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Hydrological cycle change in Northern
Eurasia and its influence on
terrestrial environment
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Arctic climate change affects permafrost environment in eastern Siberia
= increasing rainfall in late summer enhances warming permafrost
= permafrost eco-hydrological change in humidifying eastern Eurasia
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Longterm trend in Siberia
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Relationship between soil temp. and snow, rainfall in summer (Yakutsk)
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Warm & rainy summer during the last decade (Yakutsk)
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Relationship between soil temperature and snow depth (generally positive)
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Relationship between soil temperature and precipitation in summer

Before 1980s:
negative or
insignificant
relationship

(a) 1961-1980 (b) 1991-2009

After 1990s:
Change to
positive relationship

In permafrost zone
In northern Eurasia
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Sea Level Pressure in late summer (Jul, Aug, Sep) during 2004-2008
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stationary(monthly)

Transient storm activity in previous and new wet years —“}
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Interannual variations in eastern Sibreia (1979 to 2013)
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Terrestrial water storage detected by GRACE

Interannual increasing trend of water storage

High terrestrial water storage trends
In central Yakutsk region

Ogawa et a. (2011, Geophys. J. Int.)
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Regional difference in surface-atmosphere

moisture interaction in permafrost zone
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Extensive degradation in permafrost environment

Cumulus over Siberia
(by Mr. Kobayashi JAL pilot)
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Large scale phenomena of forest degradation

upper left: colored larch forest
upper right: damaged leaf

lower right: water logged
forest floor

(7 Aug. 2007)
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Method: Satellite data analyses

ALOS-PALSAR images
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Results: study area (central Yakutia): Yukechi

Study area: 10km X 10km
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Water induced degradation map at Yukechi (high density of thermokarst lakes)

lijima et al. (in prep.)
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Yukechi thermokarst lake expansion
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Water induced degradation map in central Yakutia

Water induced degradation map (16 scenes)

Damaged boreal forest
during wet climate years
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Current situation of forest degradation in central Yakutia (2007=2015)
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Climate change & Permafrost feedback in eastern Siberia

Increasing global
air temperature _\‘
Increasing green- change

house gas l
precipitation change i
warming

Permafrost thawing

Carbon ecosystem hydrology Topography
emissions change
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For future studies on permafrost degradation and its impact on hydro-climate

Vegetation interaction

land surface processes

Ecology _——— PF interaction studies
Ecosystem
: + Hydroloy
changes with Spatio-temporal analyses

PF degradation

Hydrology

lake expansion

* ' R R R R B R -— B B R R * based on permafrOSt eco-hydrology
Stable PF Changing PF Shifted PF Upscaling RS & Model
We are HERE now!?
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CONCLUSIONS

Soil temperature & moisture increased within active layer observed at many
sites in eastern Siberia.

This change was primarily due to wet climate conditions rather than
atmospheric warming with abnormally large amounts of rainfall and snow fall
from late summer to winter during the period enhancing storm activity

Wet climate during the last decade (2004-) drove both forest mortality and
permafrost degradation

Implications

* Manifesting hydro-climatic impacts on permafrost
environments !

« Spatio-temporal variabilities (boreal to tundra) with
trans-disciplinal approach will be the next

international focus 3
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