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pEILEIE. OEFRMICFHTHE -tz 0 284, QEYMEILDXERIETHYER T=
QHHEDKAD ., DRIRLEE-HLMBLELER., ZHET T, [UEZEH, FHILEDEMZ
R0 FHIL. T OEMEERD10, BR-EM - EEXFD,
x., =2 K-RF-MEREIR. EYVZHREOEMARN D FFEBTAIZEEE L TULVET , Japanese Alps harbors 1)
world-rare geography & topography, 2) rich endemic biodiversity through great natural evolution experiment, 3) water source for
metropolises and 4) most vulnerable ecosystem to climate change. To elucidate and predict impact of climate change on

ecosystem & biodiversity and human in Japanese Alps and to find appeasements, specialists in climate, geography, hydrological—
carbon—matter cycle, and biodiversity in universities of Tsukuba, Shinshu and Gifu are cooperating.
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Japanese Alps is an extremely unique and important for 1) unique
geographic point on the earth, 2) harboring endemic biodiversity, 3)
providing water for huge population, and 4) key to disaster prevention
for the population in downstream.

BT —FR—RFIORIIT VTR [2&BHEILE

Japanese Alps by our spatial database, Digital Alps
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EMSHE. ONERRIE. BEVNHEBERELS
SHEMEM-71—R\vIRTHY ., ThHOERERA
ARBICH 5T H—ERZRELTLVET , 1) Unique
geography & topography, 2) regional-level climate
change, 3) biodiversity and 4) mater cycle are interactive
& feedback system and the system determines
ecological services to human
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Japanese Alps is on earth’s unique point - crossroads
of three crust plates
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Endemic species packed in environmental slope
corresponding to 2400km in horizontal axis.

BkmODAERE Z (FKTF2400km (FEFH AN S Y/ L AL ihETO IERE)
DREZCEBLES , COBEERBRARICEHDZDIMIT
WROR T, KA EFEE ST EROBEFEAELLEL . In
terms of temperature, 3km altitude difference corresponds to 2400km in
horizontal axis, distance between Central Japan and northern Sakhalin.
In independent mountains over such wide environment slope,many
endemic species, including Ice Age relic species, have evolved.
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Provides water to Tokyo and Nagoya areas.
1RICEADHEILEEE, EHE -+ REZETCHEK
D40%DAADKMNDHTY
Japanese Alps and mountains over 11 prefecture provides water
to 40% Japanese population including Tokyo and Nagoya areas.
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Key to basin disaster prevention
S[BEZBCSS>THRBLUEDERRNEILT DL, LB KKE
PKRE-FEDBILEZBELT, REDANLDEGR-RR-MHEEE
WNFBEEMNHYET , When Climate change causes ecosystem
change in Japanese Alps, it’s concerned that it affects people’s life,
health and estate through water & sediment disaster and water
quality & health degradation.
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Cooperated inter- & intra- universities (Tsukuba, Shinshu, & Gifu
Univ.), we ask collaboration with related groups.
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This project is organi
stations.

ized by seven research centers and eight observation

River Basin Research
Center, Gifu University
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We first clarify past regional-scale climate change in Japanese Alps and then
develop predictive model for various metrological variables.

BEI2AFROEAELELSIEEEOFR

Estimating vegetation and climate change history during the last 72,000 years

BEDSIEORAIRELTF AT HEELD. LTILTZAOFERHDOHEBENNS, ZKED
RGP AMRRERE (L) EEMHER(T)EAN BENZHEREBHERYBLTE
f=2en otz

Understanding to past climate is key to future prediction. We studied Total Organic Carbon amount, which
indicates winter temperature, and pollen composition from sediments in Nojiri-Lake in Northern Japanese Alps,
revealing that the vegetation drastically repeated drastic and large change.

FRMAR—ITaFIZE T DiBE72F FMOIEMBA RIS H TR (TOC) DER
Temporal change of pollen composition and TOC amount during the last 72 ka in Lake Nojiri.
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Distribution of snow depth

WELANLOSBEES CRE. BKE. BE. AEELE) EFEFRATEI-HODETIILERFEST
T HARPDETIVERIIT 57012, HIELTBE (20055F12A31H) DB FEELXETILABRT
EENERLIECH ET DD FRSNEEELNEEN. ERICHRAISh-EEREEL
f2o T TCIDET N THERFALN LAY, CCTEEEOFBONFRASIATOET, SEIE.
THBBEZEOTHEILEDHIBER 7 —IL T, BT EBROABTFINOEZENKELET
EOFAHEANET,

We're developing a regional-scale predictive climate model (for temperature, precipitation, snow
depth, evaporation, etc). To validate the model, we tested, for example, whether the model realize the
past snow depth (31 Dec., 2005). The predicted values by the model were close to the observed values.
Then we made future prediction using the model and it predicts decline in snow depth. We're now
improving the model to increase spatial resolution for regional-scale prediction in Japanese Alps. In
particular we aim to predict extreme values which have significant impact both on ecosystem and
human activities.

ngh -Snow-Cover year (% E £E) ‘ Low-Snow-Cover year (A £E)
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We develop a model demonstrating the carbon cycle in large area, and try to clarify the fluctuations of the plant respiration and photosynthesis (production

amounts in future, in accordance with warming.

[LEENPPTYE LS NPP mapping in a large area
BHEROIRINF—ERALTREERICE>ToBILRFRRORFERKILMELTHE
MIKICEELET  COL-OEHEAT PO _BIERRREEBRSL CRE(LZIFITESD
EEZBNTVWEY  ETHEYOBRE (fi—REEE :NPP) T E I 1L, HEHIRIR
THRIERFEDS M. DEYERIEADERKENFAYET (Fig. A)o
Plants fix carbon from carbon dioxide (CO,) as carbohydrates in their body (Fig. A).
Therefore, plants could reduce atmospheric CO, concentration and delay global
warming. Mapping of plant growth (Net Primary Production: NPP) reveals states of

CO, absorption, namely contribution of delaying global warming by terrestrial
vegetation (A).

NPP =Ph-R Ph: &R &E (Photosynthesis) R: FEI% & (Respiration)
o easurements T

Ecological
measureme

i e N

7/ (A) An example of global NPP estimation
{ using NOAAJAVHRR data
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Meteorological
& satellite data

Global NPP are estimated using a simple model
Improvements of the model is necessary foran
_ accurate mapping /
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NPP estimation
models are developed
based on various
measurements (B)
and are applied using
meteorological data
and satellite images
for a large area NPP
mapping (C).

Micrometeorologic

(C) NPP or NEP map
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ii%@ﬂ&&;ﬁiﬂ%bd)%?ﬂ A warm response by soils

TIEFFIR(SR)E(E, TEREADODCO,DRHBRRTHY  HEYIDIRIFR BRI LY (ME
)<k BHEERNO A BEFRE S (A), BI0EMDBIILIHEOSRIEBMLTLBA,
ZOEEITOVTOEMITHEA T, SRIZ, —HRHITEE (RIR) (St L THE R
3 (B). SROBE R IH #0107 £ F LI LEDSROEMEQ, ELTHOHEINBA,
BEMEWNZEEQ,IFE<HS (0).

Soil respiration, SR, the flux of microbially and plant-respired carbon dioxide (CO,) from the soil surface to the atmosphere. SR has increased
with climate warming over the past 20 years, however, the dynamics of SR are not well understood ant the global flux remains poorly
constrained. Q, is the proportional increase in SR for a 10 °C increase in temperature. Decomposition rate are much greater at higher than

at lower temperatures.

NEP = NPP - SR NEP: (Net Ecosystem production) HR: TiEMFIRE
(Heterotrophic respiration)

BEIZEDQ,MDEL
(Kirschbaum 2006, SB8)

BT TOHRIERER(2007-2009)
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(B) Soil respiration in cool-temperate forests on

Al (C) Temperature dependence of SR estimated with
Sugadaira highland, central Japan..

different methodologies.

WRICEYRREEROBWELISES> FMLUFTORBILIZKIEHBEFMEAAE
- RAOUEZFABERCORRILERLSE

See Warming experiment on mountain forest line in the next page

(A) Soil respiration

RRBEHEME  Mmitigation of carbon emission

BARIRABRICZLL AMFIEECBETRLGERTYT . LAL. BAOKRHM BHEEL28%
LB BHICELFEMDRFIAOEERESNTOEY . COLSBAMEREFIICE
AITNERMPDORFZEEL, BERFHSOERICEMRTEE S, KEHSHMICEDB

B TIERFAMORBUEBICL>TZBILRR(COYMNEL DT (Fig.1, 2). HETAERER
SELCCO M ZHIR T 2FIATEBLAENRBEICRYET . MAELTRIAEh S HF
RURDIETEYSLDRFEBETEEY

Japan has little natural resource and forest is an important renewable resource. Although mature forests are unused and only 28% of
timbers are supplied by domestically. If we use such forest resources, we can fix carbon within timber and contribute on attaining low
carbon use society. Unused wood materials and fuel consumption emits CO, in the process from logging to sawing lumber (Fig. 1, 2),
therefore evaluating each process and mitigating CO, emission is required. Keeping the life of timber longer makes fixing more carbon.
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Fig. 2 Relative carbon emission
(2,338KgC is 100%)
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Fig. 1 CO, emission in each process

RRIEENADEGHEMEHAT S

Discriminates forests which require urgent management

PP RFRBINEE DH M DL RIBESEDICE. BELAFHEERNBLETT  HIC.BE

@mT?%AIMGDFaEHﬂi"ﬁ%‘GTO ZITE— MUY UT (BEER) DS BADIERE
BEZRD. HEOBEEOEVHAMEZBBINICHIBIT2RMEMARLEL GEFHAE
SR COHBEREBLELSAKICEENERT SIEEBIELET .

Appropriate forest management is necessary to make forests to exercise their functions of disaster prevention and carbon assimilation.
In particular, tree thinning in too dense artificial forest is urgent issue. We developed the method (in patent application) where we make
automatic discrimination of forests which need urgent thinning by tree type identification and density measurement by remote-sensing
(satellite images). We're now developing way to enlarge this automatic discrimination to Japanese Alps broad area.

(N2t =N E/»t*f)‘ﬁé@” (A)Where and what trees? (B) %530 ?
Mampmany | HERFROAMEE (Mmul. AHTLOESTER)
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(B) How many trees?
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We're developing a model to predict risk of landslides and sediment disaster, and matter cycle when climate changes.

SIREEL &

[UENREBEREDFDECRIZTHE
Impact of climate on the activity of deep-seated
landslides

SURFKRE R IE MO EENE(CKE DD DO TS, FRIE

ZOEHFITHY, KIRERIRBEDOME OB IEEICE KT
ZRLTWS, BEHICEHEXIFEALR

THE, BERO

LWL, BMEHCRRELGE, KASBITEBANZETS
IS, EEHATANRRETEHT 5.

Seasonal climates affect the

activity of deep-seated

landslides. The figure shows
the relationship between the
down slope ground movement

around a rockslide and

climatic factors (temperature
and rainfall). The movement of
ground surface is insignificant
(<1 mm d=) during the snow-

covered period, while it

accelerates up to 10 mm d—*
during the snowmelt and
heavy rainfall events when a
large amount of water infiltrate

into the ground.
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Velocity of downslope
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We’ re examining the impact of climate change on biodiversity by 1) identification & monitoring of biodiversity hotspot, 2) how biological community (inter-
species) and genes (intra-species) change over altitude cline, and 3) ecosystem warming experiments on a forest limit line and a lake.
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| Climgte chgnge can affect occurrence_of landslides through c_hange in v_egetation ERFEBAD —— Cand N circulations —
o The figure is an example how vegetation cover affects landslides, showing temporal o // R BREOER ™~
" a4 changes in landslide frequency after clear cutting. Landslide frequency increases oa E E;ﬁﬁ@_é
i { significantly after clear cutting. Thus, vegetation change caused by climate change A series of models that

might affect the landslide frequency.
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Climate change -> vegetation change -> landslides?
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Model for the material circulation linking atmosphere,

land, rivers, and coastal zone
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explain carbon and
o : Extension and modification of SATECO \
nitrogen transportations d!
. > SATECOET L D3R -#ETE \
in atmosphere, vegetation, | / \
/ Soil, Bedrock AR~

soil, bedrock, river, and [———— — 1\
brackish bei [ | Vertical and one-gimensional model for heat and water transport (Hydrus1D)
rackish water are being | + groundwater runoff model (tank model, MUDFLOW etc.) |

Atmosphere, Vegetation X% - #i4
Atmosphere-forest_coupling model (SATECO model)
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Identification & monitoring of biodiversity hotspot
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We developed technique to discriminate
vegetation type (Fig.b) from remote-sensing
data (Fig.a). We're currently studying
relationship between plant community
(composition and diversity) and remote
sensing data targeting alpine meadow, most
vulnerable to global warming. We then
develop broad-area monitoring
methodology for plant community
fluctuation by remote-sensing. This would
helps with identification and monitoring of
hot spot where sharply declining vegetation &5

need conservation effort.
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Blologlcal sensor for warming- example of Drosophilid

BRICLIEYHEOEGFNEDISITEDLLIOAEHLN TN BRIEAENZH
HICRIFTHELRELERTE L TEOEVMEONET . REIZ/NITU7 . EH. 1
Y. BYEEDBRARGEYEICEVTIOLIBHRERBALTOET, AR EavTaon
IFKESICLoTHEIZEDY ., HEFEEHERIE TS ETEREOEY LY —&
THIENTEET,

To reveal change in biological communities and genes probides a lot of implication in detecting
and understanding biodiversity change by global warming. We're conducting such studies for
various organism including bacteria, fungi and plants. For example drosophilid community
changes clearly over altitude and it can be biological sensor for warming, if we develop
approriate community index.

Table 1 Structure of drosophila community and altitude of survey points in Nishikoma Experimental Forestof
Shinshu University, Nagano Prefecture
(REBOEFmEL AV N\ TOBEME)
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Searchlng warming-adaptation gene using altitude-versatile plant
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Fig.a Arabidopsis kamchatica
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. Fig.a Altitudinal

distribution of Arabidopsis kamchatica
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Arabidopsis kamchatica (Fig.a), wild relative of the plant
genetic model A. thaliana, has remarkably wide
altitudinal distribution, 30 — 3000 m around Japanese
Alps (Fig.b). Population at different altitude are
physiologically different (Fig. c) at some traits when
grown in the same condition.Genes controlling those
variation is relevant to altitudinal adaptation and most
likely key to adaptation to global warming. We're
searching those genes and will study spatial and temporal
dynamics of those genes across populations.
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FFFTOHBH. Fig.b Days until germination in a common
garden for seeds from variable altitude.
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Warming experiment on mountain forest line
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Targeting forest limit line, where slight altitudinal difference causes
drastic ecosystem change, we’re studying impact of global warming

on

alpine ecosystem by open top chamber experiment. In 5

replications (each 1m? of all-season warming (increased temperature
& decreased snow season and snow pressure), summer warming
(increased temperature ) and control, we’re monitoring changes in 1)
vegetation (trees, herbs, ferns, bryophytes, lichens), 2) soil
respiration, 3) nitrogen mineralisation, 4) humus, and 5) cellulose-
decomposing fungi.

HKDRIRIERER - B EF R LB YIEH

Warming experiment for lake water - zooplankton community and food chain

BEDKIE (28°C, 24°C, 20°C) FHFD0LEVIIAhShTz
PO ERIS LS MM TI S I D EHRR

Biomass of the z0oplankton community established under the tempera-ture at 28, 24, or 20C from
resting eggs in the 20-L tanks containing the bottom sediment of Lake Suwa

BREISEYRMT SRR AUNEYE
I, —REEEN AT TORMASA
RS (TR —RRAENMETTS)
Global warming may induce the zooplankton community
dominated by small-sized species, resulting in
development of longer food chain from primary producer
to the top predaters.
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