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Frontier of using stable water isotopic information in studies on land-ecological, hydro-
logical, and atmospheric process

YOSHIMURA, Kei'*
LAtmosphere and Ocean Research Institute, The University of Tokyo

In this study, it was clearly shown that vapor isotope data retrieved by satellite sensors or in situ monitoring networks have the
potential to constrain the atmospheric fields. The results of this study can be applied in two directions. The first direction is a
better analysis skill in current weather forecasting systems. Though our understanding of the atmosphere is improving, unde
standing the hydrological cycles of the mid- to upper troposphere and lower stratosphere in association with convective cloud
remains difficult. Because it is apparent that water vapor isotopic information has unique characteristics with regard to the atmo
spheric hydrological cycle and technical improvements in satellite and in situ instruments are occurring rapidly, this direction is
indeed quite promising. The second direction, regarding proxy data assimilation, is even more challenging and is significant ir
several disciplines. In the past, we lacked direct measurements of the Earth and were forced to rely on proxy data. Interpretatic
of proxy data is important but can be over-simplified. By using data assimilation for proxy data, an objective analysis of the past
(specifically before the nineteenth century) can be achieved without simplifying the empirical relationship between proxy data
and climate/environment information. Although there are many technical and theoretical obstacles in both directions, the author
strongly believe that scientific benefits can be achieved.

Keywords: stable water isotope ratio, data assimilation, hydrologic cycle, climate proxy, climate reanalysis, spectroscopic anal
ysis
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Significance of hyper spectral solar radiation observation
KUME, Atsushi* ; AKITSU, Tomoko ; NASAHARA, Kenlo?
I Ashoro Research Forest, Kyushu Universifyaculty of Life and Environmental Sciences, University of Tsukuba

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 yiel
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. PARdIf 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 c
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 were
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 PARIf.

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 fmax) 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 foungitbatotene 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 steedyof 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.
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Simultaneous Estimation of Hydrologic and Ecologic Parameters in an Eco-Hydrological
Model Assimilating Microwave Signal

SAWADA, Yohei'* ; KOIKE, Toshio'
ISchool of Engineering, the University of Tokyo

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 hydroloc
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 LAl at all sites, estimated by the model with optimized parameters, is much less thal
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.

Keywords: Eco-hydrological model, passive microwave remote sensing, parameter optimization, data assimilation
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Changes of permafrost environment and the response to the long term climate change
SUEYOSHI, Tetsut* ; SAITO, Kazuyukt ; ISHIKAWA, Mamoru? ; HARADA, Koichiro® ; IWAHANA, Go*
1Japan Agency for Marine-Earth Science and Technol8iggkkaido University?Miyagi University, *University of Alaska

Permafrost is soil and sediment that is frozen more than two consecutive years, most of which is located in high latitudes
Ground ice is not always present, as may be in the case of nonporous bedrock, but it frequently occurs and it may be in amoun
exceeding the potential hydraulic saturation of the ground material. Permafrost accounts for 0.022% of total water and exists il
24% of exposed land in the Northern Hemisphere.

permafrost contains 1700 billion tons of organic material equaling almost half of all organic material in all soils. This pool
was built up over thousands of years and is only slowly degraded under the cold conditions in the Arctic.

Most of the permafrost existing today formed during cold glacial periods, and has persisted through warmer interglacial
periods, including the Holocene. The time scale of the thermal process is different depending on the depth (i.e. distance from th
ground surface) and the soil thermal properties, while the vegetation processes such as accumulation of organic material have \
different time scales.

In this presentation, we discuss those complex character of permafrost and show the outlook on the future research neec
showing an example study on the relationship between permafrost distribution and long-term climate change.

Keywords: Permafrost, climate change, ground ice, Carbon Cycle
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Impacts of representation of stomatal conductance on vegetation distribution and func
tions under changing climate

SATO, Hisashi* ; KUMAGAI, Tomo’omi? ; KATUL, GabrieP
IRIGC, JAMSTEC 2HyARC, Nagoya University’Duke University

Stomata reponce is under control of light intensity, CO2 concentration, vapor pressure deficit, leaf water potential. For de-
scribing stomatal responses to such environmental factors, several empirical and semi-empirical models have been develope
How these models response to the changing environmental is an important issue, because between 80% and 90% of the tc
evapotranspiration from the land surface is caused by transpiration, and the process consumes almost half of the solar ener
absorbed by the ground (Jasechko et al. 2013).

Here, we examined how representation of stomatal conductance pose impact on the forecast of geographical distribution
vegetation and its functions (i.e. carbon and water fluxes) under the forecasted climatic condition during the 21st century. W
studied the African continent, because Africa is a useful target for assessing changes in vegetation due to climate change. Tl
distribution of African vegetation is primarily regulated by soil moisture availability and thus is tightly coupled with climatic
variability. For our study, we employed a dynamic vegetation model SEIB-DGVM. Our previous study shows that the model
reproduced geographical distributions of the continent’s biomes, annual gross primary productivity (GPP), and biomass over th
African continent under current climatic conditions (Sato et al. 2012).

References
Jasechko S, Sharp zD, Gibson JJ, Birks SJ, Yi Y & Fawcett PJ (2013) Terrestrial water fluxes dominated by transpiration.
Nature 496.

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-
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Overview for terrestrial model intercomparison project in Arctic

MIYAZAKI, Shin'* ; SAITO, Kazuyuk? ; YAMAZAKI, Takeshi* ; ISE, Takeshi ; MORI, Junkd ; ARAKIDA, Hazuki®
; HAJIMA, Tomohird® ; HOSAKA, Masahird ; IIJIMA, Yoshihiro? ; ITO, Akihiko” ; MATSUURA, Yojiro® ; NIWANO,
MasasHi ; O’'ISHI, Ryoutd ; OHTA, Takeshi ; PARK, HotaeR ; SATO, Atsushi® ; SUEYOSHI, Tetsud ; SUGIMOTO,
Atsuko'! ; SUZUKI, Rikie? ; YAMAGUCHI, Satoru'® ; YOSHIMURA, Kei'?

!National Polar Research Institutgapan Agency for Marine-Earth Science and Technoféyhoku University;!University of
Hyogo,’RIKEN, ’Metorological Research InstitutB\ational Institute for Environmental Studi€&orestry and Forest Products
Research Institute€’)Nagoya University,'°National Research Institute for Earth Science and Disaster Prevehtidokkaido
University, '2The University of Tokyo

1. Introduction

The goals of the modeling group in the terrestrial research project of the GRENE Arctic Climate Change Research Projec
(GRENE-TEA) are to a) feed to the CGCM research project for the possible improvement of the physical and ecological processe
for the Arctic terrestrial modeling (excl. glaciers and ice sheets) in the extant terrestrial schemes in the coupled global climate
models (CGCMs), and b) lay the foundations of the future-generation Arctic terrestrial model development. To achieve these
goals we are to conduct a model intercomparison project among the participating models, in which we will utilize the GRENE-
TEA site observations data (stage 1) and GCM outputs (stage 2) for driving and validating the models. This project (GTMIP) is
designated to 1) enhance communications and understanding of the "mind and hands” between the modeling and field scientis
2) assess the uncertainty and variations stemmed from the model implementation/designation, and the variability due to climati
and historical conditions among the Arctic sites.

2. Data and models for GTMIP

At the stage 1, we will create data for forcing and validating the terrestrial model based on the extant and/or new observatiol
data at GRENE-TEA sites to evaluate the inter-model and inter-site variations. However, the observation data are prone t
missing or lack of the necessary variables or parameters to drive the model. Therefore, we create continuous forcing data (Ve
0) taken from the reanalysis product (i.e. NCEP/NCAR) with the bias correction using the CRU data at the nearest grid to the
GRENE-TEA sites. Then, it is merged with the observation data to create site-fit continuous data (Ver. 1) for each GRENE-TEA
site (Fairbanks in Alaska, Yakutsk, Tiksi, Tura and Chokurdakh in Russia, Kevo in Finland). These data will be open at Arctic
Data Archive System (https://ads.nipr.ac.jp/index.html).

The GTMIP participating models include a land surface model (MATSIRO, 2LM, CHANGE, HAL), a material cycle model
(VISIT), a terrestrial ecological model (STEM-NOAHbgc), a dynamic vegetation model (SEIB-DGVM), a regional climate
model (WRF), physical snow models (SNOWPACK, SMAP), and a permafrost model (FROST). The models enabled to couple
with the CGCMs and regional climate model (RCM) consist of the 70% of the all participating models.

3. Results

The Ver. 0 data was compared with site observations near Fairbanks, Alaska, USA, to evaluate its reliability. The daily mear
air temperature was well-reconstructed but the diurnal variation was underestimated. The total annual precipitation was close
the observed, but summer (DOY150-250) rain tended clumpy.

The observed ground temperature (Tg) at near surface showed the zero-curtain, while the simulated Tg failed to produce tr
zero-curtain except for 2LM. The 2LM reproduced the observed snow depth well while the CHANGE and MATSIRO-r showed
later start and end of snow cover with lower snow depth than observed. The sensible heat flux was the dominant component
the energy budget in the simulation by 2LM. The daily net ecosystem exchange (NEE) simulated by CHANGE showed the large
carbon uptake in summer. The annual gross primary production (GPP) simulated by CHANGE increased during 1988 to 2011
The simulated GPP by SEIB-DGVM using Tg by MATSIRO-r was similar to the GPP using air temperature. The wood biomass
and grass biomass simulated by SEIB-DGVM using air temperature and Tg by MATSIRO-r was similar while it was lower when
calculated using Tg by MATSIRO-c. The soil organic matter (SOM) simulated by SEIB-DGVM using MATSIRO-r was largest
among the SOM using air temperature and Tg by MATSIRO-c.

Keywords: Arctic, Terrestrial model, Snow cover, Permafrost
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The assessments of projection uncertainties of global C budget in ISI-MIP study
NISHINA, Kazuya* ; ITO, Akihiko! ; KATO, Etsusht ; YOKOHATA, Tokuta' ; ISI-MIP, Teant
!National Institute for Environmental Studie$SI-MIP team

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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An aerosol correction algorithm to improve the GOSAT TANSO-CAI NDVI product
KIKUCHI, Nobuhiro'* ; YOKOTA, Tatsuya
!'National Institute for Environmental Studies

The Cloud and Aerosol Imager TANSO-CAI (CAl), onboard the Greenhouse gases Observing SATellite (GOSAT), is equipped
with 4 spectral bands of 380, 674, 86,0 and 1600 nanometers (Band 1-4). The main purpose of CAl is to assist the Fourie
Transform Spectrometer TANSO-FTS in retrieving accurately the column amount of carbon dioxide and methane by detectinc
and characterizing clouds and aerosols in FTS footprints. CAl is also designed to monitor the variation of global vegetation
indices, and the CAI Normalized Difference Vegetation Index (NDVI) product has already been released.

Since GOSAT is orbiting with a three-day recurrence, CAl observes the same location from the same direction once in even
three days. Unlike the MODIS NDVI product, this makes it difficult to correct the effects of Bidirectional Reflection Distribution
Function (BRDF) on the CAl NDVI product, but it has a potential capability to detect changes in vegetation with shorter time
scale. In the current version, the CAI NDVI is calculated from 30 days composite of the minimum reflectance to minimize
contamination of clouds and aerosols, and the effect of aerosols is not explicitly corrected. The goal of this study is to develoy
an aerosol correction algorithm that can be applied to the CAI NDVI.

Due to the relatively limited number of spectral bands of CAI, we take an approach slightly different from so-called the
Kaufmann method or the minimum reflectance method in developing our aerosol correction algorithm. Since the number of
observables is four, which are TOA reflectance at bands 1-4, the maximum number of retrieved parameters is also four. W
choose optical thickness of fine mode aerosols and coarse mode aerosols, surface reflectance at band 3 and band 4 as retrie
parameters. We assumed that surface reflectance at band 1 and band 2 is expressed as a function of surface reflectance at |
3 and band4. The parameterization of band 1 and band 2 surface reflectance is done by utilizing the CAl minimum reflectanc
product. We do not expect that this parameterization is rigorously valid in pixel-wise. Therefore, we do not determine aerosol
optical thickness for every pixel, but for 10x10 pixels (5x5 km in horizontal scale). Moreover, we do not use all TOA reflectance
of 10x10=100 pixels, but select the darkest 10 pixels. Then, the number of observables is 40, and the number of retrieve
parameters is 22, which can be determined by least-square fitting.

Left panel of the figure shows optical thickness of fine mode aerosol over souse-east part of Australia on October 20th, 2013
Currently, aerosol optical thickness is not retrieved for pixels with TOA reflectance greater than 0.2 at band 4. Right panel of the
figure demonstrates the effect of aerosols on NDVI by comparing NDVI with and without aerosol correction. We can see that
the frequency distribution of NDVI is shifted by about 0.1 as a result of aerosol correction, which is consistent with the result of
Vermote et al. (2002).

Keywords: vegetation index, retrieval method, GOSAT
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Effects of water stresses due to climate change on production and dynamics of tree con
munity in tropical rain forests

FUJII, Shinjird™* ; SATO, Hisash ; KUMAGAI, Tomo’omi!

I'Hydrospheric Atmospheric Research Center, Nagoya Univet§itiaduate School of Environmental Studies, Nagoya Univer-
sity

Recently, climate changes caused by the El Nino-Southern Oscillation have been reported to result in the widespread dea
of trees due to droughts in many parts of the world. Strong reductions in tree growth and litterfall production occurred during
the record-hot 1997/98 El Nino. Tropical regions receive strong solar radiation, and tropical vegetation shows a strong feedbac
effect to carbon sequestration, water circulation, and climate formation. In addition, tropical forests are important ecosystems
and they act as a huge carbon sink because they accumulate 40-50% of land vegetation carbon of the Earth. In a biologic
community such as a tropical forest that consists of various species, response to changes in the physical environment deper
on the operating functional group. A dynamic change in a particular functional group that plays a signi?cant role in the bi-
ological community may in?uence the structure and ecosystem functions of the tropical forests. The aim of this study is tc
predict the impact of drought on matter production and tree community dynamics in tropical rain forests by using a spatially
explicit individual-based biogeochemical model developed for predicting vegetation dynamics in response to climate change &
the global level, such as global warming (SEIB-DGVM). In the model simulation, applying stochastic rainfall model with the
meteorological data, including the 1997/98 EIl Nino, of the tropical rain forests of Sumatra Island in Malaysia that were measurec
in 1997-2009, the rainfall experiments were performed by operating some parameters related to daily precipitation and frequenc
of rainfall events. Based on the experiment results, the turn of production with the amount of tree growth and death, and tre
mortality dynamics in the tropical rain forests for 200 years were verified.

Keywords: drought, water stress, El Nino, tropical rain forests, matter production, SEIB-DGVM
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Modeling Interactions between Vegetation and Aeolian Processes
BANZRAGCH, Nandintsetség ; SHINODA, Masatd ; SHAO, Yaping
LArid Land Research Center, Tottori Universitynstitute for Geophysics and Meteorology

The sustainability of temperate grassland (TGs) ecosystems is determined by the feedbacks between climate, vegetation a
human activities, in which Aeolian processes play a key role. Current existing dust models do not have sufficient capability
in simulating vegetation growth and decay effects that play a major role in TG aeolian processes. In this study, we purposed t
couple the DAYCENT, a vegetation-growth and nutrient-cycle model (the most prominent biogeochemical model), with QF2003,
a wind-erosion model. The DAYCENT-QF2003 modeling system enables an examination of the feedbacks between grasslant
grazing and aeolian processes. This approach is a completely new approach. First, we assessed the DAYCENT for its capabili
to provide estimations of vegetation dynamics under different grazing conditions in order to incorporate into the QF2003. DAY-
CENT was parameterized with the field experiment data (soil physical/chemical properties, vegetation and grazing) at the Bayar
Unjuul (BU) site in 2010-2012. BU is located in north of the most frequent dust outbreak region in Mongolia. Results showed
that the DAYCENT could simulate realistically vegetation growth-decay, nutrient-cycle and the effect of grazing on grasslands,
which are the factors controlling dust outbreaks in TGs. Then, the DAYCENT model was coupled into the QF2003 wind-erosion
scheme. We conducted the numerical test of the coupled DAYCENT-QF2003 model to predict dust flux. With the initial results,
we have demonstrated the potential of the DAYCENT-QF2003 coupled model. Therefore, the integrated DAYCENT-QF2003
modeling system will provide a useful tool for an early warning system and the future projection of dust events over dust source
areas in TGs region.

Keywords: Temperate grassland, dust, vegetation, model
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