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1. Introduction

Elucidation of circulation and budgets of carbon, water and other mess a variousland ecosystems have become an important subject
in the globd changeissue In the dimaic change gudy, the improvement of land surface hydrology modesto get more accurate resilts
and the veification of modds by using observed data become the important subject to be solved. On the other hand, the esteblishment of
scheme which egimates the whole land carbon baance as an globd scale usng the satdlite obsarvation data has been darted, and the
collaboration with theland observation isnecessary.

With the am of the duddaion of these subjects, the sudies to gragp the mass exchange process between land surface, land
ecosysem and amogphere accuratdy and its modding gudies based on observaion dataare indigpensable For these sudies, high-precise
and long-team observation dataof carbon dioxide, water vapor, and heat flux, gc. in variousland surface and land ecosystemns hasbecome
more and more important. Furthermore, in order to promoate the flux observation, the cooperdive activities anong researchers of various
fidds such asmicrometeorology, water management and hydrology, agro-meteorology, forestry, plant ecology, and thussynthetic andysis
according to theaccumulation of various obsarved datainduding amosphere, vegetation, soil condition are demanded.

In order to estimate the mass baance as whole earth, the scae-up of results from plot scde flux obsarvation to the globd scde is
importart. Also, the accumulation of resultsfrom theindividua flux observation, integration of results on flux obsarvation & varioustypes
of ecosygemsin theworld are demanded. From the viewpoints above, flux obsarvation a varioustypes of ecosysemsand land surfecein
theworld becomesimportart.

2. FLUXNET Prgject and AsaFlux Network

The project of FLUXNET aims to quartify the spaid and tempord distribution of biogphere sources and sink on aregiond and
globd scde and to undersand the factors that regulate net sequediration of anthropogenic CO, through biogpheric processes From this
view, FLUXNET ooordinaes the establishment and operation of a globd network of longterm dtes of which the European
Commissonaupported EUROFLUX network was one of the firgt pionears At present, smilar networks exigt in North America
(AmeriHux), and othersare being implemented in the Mediterranean, South America, eestern ASaand Austrdia
[Objectiveg
(1) todddatethecarbon cydeinthetarestid biogphere, and itsrdation with meteoralogica parametersand CO,, H,0 and hest fluxes,
(2 toprovidetheohjectivedatafor vaidation of modding of biophysica and ecological processes of representative ecosysems,

(3 to provide the data-st for edimation of regiona and globd carbon sequedtration using biosphere & dynamic modds and satdlite
daia,

(4) toegablishthe sysem and andysstechniquefor long term messurements of fluxes

[Presant Satusof CO, Flux Resear ch and Network in Japan and Asa (ASaFlux) |

Theflux network activity in Jgpan was Sarted under the Steering committeein September, 1999. The network isnamed "AgaHux,
and the"AdaHux" home pagewas opened in January, 2000.

Long-term messurements sites of CO, flux in ASaby Japaneseressarchers are: about 12 Stesin Jgpan and Koreg, about 3 -5 Stesin
Thailand and Siberiaat presant and about 1-2 Stesin Jgoan ,and 2 Sitesin Chinaand Indonesiaunder planning. And, resserch groups of
flux messurement are bout 18.

[AdaFlux Adtitivie

AsaHux promoatesthe research potentiad of flux studies of carbon dioxide, water and heet flux in Jgpan and Asia, and will contributes

to FLUXNET Prgject, espedidly reaultsin the Agan forests under monsoon dimate and spedific disturbancein Asa. AsaHux adtivities



aeasfdlows
1) Mantenancedf thehome page of AsaHux, which sendsinformetion on flux studiesand acts ssinterchange of researchers,
2) Promation of holding of the scientific meeting and workshop on flux study, which improves cooperative activity and information
exchange between themodd study and fidd obsarvation,
3)  Support of the cooperative oaservation among different groups and comperison among varioustechniques
4) Preparation of theestablishment of theflux database and the examination of its contentsand operation.

3. Some Reaultsof Longterm CO, Flux M easurement
3.1 Seasonal and I nter-annual Variation of theCO,UptakeRatesat a Cool temper ate DeciduousFores in Japan

The mesaurements of CO, flux and meteorologica conditions using a tower (heght=27m) in a temperate forest of the midde of
Japan (36 08' N, 137 25 E) were darted from October, 1993. The tower was Situated on one of the hillsabout 15 km esgt from Tekayama
City and thedevation of the steisabout 1400 m above sealevd. The undulaion of the surrounding areaiin radius of 500 misabout 100m.
Thetopographicd effectstowind and turbulence should be conddered in the esimation of thefluxes

Annud mean temperature was about 7.3 and the monthly averaged temperature reeched 200 in August and -48  in
Jenuary. The main spedies of tressin the Ste were deciduous broacHed trees suchas  birch (Betula emanii, Betula platyphylla) and
0ek (Quercus mongoalica), add average haght of the trees (canopy haght) was aout 17 m. This is a protected fored,
therefore humean digurbances should befew during therecent 40 years - This Stewas covered by snow from December to April, and the
beginning of June was the budding time and the beginning of October was the deciduous period of leaves. According to the variations of
LAI, the mogt active sseson of photosyrnthesis is from the end of June to the beginning of September. CO, flux in daytime is positive
(uptake by the forest ecosystem) from May to October and negative (outgoing to the amosphere) from November to April.

Fg.1 shows the seasond and inter-annud variaions of integrated upteke rate of CO, for daytime, night and whole days for each
month from October, 1993 to December, 1998. There was a notable differences of the seasond variation of CO,flux in these years The
causss of differencein thevaue of CO, uptakewere andyzed through compearison of the CO, flux with meteorologicd conditionsin these
years Possblefactors of differencein CO, flux are differences of ar temperature and snow conditionsin March and Apil, extensontime
of leavesin May and June, adtivity of rainy seeson (Baviu in Jgpan) in June and July, insolation, precipitation and disturbance by typhoon
in Augugt and September.

100
—&— Q(WHOLE) 1997 1998 ,
80 | - = = Q(DAY) 1996 i )
199:1’. — & -Q(NIGHT) t ! R
60 '
E 1
S 40 N
N
AN
£ 20
(&)
(=2
0
-20
-40
A NN R A TRIN A TR AR ARy A
SR PVEF R PEF K PEFEPEFEPS

Hg. 1. Seesond and inter-annud variation of integrated upteke rate of CO, for daytime, night and whaledaysin eech month from
Oct.1993to Dec.1998 (Yamamato, S. et d., from procesding of Internationd Workshop for Advanced Hux Network and Hux
Evauation,2000).



Teble 1. Integrated uptakerate of CO, (gC/NT /year) for daytime, night and whole daysfrom 1994 to 1998 & Tekayama(a)
and from 1997 t01999 & Kawagoe (b) , Jgpan.

(@ Tekayama Year

QWhae) QDay) Q(Night)

(b Kavagoe Yexr Q(Whadle)

199 112 26 -144 - -
1995 67 189 A2 - -
19% 136 239 -103
1997 149 263 114 1997 357
198 177 20  -113 1998 317
- - - - 199 227
Men 128 247 19 Men 300

((refer from proceading of International Workshop for Advanced Hux Network and Hux Evauation, 2000)

Next, integrated uptakes of CO, a various dediduous broadHeaved forests are conddered usng the nework data The yearly
integrated uptake amounts of CO, a a cool-temperate deciduous forest (Tekayama Jgpan) meesured by Yamamoto, S e d., and & a
wamitemperate deciduous forest  (Kawagoe, Japan) meesured by Watanaboe T. e d., Forest and Forest Products Research Indiitute are
shown in Table 1. Most important factor of the difference of integrated uptake rate of CO, (gC/n fyeer) among deciduous broadHeaved
forests is length of growing season  (extension time of leaves and deciduous time). Also, afection of humaen impact in carbon uptake
should be conddered. Relation between NEE (Net Ecosystemn Exchange) and length of growing seeson a broadH eaved forests using world

flux databaseisshownin Fg.2. by Badoochi, D. et d..( submitted to Bulletin of American Meteorologica Sodiety, 2000).

A Massachusetts, USA

@® Prince Albert, CANADA

@9 tropical forest, Brazil ¥ Tennessee, USA
@ Denmark O Belgium
A taly A Ontario @ Japan
100
Broad-Leaved Forests
O -
-100 - b[0] 610.9
b[1] -5.787
2
200 1 r 0.826
5
e -300 -
O
2 400
w
w
z
-500 -
-600 - 9
-700 -
-800 T T T
100 150 200 250 300 350

Length of Growing Season

Hg2 Rdationbetween NEE and Length of Growing Season at Broad-L eaved Forests (Ba docchi, D. e d.,2000)



t m— — — m m—— ISR

5 3 NEE(Cal.)
0.6 ) . NEE(Obs.} , |
. ~
4 ’

78 9 10 11 12 1 2 3 4 5 6 7 8 9 10
1898 1999

Fig. 3 Seasonal changes in the daily NEE, R and GPP from 25 July 1998 to 24 July 1999 estimated using experimental relations.

3.2 Parameterization of Respiration and Gross Primary Production

From the analysis of the relation between CO, flux and meteorological conditions, soil respiration, gross primary production (GPP)
and the net ecosystem exchange (NEE) of the forest were parameterized as a function of the air temperature and the absorbed
photosynthetic active radiation (APAR) as follows;

R=A-Q™™" : A=0.17 molCO2m™day’ Q=257
GPP=b-APAR/(1+a-APAR) =~ NEE=GPP-R.

In these equations, parameters A, Q are estimated using the data under the nearly-neutral atmospheric condition in nighttime and
parameters a, b are estimated from regression lines between APAR and GPP(=NEE+R) in each month. Procedure of analysis in detail are
explained in Saigusa et al. (proceeding of International Workshop for Advanced Flux Network and Flux Evaluation, 2000).

Seasonal changes in the daily NEE, R and GPP from 25 July 1998 to 24 July 1999 estimated using above relations are shown in Fig. 3.
Closed circles in this Figure are the observed NEE, and solid lines are the NEE calculated using experimental equations. The results show
aclear seasonal change in GPP caused by changes in the light-use efficiency and the maximum rate of carbon fixation of the canopy with

LAL The estimated NEE based on the parameterization agrees well with the observed NEE during the observational period.

4. Conclusions

There are several issues for the quantitative estimation of CO, flux by the eddy covariance method. For the first step, the
consideration of the energy closure problem may be effective to resolve the causes of flux errors. The possible causes of them are
advection due to topographical and atmospheric conditions, and damping of high-frequency fluctuations.  And, almost of the sites in Asia
including Japan were set in complex topographical condition, therefore the analysis and estimation method of CO, exchange under
complex condition should be established.

There are three lines of research to solve these problems as follows;
1) Comparison CO, flux estimated by eddy covariance using tower with Spatial CO, measurements using tethered balloon and airplane,
2) Comparison CO, flux estimated by eddy covariance method with biological survey (photosynthesis and respiration ),
3) Conjunction of the measurements and numerical simulation of turbulence and fluxes using LES (Large Eddy Simulation) model.

On behalf of the "AsiaFlux" steering committee, we appeal to researchers of flux study on carbon dioxide, water vapor and energy,
also to modelers whom interests in results from flux observation for joining in the AsiaFlux. Then, we ask to member of AsiaFlux to
integrate the flux study result into an AsiaFlux information and to share and utilize them through the activities of flux workshop and

collaborative field.






