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% Related On-going Research Project

« Climate change impacts on forest
ecosystem and adaptation (2009-2014)



/' Climate Change

e Global warming and GHG
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o Natural vs. Anthropogenic

o Air temp & precipitation changes
+ Atmospheric C02 concentration
+ Other pollutants

Seasonal pattern change,
Abnormal Extreme events
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Temperature and CO, concentration in the atmosphere over the past 400 000 years
(from the Vostok ice core)
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Air temp. (°C)
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% Climate Change in Korea (1912~2005)
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Global warming is speed up in 20" and
215t century.

[Forest ecosystems are already affected by
climate change

- Species range shift, phenology, NPP;....

Recent increase of background mortality
\NestermNortPAmERCA (IVantoemenal 22009 SCIENGE)
HIghrtemp: + dretignt = eIetic agent



[Ferest dieback Is eccurring at the diverse
forest types globally.
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- - Endemic in Korea
- 4 types (forma) by cone C'olors
- Valuable for ornamental use
- Genetically diversified from A. nephrolepls ‘g -
- Distributed at high mountains in S.Korea -
mcludmg Mts. Halla, Jiri, Dukyu, Gaya

-1 400»«1 900m a.s.l in Mt. Halla .
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Vegetation Map of Mt. Halla

(IKONOS based classification)
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" High temp. in winter is stressfutl,physiologically.
Mortality wa

=
t, Temp. = high

~ Light, Tem

Soil = frozen, low avail. water

Net photosynthesis rate in June
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Net photosynthesis rate: seasonal difference
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highest at 20 C



- Weak one > healthy one

- Site 1 > Site 2,3

- Low temp. > high temp. Adaptability to temp.
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“’® Monitoring of tree mortality
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¥ Winter temperature vs. Tree mortality
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% Spatial differences
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~ South/West: poor
North/East: healthy
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Mechanism ofi Kerean fir: decline
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:_;‘_ Dieback of Pines

== @ Mass mortality years: 1998, 2002, 2007, 2009
- @ Damaged species: P. densiflora, P. koraiensis
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In 2009, more than 1 million pine trees were dead

In Korea
P. densiflora, P. thunbergii, P. koraiensis
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Dieback of Pine trees

Pinus densiflora
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4 * Pinus koraiensis plantation

Quercus variabilis

Larix leptolepis




Actual distribution area
of P. densiflora

Number of dead trees of
P. densiflora in 2009
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0% . - .
., ~Causes of Dieback of Pines in 2009
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% Differences of monthly precipitation to normal
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M 3
, %\Drought related dieback mechanisms

e
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2) Protracted water stress drives plant carbon de and
metabolic limitations that lead to carbon starvation and
reduced abllity to defend against attack by biotic agents

such as insects or fungi (McDowell et al., 2008; Breshears et al., 2009;
Adams et al., 2009);

3) Extended warmth during droughts can drive increased
population abundance in these biotic agents, allowing
them to overwhelm their already stressed tree hosts
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.~ Comparison of dieback mechanism

slifier

during drought period during drought period
Stomatal Anisohydry Isohydry
response (drought tolerance)? (drought avoidance)

Biotic agent  No

Cenangium ferruginosum
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\Needs ofi Forest Structure Improvement
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-Most of the forests are 20 to 40 years old -DenSIty 5 hlgh
(age class diversity is low) - Topography: steep & complex

So, Korean forests are vulnerable not only to
drought stresses of evergreen conifers, but also to
fire, landslides, insects & disease, e.g. oak wilt
disease
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Climate Change

fo Temp. rise: 2-6°C
e Temp. increase rate: winter >> summer Adaptation
e Prep. Inc. rate: winter << summer
e Variability of rainfall will increase

_ e Density control

- competition release
- increase forest health
- reduce forest fire

_ o Diversity
enhancement

- forest type, age diversity
- stand structural diversity

o Selecting planting
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e Decline of evergreen conifers —
by drought in warm winter

» Insects outbreaks - consider future climate

~_® Conservation of

e Fire and landslide ~ genetic resources
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