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Frontier of using stable water isotopic information in studies on land-ecological, hydro-
logical, and atmospheric process
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Significance of hyper spectral solar radiation observation
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Land plants exhibit relatively weak absorbance of green light at around 550 nm, for reasons which remain elusive. Most
research, however, has assumed that the solar radiation spectrum can be averaged without considering the spectral dynam
The relations between the spectrum of incident radiation and light-harvesting pigments of organisms are crucial to understandin
photosynthesis and light use efficiency. Although several light-harvesting pigments exist, most land plants use specific ligh
harvesting chlorophylls, Chl a and Chl b, and carotenoids. Wavelengths longer than 700 nm or shorter than 400 nm are scarce
absorbed by chlorophylls, and cannot be used for photosynthesis. Radiation within the 400 to 700 nm waveband is defined ¢
photosynthetically active radiation (PAR). However, chlorophylls do not absorb photons in the PAR waveband evenly. Only a
few per cent of relative absorbance occurs in the green region (500 to 600 nm), nevertheless the photosynthetic quantum vyiel
are equivalent to those from blue and red light.

Incident PAR comprises two main components, direct PAR (PARdir), which arrives directly from the sun, and diffuse PAR
(PARJIf), which is sunlight scattered by sky and clouds. These components are characterized by large differences in ligh
guantity, directional characteristics and spectral quality. PARdir is highly directional and its energy can be concentrated anc
localized on a surface. PARdIif is non-directional and its incident energy is well-averaged across a surface, allowing it to penetrat
deeper into canopies. Consequently, PARdir and PARdIf play different roles in the photosynthetic process both at the scale ¢
individual leaves and of canopies. Most research, however, has assumed that the solar radiation spectrum can be averaged with
considering the spectral and directional dynamics.

We had developed a precise solar tracking device for detecting direct and diffuse radiation. Direct and diffuse radiations wer
measured separately by two grating spectroradiometers (MS700, EKO Instruments Co. Ltd., Tokyo, Japan) fixed to sun tracke
(STR-22G-S, EKO Instruments Co. Ltd.) equipped with a collimation tube (angle of view 5 degrees) for measurement of PARdIir,
and a shadow ball for measurement of PARdIf.

Analyzing the relative absorption spectra of chlorophyll, we found that Chl a does not absorb direct solar radiation, while
diffuse solar radiation is efficiently up-taken by Chl b. The spectrum of diffuse solar radiation is almost fixed with a peak
wavelength Amax) around 460 nm. However, that of direct solar radiation shifts from a broad peakmvik around 700
nm towards a narrower peak around 540 nm, as solar zenith angle decreases. The absorption spectrum of Chl a lies outsi
the strongest energy regions of direct solar radiation. Xhax of the Chl b absorption spectrum matches that of diffuse solar
radiation; therefore, Chl b can absorb the most energetic parts of this radiation. The spectral differences between direct ar
diffuse solar radiation elucidate the meaning of slight spectral differences in pigments for terrestrial organisms.

Strong light is known to enhance accumulation of carotenoids. We founditbatotene consistently absorbed more energy
per photon than other pigments, indicating that it effectively filters (i.e. accepts) the 350-500 nm waveband, independently o
PAR class.

Overall, the spectral differences between PARdir and PARdIf, as well as the stemdyof PARdIf, exert multiple effects
on terrestrial organisms and may be effective drivers of diversification in pigment distribution and function. Further spectral-
directional radiation observation at various sites is needed to reveal the effects of the dynamics of incident solar radiation on th
terrestrial ecosystem.

F—T— R VG, A S, BELE S, YEE R, ORI, S ARG

Keywords: spectroradiomater, direct solar radiation, diffuse sky radiation, photosynthesis, spectral light use efficiency, PAR

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

ACG34-03 2155213 FFR:5 H 1 H 15:15-15:30

<A 7 T R R U 7okse—FE FARBERRAE T )LD/ X — 2 ]t
Simultaneous Estimation of Hydrologic and Ecologic Parameters in an Eco-Hydrological

Model Assimilating Microwave Signal
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To improve the skill of reproducing land-atmosphere interactions in weather, seasonal, and climate prediction systems, it i
necessary to simulate correctly and simultaneously the surface soil moisture (SSM) and terrestrial biomass in land surface mo
els. Despite the performance of hydrological and ecosystem models depends highly on parameter calibration, a method fc
parameter estimation in ungauged areas has yet to be established. We develop an auto-calibration system that can simulta
ously estimate both hydrological and ecological parameters by assimilating a microwave signal that is sensitive to both SSN
and terrestrial biomass. This system comprises a hydrological model that has a physically based, sophisticated soil hydrolog
scheme, a dynamic vegetation model that can estimate vegetation growth and senescence, and a radiative transfer model that
convert land surface condition into brightness temperatures in the microwave region. By assimilating microwave signals from the
Advanced Microwave Scanning Radiometer for Earth Observing System, the system simultaneously optimizes the parameters
these models. We test this approach at three in situ observation sites under different hydroclimatic conditions. Estimated SSI
and leaf area index (LAI) exhibit good agreement with ground in situ observed SSM and satellite observed LAI, respectively.
The root mean square error of SSM and LAI at all sites, estimated by the model with optimized parameters, is much less tha
that estimated by the model with default parameters. Using microwave satellite brightness temperature data sets, this syste
offers the potential to calibrate parameters of both hydrological and ecosystem models globally. This global-scale and automate
parameter optimization system may contribute to many other research activities related to land surface, hydrological, and ecosy
tem modelling although the global-scale applicability of this approach should be investigated as a future work.
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Changes of permafrost environment and the response to the long term climate change
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Impacts of representation of stomatal conductance on vegetation distribution and func
tions under changing climate
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LRI R AIF, KRS (VPD; water vapor pressure deficit)kiit CO2ERE, e, BHEDOKET Vv vl
EV O TERERICE > THIIE N T WD, COXI BRIV X T 2 ADEH) Z2Glib S 2 7o dIc, bR IR -
PRI T TIVDRERENTE ., ThHRILAVE I XU AT IV, 21 IEHICA T S % & 2 b B & fRsl:
(7 CO2- @&l « W VPD) O FIZHBW\ T RIS 20 Ehid, KIEERDZED THIIC B W TEHEZMETH 5.
IR BIEZERIE. REROBERIN D KEUCR S KD 8EIH S 9EIE EHT0E EHEINTED ., FiEmICRINE
NBBHZINF—DKPEDZHEL TVB EHEE TN TS5 TH S (Jasechko et al. 2013)

Kumagai et al. (2004, 21 tHidric Tl E N3 5URZEEDY, RIV 2 A BOBFMHIKIC 51 27K « IRETEERICE 2 5
BB R T U, COTHNZ, 2HHEOKILI Y Z Y7 2V AETIVOILTITONIED, WINOETIVEBIEOK RS
FERCBIZHNCEREZREZZIECED T8 DD, FTHIENS 21 HAIROKURSEFO FICBWTIREEREZZ R L
Tzo ZLTC, ZOEE, KfLaVE I 20 Rz, BEOBEBET SH VPD DBEFICT 20 DEVHELC I BT L2R
Uiz %51, SURIEELIZ VPD 2 FREIE25 00, HEICIIRKEIFE LS Z VeV EHah Tl Ty
3720 TH5, LHL. TOXIBRETIVEIOEEIOZED, XD ILWHUEKDK « IREMERICE Z ZRICDODWVTIE, K
TERE DM TN TWViEL,

75T HEORORERAY « RN TR O . KALBBADOHIEMNRFAEGEEZE L TV S (KA 5KbN 5K

DRICH U THABGEEZRKICT S L0 9) ERETZHENTFECR DXL X T 22 AETIVOFIENEFE
LW (Katul etal. 2010) Z LT, TOFECEB5IL AV XTI 2VAET IV, THIENSE CO2- &R - @ PD &
W o TR A IR BRBESHIS R LT, EBIMSEYRISEE TS T EHRENTNS,

AT, EBEEDSHEEDO AR HE L TWE 7 7Y I KEERZNGIC, KL VR 2 ADEREDSTED,
21 HEIC FHIE N TV B ERZAL DT THAE DD APHREIC 5 2 2R 2 MRETd %, COMGhciE. Bkt ET
JU SEIB-DGVM ZH[HT %, @EDRFE LI N T, SEIB-DGVM X T 7V 71 KFEDZIREII G U T i D 7045
FRREZBIREICIE 1T R 2 T EAMGEEE N T 5 (Sato et al. 2012)

* 5 [F ik
Jasechko S, Sharp zD, Gibson JJ, Birks SJ, Yi Y & Fawcett PJ (2013) Terrestrial water fluxes dominated by transpiration.

Nature 496.

Katul G, Manzoni S, Palmroth S et al. (2010) A Stomatal Optimization Theory to Describe the Effects of Atmospheric CO2
on Leaf Photosynthesis and Transpiration. Annuals of Botany 105: 431-442.

Kumagai, T., Katul, G. G., Porporato, A., Saitoh, T. M., Ohashi, M., Ichie, T. and Suzuki, M. (2004) Carbon and water cycling
in a Bornean tropical rainforest under current and future climate scenarios. Advances in Water Resources, 27(12), P1135-115(

Sato H & Ise T (2012) Effect of plant dynamic processes on African vegetation responses to climate change: Analysis us
ing the spatially explicit individual-based dynamic global vegetation model (SEIB-DGVM). Journal of Geophysical Research-
Biogeosciences 117.
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Overview for terrestrial model intercomparison project in Arctic
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2011 [ED BCHRIEED [T ) =2« 32y T =7 « 4T« T/ L VX (GRENE)F I LMSUZZ T 7% T24T %
e > A7 LN U F DORBRIN 7R B0 517 (GRENE Arctic Climate Change Research Project (GRENE-ACGQRP)
MEIRE N7z, FREEOMIERE TERILmPER S X 7 LOZEH) & S #EADF 2 (GRENE Terrestrial Ecosystem in Arctic:
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OB 5 HF2HINE LTW%, GRENE-TEADET Y V7 7)b—T1d. KRS S 2ER&EE TV (CGCMSs)
DOBHFOFER A F— L7z STl ZE S 7 VIC BT 2 P8 - AR OR R & KR OIbMmbES £ 7 VRO 5
2z 2 LZHEELTWS, TO—ERE LT, JbikEsic B 2 81HE (stage 1€ 7V HIJIE (stage 2yz
ETFIVOMELIE 25 TIEMPERE T VB 0y £ 7 & (GTMIP)] %415, Z 2 Tk, RILWHETET IV
DEIE, Mk, SR EBIFE X ORINCITZ 2 K 21T B 72dic, BGEMIIZGE, VE— by v JERIE &
T IUIIZEHE I TR T — 2 e 240 5 2 1S B e (T 5.
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21 T—X

Stage UXETIVIEB XUV A MO EHWE U, MEfER 5 I GRENE-TEATER S 2BV 1~ OEEZ
FRE LTERETNVAD AN T — 2B L OMGEET — 2 Z21FRK T %, BIEICIERIMESS, ETIVATIE UTRET
HAEINMENENTOERWEAN S 2728, TOXETRETIVANT—RE LT TR TRV, TD, BT —~%
(NCEP/NCARZZE) &7 a—N Vsl R— A D7 —2 (CRU) ZHWT, ETIVASIHO#ERT— 2% Ver. 0L LT 4
M (T IAN < T2 TINITRA, QYT X T—=00 T4, FavlVRx, T4 VTR 7R) TIER LTz, %8l
YA N TOBEZ C D Ver. 07— ZITHIDAL T LI Xk D &Y A FOREEKM LTz AS)7T— 2 Ver AWMERRE N
%, Ver. L7 —RIE 7 2 7N 7 RSB THESIFA T, IS IERERFETH 5. TNEDETIVATTHOT—4
K Arctic Data Archive System (https://ads.nipr.ac.jp/index.ht@fl \fd & TH %,

22 BMETIV

GTMIP ZIET/)VX, FEHEEEE TV (MATSIRO, 2LM, CHANGE, HAL). P/EIEERET IV (VISIT), FEEL-EET
)L (STEM-NOAHbgc) Eif4RERET L (SEIB-DGVM). TEIEKEE TV (WRF) 1 XcEAiE € 7)1 (SNOWPACK),
FHEET IV (SMAP), #+EE7 )V (FROST TH3, BIETIVDS B CGCMs* RCMFEIEEIEE T )IV) & DfEEHA]
RERET IVERIARD 70%z HH TV 5, FMRETZ2EMAT—idd A F LNV S RERE Thic> T\,

3. KR

3.1 \Ver07—% L@IHIfED LK

Ver.07—% (65.713 N, 148.125 W) &7 = 737 ZE5ED 2 HiifS (Poker Flat Research Range: PRRR5.123
N. 147.487 W, Caribou Peak: CP 65.189 N. 147.500 W) OEHMEE DOHigEIT- Tz, HFEEATRIE Ver.o &
PFRROMEMZIZF CTH o 72, Hims « HRESKIROIED Ver.0D75H PFRRICHARTNE oz, HE/KEIE Ver.0
(238.2mm)& PFRR(247.0mm)dIXIX[A UTH - 7=H. CP(353.5mmjdi& L K&Eh -7,

3.2 Ver07r—ZIcXkBETIVHT
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TIVIC K B EHERESR (CHANGE, #tti B MATSIRO(MATSIRO-r), PB-SDM)i&. ZZFICETIVIC K BatHEEDITH
BHAMEIC IR TIRO DHEAIDN EDET VBN TE AR5 Nz, 1988FE~2011FEDIEHE L iEEIE DJEE O CHANGE,
MATSIRO-r & PFRROBIAMED 2011EDOREHF . ETIIVHBIHHED LN ORBIETH > 2. 2LM I K B8 7
w7 ADFEIZIENDEM BT T v 7 AH 6 HEICANE Doz, CHANGEIC XD CO27 5w 7 ADZEFHZELT
. BEFRICINAR SN, FAZHIE GPPICHEIMERINA 5Nz, SEIB-DGVM @ 200045 > D GPR KAINA 4=
A, HANA A A, HEAEDIZ. 4V VFIL MATSIRO TlZ/NE M- 7ehY. MATSIRO-r I3 &m=HiE & I E L7 D
EEREEMRKTZ S T2,
HEE © AWFEIE GRENEJUSURZEFI HZEIC X D FHE I Nz,

F—T— R b, BERE TV, B, KA T
Keywords: Arctic, Terrestrial model, Snow cover, Permafrost
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he assessments of projection uncertainties of global C budget in ISI-MIP study

RE —8 T DM B T Dk s 1 REE ROK T S ISI-MIP teant
NISHINA, Kazuyd" ; ITO, Akihiko! ; KATO, Etsushi ; YOKOHATA, Tokuta! ; ISI-MIP, Tean?
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Global net primary production (NPP), vegetation biomass carbon (VegC), and soil organic carbon (SOC) changes estimated k
six global vegetation models (GVMs) obtained from an Inter-Sectoral Impact Model Intercomparison Project study were exam-
ined. Simulation results were obtained using five global climate models (GCMs) forced with four Representative Concentratior
Pathway (RCP) scenarios. To clarify which component (emission scenarios, climate projections, or global vegetation models
contributes the most to uncertainties in projected global terrestrial C cycling by 2100, we applied analysis of variance (ANOVA)
and wavelet clustering to 70 projected simulation sets. ANOVA revealed that the main sources of uncertainty are different amont
variables and depend on the projection period. We determined that in the global SOC and VegC projections, GVMs dominat
uncertainties (90% and 60%, respectively) rather than climate driving scenarios, i.e., RCPs and GCMs. The clustering wavele
spectra of VegC and SOC time series data could identify more specific characterization of simulations in each GVM. Our study
suggests that the improvement of GVMs is a priority concern for reduction of total uncertainties in projected C cycling for cli-

mate impact assessments.
Keywords: Model inter-comparison, Global carbon cycle, Uncertainties, RCP, GCM
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