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The network 

of the permanent forest plots 

in the Russian Far East and plot-based 

studies of climate change



biome of temperate broadleaved deciduous forests



forest fragmentation



mixed broadleaved-Korean pine forests

Height of canopy 30-40 m
Number of tree sp in canopy per plot ~ 10-12
Plant species diversity ~ 800-900 spp
Key dominant – Pinus koraiensis



Why the mixed broadleaved-Korean pine forests attract the researcher’s 

attention

Diversity

Potential dominants:
Pinus koraiensis

Abies holophylla

Quercus mongolica

Tilia amurensis

Tilia mandshurica

Fraxinus mandshurica

Fraxinus rhynchophylla

Kalopanax septemlobum

Phellodendron amurense

Abies holophylla

Betula costata

High productivity Ecosystem structure

Global climatic contest

Remarkable endangered species

Aesthetic value

MANY MORE...



Pinus koraiensis Siebold et Zucc.
Structure and morphology: 
Five-needle pine. 
Height: 25–30(45) m. 
DBH: 60–80(150) cm. 
Chromosome number: 2n = 24. 
Life span: 400–500(600) years.

Reproduction: Monoecious. 
Flowering: June
Ripening: October–November of the 
2nd year. 
Synzoochore by Nucifraga 
caryocatactes, small mammals and wild 
boar. 
Seed is 25−30 mm long and 25−28 mm 
wide. Weight of 1000 seeds: 500–700 g. 
Number per kilogram: about 2010. 
Large crops are repeated at intervals of 
3−4 years.

Habitat:
A wide spectrum of slope gradients, 
aspects and shapes from sea level to an 
elevation of 900 m in Sikhote-Alin. 

Tolerances:
Low light: medium (saplings perform
best under 70% shade). 
Frost: medium. 
Heat: high.
Water deficit: high. Water surplus: low.

Nucifraga caryocatactes

Sitta europaea sibirica

Tamias sibiricus

Scirius vulgaris mantchuricus

2
0
 c

m

10 cm

SEEDS



food chains



food chains



global climatic drivers



air flows and zone of monsoon activity

Atlantic air masses



Typhoon traces in East Asia (Tokyo University of Information Sciences)



Climadiagrams



Climadiagrams



Climadiagrams



Climadiagrams



Climadiagrams



Climadiagrams

no monsoon, 

deep snow



Distribution of precipitation during the year

SMALL AMOUNT OF PRECIPITATION IN WINTER TIME

CAUSES PERIOD OF DROUGHTS IN SPRINGS



regional climatic trends



Climatic trends in the area Southern Russian Far East

East Siberia
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blue – 11-year smoothing curve

pink – trend of the last 30 years

Source: Rosgidromet 2012 
Annual temperature 



December-February March-May June-August September-November

actual temperature against average temperature in 1961-1990



Southern Russian Far East

East Siberia
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brown – 11-year smoothing curve

red – trend of the last 30 years

Annual precipitation trends

Drought is driving factor



Far East South

Far East North
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Snow depth trends

Spring droughts

are less harmful



climate-plant relationships



problems in interpretations – “hockey stick”

Annual temperature + 2.3ºC

Total precipitation 780 mm

Annual temperature + 2.4ºC

Total precipitation 740 mm



WORLDCLIM

ОСАДКИ ХОЛОДНОЙ ЧЕТВЕРТИ ГОДА

140,000BP   21,000 BP Current   2081-2100

СРЕДНЯЯ ТЕМПЕРАТУРА САМОГО ХОЛОДНОГО МЕСЯЦА

СРЕДНЯЯ ТЕМПЕРАТУРА САМОГО ТЕПЛОГО МЕСЯЦА

ОСАДКИ ТЕПЛОЙ ЧЕТВЕРТИ ГОДА

resolution ~ 1 km



P: Mean annual precipitation
Ps: Summer Precipitation (3 summer months)
Tp: Sum of the monthly average temperature of months with positive mean temperatures
IC: Continentality Index (yearly thermic interval). Ic = Tmax – Tmin
Ioe: Ombro-Evapotranspiration Index. The quotient resulting value between the yearly

positive precipitation in mm and the value of Thornthwaite yearly evapotranspiration

Wk: Kira’s warmth index (sum of monthly average temperatures over 5ºC)
Ck: Kira’s coldness index (sum of monthly average temperatures below 5ºC)
Pn: Sum of precipitation in months with negative monthly temperatures

bioclimatic indices for modeling

Krestov et al. 2011, 2015



Kira’s warmth index Kira’s coldness index

Continentality index Snow

bioclimatic models

Krestov & Nakamura 2007, Nakamura et al. 2008, Krestov et al. 2011, 2015
resolution ~ 90 m



Source: global carbon project

climatic scenarios



climatic data
WORLDCLIM

distribution datapresence points

pseudoabsence

regression models

distribution 
model

MIROC

LGM LGM

mid 
Holocene

CCSM4

mid 
Holocene

RCP2.6

2070

model for long-
term refugia

RCP8.5

analysis chart



Pinus koraiensis …

modeling value stock species

novel 1



Korean pine



model for modern distribution of Pinus koraiensis



retrospective distribution of Pinus koraiensis

LGM mid Holocene current

CCSM4

MIROC

Aizawa 2012



prognostic distribution model of Pinus koraiensis

RCP 8.5

RCP 2.6
current



combination of retrospective and prognostic distribution models of Pinus koraiensis



what happens

- Korean pine will lose a part of its habitats on the south of the Far East in coming 50 years
- oldest populations will disappear in the southern part of range



local indicators of climate change

natural ecosystem dynamics vs climate-induced change  



S p at i a l s t r u c t u re

A ge  s t r u c t u re

P l a nt s  o n t oge ny

G a p  d y n a m i c

D i s t u r b an c e  re g i m e s

N at u ra l  re ge n e rat i on

Tre e  e sta b l i s hm e nt

B i o d i vers i t y

47 permanent  p lo ts :

1

1. Botanical Garden Institute (1 plot )
2. Kedrovaya Pad’ Nature Reserve (2 plots)

3. Ussuri Nature Reserve (1 plot)
4. Verkhneussuriysky Research Station (32 plots)

5. Sikhote-Alin Nature Reserve(4 plots)
6. Bikin National Park (1 plot)

7. Bastak Nature Reserve (6 plots)

2

3

4
5

7

6

network of permanent plots



Botanical Garden-Institute FEB RAS
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Dynamics of radial increment Korean pine, Jezo spruce and fir
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dendrochronology

monitoring and modeling 
regional climatic processes 

Novel 2















dendroclimatology

novel 3



tropical cyclones and dendrochronological data



analysis chart



defining canopy destructions



lower proportion of younger trees than older trees exposed to canopy disturbance 
after their 50th year reflects increased TC activity at northern latitudes, as most of 
the trees could already reach the canopy during the first 50 y of life

proportion of proportion of younger and older trees before (blue) and after 1920 (red) 



- observed changes in tropical cyclone activity, specifically northward tropical cyclone 
track migration, caused more frequent forest disturbances during the last century in 
the western North Pacific;

- the expansion of the tropics leads to increased sea surface temperatures at higher 
latitudes, where they trigger tropical cyclone genesis and hence poleward migration of 
tropical cyclone activity.

what happens



20 - 24 July 2020, Vladivostok, Russia

http://geobotanica.ru/symposium_2020/
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