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ABSTRACT

A simulation model was used to examine the effects of climate variation on the tree-ring structure
of Larix leptolepis trees growing at a plantation plof in Worak National Park in central Korea. The
model uses mathematical equations to simulate processes affecting cell(tracheid) size variations for
individual rings using daily precipitation and temperature measurements. Limiting conditions are
estimated from temperature, day length and a calculated water balance. The results indicate that the
seasonal growth is mostly limited by the soil moisture content and precipitation income during April
and May. The April-May temperature also inversely influences the growth by increasing water
losses from soil, The global climate-change scenario which includes regional warming(increasing
temperature in spring-summmer periods) appears to decrease the duration of optimal growths.

Consequently, the model estimated that Larix leptolepis would lose the total production of xylem by
25%.
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INTRODUCTION

Cell size variability is closely related with
climate(Park, 1990: Vaganov, 1990: Vaganov
et al., 1985: Sass, 1993; Wilpert, 1993). Several
studies suggest that radial tracheid diameter
variation in tree ring indicated the seasonal
variation of tree growth, for the evaluation of
changes in soil water regime(Vaganov et al,
1975: Park, 1990: Wilpert, 1993) and for the
analysis of tree growth during and after insect
damage(Vaganov and Terskov, 1977). Measure-
ments of anatomical features of the tree-rings
help to look for the seasonal information, where
the tree responds mainly to climatic(weather)
conditions. Intra-seasonal growth changes are
first the integration of biochemical and phy-
siological process of the influence of climate to
free growth.

In the contrary to boreal zone with the high
amplitude of winter-summer temperature diff-
erences, the climate of Korea peninsula is more
mild, the period with negative temperatures less
than 2 months, average temperature in summer
(usually in July and August) reached up to 25
C, and precipitation has a specific intraannual
distribution: very rarely in spring and last
autumn, and abundant in short period since last
June to beginning of September. We expect
that this climatic peculiarities determine the
seasonal growth dynamics of frees, and are
reflected in anatomical tree-ring structure.

Variations in tree ring structure are success-
fully simulated with a mechanistic model using
daily climatic data as growth limiting conditions
for various species; Siberian species of cold
climate{Vaganov, 1990), Arizona species of arid
climate(Fritts et al,, 1991) and Korea species of
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temperate climate(Vaganov and Park, 1994).
The latter study(Vaganov and Park, 1994)
examined climatic influence on the radial varia-
tions in the tracheids of Pinus densiflora and P.
rigida trees growing near Seoul. We extend this
study for Larix leptolepis, a major plantation
species in central Korea.

METHODS

Site Description

The study site is located at Worak National
Park, University Forest of Chungbuk National
University Plantation “Geolgol” site(500 m as.i.).
The site is on the south slope(aspect: 15 degree)
on the shallow (20~30 c¢m) sandy soil, At lower
slope about 1000 square meter Larix leptolepis
plantation(30 years old) locates and at upper
slope about 1500 square meter Pinus rigida(25
years old) locates. A few Pinus densiflora

trees(natural) grow among these plantations.

Material Preparation

Two cores for two radii have been taken for
each free. In plantation of Japanese larch 10
trees were sampled. Each core was placed and
reinforced with glue on wood support and
oriented of their fibers to be perpendicular o the
surface. Then for all samples we cut a surfdce
using a very sharp knife to obtain a cross
-sectional surface. The clear manifestation of
cell structure on surface was achieved after
applying chalk on the surface which contrasts
cell wall from cell lumen.

Measurements of Tracheids

For the period from 1980 to 1995(16-years), 5
trees were selected for cell measurement. The
quality of surface allows to provide the accurate
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measurement of radial tracheid dimension with
resolution in 05 xm using the measuring
microscope “Olympus” with 400x magnification.
For each year the tracheids in 5 randomly
chosen radial rows were measured. To compare
the measurements of different radial rows as
well as different tree-ring we used the stand-
ardization procedure described earlier(Vaganov,
1990). Because the number of cells in row varies
from 80 to 300 cells, standardization value we
used 50 cells, which allow to keep more details
in tracheid size variation within tree rings. The
tracheidograms (tracheid size variation) were
then used for comparative analysis with seasonal
climatic data as well as with model calculations.

Simulation Modeling

The model uses mathematical equations to
simulate processes affecting cell(tracheid) size
variations for individual rings wusing daily
precipitation and temperature measurements,
Limiting conditions are estimated from tem-
perature, day length and a calculated water
balance. The main approach and algorithms of
model were published earlier(Vaganov et al,
1989; Fritts et al, 1991). Although the main
approach and algorithms of model were
published earlier(Vaganov et al., 1989: Fritts et
al,, 1991), here it will be repeated briefly for the
main model assumptions for description of
seasonal growth and tree-ring formation.

For the growth initiating the minimum sum
of posifive temperatures is necessary. Growth
rate equals zero until this sum will be accumu-
lated in the beginning of a season. The depend-
ence of growth rate on temperature is described
in following way: it equals zero, if the tem-
perature is below minimum(5 degree), then it
increases linearly with the temperature increase
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and reach 1.0 at the optimal temperature(for
example, 19 degrees), it remains stable in
optimum and then decreases to zero with
further temperature increase, As a result the
simple linear approximation of typical experi-
mental curve is obtained, which are known from
the tree physiology.

The dependence of growth rate on soil
moisture is similar. Moisture content is calcula-
ted according to balance equation taking into
account the thawing out of soil and moisture,
existing in this layer(stored since the last year
at the soil freezing). Such a balance equation is
the main modification of a model for permafrost
soils. Moisture calculation is following:

Wiri—wk Lk (1—a)+ b % Pi—c % Tr,(T, W)

where W;-water balance on the previous
day: [,-the depth of soil thawing out: P
-precipitation on day f; Trn(T.W)-a function
that describes the water losses by evapotrans-
piration and depends upon temperature and
current water storage: a-coefficient of charac-
terized rate of soil thawing, b-coefficient of
available precipitation(the portion of total daily
precipitation that enters into the soil), c-coeffi-
cient of water loss. a, b, c- are constant
coefficients for the whole calculated period of
growth(several years).

Transpiration depends on temperature ex-
ponentially (if there is no data on air moisture
deficit). The depth of thawing out depends also
on air temperature and the rate of increasing of
thawing layer falls with the increase of this
layer itself. For temperate zone without perma-
frost the first component of the balance equa-
tion is simply equal Wi because the rate of
thawing out is high and not necessary to take
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into account the dynamics of thawing layer
(except mountain regions). The third important
component for the calculation of seasonal
growth rate is the light. Since the direct
photometric observations are not carried out on
the most of meteorological stations then we take
into account only of insolation flux which are
calculated accordingly equation from monograph

{Gates, 1980):

Et= Eo* (hs * sinv * sing+
cosv X cosg X sinhs)

where the insolation flux depends on time of
a season ¢, site latitude(v), day length(hs) and
the angle of sun shine(q).

As a result of these particular calculations of
growth rate depending on current climatic
conditions is the free seasonal growth rate

calculated to the formula:
Gr,= GrE) * min(Gr T), Gr{ W))

where Gri{E)-growth rate, determined on
each day according flux of insolation, Gr(T)-
according to temperature, Gri{ W)- according to
current soil moisture, Common Gr; calculated is
used as input parameter for cambial activity
block of the model in calculations of tracheid
production during a season and in calculations of
cell size variation within tree-ring. The algori-
thm of tracheidogram calculation according to
curve of a seasonal growth rate was described
earlier(Vaganov et al, 1985, 1989: Fritts et al.,
1991). The mechanism of functioning of cambial
block in model was already published(Fritts et
al,, 1991).

RESULTS AND DISCUSSION
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As an example of modeling work, we present
the process for the 1988 year. This year was
unusually dry and ring width decreased very
much. The standardized tracheidograms(Fig.
1D) show the continued decreasing of tracheid
diameter from the beginning of a season, small
fluctuation to increase in diameter in early wood
zone due to small rain fall at the first days of
June and abruptly decreasing in fracheid
diameter until the first third of July when the
abundant rainfall occurred. In this year about
60% of cells in tree-ring produced until the first
third of July.

The calculations according to the model for
1988 were presented on Fig. 1. First graph
shows the climatic dynamic and integral growth
rate calculation(A), second one the partial
(dependent on temperature or soil moisture
content) growth rates calculations(B), third one
the seasonal dynamics of total cell production
and number of cells in. cambial zone(C) and
forth one the comparison of actual trachei-
dogram and estimated one(D). In 1988, low soil
moisture at the beginning decreases very fast
since beginning of May due to low precipitation
and growth rate was limited mainly by
moisture, From second part of June to the end
of August, the growth rate was limited by high
temperature in spite of the optimal content of
waler in soil. Such limits occur most effectively
in 1988, and in combination with water limit in
first part of a season it leads to large suppression
of growth rate and finally to narrow tree-rings.
Fig. 1C clearly show that new cells in formed
tree-ring appear with some delay in time
according to the first division in cambial zone.
The cambial cells start to divide at second or
last third of April, but new cells in tree-ring
appear in the beginning of May. The result of
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Fig. 1. Seasonal growth rate and tracheidogram calculation for 1988. (A) growth rate(grt)
estimated from climate data. P: precipitation, T: temperature, S.m.: soil moisture, (B)
growth rate estimated by temperature factor(VT) and water factor(VW); tr: tran-
spiration, (C) cumulated number of cells(NR) calculated by the model; GRL:growth
rate of cell, NC: number of cells in cambium zone, and (D) Real cell size and calculated

cell size in annual ring of 1988,

modeling fully agrees with our experimental
data obtained using the dendrometer and anato-
mical measurements(Park et al, 1999). Coin-
cidence between calculated and measured
tracheidograms(Fig. 1D) seems rather low than
other calculations, but calculated tracheidograms
matches the main change observed in the
measured one.

The sum of radial diameters of all tracheids
produced in a year. Using the parameters used
in the model, we simulated the ring widths for
the years of 1980 to 1995. The results of
simulation indicated good agreements(correla-
tion coefficient r=0.85) between actual ring wi-
dths and simulated ones(Fig. 2). It demons-
trated the reliability of the simulation model we
applied fto.

Comparison calculated(1) and real(2)
TRW- 1ndex chronology 1n Cneocnju (R=0,85)
1ndex

uear

Fig. 2. Comparison of calculated(simulated)
(1) and measured(actual) (2) tree-ring
width index chronology for Larix
Ieptolepis growing in Worak Mt.

We applied our results to estimate the in-
fluence of expected warming on the seasonal
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Fig. 3. Cumulated number of cells produced
per year(NR) which were calculated
by the mode! with the global warming
scenario{upper: normal temperature,
lower: 2C warming); GRL-growth
rate of cell, NC- number of cells in
cambium zone, NR-cumulated number
of cells produced.

growth of L. leplolepis in studied area, We
obtained it from model calculations which are
based on two theoretical years using daily
normal: one is average for current changes,
another has the temperature on 2°C higher than
previous one. The warming effects reduce the
intervals with favorable climatic conditions for
growth and increases the duration of interval
with unfavorable climatic conditions. According
to this scheme we expect for Larix leptolepis in
the research area to lose the 25% of production
of new cells due to 2°C warming (Fig. 3).
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CONCLUSION

The results show that seasonal and year-to
-year growths of Japanese larch are very sensi-
tive to climate changes. The most specific
response of studied species to climate may be
the optimal climatic conditions for growth
occurred in short period from starting at the end
of April-beginning of May to the end of June.
Seasonal growth is mostly limited by soil
moisture content and precipitation regime during
April-May. The April -May temperature also
inversely influences the growth in first sub-
period by increasing of water losses from soil.
Therefore, every scenario of climatic changes
which include the regional warming(increasing
the temperature in spring- summer periods)
leads to decreasing of duration in two sub-per-
lods of seasonal growth with optimal conditions.
The common seasonal interval with optimal
climatic conditions for growth decreases, then it
will be expected that trees have to lose the total
production of xylem. According to calculations
with daily normals the reduction of growth of
Larix leptolepis will be 25%.

Our study shows the perspectives of combine
dendrochronological, anatomical and seasonal
growth monitoring approach to answer on
question: what can we expect in conifer trees
growth under global and regional climate chan-
ges? The forecasting based on the present
studied material is not optimistic because of
more evidences to suppress the seasonal growth
under warming trend.

The next experiments have to be made on
more widely distributed material from different
climatic zones of Korea as well as on more
species, The knowledge about seasonal climatic
response of trees in plantation gives the basis for
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inspection of pollution impact on seasonal tree
growth, Such inspection has to be made using
the tree-ring material as well as modeling app-
roach.
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