) + (runoff) - (influent)  (eq.1)

it was found the possibility that slyuﬁcanl quantitics of water may inflow to paddy ficld (Fig.2). For more
understanding water budget, further survey is nccessary to figure out the component of the surface water level
at rain-fed paddy field in Thailand.

From flux observations, it was found that the submerge water have a significant impact on heat budget
(Fig.3). However, it was found that measured data included imbalance which corresponds to 0-30 % of Rn. For

morc understanding surface energy balance, further 80 0
700
systematic rescarch is necessary to figure out the cause oo} # &0
. 3
of flux imbalance. o Falia! 0
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d) October 22, 2005 Rn: net radiation, IE: latent heat flux,
H: sensible heat, Gs: surface heat flux in soil, Gw:
surface heat flux in water

Fig.2 The transitions of the residual hydrologic equation,
submerge water level and evaporation in 1999 and 2005.

-55.



P18

SEASONAL VARIATIONS IN HEAT AND CARBON EXCHANGES OVER A
TEAK DECIDUOUS FOREST IN A TROPICAL MONSOON ENVIRONMENT: A
COMPARISON BETWEEN FLUX DATA AND TREE PHENOLOGY

Y. Kajiya', N. Yoshifujil, N. Tanaka?, M. Suzuki', C.Tantasirin’
! Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, Japan
2.1(4/)(1/1 Science and Technology Agency/CREST, Saitama, Japan
"I’acully of Forestry, Kasetsart University, Bangkok, Thailand

Energy and carbon cxchanges between the biosphere and atmosphere are strongly coupled both with the
regional dynamics of climate and atmospheric carbon balance. Significant roles of forest vegetation within
regional climate systems have been demonstrated using a regional climate model in inland areas of
Indochina Peninsula. The ccological and hydro-meteorological roles of these forests are, however, poorly
understood particularly with rcgard to scasonally dry deciduous forests in the region. Recently,
phenological research in a teak deciduous forest in the region revealed that annual growing scason length
varies greatly among years probably due to inter-annual changes in the seasonal distribution of rainfall.
This implies that energy partitioning and carbon exchange in deciduous forests in a tropical monsoon
cnvironment fluctuate between years, depending upon the rain-induced inter-annual variation in vegetative
tree phenology. We established a flux tower in a teak deciduous forest in Mac Moh plantation, northern
Thailand, for the purposc of understanding the scasonal and inter-annual changes in energy and carbon
exchange in response to leaf phenology. With this in mind, the current study 1) reports seasonal changes in
cnergy partitioning and carbon cxchanges based on the cddy covariance approach, and 2) compares the
scasonal changes with trcc phenology such as changes in the leaf arca index (LAI) and sap flow velocitics
of dominant trees. The exchanges of energy and CO2 were monitored using an ultra sonic ancmometer
(USA-1, METEK) and an openpass CO2/H20 analyzer (LL1-7500, Li-Cor) mounted on a 40-m tower, as
well as the storage flux within the canopy. Sap flow velocities of scveral teak trees were measured at a
nearby site. Seasonal changes in LAl were cstimated by transmittance of incident radiation through the
canopy, which exponentially decreases with increasing LAL

Net radiation encrgy was relatively constant throughout the study period (from October 2005 to July
2006). As expected, latent heat cxchange above the canopy was generally high in the growing season and
low in the dormant season, while scnsible heat exchange was low in the growing scason and high in the
dormant scason. The sap flow velocities declined approximately 1 month earlier than leaf-shedding of the
teak trees. The decline in latent heat transfer to the atmosphere coincided more with the decrease in sap
flow velocities than leaf shedding, while in contrast, activated latent heat exchange was occasionally
observed from the Icafless season to the beginning of the leaf-out scason. This was likely caused by
cvaporation form the soil, which was wetted duc to rainfall in the pre-monsoon scason. Uptake of CO2 in
the daytime was largest in the mid-growing scason (Junc and July) and lowest in the late dormant season
(February and March). Slight daytime uptake of CO2 was observed in the late dry season despite the fact
that the studied forest is fully deciduous with only a few cvergreen trees and shrubs. In conclusion, this
study revcaled distinct seasonal variation in energy and carbon cxchange in response to the seasonal
change in LAl in a deciduous tcak forest in northern Thailand. Our results suggest that the large inter-
annual variation in vegetative phenology will cause large fluctuations in the annual encrgy and carbon
budget of deciduous forests in tropical monsoon regions.
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Scasonal variation of CO; flux and its comparison with biomass measurement
at a rice paddy field in Japan

T. Takimoto' T. Iwata' S, Yamamoto' and T. Miura'
'Graduate School of Environmental Science, Okayama University, Okayama, Japan

Rice paddy field is one of the most popular cultivation patterns in East Asia under a monsoon climate,
which takes a great important role in CO, uptake. From this view, mcasurcments of the Net Ecosystem
Production (NEP=-NEE: Net Ecosystem Exchange) werc conducted using cddy covariance method at several
paddy fields. And the results were compared with Net Primary Production (NPP) estimated from biomass
measurement.

In this study, mecasurements were conducted at the Hachibama experimental farm of Okayama
University, Japan (34°32°16”N, 133°55’39”E, 2m as.l) during growing scason in 2005 and 2006. NEE was
cstimated after quality check and gap filling data obtained by eddy covariance method. Quality tests were
applied in order to check the validity of the data and to eliminate erroneous data, and Gross Primary Production
(GPP) and Respiration (Re) were separated by Non-Lincar Regression Method. Nighttime Re (NEE in
nighttime) was fitted by an exponential function of temperature and it was applied to the daytime Re, and also
GPP was expressed as a rectangular hyperbolic function of incident PAR. Biomass was sampled on budding and
at 2-weaks intervals until harvest in both years. Samples were clipped to above and below ground biomass from
two 0.5mx0.6m plots randomly located in the ficld. Weights of samples were measured after dry process of
100°C at the first 2 hours and the next 48 hours by 80°C. Then, total biomass in carbon was estimated dry weight
multiply by rate of carbon content. Rice paddy ficld, which has flat, relatively homogencous canopy density and
short canopy height, is suitable for applications with eddy covariance method, and biomass measurement in
paddy fields is casier than that of forest ccosystems. Thercfore, we can evaluate the integrated value of NEP in
growing season through the comparison with NPP estimated from biomass mcasurement and heterotrophic
respiration.

Using these data, we obtained the following results in 2005: (1) Rice paddy ficld was a source of CO,
for the first 27 days of the growing period. NEE in 2005 was turned negative on 13 June, and decreased until
maximum CO, uptake about 35 gCO, m™ d”' at 6 August as shown in Fig.1. Then, NEE was gradually incrcased
and turned positive before harvest, (2) GPP, Re, and NEP integrated over the growing period in 2005 were 2979,
1385, and 1594 gCO, m?, respectively and (3) Total biomass increased gradually and reached 638 gC m-2, and
cumulative NEP before harvest was 483 gC m-2in 2005 as shown in Fig.2. In the lecture, we will explain
about the results in 2006 and discuss about the differences in 2005 and 2006.
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Fig.l Temporal variation of NEE Fig.2 Comparison of integrated NEP with total
during glowing scason in 2005. biomass during glowing scason in 2005.
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UNDERSTANDING OF WATER AND CARBON EXCHANGES IN
GWANGNEUNG FOREST, KOREA IN 2003 AND 2004 BASED ON
INTERDISCIPLINARY APPROACHES

N. Chac', D. Lcc', J. Kim', J. Limz, J. Hongl and S. Kang3

! ~ . v . - + . . . .
Dept. of Atmospheric Sciences/Global Invironment Lab., Yonsei University, Seoul, Korea
2 -y -~ . . y
Dept. of Forest Environment, Korea Forest Research Institute, Seoul, Korea
3 . . . . .
Dept. of Environmental Sciences, Kangwon National University, Chunchon, Korea

Precipitation in 2003 and 2004 showed a significant difference in magnitude and pattern and
accordingly made an impact on the temporal variation of radiation and air/soil temperature in Gwangneung
forest. The greater amounts of precipitation in 2003 resulted in the absence of a typical dry spell
during the carly and latc growing scasons. We report water and carbon cxchange based on
interdisciplinary approach conducted by CarboKorea and HydroKorea projects. We conducted various
measurements and analyses such as micrometcorological, chamber, leal’ carbon isotope, lcaf nitrogen
content, biometric, and satellite data. Based on the measured NEE and PAR, the light usc cfficiency (LUE)
was compared for the two years. Due to frequent power and instrument failures in 2004, the tower flux
data were available only from 28 May to 14 Junc during the growing scason. The « (initial slope) was
similar in both ycars with valucs ranging from 0.4 ~ 0.5. However, maximum CO; flux (NEE,.x) was
smaller in 2004 (32 ~ 54 ;2 molm™s™) than in 2003 (45 ~ 61 ;1 molm™s™). The chamber measurements of
soil CO, cfflux indicated a significant reduction (~20%) ol soil respiration in 2004 compared to that in
2003. Soil CO; cfflux from May to October was 618 g C m™ in 2003 and 477 g C m? in 2004. Scasonally
averaged carbon isotope discrimination (A) of Quercus serrata (konara oak) leaves grown at the canopy
top was 18.74+0.5 %o in 2003 and was higher (20.140.5 %) in 2004. Averaged A of Q. serrata, which were
always lower than those of Carpinus laxiflora (red-leaved hornbcam), also were higher in 2004
(21.8+0.9 %o) than that in 2003(20.7+0.3 %.). WUE (Water Usc Efficiency) of Q. serrata from carbon
isotope discrimination ranged from 7 to I7mmol/mol and that of C. /laxiflora ranged from 6 to
t4mmol/mol during growing scason in 2003. In 2004, it was impossible for WUE to be calculated due to
loss of vapor pressure deficit. The nitrogen concentration was consistently lower in 2004. It is unlikely that
there has been a significant change in nutrient supply/availability in 2003 and 2004. Diameter at breast
height (DBH) mecasurements indicated that the growth rates of C. laxiflora and C. cordata in 2004 were
consistently lower than thosc in 2003 (P < 0.05), while the growth rates of Q. serrata showed no
significant difference. When the raw MODIS GPP image was utilized, the GPP in 2003 was 1027 g Cm?
which was comparable to 1019 g Cm? in 2004. When these bad data were excluded, the mean GPP in
2004 was smaller than in 2003 by ~5%. Micrometcorological, chamber, biometric and isotopic
measurements represent widely different temporal and spatial scales and measures but seemed to indicate a
consistent ccosystem trait for Gwangneung forest during 2003 and 2004. Ecosystem processes occur at
diverse temporal and spatial scales and therefore, single observation with limited scales often induces
incomplete understanding. It is clear that the mutually consistent and complementary naturc of
interdisciplinary approaches presented above would provide greater advantages in studics for the
ccosystem carbon and water exchanges in heterogeneous and complex landscapes.

This study is supported by “The Eco-Technopia 21 Project” from the Ministry of Environment, Korca
and by a grant (Codc: 1-8-2) from Sustainable Water Resources Research Center of 21% Century Fronticr
Research Program.
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MEASUREMENT OF CO, EXCHANGES IN A PEANUT FIELD:
RESPONSES TO WATER STRESS

N. ngmtlm"' M.Y. Leclerce', G. Zhang', J. Hong', A. Kaupot C. Chayawat", J.P, Bmslev D. Rowland*
and C. Senthong’
'Lab for Environmental Physics/Biometeorology Program, The University of Georgia, Griffin, Georgia, USA.
? Department of Agronomy, Chiang Mai University, Chiangmai, Thailand.
*Crop and Soil Sciences Department, The University of Georgia, Tifion, Georgia, USA
Y USDA-ARS, National Peanut Research Laboratory, Dawson, Georgia, USA.

Peanut (Arachis hypogaea L..) is susceptible to drought stress of different duration and intensities for some
period of the growing scason and so plant water stress is onc of the most critical abiotic factors limiting pcanut
yield. As climate change and land usc cover change progress rapidly especially in Asia, water stress becomes a
main concern of farmers even though it is grown in rcgions with abundant rainfall or irrigation. It is also
important to decide how to distribute water to agricultural and urban arcas. For mecting such demands, it is
necessary to understand the peanut’s response to water stress in relation to
microclimates. In particular, autotrophic and heterotrophic respirations rcact
differently to changes in environmental conditions. It is, therefore, crucial to get
more insight into the response of both components of soil respiration (autotrophic
and heterotrophic) to water stress. This study cxamines the role of ccosystem
respiration rate and NEE (Net Ecosystem Exchange) and theirs relationships with
cnvironmental stress.

During crop year 2005, micrometcorological measurements were carried out
over a non-irrigated peanut ficld ncar Vienna, Georgia. The fluxes of CO, and H,0
vapor were measured by the cddy-covariance technique. Environmental parameters
such as wind direction and speed, air temperature and humidity, solar and net
radiation, soil temperature, soil moisture, soil heat flux, and rain were also
monitored. For scparating soil respiration into autotrophic and hclu‘olrophic
respiration, we added the CO, gradient method and the root-exclusion method in :
2006. Preliminary results show that ccosystem respiration is sensitive o air temperature., Wc also found that
ccosystem respiration was a well-behaved function of soil moisture throughout the plant’s life cycle.
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SEASONAL AND INTERANNUAL VARIATION IN EVAPOTRANSPIRATION
AND ENERGY BALANCE OVER A LARCH FOREST

K. Inukai', R, Hirata', T. Hirano? and Y. I'ujinuma

] . . . . . .
National Institute for Environmental Studies, Tsukuba, Japan
2 . . .
Hokkaido University, Sapporo, Japan

The encrgy and water exchanges between terrestrial ccosystems and the atmosphere are strongly affected
by vegetation on the surface. A grasp of these exchanges over a larch forest is important to understand Asian
forest ecosystem, because larch is widely distributed from tundra to temperate zone in Asia.

The study sitc, Tomakomai FFlux Rescarch Site in Hokkaido, Japan (42°44'N, 141°31'EE), was located in a
larch plantation at a distance of more than 10 km from human habitation. The stands were about 45 years old

and covered over 100 ha. The topography was almost flat with very littlc undulation. The canopy height was

approximately 16m above the surface. We had measured water vapor
and heat fluxes for more than three years before a disaster by a typhoon
in September 2004. In this study, we analyzed flux data from 2001 to
2003.

Water vapor and sensible heat fluxes were measured using an eddy
covariance system mainly consisting of a three-dimensional sonic
ancmometer-thermometer  (DA600-3TV, Kaijo Corp.) and an
open-path IRGA (LI7500, Licor Inc.).This system was installed at 27m
height on the 42m-high tower. Metcorological factors were also
measured on the tower and forest floor.

Figure 1 shows the closure of energy balance to check the quality of
flux measurement using the cddy covariance method. Eddy encrgy flux,
which is the sum of sensible heat flux (/) and latent heat flux (IE),
accounted for 93% of availablc cnergy, which is the sum of nct
radiation (R,) and ground heat flux (G). There is no remarkable
difference in this tendency among three study years.

Scasonal variation in // was almost similar among three study ycars
(Fig. 2(a)), however, IE in the growing scason in 2001 was less than
those in 2002 and 2003 (Fig. 2(b)) by more than 25%. Table | shows
cumulative H, IE, R,, G and prccipitation, and mean leaf arca index
(LAI) from May through October. There is no significant difference
in net radiation between three years, however, the other energy fluxes

in 2001 diffcred significantly from those in 2002 and 2003. LAI in
2001 was less than those in 2002 and 2003; the small LAI probably
resulted in the small 1E in 2001.

Table 1 Cumulative H, IE, R,, G and precipitation, and mean

LAI in the growing season from May to October.

2001 2002 2003

Sensible Heat Flux ~ MJ m™ 7006.5 539.9 629.4

Latent Heat Flux MJm? 876.1 1167.1 1190.5

Net Radiation MJ m? 1616.5 1655.5 1698.7

Ground Heat Flux ~ MJ m? 22.9 19.5 17.9

Precipitation mm 929.5 729.3 773.3

LAI (mean) m m? 3.1 34 33
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ENERGY AND WATER FLUX OBSERVATION OF IRRIGATION
PADDY FIELD IN PHITSANULOK, THAILAND

P.Polsan', S. Patamatamkul” and M. Aoki *
'Royal Irrigation Department, Ph.D student of Water Resources Engineering
Khon Kaen University Thailand
*Vongchalitkul University, Thailand
SFaculty of Agriculture, Tokyo Universiti of Agriculture and Technology, Japan

The energy balance and actual evapotranspiration (water flux) of irrigation paddy ficld in Phitsanulok
province, Thailand, was installed with the automatic weather station (AWS). The mecasurement of energy
balance using Bowen ratio technique were collected during 2002 to 2003. The results showed that the net
radiation(Rn), the latent heat flux (LE) and the sensible heat flux (H) were 411.3, 368.5 and 70.43 W/m’.
The results of evapotranspiration were found that in paddy field the average AET were 6.16 mm/day while
the pan evaporation (Epan) was 4.32 mm/day respectively. In planting scason the average AET were 493
and 525 mm/day, whilc Epan were 477 and 318 mm/day respectively.
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ENERGY BALANCE OF A TROPICAL PEAT SWAMP FOREST
IN KALIMANTAN, INDONESIA

T. Hirano', H. Segah?, L. Suwido® and M. Osaki’
'Hokkaido University, Sapporo, Japan
2University of Palangkaraya, Palangkaraya, Indonesia

Tropical pcat swamp forests grow over tropical peatlands, which arc widely distributed in flat lowlands
in Southeast Asia. Since the 1970s, however, deforestation and drainage have progressed on an enormous
scale because of growing demands for timber and farmland. In addition, El Nifio and Southern Oscillation
(ENSO) drought and its consequent fires are accelerating the forest devastation. The forest devastation
alters energy balance and will influence regional climate. Thus, we have measured eddy energy fluxes
above a tropical peat swamp forest left in a devastated peatland in Central Kalimantan, Indonesia since
November 2001. Both in the rainy and dry seasons, latent heat flux (IE) considerably cxcceded sensible
heat flux (H). Net radiation (R,) was mainly used by evapotranspiration (ET). An ENSO event occurred in
2002, and the conscquent drought caused large-scale peatland fires in Central Kalimantan. A large amount
of smoke emitted from the fires decreased R, from mid-August through October. Bowen ratio (H / 1E)
decreased gradually from January through July in the range of 0.20-0.35. Although Bowen ratio decreased
to a minimum of 0.15 in late September, it continued to increase during the late fire period and was high at
0.35-0.45 after the fires. ET accounted for 67 percent of precipitation (1856 mm) on an annual basis in
2002. Annual mean daily ET was 3.4 mm d™.
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PROFILING OF VERTICAL DISTRIBUTION OF CO; IN FOREST CANOPY

Y. Takahashi and R. Hirata

National Institute for Environmental Studies, Japan

The estimation of temporal variation of net ccosystem CO, cxchange requires precisc measurement of
CO, flux. The eddy covariance (EC) mcthod is common technique for measuring CO; flux above forest
canopy. Recently, some measurement systems arc commercially available as complete-kit forms and no
special skill for installation and maintenance is nceded for the EC measurements. Temporal change in CO,
storage below the forest canopy is regarded as one of the {flux components, but it cannot be observed by the
EC measurcments. Especially under the condition that air column is stable, mecasurements of the CO,
storage is critical to cvaluate ccosystem CO, exchange flux preciscly. We developed a new measurement
system for the CO, storage obscrvation and installed it in the Fuji-Hokuroku Flux Observation site in Japan.
Our new system mcasure CO, mixing ratio of air at 10 height levels in a secquential order with frequency of
2minites/lcycle. The flow-path and flow-rates of sample air arc optimized to minimize cross contamination
inside the system and to maximize the time-representativeness of cach measurcment. The gas analyzer was
calibrated with four standard gascs cvery 2 hours interval. The CO, mixing ratio of standard gases were
determined to be the same scale as that used in bascline atmospheric CO, mcasurcments. In this
presentation, we introduce features of our newly developed system and results from measurements at the

site.

1
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Gas Analyzer EAREE
(L1-6262)
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Figure 1. Schematic diagram of the CO2 profiling system installed in the Fuji-Hokuroku Flux Observation site.
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CO, CONCENTRATION PROFILE WITHIN A CANOPY OF A TROPICAL RAIN
FOREST IN MALAYSIA AND A TEMPERATE CYPRESS FOREST IN JAPAN

S. Ohkubo', Y. Kosugi', S. Takanashi', M. Tani' and A. R. Nik?
'Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan
Forest Research Institute Malaysia, Kepong, Kuala Lumpur

Globally, onc of the most important interactions between terrestrial ccosystems and the atmosphere is the
transfer of CO,. Although the magnitude of the CO, exchange process varics from place to place, gencrally,
CO; exchange between forest and the atmosphere is evaluated using the eddy covariance method. However,
stored CO, in forest may not be negligible, especially in a tall canopy. Over a scale of | day or more, the
change in CO, storage (S.) is very small, but over a shorter timescale, S, may be very large under certain
conditions; therefore, it is nccessary to measure S, and evaluate its contribution to eddy flux (/). In the air
space within a forest, the meteorological environment varies from the forest floor to the canopy top, and
vertical profiling is critical in determining the process of CO, exchange. Thus, we conducted CO,
concentration ([CO,]) profilc measurements continuously in a tropical rain forest and a temperate cypress
forest. We then examined the daily vertical transition of [CO,] phases, the contribution of S, to F,, and
differences between the forests.

Site and Methods

The tropical rain forest sitc was located at the Pasoh Forest Reserve (PFR), Negeri Sembilan, in Peninsular
Malaysia (2°58’ N, 102°18’ Ii). The core arca (600 ha) of the reserve was covered by a primary lowland mixed
dipterocarp forest, which consisted of various species of Shorea and Dipterocarpus. The continuous canopy
height was approximately 35 m, although some emergent trees exceeded 45 m. The total leaf area index (LAI)
cstimated from tree diameter observations was 6.52 (Niiyama, unpublished data). The annual mean air
temperature was 26.6°C and the annual precipitation was 1630 mm during 2004/2005.

The tempcerate cypress forest site was located at the Kiryu Experimental Watershed (KEW) in Shiga
Prefecture, Japan (34°58° N, 136°00° E). The sitle was mainly covered by Chamaecyparis obtusa Sieb. et Zucc.,
an cvergreen conifer. The canopy height was approximately 18 m and the LAl ranged from 4.5 to 5.5. The
annual mean air temperature was 12.9°C and the annual mean precipitation was 1639 mm from 2003 to 2005.

We measured wind speed and [CO,] at 10 Hz using a three-dimensional sonic anemo-thermometer and an
open-path infrared gas analyzer (IRGA) at 54 m in the PFR and 28.5 m in the KEW and calculated . using the
cddy covariance method. The reference frame of the covariances was rotated for cevery 30-min flux
measurcment to align the flux perpendicular to the mcan strecamline. The Webb—Pecarman-Leuning (WPL)
correction was appliced for the cffect of air density fluctuations. [CO;] profile measurements were conducted at
several heights at both sites. Air samples for [CO,] measurements were drawn continuously from each inlet at
ten levels in the PFR and five levels in the KEW to a closed-path IRGA through a polyethylene tube. The
IRGA was located in an obscrvation housc on the forest floor. The IRGA was automatically calibrated daily
using zero concentration gas (N,). Switching between canopy heights was controlled by a control port module
and a serics of solenoid valves. The [CO,] at cach height was determined every 30 min. These measurements
were performed intermittently from September 2004 to November 2005 in the PFR and from March 2006 to
September 2006 in the KEW.

Results and Discussion

At both sites, the daytime [CO,] was lower than that at night because of photosynthetic CO, uptake in the
daytime and plant and soil respiratory CO, cfflux and its accumulation at night. The soil surface [CO,] was
always higher than that at any canopy level. At the KEW, S, was largest in summer due to high soil respiration
and plant assimilation. In contrast, obvious scasonality was not observed at the PFR. The diurnal fluctuation in
the [COs] at cach height was larger in the PFR than in the KEW, indicating that the S, at the PFR was larger.
Indeed, the negative peaks of S, were —12.7 pmol m™? s™ (78% of the negative peak of F,, overall average) for
the PFR and 2.9 pmol m™ s (16% of the negative peak of #,, July average) for the KEW. The tall canopy
and large LAI in the PFR may have caused this difference.
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FLUX DATA QUALITY CONTROL OF TAK FLUX MEASUREMENT STATION

W. Kim ,M Mano ', D. Komori ,J Cho’, S. Miyazaki 2 P. Polson ,S Kanac > and T. Oki 2
’Nallonal Institute for Agro-Environmental Sciences, Tsukuba, Japan
Inmlu[e of Industrial Science, University of Tokyo, Tokyo, Japan
? Royal Irrigation Department, Phitsanulok, Thailand

The experimental site (latitude: 16°56’N, longitude: 99°25°E),
named Tak Flux Mcasurement Station (TFMS), is located about 20
km east of Tak and 50 km west of Sukhothai in the northwest part
of Thailand. The TFMS is essentially a flat arca of about 100 km?
and 130 m higher than sea level. The fetch is more than 10 kin
with gently undulating hills with about 20 m differences in height.
The climate of the experimental arca is divided into wet and dry
scasons as a part of the Southcast Asia Monsoon region. The
onscts of the wet and dry scasons are in May and October, and the
mean temperatures of cach season arc about 27°C and 31°C,
respectively. The total annual precipitation is about 1200 mm.

The zonobiome of TFMS is the humido-arid tropical
summer-rain region with deciduous forests by Walter classification
(1994). Vegetation type is a mixed wet-deciduous forest with trees
20-25 m tall (c.g., Tectona, Shorea and Dipterocarpus)
(Ruangpanit, 1995) and a sparse covering of grass with about 4.0
leaf arca index. However a secondary forest matures on the fallow
patches within about 10-20 ycars, duc to cxploitation by the
population for shifting cultivation (Ogawa ct al., 1971). According
to our recent survey, the vegetation consists of 60% 10-15 m tall
deciduous trees with 3-5 LA, and 40% agricultural arca
cultivating rice, corn ct. al.

The eddy covariance technique to mcasure the sensible and
latent heat, and the carbon dioxide (CQ,) fluxes is used at the

TFMS, Thailand. In applying the technique, two scts of

instruments, consisting of three dimensional sonic anemometers
(CSAT3, Campbell Scientific, Inc.) to mecasurc wind velocity
fluctuation and an open path CO, / H,0O gas analyzer (L17500,
LI-COR, Inc.) to mecasure vapor pressurc and CO, fluctuation,
They are mounted at the end of booms located at 30 m and 100 m
levels attached to a 120 m climbing tower. The boom is able to
fold for sensor maintenance and extends 2 m beyond obstaclgs.
The length is 2 times longer than lateral dimension of to r%so
minimize wind flow distortion. Leveling of CSAT3 is carriﬁ out
before the boom is opened and L17500 is tilted 20 degrees to the
north to prevent a radiation effcct.

In terms of data quality control, several reports are available for

assessment of high quality data (Vickers and Mahrt, 1996; Foken
and Wichura, 1996; Falge et al.,, 2001; Lce ct. al., 2004). It is
important that thosc mecthods are applied to data processing in
order to determine heat, cnergy and CO, fluxes using the cddy
covariance technique. In this presentation, the methodical
characteristics and cxperimental results of data quality control at
TFMS from 2002 to 2006 are discusscd in this presentation.
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SPATIAL AVERAGING EFFECT ON FLUX MEASUREMENT BY A
SCINTILLOMETER APPLIED ONTO A FOREST CANOPY

K. Nakaya', C. Suzuki?, H. Ikeda', T. Kobayashi' and S. Yasuike'
'Central Res. Institute of Electric Power Industry, Abiko, Japan
2Chiba Prefectural Nagareyama Kita Senior High School, Nagareyama, Japan

Development of a turbulent organized structure (TOS) is
described as a main cause of measurement error in cases where the
turbulent flux above a forest canopy is measured at a single tower. It
is presumed that spatially averaged flux cannot be obtained solely
from the temporal averaging of the eddy-covariance term because of
the development of local vertical advection is caused by the TOS.
We used two sets of eddy-covariance (EC) systems during May--
November 2005 at 86-m intervals in a mixed deciduous forest
(dominant species is Japanese mountain birch) of 18 m height with
28-m towers. Results showed apparent spatial variation of the
turbulent flux between two towers of separated by 86 m; the energy
imbalance of flux measurements increased concomitant with the
increase of spatial variation of turbulent flux. The above-mentioned
presumption was supported experimentally.

A mobile elevated working platform was used as an additional tower to
establish a double orthogonal measurement path of the displaced-beam
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I'ig 1. An overview of the experimental
site and the tower arrangement for

small aperture scintillometer (DBSAS). The averaged energy imbalance of g, ultaneous measurements of DBSAS
heat flux measured using the two EC changed according to the difference a3d EC

of averaged dissipation rates between the DBSAS and the EC. Positive

correlation between the dissipation rate of temperature fluctuations and the source area was apparent from
simultaneous observations of orthogonal DBSAS. Although limited to measurements of the dissipation rate

of temperature fluctuations, the spatial averaging effect of DBSAS was confirmed.

EC system
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Fig 2. Mobile elevated work platform as an additional
tower for the DBSAS
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EFFECT OF CORRECTION OF SONIC ANEMOMETER ANGLE OF ATTACK
ERRORS ON EDDY FLUXES OVER BOREAL AND COOL TEMPERATE
FORESTS

T. Nakai "%, M.K. van der Molen®, J.H.C. Gash®, Y. Kodama?, T. Ohta®, A.J. Dolman®, H. Yabuki®,
A.V. Kononov’ and T.C. Maximov’
UCREST, Japan Science and Technology Agency, Kawaguchi, Japan
? Institute of Low Temperature Science, Hokkaido University, Sapporo, Japan
? Dept. Geo-Environmental Sciences, Vrije Universiteit, Amsterdam, The Netherlands
! Centre for Ecology and Hydrology, Wallingford, UK
3 Graduate School of Bioagricultural Sciences, Nagoya University, Nagoya, Japan
Institute of Observational Research for Global Change, Yokosuka, Japan
” Institute for Biological Problems of Cryolithozone, SD RAS, Yakutsk, Russia

From a previous study, ultrasonic anemometers have been shown to suffer crrors depending on the angle of
attack a (°), which is the angle between the wind vector and the horizontal (Gash and Dolman, 2003; van der
Molen ef al., 2004). Building on the previous work of van der Molen et al. (2004), we proposc an improved
method of correcting for the angle of attack error resulting from the imperfect (co)sine response of ultrasonic
anemometers which gives a closer representation of their wind tunnel calibration data for R2- and R3-type
Solent ultrasonic anemometers (Gill Instruments, Lymington, UK) (Nakai ¢t «l., 2000).

This correction method was applicd to ficld data from four forests: a larch forest (YL) and a pine forest
(YP) in Spasskaya Pad, ncar Yakutsk, Russia (boreal forests), a birch forest (MB) and a
conifer-broadleaf-mixed forest (MM) in Moshiri , Hokkaido, Japan (cool-temperate forests). R3-50 Solent
ultrasonic anemometers (Gill Instruments) and LI-7500 open path infra-red gas analyzers (LI-COR, Lincoln,
USA) were used there.

The effect of the correction on the cddy fluxes was evaluated by lincar regression through the origin using
summer data (JIA) of 2004 (YL, YP) and 2005 (MB, MM). Figurc | shows the increments in eddy fluxes
(sensible heat flux, H, latent heat flux, /5 and CO, flux, F,) against (z — d) / zy (Where z is measurement height,
d is zero-plane displacement and zy is roughness length). The increments depend on (z — d) / zp and are larger
over rough forest than over smooth forest, as would be expected from the analysis of Gash and Dolman (2003).
For the MB site, however, the increments were larger than for the YL and YP site despite a larger (z — d) / zo.
MB site is located ncar a mountain ridge and has an inclination to the west (about 4°), and hence this slope
might affected these relatively large increments.

Figure 2 shows the comparison of uncorrected and corrected accumulative net carbon fluxes at the MB site
in 2005. Annual net carbon uptake was increased from —4.26 to —4.67 (tC ha™") duc to this correction. This
increment of 9.6% is larger than the increment on 30 minutes’ data cvaluated by the lincar regression using
whole data (7.9%), daytime (8.1%) and nighttime data (5.1%). It scems the smaller effect on uptake flux
(nighttime) compared with that on downward flux (daytime) has a positive effect on the accumulated annual
carbon flux, and hence the cffect of the correction on annual flux was larger than that on 30 minutes’ data.
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Fig 1. Plot of increments of eddy fluxes by correction Fig 2. Comparison of uncorrected and corrected
against (z — d) / z. accumulative net carbon fluxes in MB (2005).

-67 -



P30

LOCAL TEMPERATURE FLUCTUATIONS IN THE VICINITY
OF AN OPEN-PATH GAS ANALYZER

K. Ono', R Hirata? and A. Miyata®
! University of Tsukuba, Tsukuba, Japan
2National Institute for Environmental Studies, Tsukuba, Japan
3National Institute for Agro-Environmental Sciences, Tsukuba, Japan

Introduction The WPL correction (Webb et al., 1980) postulates that all the variables involved in the cor-
rection are measured at the same point. In the strict sense, however, this is rarcly satisfied in practical field
measurements becausc the covariances in the WPL correction are usually measured with the separate two in-
struments, a sonic anemomelter [or sensible heat and an open-path gas analyzer for gas densities. Several studies
recently published have discussed the prerequisite in association with unrealistic CO; uptake observed in dor-
mant season with open-path eddy covariance (Burba et al., 2006; Ono ¢t al., submitied). Ono et al. (submitted)
found that unrealistic CO, uptake resulted from an artifact of open-path eddy covariance comparing with the
closed-path eddy covariance and chamber methods, and then concluded that the WPL correction with the two
instruments was not applicable to their measurements in some cases. Burba ct al. (2006) indicated that the
WPL correction could fail duc to heat from the surface of an open-path gas analyzer and suggested a practical
procedure to correct it. However, no studies have directly demonstrated that sensible heat fluxes measured with
a sonic anemometer differ from those at the optical path of a colocated open-path gas analyzer when CO; up-
take is apparent. We have challenged this since 2004 at a paddy field in Japan, and obtained substantial results
from our recent experiment, which are presented in this study.

Method  Anordinary instrumentation was employed for eddy covariance: a 3-D sonic anemometer-thermometer
(CSAT3; Campbell Scientific, USA), an open-path infrared gas analyzer (LI-7500; LI-COR, USA), a closed-
path infrared gas analyzer (LI-7000; LI-COR, USA). All digital singals from those instruments, including
diagnostic data, were sampled at 20 Hz and stored in a data logger (CR5000; Campbell Scientific, USA). Fine-
wire K-type thermocouples with a diameter of 0.025 mm (ANBE SMT, Japan) were placed near the center of
the sonic path and at 3 different points in the optical path of the open-path gas analyzer. Signals from the ther-
mocouples were also recorded with the logger at 20 Hz. Surface temperature of the open-path gas analyzer and
other micrometeorological variables were also measured. We carried out the measurement at a paddy (36.05°N,
140.03°E) in March and April of 2006 and obtaied 18-day data. During the period there were few active plants
in and around the paddy, which implied that only soil respiration could contribute to atmospheric CO; flux. All
statistics in this study were calculated every 600 s by block averaging.

Results  For the sake of the subsequent analyses we compared temperature fluxes derived from the sonic
anemometer with those from the colocated fine-wire thermocouple. After the water-vapor correction, those
temperature fluxes did not difler except under windy conditions. With mean horizontal wind velocity over 10
m s~!, the sonic anemometer overestimated sensible heat flux by 20 W m™2 on average, but did not mean air
temperature. The difference in sensible heat flux was equivalent to approximate 1 pmol m~2 s~! in the WPL
correction. Consequently data that were collected under windy conditions, > 8 m s, were excluded from
the present analyses. Temperature {luctuations measured by the 4 fine-wire thermocouples were not different
in phase and amplitude except in calm and clear sky daytime, when temperature fluctuations at the lower part
of the optical path of the open-path gas analyzer were greatly increased and sometimes exceeded those at
the sonic path by up to 180 W m~2. Other parts such as the middle and upper spaces of the optical path,
however, did not show such increased fluctuations. The local heat transports at the lower part of the optical
path were also obvious in 20-Hz time scries data. The data showed that updrafts often transported heat at
the lower part, sometimes at the middle part too, of the optical path, but not at the sonic path. CO; densities
as measured with the open-path gas analyzer decreased in warm updrafts. These results indicated that local
temperature fluctiations in the vicinity of the optical path could influence the WPL, correction. Applying the in
situ measurements of temperature fluctuation did not always improved the WPL correction, but rather often led
overestimation of the WPL correction.
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LARGE-SCALE TRANSPORT OF SENSIBLE HEAT AND WATER VAPOR
TRANSPORT OVER A SHORT CANOPY

M. Saito ', J. Asanuma® and A. Miyata®
! Graduate School of Life and Environmental Sciences, University of Tsukuba, Tsukuba, Japan
Terrestrial Environment Research Center, University of Tsukuba, Tsukuba, Japan
3 . . . .
National Institute for Agro-Environmental Sciences, Tsukuba, Japan

The issuc of the flux components at the largest scales has remaincd unrcsolved: indeed, the questions to
what cxtent the transport by larger scale motions should be included in the flux calculation, and what is the
relevant physical mechanism arc left unanswered so far. This study examines the nature of vertical transport of
sensible heat and water vapor density due to mesoscale motions and how they are observed with surface
cddy covariance systems. For this purpose, turbulence data mcasured above a flat and irrigated rice paddy
field in Tsukuba, Japan (36°05'N, 140°03'E) under unstable conditions were analyzed. It was shown that
larger scale component in the measured time series represents mesoscale motions.  Wavelet cospectra of
the scalar fluxes revealed the presence of vertical transport at horizontal scales larger than the cospectral
gap. A time series and the eddy covariance flux were decomposed into a turbulence and a mesoscale
component using the identified cospectral gap. The mesoscale transport component of sensible heat and
water vapor were found to be related to the wind direction, and, therefore, characteristic of thc upwind
surface conditions at this scale. With southcasterly wind, it was characterized by the moister air advection
duc to greater surface cvaporation at the upwind surface conditions. With non-southeasterly wind, in contrast,
it was characterized by the drier air advection associated with relatively drier urbanized area. In addition to
these moist or dry air advection, the remarkable difference of surface temperatures between paddy field and
external area may induce mesoscale circulations. On the other hand, the turbulence flux component cxhibits
universal attributes  resulting from the local surface characteristics.
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COMPARISON OF THE TURBULENCE CHARACTERISTICS OF THE
ATMOSPHERIC SURFACE LAYER OVER A RICE PADDY AS OBSERVED BY
A TETHERSONDE SYSTEM AND BY AN EDDY COVARIANCE SYSTEM

J.-L. Tsai', B.-J. Tsuang'*, P.-S. Lu' and K.-H. Chang2
' Department of Environmental Engineering, National Chung Hsing University, 250 Kuokang Road,
Taichung 402, Taiwan
Department of Graduate School of Safety Health and Environment Engineering, National Yunlin

University of Science and Technology, 123 University Road, Yunlin 640, Taiwan

The turbulence characteristics of the atmospheric surface layer (ASL) over a rice paddy were measured
using both tethersonde and eddy covariance (EC) systems. Comparisons of the friction velocities and
Bowen Ratios estimated from the observations by both systems show correlation coefficients to be > 0.7.
Their discrepancy can be associated with the discrepancy between their fingerprint areas. Compared to the
tethersonde measurement, no significant underestimation for the total turbulent heat flux observed by the
EC system can be identified. The acrodynamic roughness estimated from both tethersonde and EC data is
determined to be 0.02-0.03 m for wind coming from a homogeneous rice paddy and > 0.07 m from a rice
paddy interspersed with buildings. During daylight hours, the height ranges of the ASL were measured,
ranging from a few meters to 25 m agl over the homogencous rice paddy, and 14 m — 42 m over the rice
paddy interspersed with buildings. However, the ratio between the zero-plane displacement height and
aerodynamic roughness was observed as > 10, higher than the commonly suggested ratio. Finally, an

empirical equation for determining acrodynamic roughness over heterogencous land cover is examined.
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DEVELOPMENT OF A FLUX TOWER FOR LONG-TERM FLUX
MEASUREMENT OF AIR POLLUTANTS IN AN URBAN AREA

K. Tseng', B.-J. Tsuang' and P.-H. Kuo'

i . . ~ . . . . . .
Department of Environmental Engineering, National Chung Hsing University, 250 Kuokang Road,

Taichung 402, Taiwan

Current air quality stations only mecasure concentrations of air
pollutants. Nonetheless, the concentrations arc functions of metcorological
conditions and emission rates. There is a need to measure the long-term trend
of cmission rates dircctly for cvaluating air quality management strategics.
This study presents our cffort to build such a flux tower. The profile method
is used in this study. That is, the vertical mass flux F of a pollutant (kg m?*")
is determined according to the mass transfer theory as: /7 =-K, (dc/ clz),
where Kz is vertical eddy diffusivity (m® s') and 6C/dz is the

concentration gradicnt. -

--------

- N

= "' e |
s - '

Air pollutant concentrations are continuously obscrved at four heights at Fig 1.Urban flux town

32.5 m, 36.5 m, 40.5 m, and 46.5 m above ground level. They arc measured on a tower (Fig 1) standing on

the roof of a 7-floor building in the third largest city (Taichung City, 24°12° N, 120°67’ E) in Taiwan. The

vertical eddy diffusivity is determined according to the similarly theory for the atmospheric surface layer.

Five pollutants including ozone, nitrogen monoxide, nitrogen dioxide, carbon monoxide and sulfur dioxide

arc measurcd at the 4 heights. In addition, eddy covariance system for measuring sensible heat flux, latent

heat flux and CO2 is installed. During the test period from 25 March to 11 April 2000, it is found that the

derived NO and NO2 fluxes were upward during the daytime and were almost zero during the night. This

pattern can be compared with the emission inventory derived according to the traflic volume of the nearby

road.
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SURFACE ENERGY CLOSURE OBSERVED AT VARIOUS HEIGHTS ON AN
URBAN FLUX TOWER

P.-H. Kuo, S.-Y. Yu, C.-W, Wu, K. Tseng, J.-L. Tsai and B.-J. ’l‘suang'
lDeparlment of Environmental Engineering, National Chung Hsing University,
250 Kuokang Road, Taichung 402, Taiwan

The encrgy imbalance has been observed at many flux towers.
This study has found that parts of the reasons arc due to the fact
that the obsecrvation of turbulent heat fluxes by using the eddy
covariance system is not at height within the atmospheric surface
layer. Two observation heights were tested. One measured turbulent
heat fluxes at 33 m above ground level on a tower (Fig 1) standing
on the roof of a 7-floor building (24°12° N, 120°67" E) in the third
largest city (Taichung City) in Taiwan. The other measured the
fluxces at 50 m agl. According to a tethersonde ballon observation
analysis, at the study site, the ASL is within 40 — 70 m agl. That is,

obscvaition at 50 m agl was within the ASL, while the observation

at 33 m agl was not,

While measuring the turbulent heat fluxes at 33 m agl, it is

found that the sum of the turbulent fluxes was 21 % lower than the
available surface heat flux. In addition, it is found that the mean
vertical velocity was about -0.06 m s™ for northern wind, which
was likely caused by the building wakes. On the contrary, while
measuring the turbulent heat fluxes at 50 m agl., the sum of the
fluxes was only 4 % lower than the available surface heat flux. In
addition, the mean vertical velocity was to 0 at 0.0l m s for
northern wind. Note that corrections were made to reduce the
cnergy gap, including coordinate system rotation, WPL correction,

urban albedo correction, advected term correction, and long-wave

}/ i
fi1
KE sUF L RTINS

radiational cooling term corrcction. The average urban albedo is

determined to be 0.20 estimated within the radius of 1.4 km from Fig 2. Landuse within the footpnm

the tower site (Fig 2). area of the study site
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TIME SERIES ANALYSIS OF SOIL MOISTURE AT A STEEP HILLSLOPE

. 1 @ . .
S. Kml', M. Son’, S.-J. Klmz, D. Lee? and J. Kim?
1 . ~ . . . . .
Dept. of Environmental Engineering, Pusan National University, Busan, S. Korea
2 . . . . .
Dept. of Atmospheric Science, Yonsei University, Seoul, S. Korea

Understanding the hydrological processes at a hillslope scale can be achieved through intensive in situ
monitoring of an intcrmediatc hydrologic variable, soil moisture, during rainfall cvents. A soil monitoring
system for a hillslope with stcep relicf and shallow soil depth was installed to efficiently represent the spatial
and temporal features of soil moisture on the conjunction of the terrain attributes. The soil moisture responses
to scquential rainfall events were obtained as multiple time series. Time series analysis provides a systematic
method of cvaluating the stochastic characteristics of hydrologic variable. A derivation of the soil moisture
transfer mechanism can be used as the physical basis of soil moisture time series analysis. After recording the
soil moisture response patterns for a few consccutive rainfall events, a time serics modeling procedurc was
applied to configure the characteristics of soil moisture.

The stochastic structures of soil moisture time serics were explored in conjunction with topographic
attributes such as the topographic wetness index, contributing upslope arca and pathway distance from the
outlet. Even though the variations in soil moisture did not have a significant linear or proportional relationship
with the topographic attributes, the existence of potential threshold for formulation of time serics models was
found. The monitoring locations can be characterized from the final model structures of soil moisture in the
context of topographic parameters. Distribution of the models on the hillside suggested that the distribution
and existence of macropores can be an important component for explaining the soil moisture dynamics of a
steep hillslope.

This study employed univariate models to analyze soil moisture time serics. Introduction of more
claborated analysis method such as transfer function, prewhitcning causality analysis can provide more
comprehensive insight but will also cost more and easily suffer from the uncertainty cffective rainfall input in
the scale of the study area. This research was performed using soil moisture during the late autumn scason.
Analysis of this restricted soil moisture data may need to be further gencralized. Further analysis of the
extended monitoring of soil moisture and more claborate time series techniques are future rescarch issues for
configuring complete soil moisture dynamics.

Acknowledgement : This research was supported by grants (code: 1-8-2) from Sustainable Water

Resources Research Center for 21st Century Frontier Research Program, and BK21 Program of the Ministry
of Education and Human Resources Development of Korea.
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ESTIMATE OF PRODUCTIVITY IN ECOSYSTEM OF THE
BROADLEAVED-KOREAN PINE MIXED FOREST IN CHANGBAI MOUNTAIN

M. Wang', D. X. Guan', Y. S. Wang?and Z. Q. Hao'
!Institute of Applied Ecology, Chinese Academy of Sciences, Shenyan, China
’Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

Forest is an important type of natural vegetation. Forests are considered to be the terrestrial ccosystems that
assimilate the largest amount of CO, and store it for a relatively long time. Forest accounts for about 70% of the
total carbon storage in terrestrial ecosystems. Recently, the eddy-covariance technique and chamber method are

uscd in estimation of ecosystem carbon exchange.
Mecthods:
Study site

The study site is located in Changbai Mountain Natural Reserve (42240 9”N 128°05'45”E) at an altitude of

738 m. The site is characterized as a mountain climate.

we used The NEE obtained by the eddy covariance method was compared with those observed with chamber

measurements,
Different component and whole system CO, flux measurements

NEE were mcasured at 40 m with a tri-axial sonic anemomecter (model CAST3, Campbell, USA) and a fast
response open-path CO»/H,O infrared gas analyzer (Li7500, Li-Cor Inc., Lincoln, USA). Diffcrent component

CO; fluxes were obtained by chamber techniques
Estimate of productivity of forest ecosystem

Net carbon exchange of ccosystem (NEL) refers to net primary production subtracts loss of carbon by
heterotrophic respiration (R)). An empirical equation was used to calculate the aboveground biomass of each tree
specics. Net increment of forest biomass was the sum of stem, branch, root and foliage biomass. The former ycar

DBH value was calculated according to the growth ring data, and
then calculated the former annual biomass using the empirical
cquation. The net increment of biomass was the difference of the
two years.
Results

The amount of carbon accumulated underground in
broad-leaved Korean pine mixed forest ecosystem was soil
respiration subtracted falling leaves, and the value was 841.98 gC-
m? a "' (Table 1). Assume plant roots consumed 50% of the
carbon accumulated underground during growth, then the root
respiration CO, efflux was 424.2 gC- m™ a ™ which contributed to
44% of soil respiration, and accounted for 31% of ccosystem CO,
cfflux.
The gross primary production (GPP) of the forest was the total
sum of system photosynthesis (1612.74 gC- m™ a ™). Trecs,
shrubs and herbage annual primary production accounted for
89.7%, 3.5% and 6.8% of the gross primary production of the
mixed broad-lcaved Korecan pine forest. The sum of system
autotrophic respiration (foliage respiration, branch respiration and
root respiration) was 843.4 gC- m™> a "', The amount of annual
accumulation of carbon underground accounted for 0.52 of gross
primary production, and the ratio of soil respiration to gross
primary production was 0.60. Annual carbon accumulation of the
ncedle and broad-lecaved Korean pine forest ecosystem was 856.2
gC- m a 'and the NEE was 229.51 gC- m™a ™",

274 -

Table 1 Different component biomass
(gC-m™?), respiration gC-m?) and net primary
production  (NPP, gCm?a' in the
broad-leaved Korean pine forest ecosystem

component fgC-m?
biomass:

foliage biomass 417
branch biomass 15696
gross biomass aboveground 16113
annual fallen leaves 122
respiration:

annual leaf respiration 21041
annual stem respiration 208.84
annual soil respiration 963.98
annual ecosystem respiration 1383.23
growth:

annual leaf growth 225.99
annual aboveground growth 513.32
annual net primary production ANPP 541.31
annual underground carbon accumulation (soil 841.98
respiration and fallen leaves)

annual underground carbon accumulation: GPP 0.52
annual underground carbon accumulation: soil 0.87
respiration

underground NPP: NPp 033
Nep:Grp 0.48
NEL 229.51
NPP 769.3
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CARBON CYCLING IN THE TROPICAL DRY EVERGREEN
AND DECIDUOUS FORESTS IN THAILAND

S. Diloksumpunl, T. Visaratmmz, S. Panuthai’, P. Ladpala3 and S. Janmahasatien®
'Kasetsart University, Bangkok, Thailand
Royal Forest Department, Bangkok, Thailand
INational Park, Wildlife and Plant Conservation Department, Bangkok, Thailand

A study on carbon cycling of tropical forests in Thailand was aimed at determining temporary
changes in carbon balance of two contrasting terrestrial forest ccosystems. A dry evergreen forest at the
Sakacrat Environmental Rescarch Station, Nakhon Ratchasima province, and a mixed deciduous forest with
bamboos at the Maeklong Watershed Rescarch Station, Kanchanaburi province were studied during May
2003 — April 2005. For each study site, a onc ha sampling plot was established to determine forest structurce
and carbon stored in biomass and soils as well as forest CO, exchange in terms of plant photosynthesis and
cmission through autotrophic and soil respiration.

The two studied forests indicated distinctive canopy structure and species composition. The dry
cvergreen forest was dominated mainly by Hopea ferrea with the importance value index (IVI) of 101, while
the most important tree specics of the mixed deciduous forest were Prercarpus macrocarpus, Xyvlia
xvlocarpa and Schleichera oleosa respectively, as well as two bamboo species, Bambusa tulda and
Gigantochloa albaciliata. The former also had higher tree density and basal area, thercby gaining greater
biomass production and carbon stored in biomass. The result on annual carbon changes showed that,
compared with the mixed deciduous forest, the dry cvergreen forest gained remarkably higher net primary
production (NPP) due to greater biomass increment even less litter production. Likewise, the dry evergreen
forest sequestered considerably greater CO, through plant photosynthesis and released higher CO, to the
atmosphere through autotrophic respiration than did the mixed deciduous forest. Expectedly, CO, emitted
from soil surface in both studicd forests accounted for almost 50% of the total CO; emission. Overall, the dry
cvergreen forest showed higher potential as carbon sinks compared to the mixed deciduous forest. Further
developments of some measurcment techniques of ecosystem photosynthesis and respiration are, therefore,
required to provide useful insights into CO, dynamics in these terrestrial forest ccosystems.

Keywords carbon cycling, gross primary production, net primary production, dry evergreen forest, mixed
deciduous forest
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OBSERVATION-BASED HYDROMETEOROLOGICAL STUDIES AT
TROPICAL MONSOON FORESTS IN THAILAND

N. Tanaka "%, T. Kume %, N. Yoshifuji "%, Y. Kajiya 2, K. Tanaka 3,
H. Takizawa “, K. Shiraki 5, I. Kosaka ¥, C. Tantasirin 6, N. Tangtham ¢ and M. Suzuki ’
!Japan Science and Technology Agency, Japan
*Graduate School of Agriculture and Life Sciences, The University of Tokyo, Tokyo, Japan.
*Frontier Research Center for Global Change, Kanagawa, Japan
“College of Bioresource Sciences, Nihon University, Kanagawa, Japan
*Department of Ecoregion Sciences, Faculty of Agriculture,
Tokyo University of Agriculture and Technology, Tokyo, Japan
Faculty of Forestry, Kasetsart University, Bangkok, Thailand

This study summarizes forest types of tropical monsoon forests in Thailand, and reviews published
hydro-meteorological studics conducted at cach forest type with emphases on our new findings derived
from two forest sites in the region. As a result of summarizing current status of knowledge, this paper finds
that fundamental hydro-metcorological aspects, i.e. seasonal variation in encrgy partitioning during a ycar
with normal climatic condition, at most of the forest types in the region has been already studied. Contrast
in seasonality of evapotranspiration (ET) between the uplands and lowlands might be a noteworthy feature
of hydro-metcorology in tropical monsoon forests in Thailand. As is often discussed in studies at
Amazonian rain forests with defined dry period, accessibility of roots to deep soil layer is suggested to be
an important factor supporting the clevated ET rate during the dry scason. In addition, inter-annual
variations both in rainfall and its seasonal distribution arc significantly large in the region, leading to
occasional severe droughts and irregular ccological rhythms of trees. Recent findings from our long-term
observations imply that the variations in rainfall result in phenological and physiological responses of the
two forest ccosystems. These responses may in turn affect the hydro-meteorology such as cxchanges of
cnergy, water, and carbon dioxide between the forest ccosystems and the atmosphere. Such effects of
ycar-to-year variations in rainfall on the tropical monsoon forests have been poorly understood thus far.
We, therefore, stress the necessity of further efforts to examine the ecological and hydro-metcorological
responses of all tropical monsoon forests to the inter-annual variation in rainfall and its scasonality.
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DEFFIRENCES IN ENVIROMTENTAL RESPONSES OF CANOPY
CONDUCTANCES BETWEEN UNDERSTORY VEGETATION
AND MAIN CANOPY TREES IN A BOREAL FOREST

S. Iida"2, T. Ohta%, K. Matsumoto?, T. Nakai"?3, A. V. Kononov’, T. C. Maximov"*,
M. K. van der Molen®, A. J. Dolman® and H. Yabuki®
"' CREST, Japan Science and Technology Agency, Kawaguchi, Japan
’Graduate School of Bioagricultural Sciences, Nagoya University, Nagoya, Japan
Institute of Low Temperature Science, Hokkaido University, Sapporo, Japan
Institute for Biological Problems of Cryolithozon, Russian Academy of Sciences, Yakutsk, Russia
’Department of Hydrology and Geo-Environmental Sciences, Vrije Universiteit, Amsterdam, The Netherlands
®Institute of Observational Research Center for Global Change, Yokosuka, Japan

Boreal forests have a unique featurc compared
with forests in other climate regions: monotonous 4, S 0.02
vegetation, relatively sparse stand density of main [
canopy trees and thus, dense understory vegetation. 001
Many previous papers indicated that the
transpiration from the understory occupied 50% of
total evapotranspiration. Therefore, we need to know

1000 ~*200
PPED; (pmol/in¥/s)

P 0025 0.02 .
how the transpiration from the understory responds (B) Larch's phenology

t H. tal diti W lerived ¢ leaf opening

o environmental conditions. We derived canopy % g ). . foliated 1 Eoor

conductance of the main canopy and the understory
from water and heat fluxes observed above both of
them, and revealed the differences between them.
Materials and Methods

We observed water and heat fluxes at a larch
forest (60°14'18"N, 129°39'02"E) in Spasskaya Pad,
Yakutsk city, Republic of Sakha, Russia. The main
forest canopy is composed of larch (Larix cajanderi),
and the forest floor was completely covered with
cowberry (Vaccinium vitisideae). Air temperature Fig. 1 Responses of canopy conductance to
(7)), vapor pressurc deficit (VPD) and environmental factors.
photosynthetic photon flux density (PPFD) were
measured at the top and the bottom of tower: measurcments at the top (1) and the bottom (i) represent the
conditions of the larch and the understory canopies, respectively. The latent and sensible heat fluxcs at the top
and the bottom were observed by the cddy covariance method. Canopy conductance (g.) was calculated from
the inverted Penman-Monteith equation. We obtained canopy conductance of the understory vegetation (g..g)
and larch (gc.1aren): ge-8 Was calculated from actual evapotranspiration at the bottom of the tower (ETy), and
Zerareh Was derived from the difference between ETr and ETy (i.e. ET\yen = ETy — ETy). Finally, to evaluate the
responses of g. to the environmental variables, a Jarvis- type g. model was applied.
Results and Discussion

Figure 1 shows responses of geiacn and gep to environmental factors observed at each corresponding

height. The maximum value of gc.jach, Was somewhat smaller than that of g.3. Although the response of ge.aren
was relatively similar to that of g, (Figs. 1-B and E), their responses to PPFD and T, were different (Figs.
1-A and D, C and F). Optimal temperature of g was 10 °C, that is 5 °C smaller than that of g.jen, (Figs. 1-C
and F), and g..p increased with PPFD more rapidly than ge., (Figs. 1-A and D). These differences suggested
that the understory vegetation photosynthesized efficiently during the relatively colder period, in which the
larch's leaves defoliated and/or were budding, and were falling. However, the biomass of understory is much
smaller than that of larch: the understory may consume incfficiently water than larch for photosynthesis during
the foliate period? We will evaluate the water use efficiency of the larch and the understory in a future work.

+ leaf falling

0 20 30
VPDg (hPa)

0.02

Canopy conductance of larch, g jaren (V)

001
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COMMON POTENTIAL RESPONSES OF CANOPY CONDUCTANCE
TO ENVIRONMENTAL VARIABLES IN VARIOUS FORESTS
IN THE FAR EAST REGION

K. Matsumoto"?, T. Ohta', T. Nakai**, T. Kuwada®, K. Daikoku', S. Tida"*, H. Yabuki®, A. V. Kononov®,
Y. Kodama’, T. C. Maximov® and S. Hattori'
' Graduate School of Bioagricultural Sciences, Nagoya University, Nagoya, Japan
“Research Fellow of the Japan Society for the Promotion of Science, Tokyo, Japan
*Institute of Low Temperature Science, Hokkaido University, Sapporo, Japan
‘CREST, Japan Science and Technology Agency, Kawaguchi, Japan
SInstitute of Observational Research for Global Change, Yokosuka, Japan
SInstitute for Biological Problems of Cryolithozone, Russian Academy of Sciences, Yakutsk, Russia

Canopy conductance (g.) is important as a controlling factor for water, gas and heat exchange between
vegetation and the atmosphere. We investigated g, variations in five different forest types distributed from
central to high northern latitudes in the Far East. We applied a Jarvis-type g, model (Jarvis, 1976) to the data for
the mature growing seasons of 2003, 2004 and 2005 and examined the response characteristics of g. to
environmental factors,

Materials and Methods

The research sites were five mature forests in the Far East region: two boreal larch and pine forests in eastern
Siberia (sites L-YKS and P-YKS, respectively); two cool temperate birch and mixed forests in Hokkaido, Japan
(B-HOK and M-HOK, respectively), and one warm tcmperate mixed forest in Aichi, Japan (M-AICHI).
Micrometeorological observation towers were installed at cach site to measurc fluxes and metcorological
variables. Water and energy fluxcs were calculated using the eddy covariance technique. g, was calculated using
the Penman—Montcith cquation (big-leaf model). The Jarvis-type g. model (Jarvis, 1976) expresses g, as a
function of several environmental variables. We used photosynthetic photon flux density (Q), vapor pressure
deficit (D), air temperature (7) and volumetric soil water content (W) as the environmental variables and
cvaluated the responses of g. to these variables.

Results and Discussion

Figure 1 presents the responses pf g to the 2 H',:Z
environmental variables at each site and the o BHOK
lines of the functions in a model fitted for all L?-‘:}?}:Si‘.'m

sitc data. The responses of pooling g at all sites
could be expressed as one lumped fitted line
(modcl). It is interesting that the difference in
maximum g, among sites was well explained
by the lumped fitted line of W. g, estimated by
the lumped model agreed wecll with the
observed g, at each site. Although it has been
assumed that the behaviours of gas cxchange
properties in forests are site- or forest
type-specific, we belicve that the lumped
model lincs indicate the rough “potential”
response curves of g, to environments in G HEEEEE
mature forests in the northern Far East region,

cven if small differences exist among forests. If  Fig. 1 Relationships between g. and various environmental
this concept is correct, it will be effective in variables, and the fitted line for all data (the lumped model).

0
TEC)

spatial parameterisation of heat, water and gas
exchange between vegetation and the atmosphere in the Far East region.
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CARBON AND OXYGEN ISOTOPE RATIOS OF TREE LEAVES
GROWN IN DIFFERENT CLIMATES IN EAST ASIA

N. Matsuo', Y. Kosugi', N. Ohte' and M. Tani'
" Kyoto University, K yoto, Japan

Water-use efficicncy and stomatal conductance are important indicators of leaf-scale control over CO,
and H,0 cxchange between trees and the atmosphere. Carbon isotope ratio (8'°C) of leaf organic matter is
known to reflect water-use efficiency (Farquhar ef al. 1989). Oxygen isotope ratio (8'*0) of leaf organic matter
may also reflect leaf evaporative condition (Farquhar 1998). Therefore, 8"*C and 80 in tree leaves are
cxpected as uscful tools to know the response of leaf gas exchange to climate change (Barbour et al. 2000).
However, the 3'°0 model is still under development and has not been tested on various types of trees. This
study presents the 8°C and 8"0 in leaf organic matter of various trees grown in different climates in East
Asia.

We collected sunlit leaves from current ycar shoots of dominant-trees in warm-temperate broad-lcaved
forest (Akou, Hyogo, Japan), warm-temperate coniferous forest (Kiryu, Shiga, Japan), cool-tempcrate
deciduous broad-leaved forest (Tomakomai, Hokkaido, Japan), rainforest (Pasoh, Peninsular Malaysia),
rainforest (Lambir, Borneo Malaysia)and desert (Mu-Us, Inner-Mongolia, China). The lcaves were oven-dricd
at 70°C for 48 h, and fincly ground. The 8"C of the Icaf samples was analyzed with a continuous-flow
isotope-ratio mass spectrometer (Delta-S, Thermo Elcctron) following an elemental analyzer (EA-1500, Carlo
LErba) at the Center for Ecological Rescarch, Kyoto University. The 80 of the leaf samples were analyzed
with a continuous-flow isotope-ratio mass spcctrometer (Delta-plus-XP, Thermo Electron) following a
pyrolysis furnace in a clemental analyzer (TCEA, Thermo Electron) at the Rescarch Institute of Humanity and
Nature.

A positive relationship was found between 8"*C and "0 in leaf organic matter (Fig 1). The tropical trees,
which had low water-usc efficiency and high stomatal conductance, tended to have lower 8C and 8"%0. The
semi-arid trees, which had high water-use cfficiency and low stomatal conductance, tended to have higher 8"C
and 8'0. This suggests that 8°C and 8'0 in
lcaf organic matter present the gas exchange trait

and affected by water conditions.
40 | * ® Akou
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SIMULTANEQOUS ISOTOPIC DETERMINATION OF CO, AND METHANE
EXCHANGED BETWEEN THE PADDY AND THE ATMOSPHERE REVEALS
MARKED DIFFERENCES IN GAS EXCHANGE PROCESSES BETWEEN
FLLOODED AND DRAINED CONDITIONS

G. H. Han', H. Yoshikoshi?, H. Nagai', M. Mano', A. Miyala', and J. Kim®
'National Institute for Agro-Environmental Sciences, Tsukuba, Japan
Faculty of Agriculture, Kyushu University, Fukuoka, Japan

Department of Atmospheric Science, Yonsei University, Seoul, Korea

At the ccosystem and global scalces, the carbon isotopic compositions of CO, and methanc exchanged
between the biosphere and the atmosphere (dy and Oy, respectively) have been used to partition net fluxes
of CO, and methance into the source and sink terms. In comparison with other terrestrial ccosystems, rice
paddies arc unique because they provide the primary food source for over 50% of the world’s population
and act as major sources of global methane. In the present study, the importance of high-frequency
simultancous measurement of Sy and 8y was demonstrated in a Japancse rice paddy.

We investigated short-term variations in Sy and 8y by combining stable isotopes and concentration
measurements  within and above the canopy, in conjugation with continuous acrodynamic flux
measurements of CO, and methane on two representative days of flooded and drained conditions. For both
CO, and mcthane, strong lincar relationships were found between the measured isotopic compositions and
the inverse of concentrations over the time spans of 2 hours to 1 day, which ¢nabled us to examine diurnal
variations of 8y and 8y solely form measured data. Both 8y and 8y showed large differences in magnitude
and diurnal pattern from thosc obtained by the conventional isoflux approximation, in which oy or 8y
varies lincarly with the period-averaged concentration measured above the canopy.

Under flooded condition, 8y varied between —25.8%0 and —20.2%o0 and had lower values around noon,
indicating that the assimilated CO, had more negative 8"*C values than the respired CO,. Afier drainage, 8y
increased by about 2% on average and showed a more pronounced diurnal pattern, consistent with
increased methane emissions and nighttime CO; fluxes. On the other hand, the diurnal pattern of 3y under
flooded conditions showed clear midday C enrichment by about 8%.. This strong diurnal shift in 8y, is
likely to be associated with a transpiration-induced bulk flow of mecthane and/or with an enhanced
microbial oxidation of methanc during the daytime. However, under drained conditions, dy showed the
opposite diurnal pattern with lower values during the daytime and highly "*C-cenriched values at night. This
strongly supports that floodwater drainage enhances methane oxidation but can bring about large emissions
of less-oxidized methane through the soil surface in the daytime.
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ESTIMATING EVAPORATION FLUX IN THE HAN RIVER BASIN,
KOREA, USING STABLE ISOTOPE TECHNIQUES

D. Lce', J. Kim' and S. Kim?
! o e
Dept. of Atmospheric Science, Yonsei University, Korea
Korea Institute of Construction Technology (Sustainable Water Resource Research Center), Korea

Stablc isotope composition of water (both liquid and vapor) is widely used to constrain water budget in
various terrestrial settings. The advantage of isotope technique is in the fact that it cnables a quantitative
estimation of cvaporation flux. In terms of "*0/'°0 and D/H ratios of water, cvaporation imparts two diffcrent
fractionation effects, i.c., equilibrium and kinetic. Both processes increase the isotopic ratios of water that was
subjccted to cvaporation. Unlike the equilibrium fractionation effect occurring at 100% relative humidity, the
kinetic effect (occurring at RH lower than 100%) arises due to the difference in diflusivity of isotopic species
of water molccules and enriches water with the heavier oxygen isotopes (*0) relative to the heavier hydrogen
isotopes (Deuterium, *H). Rain water is a typical example of equilibrium isotope fractionation between water
and vapor, which is represented by slopes of ~ § if the isotope data of water plotted in 8'°0 — 8D space
(Mcteoric Water Line, MWL). Kinetic fractionation cffect is widely obscrved in most natural evaporation
settings such as lakes and soils and results in isotope data of remaining water whose slopes are 4 ~ 6 in 8'*0 —
oD cross plot.

Based on this isotope fractionation cffects, the evaporation flux from the Han River basin, Korca was
estimated as a part of Carbo/HydroKorca project. The Han River basin and its tributaries arc the focus of
inter-disciplinary efforts to understand water and carbon exchanges in typical Korean forest catchments. The
Han River basin is located in the middle part of the Korcan peninsula. The drainage arca (26,128 kim?) consists
of temperate mixed forests and croplands. The mean annual precipitation in the Han River basin is 1301 mm
(34.0 km®) and the mean annual discharge is reported as 18.9 km®. Approximately ~20 % of total rainfall is
reported as interception in many studics for Korcan forests and therefore, assuming a steady state, the mean
annual evapotranspiration (ET) flux is estimated as 8.3 km’. Livaporation from the basin has not been estimated
quantitatively.

The isotope composition of river water collected monthly from the Han River and its tributaries is similar
to that of monthly composite precipitation in the basin. In other words, in 5"%0 — 8D cross plot, the isotope
ratios of river water do not show deviation from the MWL that is commonly observed in many evaporating
systems. The result is intuitively interpreted as indicating an insignificant cvaporation flux from the Han River
basin. Evaporation is also not recognized from smaller tributary watersheds with spatial scales ranging from ~2
km? to ~10° km?. Similar stable isotope results were reported for many watersheds in temperate regions of the
world.

The results merit further discussion. First, as indicated by the isotopic composition, evaporation can be
truly negligible in the forest watersheds. Fowever, this interpretation does not support the model-based results
indicating a significant evaporation flux from soils. Sccond, the isotope fractionation model originally
developed for open-water cvaporation may not properly explain the processes occurring during soil
evaporation. Few studics have been conducted on stable isotope fractionation during cvaporation in dry soils
and in vegetated soils. Even fewer studics have been done for soils covered with litter layers. Third, the soil
evaporation may largely occur during dry period after shedding leaves and due to low soil moisture content,
soil water docs not recharge into groundwater or discharge into stream (river). In this case, evaporation cffects
arc only preserved in soil water and are not identified in the water discharged from watersheds. In this regard,
the uncertaintics of isotope techniques, isotope fractionation model for soil evaporation and relevant
hydrological information are being thoroughly reviewed to verify the evaporation flux in the Han River basin.

Acknowledgement: This research was supported by grants (code: 1-8-2) from Sustainable Water Resowrces
Research Center for 21st Century Frontier Rescarch Program, the Eco-Technopia 21 Project of the Ministry
of Invironment, and BK21 Program of the Ministry of Education and Human Resources Development of
Korea.
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ISOPRENE EMISSION FROM QUERCUS SERRATA IN THE DECIDUOUS
BROAD-LEAVED FOREST

M. Okumura', A. Tani’, Y. Kominami“, Y. Kosugi', S. 'l‘akanashiﬂ S. Tohno'
! Kyoto University, Uji, Japan
2 Tokai University, Numazu, Japan
Forestry & Forest Products Rescarch Institute, Kyoto, Japan
‘Kyoto University, Kyoto, Japan

Isoprene is a biogenic volatile organic compound (BVOC) emitted by many plant specics. Isoprene
emission contributes to the reactive carbon budget entering the troposphere. In Japan cfforts to measure
and understand the mechanism controlling BVOC emissions and to cstablish their emission inventories for
the country have not been extensive, despite the fact that Japan has a large area of forests composed of
coniferous and/or deciduous tree species (about 70% of total land area) and that forestry statistics across
Japan are available (Tani ct al. 2002).

Methods

The measurcments were taken in the deciduous broad-leaved forest, Yamashiro, Kyoto (34°47N,
135°50°E). During June, July, August and October 20006, the isoprenc emission, net assimilation rate,
stomatal conductance, photo-synthetically active radiation (PAR), air and leaf temperature, relative
humidity was measured on using a LI-6400 portable photosynthesis system (Li-Cor Inc., Lincoln, NE,
USA)

Isoprenc samples from the L1-6400 cuvette were trapped by adsorbents (Tenax 200mg and Carbotrap
100mg) packed into stainless steel tubes (Perkin Elmer) and stored at <5°C until analysis. Samples were
analyzed using GC-MS system (Shimadzu QP5050A). Samples underwent two stage thermal desorption
(Perkin-Elmer ATD).

Results

Fig. 1 shows the obvious cffect of PAR on isoprene emissions and photosynthesis rates. Isoprene
cmissions rcached their peak around noon, while for sun lcaves the largest photosynthesis rates during
morning and the subscquent decrease were observed as shown in Fig. 2.
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Fig. 1. Isoprene emissions and photosynthesis rates as a function of PAR (left)

Fig. 2. Temporal variations of isoprenc cmissions and photosynthesis rates for sun leaves on July 1 20006.
Sampling term (1: 7:00-9:00, 2: 9:00-11:00, 3: 11:00-13:00, 4: 13:00-15:00, 5: 15:00-17:00, 6:
17:00-18:30), number of samplcs: 4-6 Icaves. (right)
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CH4 AND N,O EMISSION FLUXES OF MIRE SOILS IN SANJIANG PLAIN,
NORTHEAST CHINA

D. Liu"? and C. Song'
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The fluxes of CH, and N,O emission in four types of mire soil were measured, using the opaque
chamber and gas chromatogram technique in Sanjiang Plain, northcast of China. For the differences of
hydrological condition and vegetation type, the observation sites were selected in Carex lasiocarpa and
Carex pscudocuraica (continuously inundated) mire, Deycuxia angustifolia (seasonal inundated) mire and
brushwood mcadow soil.

During the obscrvation, fluxes of the two types greenhouse gascs were mainly focused on the growing
scason (Junc to August), that was the high temperature and precipitation season. However, the largest
fluxes of CHy and N,O appeared in diffcrent types of mire soil, respectively. The flux of CHy emission was
mainly affected by the mineralization of organic matters, soil respiration, and the processes of heat
exchange and so on. During our obscrvation, the mean flux was larger in Carex lasiocarpa (7.67 mg - m 2
- " on average) and Carex pscudocuraica (3.38 mg - m 2 h' on average) mirc soil (continuously
inundated). However, there were no significant scasonal differences in inundated Deyeuxia angustifolia
mire and brushwood meadow soil (0.28 mg - m - ' on average). The flux of CH, appeared decreasing
with the decrease of water level in soil. The mean fluxes of N,O were positive in the four types mire soil,
that was the source of N,O to atmosphere during the entire observation. Brushwood meadow soil had the
largest flux of N,O (0.041 mg - m - h' on average). Then were Deycuxia angustifolia mire soil — (0.038
mg- m - h') , Carex pseudocuraica mire soil  (0.024 mg - m - h™") , Carex lasiocarpa mire soil  (0.017
mg - m - h'") . Hydrological condition and soil temperature were the main influencing factors controlling
mire soil CHy and N,O emission fluxes. Soil temperature was the main factor controlling soil respiration,
but the CHy and N,O cmission fluxes intensity and their features were affected significantly by the
hydrological condition.

-83-



P46

EDDY COVARIANCE MEASUREMENTS OF CH, FLUX
IN A JAPANESE RICE PADDY FIELD

H. Yoshikoshi ', G. H. Han?, I, Nagai’, M. Mano’,
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'Kyushu University, Fukuoka, Japan
*National Institute for Agro-Environmental Science, Tsukuba, Japan
2IARC, University of Alaska Fairbanks, Fairbanks, USA

Rice paddies arc major source of atmospheric CH, in spite of their importance to the global food
production. The accurate monitoring in CH, emission is essential to understand its behavior and achicve
the methane mitigation. We conducted the measurement in CHy flux using the eddy covariance method
(L°C-Fcu,) with the closed-pass type methane gas analyzer over Japancse rice paddies, "Masc paddy flux
site", located in the middle of Japan during the growing scason in 2003. Methane mixing ratio (peq,) of 10
Hz frequency was measured by a frequency-modulated tunable diode lascr absorption spectrometer
(TDLAS), when the response of 2.4 Hz derived from gas replacement in the volume of the detector are
achicved in situ.

Spectral power distribution of p¢p;, computed by using the fast Fourier transform (FFT) appeared as a
representative ogive. which showed the source signals had a sufficient coverage 1o perform flux calculation.
On the momentum-p¢y, cospectra, we found that the major power range of methane flux contribution
located in lower frequency compare to the other fluxes such as the sensible heat, the latent heat and CO,,
which means the EC-I'¢y, are transferred with relatively large turbulences. It may depend on a physical
response of the rhizospheric soil where the methane emission and production take place in relation to the
heat capacity.

LC-Iey, provides the typical diurnal variations; they followed by an increase in emission rate from 30
days after flooding in the range of | pg-CHym2s™" in the daytime. In the scasonal variation, they increascd
to 80 mg-CH, m™ day™ in mid-Jun (60 days after flooding) and exceeded 100 mg-CHy m™ day™ in mid-July.
Especially in the mid-term and final drainage cvent, approximately 400 ~ 500 mg-CH, m day™ of causal
large emission was obscrved. We compared /5C-Feyy, to the other CHy flux by an advanced acrodynamic
method using vertical CH, profiles which were measured simultancously. Although the half hourly
EC-Fey, were scattered while the minuscule emission period due to the signal to noise ratio within pey,, the
two fluxes principally agreed under certain emission period.

We discuss the behavior of the CHy turbulence transfer in flux calculation. There were no dependency
in non-dimensionalized variations for CHy (ocny,/ CHye) on atmospheric stability under the neutral and
stable conditions, and the gradient profile function in CHy (P¢y;,) shows almost similar characteristics to
past studies in other scalar fluxes. We consider that the assumption which the eddy diffusivity for CHy
behaves as in sensible heat flux, based on the Monin—Obukhov similarity, can be reasonably ecmployed.
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THE EFFECT OF LOGGING ON SOIL GREEN HOUSE GAS (CO,, CH,4, N,0)
FLUXES IN TROPICAL HUMID FOREST, PENINSULAR MALAYSIA
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U River Basin Rescarch Center, Gifu University, Gifu, Japan
2 Forest Research Institute Malaysia, Kuala Lumpur, Malaysia.
* Graduate School of Integrated Arts and Sciences, Hiroshima University, Hiroshima, Japan.

Quantifying soil CO, flux is critical to understand the overall response of the carbon cycles to human
perturbation worldwide. CO, accounts for most of the anthropogenically driven increase in radiative forcing.
Morcover, methane (CHy) and nitrous oxide (N,O) are also important green house gas, whose concentrations
in atmosphere have increased by human activitics. The CIHy increase accounts for 20 % of the increased
green house warming potential of the atmosphere. The N,O contributes about 6 % of the green house
warming.

IPCC (2001) pointed out that the logging or land use change in tropical zone can affect the global
warming strongly. Soils arc an important source and sink of these green house 2ascs (GII(; CO,, CH4, N20O).
Therefore, it is important to understand the cffect of 4% " - —W
logging on soil GHG fluxes in tropical arca. However, a

little work on the these gas fluxes has been carried out in . |
Southeast Asia, which is onc of the largest tropical regions S 2 . .
in the world and an area of significant logging during the g ‘ |
last three decades. F 160 il !

The aims of the present study are to evaluate soil GHG &' 5o i
fluxes in logged and un-logged forest in tropical Asia and | ] :
to understand the effect of logging on the soil GHG fluxes. O Mar Apr May  Jun Jul

We carried out the investigation of the soil GHG fluxes 2005
in Pasoh forest (27 58°-59°N, 102" 16°-20°E) in Peninsular 200
Malaysia. One compartment of Pasoh forest was logged .~ 160 i b
sclectively on January 2005. The logged arca is about 37 = 120
ha and 1004 trees were collected from this arca. Soil GHG 5 80 ' ‘i |
fluxes were measured at daytime in the logged sites and f{ 4:: . m i !
the un-logged sites within thc compartment arca on 5 a0 5 L T
February, May, Junc, July 2005 and March 2006. =g | ! \

The soil CO, emission rates in the un-logged sites did ~ 120
not differ from those jn the Ioggcd. si!cs significantly 160 — - - - - FERR v — .
cxcept for June 2005 (Fig. la). The soils in the un-logged 2005 2006
sitcs absorbed CH,y throughout the experimental period, .
while thosc in the logged sites absorbed or emitted CHy, c
close to zero, except for February 2005 (Fig. Ib). The soil 10 .. . .

CH, absorption rates in the logged sites tended to be less
than those in the un-logged sites. The soil N,O cmission
rates in the logged sites were about 3-100 times higher
than those in the un-logged sites significantly throughout

N,O flux (zgNm?h)
x®

; , . : : 40|
the experimental period (FFig. 1c). The logging practices Lk 7 1 H
had increascd the soil N,O cemission rates throughout the o H i l -
experimental period, one ycar after the logging. Feb  Mar  Apr May Jun Mar
2005 2006

. ) o ) ¥ e
F_hcsc dl?OVC results suggest ,thdl‘ logging practices in Figure 1. Mean value and standard deviation of monthly
humid tropical forest affect soil CHy and NoO fluxes, (ay o, (b) CH, and (¢) N;O fluxes in logged and

which can accelerate global warming throughout one year un-logged sites. [] ; Un-logged sites, [] ; Logged sites.

after Iogging while do not affect soil CO, fluxes. An asterisk means the significantly difference between
’ logged and un-logged sites in same month by ANOVA
(P<0.05).
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Effects of typhoon damage on the vegetation properties and carbon dynamics
in a larch forest

T. Sano ', T. Hirano ', S. Shirahama ', N. Liangz, H. Ogumaz, K. Inukai* and Y. Fujinumaz
! Graduate School of Agriculture, Hokkaido University, Sapporo, Japan
National Institute for Environmental Studies, Tsukuba, Japan

L.Introduction

Typhoon is an important disturbance factor for forest ecosystems in East Asia, which damages them
extensively and intensively. It is thought that the disturbance affects ecosystem propertics including vegetation
dynamics, nutrient cycling, soil organisms and micrometcorology, and conscquently changes carbon cycling of
forest ecosystems. In particular, the function of forest ecosystems to fix carbon after disturbance is important
from the standpoint of global warming.

A plantation of Japancsc larch (Larix kaempferi Sarg.) in Tomakomai, Hokkaido, Japan was destroyed by
Typhoon Songda in September 2004. About 90% trees were blown down by strong wind. In this study, we
comparc vegcetation properties, biomass and soil carbon content beforc and after the typhoon damage, and
investigate the effects of the typhoon damage on carbon cycling of larch forest.

2.Mcthods

The study site is Tomakomai Flux Research Site in, Hokkaido, Japan
(42°44'N, 141°31'E). This sitc was established in August 2000 by the National
Institute for Environmental Studics (Fujinuma er al., 2001). However, in
September 2004, Typhoon Songda hit it and blew down 90% of trees. Before
the typhoon damage, this forest was a 45—ycar-old plantation of Japanese larch
with some broad-lcaved trees (Betuda spp). The canopy height was 15-16m,
and the maximum leaf arca index (LAI) was 5.8 m? m™. The forest floor was
denscly covered with buckler fern (Dryopteris crassirhizoma) and Japancse
spurge (Pachysandra terminalis Sicb. et Zucc.). After the typhoon, all sicms of
larch trees were removed from the forest for commercial use.

We cstablished a 140x100 m (1.4 ha) plot in the site in 2005, about one
year after the typhoon damage. To mcasure aboveground biomass, we
established 10 rectangular plots (I1x6 m); cach plot was divided into 6
subplots (1x1 m). Aboveground biomass was sampled monthly from June
through November in 2006 for every dominant specics. Similar data of
understory specics in 2001 was used for comparison.

To evaluate the total amount of carbon stored in the site, tree biomass was
calculated from data of diameter at breast height (DBH) using an allometric
regression cquation. Soil carbon content at 0-2.5 c¢m depth was measured in
November 2005.

Fig.1. Location of the stydy area

(August 2000)

3.Results and Discussion

Live aboveground biomass of understory specics or invaded herbaceous species was 2.7 ton ha™ in 2001
before the typhoon damage and 2.7 ton ha™ in 2006. There was no difference in aboveground biomass. However,
plant species changed. Dominant species was pteridophyte (buckler fern and so on) in 2001 but was nettle in
2000.

The carbon of dead biomass left in the site was estimated at 30.3 (C ha™'; 16.4 (C ha™ for larch trees and 13.9
tC ha™' for broad-lcaved trees. The dead biomass has been decomposed to CO, and changed to soil organic
matter. Soil carbon content was 15.8% (£8.5%) in 2005. It was similar with a published value of 16.0% in 2000
(Yamamoto et al., 2001).
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SOIL RESPIRATION IN A SUBTROPICAL MONTANE CLOUD FOREST
IN TAIWAN

S. C. Chang, K. H. Tseng and Y. J. Hsia
Institute of Natural Resources, National Dong 1hwa University, 974 Hualien, Taiwan

The measurement of soil respiration was conducted from May 2005 to April 2006 in a long-term
biogcochemical study site located in the mid-altitude of a mountain range of north Taiwan. The dominant
species, Chamaecyparis obtusa var. formosana is characterized by very long life (up to 3000 ycars) and
low growth rate, which might result from the perhumid climate condition and low solar radiation caused by
fogs all ycar round. Besides the limitation of high humidity both in the air and in the soil (annual
precipitation usually higher than 3000 mm), the metabolic performance of this cypress tree species might
be also constrained by the relatively low temperature (annual average 13.6 °C) compared to the
cnvironment of lowland subtropical trees. Based on these information, a low soil respiration rate was
proposed for that forest ccosystem.

The major carbon pools and internal flux of the site was investigated in the previous studies. C. obtusa
var. formosana, which consists 83% of the total basal arca, contains 43.8 and 37.2 t C ha™ for the above
and belowground parts, respectively. The soil of the site is a Lithic Leptosol and contains only 27.3 1 C ha
duc to high stone composition. The aboveground litterfall amounts to ca. 3.0t C ha™ y™'.

An automatic chamber system (LI-COR 8100 with long-term chamber) was setup on the forest floor.
The place was chosen bascd on three onc-day measurcments using 10 static chambers that were randomly
put on a 40 x 40 m? arca. Soil respiration rate was measured every 30 minutes with 5-min closure of the
chamber. Soil temperature and soil water content at 10 ¢cm depth were monitored together with other
meteorological parameters. Soil respiration rate increased exponentially with increasing soil temperature
and decrcased cxponentially with increasing soil water content. The range of soil temperature during the
experiment period was 4 to 18 °C, while that of soil water content was 0.25 to 0.47 cm® ecm™. The soil
respiration rate of single measurement ranges from 6 to 395 mg CO, m™ hr''. We derived from these data
an empirical model for soil respiration rate [mg CO, m? hr''] @ Flux = 1.16%*exp(0.279*ST)+4809*cxp(-
13.34%SW) (ST: soil temperature in [°C]; SW: soil water content in [%]; R*=0.96). An annual soil
respiration rate of 2.0 Mg C ha™ y™' for our study site was estimated when upscaling the point flux rate to
the site that has 92.5% arca of soil (the rest of the arca is covered by stones and falling logs).

The contribution of fresh aboveground litter decomposition to soil respiration was investigated using
manipulated plots with different amount of addition of C. obtusa var. formosana leaves. Three groups of
transparent acrylic chambers (inner diameter: 29 cm, height: 20 ¢cm) were randomly put on forest floor
(cach group with four replicates). The treatments of the three groups were three-fold annual litter, one-fold,
and no litter. The chambers were covered with plastic net (mesh size: 1 mm). Soil respiration rates were
measurcd by 24-hr static alkali method in 13 dates, three of which were done before the litter treatment.
The result showed a significant increase in soil CO, efflux immediately after the artificial input of leaf
litter. The difference between the treatments diminished gradually and the soil respiration rates decreased
to the pre-trcatment level in 6 months. The total releases of CO, within 6 months were estimated to be 120,
85, and 69 g C m™ for the three-fold, onc-fold, and no litter group, respectively. About 8% of the added
carbon in the litter released in form of CO,. Comparing the release of CO, between one-fold and no litter
treatments, we concluded that 20% of the soil respiration comes from fresh litterfall within first 6 months
of litterfall. The contribution of soil respiration in the ecosystem carbon budget will be cvaluated by
comparing the results of this study with the tower measurcment of canopy CO, exchange by eddy
covariance technique, which was conducted in the same time period at the site.
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EFFECT OF SOIL-COLLAR INSERTION ON SOIL RESPIRATION IN

SECONDARY DECIDUOUS BROAD-LEAVED FOREST

S.Ham:ula', M.Dmmoura', Y.Kominamiz, M.jomur: "and Y.Kanazawa'
" Kobe University, Kobe, Japan
2 Forestry and Forest Products Research Institute, Kyoto, Japan

Soil respiration is one of the most important factors for estimating CO, dynamics in the forest ecosystem.
For measuring soil respiration, soil-collar is commonly inserted to the ground to remove the influence of wind
flowing through soil surface. But inserting soil-collar causes occurrences such as cutting oft live roots and as
interfering with approach of next live roots. However there is little information about the cffect of disturbance -
by inserting soil-collar on soil respiration measurement. In this study, we investigate the cffect of inserting
soil-collar temporally and spatially.

This study was conducted in a secondary (1) )
deciduous broad-leaved forest dominated by Quercus Rin R
serrata and Irex pedunculosa. The soil is poorly
developed from sandy weathered granite soil with  Sgil-collar ﬁ ﬂ Sandy granite
thin A layer. The depth of A layer is about 10 cm. We /

made chambers of two types: One was that soil-collar
was inserted in the ground about 6 cm (Fig.(1)). The
other was that soil-collar was covered the
surroundings by sandy granite without inscrting to the
ground (Fig.(2)). Wec dcfined R;, and R, as
mecasured soil respiration in

respective  chambers. To investigate the temporal cffect of soil-collar insertion, an automated
closed-chamber system was usced. The system was composed of IRGA (model 800, Ll-cor) , two chambers and
a pump. Obscrvations were made from June to October 2006. Mcasurcment frequency of soil respiration was
once an hour in each chamber. And to investigate the spatial effect of soil-collar insertion, we established
another plots in ridge and valley of the experimental forest. A manual closed-chamber system that contained a
small IRGA (GMD20, Vaisala) was used there. We measured R;,, and R, at cach 8 points in ridge and valley
plot in intensive observations. In both experiments, soil temperature was monitored by thermocouple at depth
of 5§ cm and soil moisture was monitored by TDR (ECH20 Probe, Decagon Devices) at depth of 5 cm.

Through measurement periods, soil respiration in the inserting soil-collar trcatment (R;,,) was always
smaller than soil respiration in the covering the surroundings by sandy granite (R....). R, was about 6.3% -
85.4% of R, and it was about 27.8% on avcrage. Therefore, it was suggested that soil respiration was
underestimated when we used inserting soil-collar system. Particularly R, had a large temporal variation with
the maximum occurring in high temperature and moisture. And R;,, was significantly smaller than R, in ridge
plot and valley plot. (P<0.01, Student t-test). In ridge plot, R;, was about 57.1% - 70.3% of R, and it was
about 63.9% on the average. In valley plot, R;,; was about 48.0% - 54.7% of R, and it was about 51.48% on
the average. It was suggested that if environmental factors resembled closely, R, was also spatially smaller
than R, We lound that soil respiration was temporally and spatially underestimated by inserting soil-collar at
this study sitc. When we mceasure soil respiration, we must take a method that docs not disturb soil as much as
possible.

.88 -



P51
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BROADLEAVED FOREST
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1. INTRODUCTION

Licosystem respiration can be measured at night by means of the eddy covariance method, but the data may
not be reliable because of low turbulence or other methodological problems. Adequate atmospheric mixing is
required to obtain rcliable mecasurements of the flux between ecosystem and atmosphere with this method,;
however, low wind speeds at night arc common in our study arca, the Yamashiro Experimental Forest (YEF).
Consequently, the estimation of nocturnal respiration requires the use of a chamber mcthod. To understand
how trees control their CO; flux in this forest, we measured above and underground respiration in the forest
using a static automated chamber method. In the present study, foliar and woody-tissue respiration was
measured using automated foliage chambers, including periods when growth respiration was occurring. In this
study, we estimated the above and underground respiration in YEF.
2. SITE DESCRIPTION AND METHODS

The YEF is located in a valley in Yamashiro-cho (34°47'N, 135°51'E), Soraku-gun, Kyoto, in a hilly,
mountainous region of central Japan and at an clevation of about 220 m asl. The forest consists of deciduous
broadleaved species (mainly (). serrata) and cvergreen broadlcaved specics (mainly I pedunculosa). We
measured the leaf arca index (LAI) of the forest once per week with an LAI-2000 (Li-Cor). Based on the
scasonal variation in the LAl and the measured foliar respiration, we were able to estimate total foliar
respiration for the forest (Miyama et al., 2005). We also measured the diameter at breast height (DBH) of all
trees in the YEF every 5 years (Goto ct al., 2003). In this study, we measured seasonal variations in nocturnal
respiration of tree using static, automated chambers in the YEF. The chamber automatically measured
nocturnal respiration at 30-min intervals. We measured the relationship between DBH and the surface area of
woody tissue in the trees, estimated total surface arca in the YEF, and scaled up stem respiration to the whole
forest level to estimate respiration by woody tissuc. We attached chambers to Q. serrata and 1. pedunculosa
(DBH, 20.7 and 17.9 cm, respectively) tree. The air temperature within chamber was mcasured with a
copper-constantan thermocouple. Nocturnal respiration per unit arca of 1. pedunculosa and Q. serrata were
calculated from the difference in CO; concentrations between 30 and 210 scc (3 min) in chambers.
3. RESULTS AND DISCUSSION

The contribution of underground respiration to the total ecosystem respiration rate reached its minimum
(49.1%) on 12 Junc (DOY 163) and its maximum (82.4%) on 29 November (DOY 333). Seasonal change of
growth respiration was marked, indicating that the seasonal variation of growth respiration must be evaluated
carcfully to cstimate total ccosystem respiration. According to continuous automated chamber measurciments,
the scasonal change of nighttime ccosystem respiration was controlled by growth respiration in a deciduous
broadleaved forest. There were two marked peaks of growth respiration, which were caused sequentially by
foliar and woody-tissuc respiration. These results indicate the effectiveness of averaging long-term continuous
chamber mcasurements to evaluate the annual nighttime ccosystem respiration. Seasonal variation of nighttime
ccosystem respiration should be estimated using several parameters, including phenological data. By using the
automated chamber method, the total nighttime ccosystem respiration was estimated continuously, thus
allowing scasonal patterns to cmerge. Thercfore, long-term continuous measurement using automated
multi-channel chambers and averaging provides an effective means of evaluating the annual nighttime
ccosystem respiration,
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AUTOMATIC SOIL RESPIRATION MEASURING IN THE TROICAL SEASONAL
EVERYGREEN FOREST IN SAKAERAT, THAILAND

S. Panuthai' and M. Gamo®
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? National Institutes of Advanced Industrial Science and Technology, Tsukuba, Japan

The present study was aimed to determine
soil respiration in dry cvergreen forest at the
Sakacrat Environmental Research Station, Nakhon
Ratchasima, Thailand (14°29°29°N, 101°55°05”’F,
clevation 535 m.a.s.l) during 2005-06. Soil
respiration was determined by hourly automated
closcd chamber method, operated with a CR10 data
logger (Campbell Scientific). Soil respiration was
measured using closed-part CO; Analyzer (LI-820,
Licor) and pneumatic cylinder system chamber
which is 20 ¢m in diameter and 20 ¢cm height. Soil
moisture contents at 10 and 50 cm depths were
measurcd using TDR (CS615, Campbell Scientific).
Rainfall and soil temperature also were recorded by
an automatic weather station throughout the study.

The hourly soil temperature, rainfall, soil
moisture content at 10 cm depth and soil respiration
data during study period are displaycd in Figure 1.
The results showed that there were remarkable
scasonal changes in the soil respiration rate and soil
moisture content at 10 cm depth. Soil respiration
rates in rainy scason (July-November) were found
to be greater than those in dry scason
(December-June). The highest soil respiration rate
was found to be 11.220 umol/m’s in November
whilc the lowest one was 1.241 umol/m?/s, found in
February. The soil respiration rates  varied
significantly with soil moisture content at 10 cm
depth with r = 0.76.
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Figure 1 The hourly soil temperature, rainfall, soil
moisture content at 10 cm depth and soil respiration data
during study period
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EFFECT ESTIMATION OF ENVIRONMENTAL FACTORS AND SOIL
PROPERTY ON TOPOGRAFICAL VARIATION OF SOIL RESPIRATION
- THE CASE OF EXTREMELY IMMATURE AND MATURE FOREST SOIL

K. Tamai', Y. Kominami?, T. Shimizu', T. Miynmaz, Y. Ohnuki' and Y. Ohtani®

'Kyusyu Research Center, Forestry & Forest Products Research Institute, Kumamoto. Japan
’Kansai Research Center, Forestry & Forest Products Research Institute, Kyoto, Japan
3 Forestry & Forest Products Research Institute, Tsukuba, Japan
The topographical variation of soil respiration (:mgCO,m s ') and the effect by environmental
factors and soil property arc compared between extremely immature forest soil in Yamashiro Experimental
Site (YES), Kyoto, Japan and mature forest soil in Kahoku Experimental Watershed (KHEW) in
Kumamoto, Japan.

The two observation sites were settled at ridge and bottom of gully. The difference of altitude between
them is around 30m. F,was measurcd by automatcd chamber installed IRGA from July 2004 to Junc 2005
in YES. The four obscrvation sitcs were settled at top, upper, middle and base part of south faced slope
with around 70m height. Each plot had 24 colors and measured F,. by manual chamber installed IRGA at
once or two times in a month from August 2005 to August 2006 in KHEW. The soil temperature (7;: °C)
and soil moisture (0: m* m™) at 5em depth were also monitored at every 6 plots.

When F, was cxpressed with Eq.(1) for cach plot, paramcters a, b and ¢ were gained as Table 1.

Table 1 The parameter values in Eq.(1) at each plot

YFS ‘ KHFW

I =albxp(bT, )(L) Q) ‘ ‘
0+c a | 01111 00424 001589 ° 00357 00464 00904

The difference of estimated annual /. from b | 01000 00878 00890 00969 01049  0.0A19
the standard plot was —0.461COsha’'year’ in —c 1 06752 01368 01989 04716 06935 04648
YES and =9.45 - +1.27tCOsha'year” in KHEW. The standard plots were bottom of gully and middle part
of slope in YES and KHEW, respectively. The effects of 7, and parameters in Eq.(1) on the difference
of I, were shown in Table-2. The large absolute values of cach cffect means the large effect on the
difference of F<.. The result reported by Palmroth ef al. (2005) was also shown in Table 2. They dealt with
the adjacent forests on flat terrain in north-west USA.

In KHEW, the paramecter effects were larger than other cases. The parameter effect is thought to
indicate the effect of the soil property difference. The soil in KHEW was thought to mature individually in
cach topographical part by individual condition. Thus, the soil property is supposed to be diffcrent from
cach other at cach topographic part and cffect on the soil respiration individually. In the case reported by
Palmroth ef al. (2005), the forests were located on the flat terrain and soil property difference between
plots is supposed to be smaller than KHEW.

On the contrary, the parameter cffect in YES is much smaller than other case. The forest soil in YES is
cxtremely immature and the difference of soil property at cach topographic part is thought to be small and
effect on the soil respiration in similar.

Table 2 Estimated cffcct of environmental factors and paramcters in Eq.(1)

YES KHFW NF- UISA(Panroth af Al 2005)
Ridge Gully Base. _._ Mdde Upper Top Pine Plantation HardWhod
Estimated F. (0 ha'year')l 2156 2110 1442 2387 2513 2479 41.80 5166
Deifference of Fc from the standard] Standard Standard .
ste (1COa 'vear | te -046  -945 e 127 092 Stendardsite 9.86
Effect of O (tCO-ha 'vear ) 166 389 -190  -455 279
Eifect of T« (tCO:ha 'vear ) 2210 -174 -048  -054 4.40
Eifect of parameters (tCO-ha 'vear ') 020 -984 441 761 267

Reference: Palmroth ef al. 2005, Global Change Biology. 11: 1-14.
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THE EVALUATION OF ROOT RESPIRATION USING SOME MATHODS IN
TEMPERATE DECIDUOUS FOREST OF CENTRAL JAPAN

. . . 3 r . 1
M. Dannoura', Y. Kominami’, K. Tamai®, M. Jomura', T. Mlyamaz, Y. Goto', and Y. Kanazawa

!Graduate School of Science and Technology, Kobe University, Kobe, Japan.
’Kansai Research Center, Forestry and Forest Products Research Institute, Kyoto, Japan
Kyushu Research Center, Forestry and Forest Products Research Institute, Kumamoto, Japan
"Forestry and Forest Products Research Institute, Tsukuba, Japan

When we evaluate the net ecosystem exchange of CO; in forest ccosystems using the eddy covariance
methods, it is necessary to compare the input and output of carbon to/from compartments that forest
composed of. Becausc measurements of cach component of respiration are required to provide a complete
picture of carbon exchange for a complex forest, the chamber method may offer a significant advantage
over the eddy covariance method because it provides accurate, continuous, direct mcasurements of
respiration that are largely unaffected by atmospheric conditions such as wind. Morcover, belowground
processes play an important role in the carbon cycle of the biosphere. Soil respiration is the main pathway
for carbon moving from the ecosystem into the atmosphere (Ryan and Law, 2005) and can strongly
influence net ccosystem exchange. However, the efflux from a soil surface is an assemblage of multiple
belowground processes such as decomposition respiration and root respiration. In this study, we try to
cvaluate cach compartments of forest carbon cycle using respiration mcasurcments and biomass
measurcments.

The study was conducted in a mixed forest of deciduous and cvergreen broad-leaved trees including
some conifers at Yamashiro Experimental Forest in Kyoto. The arca consists of very thin soil layer,
immature and originated from granite. Kominami et al. (2003) measured CO, exchange by cddy covariance
methods.

We measured forest biomass in study site and litter and CWD input to forest floor. We measured Rs at
many points and Rr with many samples by chamber method. We developed an automatic chamber system
for measuring CO, flux of fine root. At the same time, Rs and

CO; flux from B layer were measured. At cach chamber, CO, [—| {}
flux was measured at 35-min intervals, and soil temperature Photosynthesis o
and water content were measured continuously from April 1L Reslp"a“""
2004 to May 2005. Wc¢ combined somc methods for ‘\/ Lji

cstimation of Rr becausc it is difficult to build the technique to N
separate accurately Rr from Rs. RN 74

From annual measurcment of R and Rs, we cstimated the
carbon output from forest floor. We found the differences of

Soil respiration

Heterotrophic
respiratiol

Autotrophic
resplration

CO,flux from

responsibility to environmental factor between root and soil mineral soil

respiration. These results suggested that it is important to
analyze Rr scparatcly for discussion and modeling forest
carbon cycle. Morcover, we found that finc root plays an
important role in Dbelowground carbon cycle and the
importance of measurcment of root litter, though there is no
data yet.

Mineral soil

Fig 1. The illustration of carbon cycle of forest
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CONTRIBUTIONS OF ROOT AND MICROBIAL RESPIRATION TO SOIL
RESPIRATION FOR ABIES HOLOPHYLLA AND QUERCUS MONGOLICA
STANDS OF CENTRAL KOREA

J.W. Koo', Y. Son'", N.J. Noh', R.H. Kim', K.W. Sco', N.Y. Chae’ and J. Kim®
'Korea University, Seoul, Korea
? Yonsei University, Seoul, Korea

To investigate contributions of root and microbial respiration to
total soil respiration, trenched plots and control plots were sct up in
Abies holophylla and Quercus mongolica stands at Gwangncung
Experiment Forest of central Korea in October 2004. Soil respiration,
soil temperature, soil water content, soil pH, and soil microbial activity
were measurced from June, 2005 through May, 2006. There were no
differences in total annual soil respiration (t C/ha/yr) between A.
holophylla (9.4) and Q. mongolica (7.9) stands. Contribution of root
respiration to total annual soil respiration was 39% for A. holophylla
and 35% for Q. mongolica stands. Soil temperature was not different
between A. holophylla (13.207) and Q. mongolica (14.607) stands. Soil
water content for the A. holophylla stand (12.8%) was lower than that
(14.2%) for the Q. mongolica stand. Soil pH for the A. holophylla
stand (4.8) was lower than that for the Q. mongolica stand (5.0). Soil microbial activity (0g hydrolyzed
FDA/min/g dry soil) for the A. holophylla stand (8.2) was higher than that for the Q. mongolica stand (6.5).
Soil respiration for both stands was related with soil temperature (p<0.001). And soil respiration for the (.
mongolica stand was related with soil microbial activity (p<0.01), however, that for the A. holophylla stand
was not related (p>0.05). Contribution of root respiration to soil respiration for both stands was related
with soil tempcrature (p<0.05) in the study period except winter.

Fig 1. The picture of cstimating
total soil respiration
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COMPARISON OF ECOSYSTEM RESPIRATION OF WINTER-WHEAT
MEASURED WITH EDDY COVARIANCE AND STATIC CHAMBER

7.M. Zheng", GR. Yu', Y.S. Wang?, T. Song®
!Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing, China
Institute of Atmospheric Physics, CAS, Beijing, China
INanjing University of Information Science & Technology, Nanjing, China
‘Graduate School of the Chinese Academy of Sciences, Beijing, China

Aim of the paper is to compare the measurcments of ccosystem respiration of a winter-wheat cropland
in North China Plain during the growing season(March to June) of 3 ycars(2003-2005) using cddy
covariance and static/GC chamber. Most of the chamber measurcment were made in darkness, cither
during nighttime or during daytime by covering wheat and ground. The average difference of air
temperature inside and outside the chambers was 1.2°C after data quality control for minimizing the
environmental disturbance. Half-hourly nocturnal flux values were excluded when the friction velocity(u*)
was <0.12 m s™', sensor variance was excessively high or extremely low, rain was falling. The available
nocturnal half hourly data were 25%, 33%, 31% for analysis in growing scason of 2003, 2004, 2005. The
study showed that the measurcments of ecosystem respiration using chamber at nighttime is 16% higher
than that of eddy covariance during the growing scason of 2003. Continual nocturnal half-hourly
ccosystem respiration cstimates of chamber were derived by extrapolating the relationship between diurnal
ccosystem respiration and air temperature, LAl Nocturnal eddy covariance mecasurements were good
correlated to nocturnal chamber estimates in 2003(R?=0.63) and were only 11% lower than the latter, but
poorly corrclated to chamber estimates of ccosystem respiration in 2004 and 2005. When the nocturnal
friction velocity was 0.25-0.4 m s™', two measurements all had good agreement in the 2004 and 2005 which
may suggest that the u* was an predictor of good nocturnal eddy covariance measurements. Correlations of
daily nocturnal measurements by eddy covariance and chamber were good (R2=0.895, 0.515, 0.497) and
chamber measurements had 10.7%, 38.5%, 2.4% higher than cddy covariance measurements during the 3
years.

-94 -



P57

DIVERSIFIED EVALUATION OF CARBON BALANCE AT
WARM TEMPERATE FOREST IN JAPAN

Y. Kominamil, T. Miyamal K. Tamniz, M. I):umouras, M. Jomura® and Y. Goto'
and Y.Kanazawa®
Kamal Research Center, Forestry & Forest Products Research Institute, Kyoto, Japan
*Graduate School of Science and Technology, Kobe University, Kobe, Japan
l\ ushu Resuu(h Center; Forestry & Forest Products Research Institute, Kumamoto, Japan
‘Forestry & Forest Products Research Institute, Tsukuba, Japan

Estimation of carbon balance and structure of forest ccosystem is an important subject for long term
evaluation of forest carbon dioxide exchange. In a temperate deciduous forest in Japan situated complex
terrain, Total carbon balance was estimated using micro-meteorological method, chamber methods (leaves,
stems, root, soil CWD) and biometric methods.

Materials and methods

The study was conducted in the Yamashiro Experimental Forest (temperate secondary broad-leaved
forest in central Japan, 34°47°N, 135°50°E). Quercus serrata is a dominant species in the site. The arca of
the site is 1.7ha, annual mean air temperature was 15.5 °C and annual precipitation was 1449 mm in 2002.
Tower CO, flux have been measured from 2000. Above and below ground net primary production werc
estimated based on allometric relationships and DBH census from 1994, CO, flux from foliages, stems and
roots was estimated using automated chambers and LAI and root biomass mcasurements. CO; flux from
soil (Fs) was estimated by 4 automated and 160 manual chambers. CO, flux from CWD was estimated by
2 automated and 192 manual chambers measurcments and CWD census. Carbon balance of litter was
estimated by RothC model and litter trap mcasurements. By integrating each CO; flux measurement and
various censuses, carbon balance of YMF was estimated.

Results and Discussion

i witl " NEP 1.9
Comparing " Carbon balance of YMF GPP 14.5
daytime  CO, uptake, ] "y ‘
. R T unit (lc ha-l year-l) Ra 7.85~9.23 (mean) 8.5
nighttime respiration was Rh 5.25~6.63 (mean) 5.6

relatively high in warm
temperate forest caused by
warm temperate
environment. Therefore
accurate  cstimation  of
nighttime  respiration  is
required Carbon meg Biomass R-Smag 0.17
accumulation in soil was above G 510 ~ cwDInpuogl

consfderably smal.l .causcd ' AP+108 ‘

by hlgh. dcconhnposn.lon ra.tc Below G 13.5 RSOM 228 . Relog 033
comparing with C input in ‘ :

| Rsoil 83 -
‘CAL(!') ) R CWD 0.5
smcaured 6,99, 0 =

R above ground 3.8

AP+0.40 R-root 4.05
forest floor. As chamber
. R-under Blayer

measurements  had  high 138 ‘
variations cspecially in soil Ruroot liter CWD Bibmass
respiration  measurements, 0.98 Log P36
1 i 1 1 AP-0.26
diversificd cvaluation using . o

nag .
another measurcments (cg. : N ; , e e pos
biometric)  should  be : =

required in adopting chamber measurcments in NELE estimation.
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LONG TERM ESTIMATE OF ABOVEGROUND PRODUCTION BY A TREE
RING ANALYSIS IN A TEMPERATE BROAD-LEAVED SECONDARY FOREST
IN JAPAN

N.Misawa!, M.Jomura', Y.Kanazawa' and Y.Kominami?

! Graduate school of Science and Technology, Kobe University, Kobe, Japan
2Forestry and Forest Products Research Institute, Kansai Research Center, Kyoto, Japan

Influence of climate change due to increase of atmospheric CO, content on forest ecosystem should be
cvaluated. The long-term data of forest productivity is needed to evaluate the influence of climate change on net
ccosystem production (Jacoby and I’ Arrigo, 1997). The tree ring analysis is a useful method to calculate
long-term annual aboveground production (AGP) which is important part of net ecosystem production’s
estimation (Graumlich et al, 1989).

The objective of our study is to determine long-term changes in AGP of a forest by a tree ring analysis. We
estimated annual AGP as multiplied wood density by annual volume increment calculated from ring width. We
examined annual AGP variation in relation to environmental factors such as monthly mean air temperature and
monthly precipitation.

Materials and methods [ ) Qserrata q
The study was conducted in the Yamashiro Experimental Forest (temperate a dominant specics in the study site
secondary broad-leaved forest in central Japan, 34°47°N, 135°50°E). Quercus serrata ‘ 0
is a dominant species in the site. The arca of the site is 1.7ha, annual mean air
temperature was 15.5 °C and annual precipitation was 1449 mm in 2002. Tree census [ ring-width serics ]
was conducted in 1994, 1999, and 2004. About 40 trees were harvested and allometric ofeach sample
rclationships were obtained for the biomass and production estimation in the site. + ®
Mcthod of this study was shown in Fig.1. - ; :
®Increment cores of Q. serrata (n=22) were obtained from the stem at the breast [ cross-dated ring-width scries ]
height ofeach sann)lf:®
and cach tree’s ring widths were measured. . +
@Ring-width serics of samples were cross-dated by visually, and cross-dating was annual biomass change ]
verified by using COFECHA program. It was confirmed whether there was a __ofcach sample tree
synchronism among them by cross-dating. l @
@Biomass change of cach sample tree was calculated using the ring-width series,

wood density of each tree and the allometric relation between diameter at breast

[ annual bionass change ]
height and AGP.

of the site

@®We assumed that the ccosystem biomass from 1994 to 2004 in the site was ®
proportional to the summation of the biomass of 22 samples of Q. serrata, and (annual production changc]
applied the total biomass change in Q. serrata for current 20 ycars to the ecosystem { of the site
biomass change in the site. l ©®

®We estimated annual production change of the site during this period as the
annual difference of the biomass change. relation between annual A GP variation

® We examined annual AGP variation in relation to environmental factors, such and environmental factors

as monthly mean air temperature and monthly precipitation.
Fig. | Method of this study
Results and Discussion
We could find the synchronism after 1980 among ring-width serics of Q.serrata.
The average annual production change was 2.3tC ha™ year’!, and it ranged from 2.6
to 1.11C ha™ ycar'].
We analyzed the relationships between carly-wood, late-wood width and environmental factors (monthly
mean air temperaturc and monthly precipitation) by a simple linear regression analysis. As a result, late-wood
width which highly contributed to annual ring width had a negative relation to summer temperature, and a
positive relation to summer precipitation.

References
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SEASONAL VARIATIONS IN LEAF AREA INDEX
AT THE KOFLUX GWANGNEUNG WATERSHED IN KOREA

S. -B. Park', M. Kang', J. Limz, J. Chunz, S. Park', Y. Kim’,
T. Hwang*, N. Chac', T. Choi*, S. Kang®, S. Moon' and J. Kim'
'Dept. of Atmospheric Sciences, Yonsei University, Korea;
’Korea Forest Research Institute, Korea, *Dept. of Geography, McGill University, Canada;
‘Dept. of Geography, University of North Carolina, USA;
SKorea Polar Research Institute, Korea Ocean Rescarch and Development Institute
Detp. of Environmental Science, Kangwon National University,

Leaf arca index (LAI) is onc of the fundamental variables that arc critical to analyze and synthesize
various ecophysiological and biophysical measurements to ascertain water and energy exchanges in key
terrestrial ccosystems. Information on LAI not only reflects the phenology of the site vegetation but also
connects the changes in ccohydrological conditions to the observed fluxcs of carbon and water at the study
site. KoFlux Gwangncung forest (designated as a National Arborctum) is located in the west-central part of
Korean Peninsula (37°4525.37"N, 127°9'1 1.62"E, 280~470 m above m.s.l). The study site is dominated by
an old natural broadlcaf deciduous forest of Quercus sp. and Carpinus sp. (80-200 ycars old) along with
scattered coniferous (e.g., Abies holophylla) and mixed forests, representing complex and heterogenecous
landscapes of the country. We have measured LAI since 2001, using various methods at different locations
at the site by different rescarch groups. In this presentation, all the available LAI measurements made from
April 2001 to September 2006 were combined and analyzed to characterize its seasonal variations at the
site and to cventually comparc with LAls estimated from MODIS (Moderate Resolution Imaging
Spectroradiometer) products. The information on the seasonal and spatial distributions of LAI, when
combined with knowledge of other ccohydrological and biogeochemical measurements will provide a
means of understanding and predicting components of energy, water and carbon cycles in this important
ecosystem.

Acknowledgment: This study was supported by a grant (code: 1-8-2) from Sustainable Water Resources
Research Center of 21st Century Frontier Research Program, the Eco-Technopia 21 Project and BK21
Jrom the Ministry of Environment, Korea. And I am very thankful to Jeongshim Kim, Jaeyoung Lee and
Kyunghee Kim for collecting data.
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DEVELOPMENT OF OUTDOOR INSTALLATION TYPE LASER SCANNER FOR
CONTINUOUS MEASUREMENT OF TREE HEIGHT AND PLANT AREA
DENSITY

T. Takeda', H. Oguma' and Y. Fujinuma'
] N . . .
National Institute for Environmental Studies, Tsukuba, Japan

In order to estimate carbon storage and fixation of a forcst, usage of the lascr measurement technique was
rapidly spread in recent years. For example, tree height was measured by an air-borne LIDAR and canopy
structure was measured by a ground-based laser scanner (Takeda e al. 2005). But these measurements require
high cost and were influenced by weather. The aim of this study is to develop the outdoor installation type
laser scanner which can be measured automatically.

The outdoor installation type laser scanner was manufactured by
attaching a laser range finder (LD90-3100HS, Riegl) put in a
waterproof case to a pan-tilt rotation stage (PTU-D46-70, Directed
Perseption, Inc.) (Fig.1). It was placed at 28.7 m height on the CO,
flux observation tower in Fujihokuroku Flux Observation Site
(35°26'N, 138°46'E ) in Fujiyoshida, Yamanashi, Japan. A
mcasurement was conducted at night in every two days, because
atmosphere was stable and noise of radiation to the laser range finder
was little. The tree height was estimated from DCHM (Digital
Canopy Height Model), which was calculated by difference of DTM
(Digital Terrain Model) and DSM (Digital Surface Model), these
were calculated from three-dimensional coordinates by which the
lascr beams were intercepted. The profile of plant arca density
(PAD) was estimated from a probability which the lascr beams pass
through the horizontal layers in the forest.

The laser scanner operated correctly in fine days, but it did not
operate correctly in rainy days or foggy days. So, only data
measured in fine days were used to calculate the tree height and the
PAD. Fig.2 shows the distance image measured by the laser scanner
in September 5, 2006 and fisheye photograph. In order to verify an
accuracy of tree height, it was compared with a ground mecasurement
for the total number of trees and the histogram of trec height.
Although the total number of trees mcasured by the laser scanner
was smaller than mcasured by the ground measurcment, good
coincidence was obtained by the tall trees higher than 20m which
have a large number in this site. In order to verify the profile of PAD,
the measurement by the plant canopy analyzer (LAI-2000, Li-Cor)
was conducted on each floor of the tower. A clear distinction of
canopy space and trunk space, and PAD in the layer higher than 20
m was seen in the measurement by the laser scanner, but these were
not scen in the measurement by the plant canopy analyzer. These
results indicated that the laser scanner was suitable for the
measurement of PAD rather than the plant canopy analyzer.

Fig. 1 Outdoor installation type laser
scanner.

Fig. 2 Distance image measured by
laser scanner (upper) and fisheye
photograph (lower).

Reference
Takeda T., H. Oguma, Y. Yonc and Y. Fujinuma, 2005, Comparison of lcaf area density measured by laser
range finder and stratified clipping method. PHY TON-ANNALES REI BOTANICAE, 45: 505-510.
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THE RESPONSE OF TROPICAL FOREST PHOTOSYNTHESIS TO
SEASONAL VARIATIONS IN LIGHT CONDITIONS IN THE
AMAZON REGION

D. Dyec
JAMSTEC Frontier Research Center for Global Change, Yokohama, Japan

This study cxamines radiation-related factors associated with seasonal and interannual variation in
model-simulated gross photosynthesis of tropical evergreen broadleaf forest in the Amazon region. An 11-
year climatology is produccd for photosynthetically active radiation (PAR), canopy-absorbed PAR, and
model-estimated gross photosynthesis. A sun-shade model of canopy photosynthesis was employed to
simulate mid-day rates of gross photosynthesis. The analysis was performed on both regional and local
scales. Previous studies have demonstrated that the PAR regime influences photosynthesis directly by
affecting (a) the total encrgy available for photosynthesis (via total PAR), (b) the spatial distribution of
PAR within the canopy (via diffuse PAR), and (c¢) the spectral composition of diffuse PAR. Factors (b)
and (c¢) dircctly influence photosynthetic rates through their effect on canopy light usc efficiency.
Evidence of this influence is apparent in the present analysis. The diffuse PAR fraction is a key
determinant of how gross photosynthesis responds to variations in total and/or diffuse PAR. Generally,
high diffusc PAR fractions indicatc both sunlit and shaded lcaves are light-limited, whercas low diffusc
PAR fractions indicate light limitation by only shaded lcaves. Among ycars, mid-day rates of gross
photosynthesis typically exhibit positive corrclations with total PAR (sum of direct and diffuse PAR).
Negative correlations with total PAR and positive correlations with diffuse PAR are observed in limited
regions and months. Whercas the majority of the Amazon region exhibits high diffusc PAR fractions
(>0.75) throughout the ycar (even during dry scason), the southcastern region in particular has lower
values (<0.5) on a seasonal basis. Potential changes in the Amazon PAR regime associated with climate
change may be expected to directly influence rates of gross photosynthesis.  These results reveal the
unique spatiotemporal patterns of light limitation in the Amazon and its dependence the ambient conditions
of PAR scattering and extinction by clouds. Accurate modeling and monitoring of vegetation-atmosphere
carbon exchange in moist tropical forest depends in part on accounting for these conditions.
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TRACER VALIDATION OF LAGRANGIAN ANALYTICAL SOLUTION INSIDE
AND ABOVE A FOREST CANOPY

J. Hong' , ML Y. Leclere', G. Quiz, J. Warlan(lz, A. Karipot', G. Zhang',
T. Watson", R. Dictz’, K. Lewin“, J. Nagy3 and G. Starr®
'"Lab for Environmental Physics, The University of Georgia, Griffin, GA, USA
2University of Guelph, Guelph, Ontario, Canada
3Brookhaven National Lab, Upton, New York, USA
*Queen s University, CUNY, New York, USA
’School of Forest Resources and Conservation, University of Florida, Gainsville, Florida, USA

A two-dimensional Lagrangian analytical model was recently proposed to relate source strength to
concentration profiles within and above a plant canopy. This new model is able to describe passive scalar
dispersion even in conditions of local advection and permits horizontal inhomogencity of a tracer ficld.
This new approach appears to be a significant step forward in canopy diffusion modeling, relying on
gradient-diffusion relationships and horizontal homogeneity. This new model, therefore, has broad
application arcas such as flux and concentration footprint estimation and stable isotope modeling inside a
plant canopy.

A thorough validation in rcal outdoor conditions is essential and the present work is an extension of
preliminary validations donc with wind tunnel experiments and incomplete data set in the field. The
paucity of suitable experimental data in natural vegetation canopics has hindered us from improving the
model and extension to other applications. In this respect, a tracer experiment can provide us with a
powerful tool to evaluate the performance of the Lagrangian model. Tracer concentration profiles were
measured inside and above a managed pine forest at the Florida AmeriFFlux site in 2004 and 2006. During
this experiment, several passive tracers were released at two different levels from a line source and tracers
concentrations measured at ten levels above the surface.

This poster reports on profiles of turbulence statistics measured with three-dimensional sonic
anemometers and discusses the sensitivity of the Lagrangian analytical model to the various turbulence
scales used and their impact against these turbulence scales on the profiles of concentrations measured
inside and above a forest canopy for a varicty of environmental conditions.

Acknowledgements This study is supported by the U.S. Dept. of Energy, Office of Biological and
Environmental Research, Terrestrial Carbon Processes Program.
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SURFACE FLUX PARAMETERIZATION SCHEMES FOR BARE SOIL
SURFACES: PHYSICS AND SCHEME EVALUATION
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Bare soil is a major landscape in arid and semi-arid regions. Heat flux parameterization schemes for
bare soil surfaces play a crucial role in modeling land-atmosphere interactions in this region and they arc
also a basis for developing sparsc-canopy heat transfer schemes. This paper presents relationships of
thermal roughness lengths (zoy) with acrodynamic roughness lengths (zo,) and flow state for cight
acrodynamically rough bare soil surfaces in arid and semi-arid regions. These sites represent a variety of
conditions of surface roughness lengths (0.5 mm ~ 10 mm) and sensible heat fluxes (<50 W m™ ~ 400 W
m?). It is shown that zy, and parameter kB™ (= In(zon/za)) exhibit clear diurnal variations for each site, with
higher values in the daytime and lower values in the nighttime. Mecan values of 8™ for the individual sites
increases with zy,, while zy, decreases with it. As a result, Cp (momentum transfer cocfficient) increases
faster than Cy (heat transfer cocfficient) with the surface roughness length. Parameter kB often becomes
ncgative at night for moderatcly rough surfaces (2o, ~ | mm) and even in the daytime for relatively smooth
surfaces (zo,, < | mm). This indicates that the widely accepted excess reststance for heat transfer can be
negative, which cannot be cxplained by current theorics for acrodynamically rough surfaces. Further
analysis shows that the diurnal variations of zg, depend on the flow state, because In(zgy) is most correlated
with w2 7", though not strongly for smooth surfaces (zp, < I mm). Based on these results, we
cvaluated performances of five k8™ schemes at these bare soil surfaces. We identified one scheme that has
an overall better performance and is able to reliably estimate surface turbulent {luxes at all the sites, while
other schemes of interest may systematically over-estimate or under-cstimate heat fluxes at some sites or
have a limited applicable range. The different performances result from how well a scheme can produce the

major characteristics of heat transfer over bare soil surfaces.
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SCALING CARBON DIOXIDE AND WATER VAPOR EXCHANGE FROM LEAF
TO CANOPY IN A LOWLAND DIPTEROCARP FOREST

S. Takanashi ', Y. Kosugi ' N. Matsuo ', S. Ohkubo I M. Tani', and A. R. Nik?
" Kyoto University, Kyoto, Japan
‘Forest Research Institute Malaysia, Kuala Lumpur, Malaysia

The exchange of both carbon dioxide and water vapor by terrestrial ccosystems affects global warming and
plays an indirect role in the regulation of the surface temperature of the planct. Tropical rain forest, in
particular, plays an important role in climate change because of their large plant volume and complexity. Since
the gas-cxchanges in a forest arc related to various complicated physical and physiological processes and
factors interactively, more precisely analyses based on an individual leaf studics linked to other processes,
including light and rainfall intcrception, scalar and energy transfer, soil respiration process arc needed. In order
to understand how interactions between environmental factors and Ieaf-level physiological parameters might
impact a canopy-level CO, exchange, we developed and parameterize a multi-layer forest model in a tropical
lowland dipterocarp forest in Peninsular Malaysia.

Observations were conducted at the Pasoh Forest Reserve where is about 70 km southcast of Kuala Lumpur,
Peninsular Malaysia (2°58° N, 102°18° E). The core area (600 ha) of the reserve is a primary lowland mixed
dipterocarp forest, consisting of various specics of Shorea and Dipterocarpus. 'The continuous canopy height is
approximately 35 m, although some emergent trees exceed 45 m. In order to parameterize a leaf submodel of
the forest model, we measurcd gas-cxchange characteristics at the scale of a leaf using a leaf chamber and at
the scale of a whole forcst by cddy covariance method. We scale from leaf level gas exchange to a canopy
using the information of a canopy structure, such as a profile of lcaf arca index, a distribution of lcaf
inclination angle, clumping index.

Leaves in the canopy of the Pasoh Forest Reserve showed patchy stomatal behavior, and the results
indicated that the afternoon depression in apparent photosynthetic capacity in dipterocarp lecaves was mainly
caused by patchy stomatal closurc. Apparent photosynthetic capacity at the scale of a single leaf was modeled
and scaled with cumulative Icaf arca index to a canopy. The diurnal patterns of energy, H,O and CO; fluxes
above the canopy were investigated using the multi-layer model that considered patchy stomatal closure. Both
bimodal and homogencous stomatal opening distributions were simulated, and the results indicated that the
observed negative relationship between CO, absorption under light-saturated conditions and vapor pressure
deficit were not sufficiently cxplained by stomatal closure alone, for homogencous stomatal opening
distributions. For bimodal stomatal opening distributions, howecver, a greater depression in  canopy
photosynthesis was found with incrcased atmospheric vapor pressure deficit. The diurnal changes in CO, flux
accumulated until cach layer indicated the afternoon depression in canopy photosynthesis, which was almost
completely explaincd by the assimilation depression of leaves above >30 m in the canopy that was caused by
bimodal stomatal closure, although the assimilation of lower leaves was not limited by bimodal stomatal
closure. We concluded that the diurnal change in NEE at the Pasoh Forest Reserve could be accurately
cxplained with the modified multi-layer model by considering patchy stomatal closure. Thus, the midday
depression in canopy photosynthesis was mainly caused by patchy stomatal closure.
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GPP DYNAMICS OF AN OLD-GROWTH CHINESE MIXED FOREST:
SCALED BY VPM MODEL

J. Zhang', S. l'lan', X. Xiao? and G. Yu®
I Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang, China
2 Institute for the Study of Earth, Oceans, and Space, University of New Hampshire, Durham, USA
3 Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences,
Beijing, China

Remote sensing techniques provide ideal tools to validate and scale up flux measurements of single
tower. In this paper, a satellite-based Vegetation Photosynthesis Model (VPM) was applied to simulatc the
annual and scasonal dynamics of GPP fluxes of a old-growth Chinese mixed forest. The VPM model uscs
two improved vegetation indices(Enhanced Vegetation Index (EVI), Land Surface Water Index (LSWID)).
We used there years (2003-2005) images from the MODIS sensors and CO,; fluxes data form a flux tower
site in Changbai Mountain, Jilin Province,China. .

Fluxes were measured using micro mectcorological methods and routine correction were applied to
fluxes time series. Neural network technique was used to fill gaps in the hourly fluxes time scries and to
predicate daytime RE.

The predicted GPP values agreed reasonably well with the GPP estimated from the measured NEE time
series. This study highlighted the biophysical performance of improved vegetation indexes in relation to
GPP and demonstrated the potential of the VPM model for scaling-up of GPP although somc
improvements are necded.
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MODEL VALIDATION OF NET ECOSYSTEM CO,; EXCHANGE AT ASIAFLUX
SITES: TOWARD CARBON BUDGET IN EAST ASIA

A Tto "?
! National Institute for Environmental Studies, Tsukuba, Japan
2 Frontier Rescarch Center for Global Change, JAMSTEC, Yokohama, Japan

Process-based carbon cycle models are an essential tool for carbon budget studices to interpret and intcgrate
observational data and to extrapolation them for time and space. Therefore, validation of the models used in
rcgional carbon budgeting is an important task, which determines the credibility of estimation.

We have developed a process-based terrestrial ccosystem carbon cycle model, on the basis of a simple
model (Sim-CYCLE; Ito and Oikawa, 2002), for the purposc of evaluation of East Asian carbon budget, in
conjunction with various observational data. The modified model consists of four sectors (Fig. 1), canopy trecs,
floor shrubs and grasses, dead biomass, and mineral soil, cach of which is sub-divided into a couple of
functionally different components. The model simulates specific carbon flows among the atmospheric CO; and
ccosystem carbon pools: photosynthetic assimilation (gross
primary production, GPP), allocation, plant autotrophic
respiration (AR), litter fall, and soil microbial heterotrophic
respiration (HR). The ccosystem carbon budget (net
ccosystem production, NEP) is obtained as NEP = GPP —
AR - HR, and the difference in environmental
responsiveness of the carbon flows produces complicated
spatial and temporal variations. Ecophysiological parameters
used in the model were mainly obtained through calibration pnts
using observational data of the ccosystem surveys such as (S0s2
plant biomass, soil organic matter, litter fall, and net primary
production. Additionally, the model was improved by
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important leaf properties such as maximum carboxylation
ratc and leaf mass per area were parameterized using field
studics to account for leaf aging and acclimation.

Flux measurements of net ccosystem CQO;, exchange (NEL) by the eddy covariance method provide
invaluablc data for validation of NEP (= —=NLI%) estimated by the model. For the carbon budget in East Asia,
data from the tower network of AsiaFlux are available at approximately 20 sites (and about 10 sites in
Southeast Asia and North America). The model was firstly applied to a cool-temperate deciduous broad-leaved
forest in Takayama, central Japan, where we can use the longest record of NEE from 1998 to 2005. The model
simulation was driven by daily metcorological datasct of the NCEP/NCAR reanalysis from 1948 to 2005
corrccted by station data. The model simulated NEP shows, in genceral, a good agreement with observed NEE,
implying the credibility of model simulation. Clear seasonal variation in CO; exchange of the temperate
deciduous forest was appropriately captured. However, the model simulation differed significantly from the
flux data; for example, the model simulated largely higher carbon uptake in the late growing scason in 2004,
probably duc to uncxpected defoliation by tropical cyclone (typhoon). Also, the model simulated higher
ccosystem respiration in non-growing times such as winter dormancy and nighttime; this may be caused by
both observational and modeling reasons of atmospheric stability and snow-pack effect.

Now, we are trying to apply the model to other Asiaklux sites such as evergreen needle-leaf forest in
Fuji-Yoshida, deciduous needle-lcaf forest in Tomakomai, and alpine meadow in Qinghai-Tibetan Plateau, in
order to examine model applicability to a wide variety of ccosystems. The model validation using AsiaFlux
data will improve the reliability of our evaluation of East Asian carbon budget.

Fig 1. Model structure.
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DEVELOPMENT OF A PROCESS-BASED MODEL FOR ANALYZING THE
LAND-ATMOSPHERE EXCHANGE OF CO,, CHy4, AND N,O: PLOT-SCALLE
STUDY IN COMPARISON BETWEEN A TEMPERATE DECIDUOUS FOREST
AND A TEMPERATE CONIFEROUS FOREST IN CENTRAL JAPAN

M. Inatomi', A. 1to"?, S, Mariko® and 1. Koizumi'
'Frontier Research Center for Global Change, Yokohama, Japan
National Institute for Environmental Studies, Tsukuba, Japan
STsukuba University, Tsukuba, Japan
‘Gifu University, Gifu, Japan

Land-atmosphere exchange of greenhouse gases can exert considerable feedback effects on the
human-induced climatic change. However, there remain large uncertaintics in our understanding and
quantification of the greenhouse gas cxchange, owing to complexity and heterogencity of terrestrial
ecosystems. To cvaluate the global warming potential (GWP) rcasonably, we should account for net
budgets of major greenhouse gases, carbon dioxide (CO,), methane (CHy), and nitrous oxide (N,0), each
of which are regulated by different biogcochemical mechanisms. We developed a process-based model of
land-atmosphere cxchange of the major greenhouse gases, on the basis of a carbon cycle model
(Sim-CYCLE). First, methanc oxidation schemes were considered for onc by Potter et al. (1996) and
Ridgewell ct al. (1999), in which CH4 oxidation rate by soil was parameterized as functions of temperature
and soil moisturc. Sccond, schemes of nitrous oxide emission by nitrification and denitrification were
considered for onc by Parton et al. (1996) and Potter and Klooster (1998), in which N,O emission rate
from soil was parameterized as functions of soil inorganic nitrogen, temperature, and moisture conditions.
Preliminarily, we applied the model to a cool temperate deciduous broad-leaved forest in Takayama, an
AsiaFlux site in central Japan, using a time-scrics climate data of the NCEP/NCAR from 1948 to 2004.
The land-atmosphere exchange of the greenhouse gases showed clear seasonal variations: strong nct
uptakes of CO; and CHy and strong N>O cmission in summer. The model estimations were compared with
observations with a flux tower and soil chambers, showing lair agreements. On average during the last 10
years, the model estimated that the temperate forest net absorbed CO; and CH4 at rates of 804.53 g CO,
m 2 yr" and 0.34 g CHy m™ yr™', and net released NoO at a rate of 0.02 g N;O m™ yr™!| respectively. Based
on the 100-ycar GWP of greenhouse gases in IPCC (2001), the forest was estimated to have a negative
cffect of GWP by 807.74 g CO, (cquivalent) m™ yi™". In our forthcoming study, afier modifying the model
for water and nitrogen cycles, we will apply the model to other AsiaFlux sites and cstimate the Asian
greenhouse gas budget. The effect of net greenhouse gas is planed to be evaluated also at a cool temperate
coniferous forest in Fujiyoshida, other Asian flux sites, and to compare with Takayama site.
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MODELING TEMPORAL-SPATIAL WATER AND ENERGY BUDGETS IN
NORTH-EASTERN SIBERIA BY LAND SURFACE MODEL

H. Park ', T. Yamazaki?, K. Yamamoto® and T. Ohta *
"CREST « JST/IORGC, Japan
2 Tohoku University, Japan

3 . .
* Nagoya University, Japan

Synthesis of river-monitoring data reveals that the average annual discharge of major arctic rivers
showed upward trend.  Some studies reported that the increasing trend in discharge relates in part to the
winter warming and incrcased winter precipitation.  In contrast, precipitation shows downward trends in
summer scason, strongest in August (Yang ct al. 2002). However, evapotranspiration (ET) in arctic basin
arcas showed stable inter-annual trend, which seems to be related to both melt of ground ice and increased
winter precipitation input.  However, we do not have enough data about the relationship between vegetation
and water budgel in arctic area.  Thus, we calculated water and cnergy budgets in north-castern Siberia over
15 years using a onc-dimensional land surface model (Yamazaki et al., 2004). The model, divided the
canopy into two layers and then represented the fluxes above and within the canopy, was applied to
north-eastern Siberia bounded by 30° - 72°N and 90° - 180°E, with grid spacing of 0.5° x 0.5°.

Precipitation shows a spatial distribution decreased gradually with latitude, while ET is spatial-largely
scattered.  Spatial distribution of the calculated ET is similar (o the fashion of Scrreze ef af. (2003) who
calculated ET in the arctic area with a climate model.  Furthermore, to demonstrate the soundness of the
calculated ET, ET in Lena watershed was calculated by water budget method based on the measurement of
precipitation and runoff.  Their comparison showed good agrcement.  In an ET-climate diagram, large ET
did match regions of high air temperature and precipitation.  The diagram also represented that the spatiality
of ET was determined by air temperature rather than precipitation.  ET was in significant increasing trend in
the regions dominated by taiga forest and grassland over the 15 years, while air temperature showed
decreasing trend over all arca.  The decrcase of temperature sceims to be correlated the scasonal trend
decrcasing since May, indicated in lLena watershed.  Precipitation in Lena watershed showed a
characteristic scasonal trend increasing at melting period and latc summer. This scasonal pattern of
precipitation could influence on the trend of ET increasing in summer season. The precipitation in late
summer when ET is relatively small does probably contribute to runoff and soil storage, thus the water
flowed into soil would be used for ET of the next year through the freezing period.  Our calculation clearly
showed that precipitation and ET were increasing in warm and welt area over the previous 15 years.  We
anticipate that this study could contribute to understand the change of water and energy fluxes in Asia

continent following to climatic change.
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GROSS PRIMARY PRODUCTIVITY ESTIMATION OF DECIDUOUS
BROADLEAF FOREST BY 3-PG MODEL COMPARING WITH MODIS IMAGE

S. Potithep, T. Endo, P.J. Baruah and Y. Yasuoka
Institute of Industrial Science, The University of Tokyo
Yasuoka Laboratory, 6-1, Komaba 4-chome, Meguro, Tokyo 153-8505, Japan

Gross Primary Production (GPP) is the assimilation of carbon absorption by plants. It can be indicated the
carbon status on the biosphere which is to understand Global Warming, relating to Kyoto Protocol. To
cstimate GPP, there are several representative models. One of those models is 3-PG, namely Physiological
Principles Prediction Growth (Landsberg and Waring, 1997). It is process based model which required the
actual monthly metcorological or the mean monthly metcorological data as the main input data. All
parameters in 3-PG model arc recently used appropriately for Eucalyptus and Pine, but not for the deciduous
broadleaf forest.

In this study, 3-PG model parameterization is done for Deciduous Broadleal Forest to cstimate Gross
Primary Productivity (GPP). The flux tower data from Hitsujigaoka Site (FFPRI), Hokkaido since 2000-2003
is collected for analyzing in this study such as the metcorological data. First, the sensitivity analysis is
cxamined among the meteorological data for checking GPP value how much it vary. From the result, it
showed that the minimum and optimum temperaturcs are the most sensitive to GPP value. The
parameterization is done based on the temperature data in terms of the temperature growth modifier. Figure |
illustrated that the obscrved GPP and the estimated GPP have the relation likely approached to one to one
linc.
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After doing the parameterization, MODIS GPP, 8-days compositc which is integrated into monthly data,
is compared with the estimated GPP from 3-PG model. The comparing method is based on onc pixel basis.
The result is showed in the figure 2. MODIS GPP and the estimated GPP performed a very good relation
which closed to one to one linc. However, both estimated GPP and MODIS GPP are given the
underestimated value when comparing with the observed one from the flux tower data. There is other
parameters rclated to cstimate GPP directly which is still not do the parameterization. Since the
metcorological parameter is only adjusted in this study. Then, the result could be improved the accuracy
appropriately.

Finally, we would like to give a special thanks to Hokkaido Research Center, Forestry and Forest
Products Rescarch Institute (FFPRI) for supporting us the flux tower data as the long time monitoring
metcorological data.
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COMPARISON OF MODIS DRIVEN NET RADIATION OVER A MOUNTANOUS
TERRAIN AND A HETEROGENEOUS FARMLAND
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Yonsei University, Seoul. Korea

Modcrate Resolution Imaging Spectroradiometer (MODIS) senses throughout the earth ncarly twice
per daytime (i.e. onboard TERRA in the morning and onboard AQUA in the aflernoon), and provides a
powcerful tool to monitor various ecosystems periodically. The main objective of this study is to validate
the fully MODIS driven nct radiation for both TERRA and AQUA by comparing with flux tower
mcasurements in a heterogencous farmland and a rugged deciduous forest for clear sky days. We described
the MODIS processing covering land and atmospheric products using IDL / ENVI environment. We also
tested whether MODIS successfully captures diurnal variation of required input variables for calculating
net radiation. The accuracy of MODIS driven data including air temperature, humidity, and total solar
radiation were compared with ficld data measured in national weather stations of Korea. Evaluation against
ficld measurement showed that net radiation were retriecved with overall root mean square crrors of 45
W/m? and 38 W/m? for TERRA and AQUA in the forest site, respectively. MODIS also successfully
retricved diurnal variation of air temperature, actual vapor pressure, and solar radiation with good accuracy.

We also discussed the effect of complexity and heterogencity on the estimation of net radiation.
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APPLICATION OF FIELD OBSERVED FLUXES AND NOAA/AVHRR TO
EVALUATE SEASONAL CARBON BUDGET OF BLACK SPRUCE FORESTS
OVER ALASKA
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'Graduate School of Environmental Science, Okayama University, Japan

“International Arctic Research Center, University of Alaska, Fairbanks

Climate change in northern high latitudes has been remarkable in the past few decades, and the
affection on the mid-latitudes climate has been revealed by regional models and synoptic analyses. Since
the changes in the prolonged vegetation growing period, enhanced decomposition rate of soil organic
matter, and permafrost degradation arc cvidently detected in arctic Alaska and Siberia, to reveal the actual
changing trend of ccosystem dynamics and the carbon budget change arc important to understand the
climate-connection between high latitudes and mid and low latitudes.

We have been observed carbon fluxes at a sub arctic black spruce forest in interior Alaska since 2002
fall, and some controlling factors to the carbon budget were parameterized. As the black spruce forest was
dominant in Alaska’s borcal forests, we applied the both remote sensing and field observation data to
cvaluate the scasonal changes of carbon budget over all Alaska. In the analysis, we made an empirical
model to calculate the carbon budget by using only satellitc data of normalized differential vegetation
index (NDVI) and land surface temperature (LST). The NOAA/AVHRR satellite data (10-days
composite) and obscrved fluxes at the site in 2005 were used to determine the relationship among dataset,
in which outputs of carbon budget analysis tool (CBAT) for the black spruce forests were also integrated
into the model to calculate gross primary productivity (GPP), ccosystem respiration (R..,) and net
ccosystem exchange (NEE). The CBAT is an empirical model designed to analyze observed fluxes.
Model calculations were carried out for ten periods within 2005 growing scason and the calculated NEE,
GPP, and R, agreed well with those measured at the observation site (NEL was shown in the Figure).

The same model paramecters and AVHRR data were applicd to whole Alaska arca to estimate carbon
budget of the ccosystem, and then maps showing spatial distribution of NEE, GPP, and R, over Alaska
black spruce forests were obtained. The distributions of carbon budget showed clear regional differences
in the start time of the growth and the different carbon sink. Black spruce forests were high productivity

at middle-east part of interior Alaska, even though the arca was extremely cold region in winter.

10 T
'-'g 5 1 Seasonal change of obscrved NEE at the black spruce
<\.Z 0 forest sitc in interior Alaska and calculated NEE by the
L%) -5 empirical model with AVHRR data. Gray area represents
Z :2 | . ' o " ‘ ' ' standard deviations of 10-days.
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SPATIAL HETEROGENEITY OF SATELLITE-SENSED FLUX INDICES
RELATED TO EVAPOTRANSPIRATION

S. Moon and J. Kim

Yonsei University, Seoul. Korea

Bridging the gap between scales is the challenge to the flux rescarch community. For the MODIS grid
scale (i.e., 7km x 7km) of the Gwangncung KoIlux site in central Korea, the scale of spatial heterogeneity
is of the order of ~1 km. When we focus on upscaling or downscaling of eddy-covariance flux observations,
smaller extent such as footprint scale of tower flux (c.g., lkm x 1km) is nceded. We sct the two study
extents of Ikm x lkm for the two flux towers in the Gwangncung forest catchment. In this presentation,
representative structural functions such as semivariogram and fractal were used to quantify spatial
heterogencity and directional dependence (i.e., anisotropy) of ET-related variables obtained from
LANDSAT ETM+ imageries and DEM over the montane landscape. The variables include topographically
corrected-normalized difference vegetation index (NDVI), land surface temperature (LST), and
topographic elements (i.e., elevation, slopc angle and slope aspect). Our results show that these indices
have anisotropy, various scales of statistical hetcrogeneity that are less than Ikm and have fractal
characteristics. Implications of these results for sampling strategy, grid scales of ecohydrological modeling,

and satellite image analyses are discussed.
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UTILITY OF SPECTRAL VEGETATION INDEX FOR ESTIMATION OF LIGHT
USE EFFICIENCY IN ARTIFICIAL FORESTS OF JAPANESE LARCH AND
HINOKI CYPRESS IN JAPAN
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'National Institute fo; Environmental Studies, Tsukuba, Jap(m Ilokkaldo University, Teshio, Japan;
SKyoto University, Kyoto, Japan; *Tsukuba University, Tsukuba, Japan; ’National Institute of Advanced
Industrial Science and Technology, Tsukuba, Japan

To clarify the utility of spcetral vegetation index (VI) for estimating light use cfficiency (LUE) of
artificial coniferous forests, we investigated the seasonal variations of canopy spectral reflectance and CO,
flux in young and mature Japanesc larch (Larix kaempferi) forests and mature hinoki cypress
(Chamaecyparis obtusa) forest. In this study, we conducted regression analysis between LUE and eight
VIs (NDVI, EVI, GEMI, SAVI, PRI, CCI, CI, mND7gs) derived from spectral reflectance.

All measurements were carricd out in 3 Asia Flux monitoring sites; Kiryu (hinoki cyplcss) Teshio
CC-LaG site (young larch) and Tomakomai (mature larch) in Japan
(http://www-cger2.nies.go.jp/asiaflux/index.html). In each forest, downward and upward spectral radiance
between 300 and 1100 nm was mcasured with hemispherical spectroradiometers mounted at the top of flux
tower, and the spectral reflectance of forest canopy was derived from their ratio. We calculated mean Vls
around noon (11:00-13:00 JST) bascd on the 1-min reflectance data rccorded under clear sky (defined as
relative irradiance >75% of full sunlight). The ideal maximum irradiance at the ground surface (i.c. full
sunlight) was estimated from the sun position and atmospheric conditions.

LUE was calculated as gross CO, flux (FCQO,) divided by the absorbed PAR (APAR). FCO, was
calculated from canopy CO, flux which was mcasured using a closed-path cddy covariance system and
CO, storage cstimated from temporal changes of CO, concentration. Daytime ccosystem respiration was
estimated from an cxponential rclationship between air temperaturc and nighttime ccosystem respiration.
Since the transmitted PAR through the canopy
was not flllly invcs(igalcd (|lll'ing the Table 1. Listing of Vls used in this study. R ; and D indicate reflectance
experimental periods, APAR was calculated as  value and first derivative of reflectance at wavelength of X nm,
the difference of incoming PAR and reflccted  respectively.

PAR from canopy surface. Index Formulation

In the case of maturc larch forest, all the NDVI (R 357-R 47)/(R 357 R g47)
calculated VIs significantly correlated with daily ~ EVI ((R57-R 7)/(1+R g57+6R 647-7.5R 464))x2.5
mean LUE (P < 0.001, Figure 1). Although the ~ GEMI etax(1-0.25 eta)-(R ¢47-0.125)/(1-R ¢47)
most relationships of LUE and VIs tended to be eta = (2R ysRea)t 1.5 Rgs7+0.5 R )/ (R 557+R 647+0.5)
saturated at the high range VI, CCI and LUE ~ SAVI ((Rys - Resn)(Rgs7+R 4740.5))x1.5
showed good linear relationship with highest PRI (R 531-R 530)(R 531 +R s70)
correlation cocflicicnt. In this presentation, we ccl D720/D 700

Cl (R 350-R 20s)(R 750+ R 205)

summarize the results of regression analysis in
& anaty MND705 (R 950-R 705)(R 150 R 705-2R 455)

each forest site, and discuss the cffects of species
type and tree age on VI usefulness.
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Figure 1. Relationship between Vs and daily mean LUE in Tomakomai larch forest (n = 78).
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! Kasetsart University, Bangkok. Thailand
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! King Mongkut's University of Technology Thonburi, Bangkok, Thailand

Several observation sites have been cstablished to study flux of gas and energy in diverse ccological
systems in Thailand since 1994. While the observations in a few sites, mainly in the south of Thailand,
have been terminated due to various reasons, researches in many other sites continue until now. Existing
flux obscrvation sites in Thailand are located in natural forests, trce plantations and cultivated field crop
plantations all over the country.

Total forest arca in Thailand was estimated at approximately 12.5 million hectare which is cquivalent to
25% of total land in Thailand. Several observation sites were sct up to study flux in major types of forest.
An observation site at Sakacrat is dedicated to study CO,, water vapor and heat exchange in dry evergreen
forest. Another obscrvation site at Maeklong was established to study the metcorological and biological
influence on CO, concentration and flux in the mixed deciduous forest. Rescarches at Kog-Ma watershed
focus on hydro-metcorological studies on hill evergreen forests (lauro-fagaccous forests) which arc wide
spread throughout Southeast Asia in mountainous arca at elevation greater than 1,000 m. In addition, two
new flux sites are planned to be set up at the beginning of 2007. One will be at the third generation dry
dipterocarp forest at Ratchaburi province and another will be at a climax dry dipterocarp forest in Sakol
Nakon province.

There are two existing observation sites in economically important trec plantations. One is located in a
tcak (Tectona grandis) plantation in Lampang province. The initial objectives were to observe and to
model the hydrologic cycle and energy fluxes. The other is located in a rubber (Hevea brasilensis)
plantation in Chachoengsao province. The aims arc to study carbon, water, and energy budget in the
plantation ccosystem. Rubber plantation in Thailand now covers more than 2.5 million hectares.

Rice is the most important ficld crop in Thailand. Growing arca excceds 10 million hectares annually.
One obscrvation site is in rain-fed paddy ficld in Sukhothai province and the other site is in irrigated paddy
field in Pitsanulok province. There is also an observation sitc in a cassava field in Nakorn Ratchasima
province. Cassava planning arca averages more than 1 million hectares. These sites in ficld crop
plantations were established in the Global Energy and Water Cycle Experiment.

Most of these obscrvation sites were cstablished through collaborations with and/or assistances from
many scicntists from international institutes and agencies, mainly from Japan (National Institutc of
Advanced Industrial Science and Technology, Tokyo University of Information Studies, Tokyo University
of Agriculture and Technology, ctc.) and France (Centre de coopération internationale en recherche
agronomique pour le développement and French National Institute for Agricultural Research).

With the encouragement from AsiaFlux, several principal researchers of these existing obscrvation sites
in Thailand convened on September 13, 2006 and unanimously agreed to establish a network of existing
observation sites in Thailand. The initial objectives of this network will be (1) to promote collaboration
among researchers (2) to promote information exchange, (3) to organize scientific meeting and workshop
on flux studies, (4) to organize (raining courses on important scientific techniques, and (5) to attempt to
find rescarch fund. Finally, the organizing committce was set up to hold the first ThaiFlux Colloquium on
October 31, 2006 at Kasctsart University.
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E-mail : sales@weather.co.jp

Solar Power Generation Unit

SAT & QO2/H20 Aralyzer  Meagurement Box

Summary
This system measures the Sensible Heat, H20 and COFlux using the eddy covariance
method in our data-logger. The whole system do not require the AC power. If you choose

this system, you can get the Sensible Heat, H:0 and CO2 Flux anywhere.

Measurement Method

The measurement system both Raw 10Hz data, and calculated Flux data on the data-logger
memory and Memory Card(ATA/CF card) in harsh conditions. The Flux calculation is basing on
real-time each variance and covariance data, air density and specific heat at constant pressure.

Measurement ltems (standard)

. 3-axis wind component(Ux, Uy, Uz), Sonic Temperature (10Hz fluctuations)
2. €Oz, H:0 10Hz fluctuation

3. Air Temperature and Relative Humidity

4, Short-wave and Long-wave Radiation component(4 types)

5. Air Pressure

System Customize

We prepare various kind of sensors,

For Example:

Wind Speed profile, Air Temperature & Relative Humidity profiles, Soil Heat Flux, Soil Water
Content and Soll Temperature and Soil Respiration,

Contact us, and you will get the best measurement systemll

Tel  +81-3-3988-6616
Fox  +81-3-3988-6613
URL  hitp//wew sweather.cojp/

ClimaTee



Portable Pyrheliometer PCM-01

n
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This Pyreheriometer observes
solar irradiance. The sensor is thermopile.
It's used by micrometeorologic.

It's easy to use, light and no power.

Portable Pyrgeometer PRI-01

instrument for measuring photon’s
quantum of solar spectrum

(400-700nm).

The sensor is Siliconphotodiode.

It's

This Pyrgeometer
radiometer.
Its simplified Pyrgeometer.

observes infrared

Specification Specification Specification
Spectral range 315-2800nm Spectral range 400-700nm Spectral range 600-1400nm
Sensltivity 7mV(kW-m?) Sensor Silicon Photodiode Sensitivity 5-20mV(kW-m )
Response time 1sec Sensltivity 0-3,000 4 Molm™ Thermopile -250-+250 W/m?
Accuracy +3% /10-10mV putput range
Dimension $ 85X 45mm Dimension & 85%X45mm Response time <100msec
Welight 0.5kg Weight 0.5kg Accuracy +3%
Cable 10m Cable 10m Temperature Pt100Q
Calibration 1000W typically optical sensor
source Dimension ¢ 85X45mm
Weight 0.75kg
Cable 10m

Sky View PSV-100

This instrument monitores of the sky by CCD camera and
automatically saves a photo to JPEG format in PC for a fixed
interval.

It's outdoor-safe.

System
It needs PC of Windows XP with two serial ports of RS232C,
memory over 64MB and Hard disk space over 10GB.

- ~ =
Cosmeny

LT
agsep

Portable Grating Sunphotometer PPGS-100
o This instrument is portable grating sunphotometer.
i v o Spectral range is 350-1050nm, wavelength resolution is 0.4nm.
gl ORI SN ) I's recorded by USB memory or SD card, so its possible to
fovisegly c Lo e ) measure without PC but also use by PC.
e S mow It's able to check measurements by LC Display.
ey There Is optional Software.
T3P0 LRI MY o1t m
AT o Specification
o I !:3"" . Spectrometer Fastie-Ebert Mount
™ 'nv\' OERRET Slit width 100 m
= ' v Wave length 0.4nm
TETTTETRIAT L LT e resolution
= ey Wave length +0.5nm
accuracy
H Wave length range 350-1050nm
@r:b Spectrometer CcCD ADG Optical resolution 3.6nm
1 Detector SICCD 2048ch
Exposure time 5ms
LCD |, USB2.Q,1 PC | [Tnteriace USB2.0
Display CPU Power supply AC or AA Battery X6
USB memory or Output Dimension 230X 110X 80mm 2.2Kg
D card < Record USB memory or SD card
PREDE Original products, Kipp & Zonen, Gill, Met One etc

PREDE co.,LTD.

Sasamoto bldg 1-26-8 Kamidaira Fussa-shi Tokyo 197-0012 Japan
TEL +81-(0)42-539-3755 FAX +81-(0)42-539-37567
URL : http:/Mmww.prede.conv  E-Mail : prede@gb3.so-net.ne.jp



GMP343 .Ca'rbo_n Dioxide Probé for CO2 Soil Respiration

The COg respiration from soil is a good indicator of overall biological activity of the soil,
and is often used when studying the carbon cycle. The CO2 flux can be measured on the
soil surface in respiration chambers. Belowground CO: profile measurements can

be made at variable depths in the soil.

Performance

Sensor Vaisala CARBOCAP®

M(?aS} g Single-Beam Dual-Wavelength NDIR
principle

Measurement 0...1000ppm, O...2000ppm, O...3000ppm,

range options

0...4000ppm, 0...5000ppm
(reduced accuracy >4000 ppm)

After factory calibration with 0.5 % gases
+ 2.5 % of reading

Accuracy at the CO2 calibration points
+ 1.6 % of reading

Operating Temperature : -40... +60°C,
environment Relative humidity : 0... 100%rh

Analog outputs  4...20mA, 0...2.5V,
Outputs 0...5V

Digital outputs  RS-232, RS-485
Operating voltage | 10...36VDC

. . Length: 180 mm, Diameter: 566 mm

Dimensions

Weight: 360g

Integrates the six most essential weather parameters
in one instrument: wind speed and direction, liquid
precipitation, barometric pressure, temperature and
relative humidity. Unique design with no moving parts
makes it virtually maintenance free.

Technical Data

Wind Speed

Range :0...60 m/s

Wind Direction

Azimuth: 0.., 360°

Barometric Pressure

Range :600...1100 hPa

Air temperature

Range :-62...60°C

Relative humidity

Range :0...100 %rh

Rainfall - quantity

Surface area measured’ 60 cm2

Rainfall-duration

“counting each ten second increment
whenever droplet detected

Rainfall-intensity

Range 0 to 200 mm/h

Operating Voltage b...30 VDC
Dimensions Height: 240 mm, Diameter: 120 mm
Weight: 820 g
SANKO TSUSHO CO., LTD.
TEL:+81-3-5777-3627 FAX:+81-3-5777-3629
E-mall:

sales@sankotsusho.co.jp  URL: http.//ww.sankotsusho.co.jp



CR3000
Micrologger®

Features
» Program execution rate of up to 100 Hz
» 16-bitanalog to digital conversions
» 1 6-bit microcontrollerwith 32-bit indernal CPU architecture
» Tamparahare conpersated wal-tine clock
» Background systam calibration for accurate neasurenents over time and tenperatare changes
« Gas Dischage Tube (GDT) protected inpats
« Data vabias stored in tables with a tima s tap and record runber
»4 Mbytes datastorage warory
» Battery-backed SRAM and clock that exsure dats, progranwy,
ad accunate tinw are mairtained while tha CR3000 is disconnactad flor its main powersouice
» Measutes SDI-12 or serial sanscas with four isdepardent COM ports

CAMPBELL
SCIENTIFIC, INC.

WHEN MEASHREMeNTS MATTEOR

Japanis Served Hy: Taiyo Keiki Co. , Ltd.

TWC|

FOKYO

URL' http//wwwtaiyakeild cojpf
E-AMall: pampballétaiyokniki.eojpn
TUrhane Bldg. fakes B8-A1-2-6 Yhisuya, Ehinjulaa, Takya 160-0004 Japan



"Ko Precision mstruments
afor aocur‘ate flux measurements

EKO INSTRUMENTS
. CO,LTO.

MS-IO ( Vigible R 350- oso ) ‘
M5-7IE (NIR, 800-1700 nm )

mL-020P

- Special designed corrector for excellent

cosine response i
- Measurement the photosynthetic \@ “s

- Precision optics in a weather proof
enclosure

. ) ! hoton flux densit
- Continuous field measurements P ¥

- NIST traceable

- - - Measurement results are displayed and
. - storedonaPC.

M5-720 (350-1050 nm) - Measurement and calculates direct,
diffuse and global components of solar

irradiance in each scanning

- Portable

- Selectable aperture angle
- Measurement without PC
- Stores up to 800 data

- Acquisition of spectral radiation data
W-m2.um') .

- Lightweight (720g, batteries included)

oP-2

- OP-2 has longer path length (80cm) to
achieve higher resolution.

Cpro-f-

- Full and automatic programmable o) )
environmental control

- Miniaturized IRGA in leaf chamber
- Graphic display 2
- Powerful yet affordable

USA-1

- USA-1 measures accurate wind and
turbulence with solid-state 3D sensor.

MR—5O t R,ranomm:em + Pyngeomnt.era ]

- Pyrge L 1| ms-s02
- intension for the analysis of the a rg - 1SO Secondary Standard
fadlatlon bahlar.lce of solar and far 7 g : - WRR traceable
infrared radiation. -
.k - Accurate measurement of global solar
- Measurement of Net (total) Radiation a radiation

the earth's surface

A | me180M

- Durable designed sensor

- Suitable sensor for the direct '
measurement of soil heat flux

{ EKO INSTRUMENTS co., LTD.

1-6 Sasazuka Center B!dg., 2-chome Sasazuka,Shibuya-ku Tokyo 151-0073,Japan
-] PHONE: 81-3-5352-2913 FAX: 81-3-5352-2917
9 hip://www.eko.cop E-mail InfoBeko.cojp

" SLS20

- The Ultimate sensor for turbulence, heat
flux, momentum flux and crosswind

- Two parallel laser beams
- Path length : from 50 to 250m

-aNet- (own (we BMO)
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