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the maximum leaf area index of beech, oak and Scots pine
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* My interest is about Recent research of LAI.
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 Prediction of forest growth and productivity isimportant.
HFMOBRK-EENDOFAIIER

LA

e LAlis correlated with forest productivity.

LA ZEM A E AR R I H S

(LAl determines intercept light and the total photosynthesis
uptake. LAIIIZNHEZROH ., BIEEREZRD D)

LAl also controls radiation extinction, rainfall interception and
evapotranspiration.

LA, EDBE. KW~ DBERE. ZEBETRTE
e LAl can be used to scale up to regional level.
LAIT—REKYLEWEEANERT— LTV T I EHIEMNTE
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This paper focuses on the Maximum LAI (LAI

max)'

From previous studies

e LAl is sensitive to site quality, stand structure and management
practices(Warning et al.; Gower et al.; Breuer et al.), and
meteorological variables(Meier and Leuschner; Duurdma et al.).

LAHEIL ML, M iEiE. 3. [URICEEIND

—We used multivariate empirical models of LAl __ based on stand,
site and meteorological variables.

RERNESEETIIVEERAGKR. Y1 [IIREEELET D)
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* Species
— European beech (Fagus sylvatica L.) (10sites)
— Pedunculate oak (Quercus robur L.) (10sites)
— Scots pine (Pinus Sylvestris L.) (14sites)
 Experimental site
Flanders, Belgium (temperate maritime climate : ;R BE & £ RE)
— All stands are homogeneous and mature.
— Stand basal area (m?ha): 16-38 (pine), 16-31(oak), 22-33(beech)
— Stand density index: 295-749 (pine), 240-554(oak), 367-534(beech)
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e LAl measurement
by Digital hemispherical photography (BEEL > XZEFIFELT=-
TN AZEIZ X B) at 16 points each site.
analysis: using Hemispher program (Swiss Federal Research
Institute)

March-November, 2008 a weekly during bud break, and then
every 3 weeks (Beech and Oak)

2 times in summer (Pine) (because pines does not significant
fluctuations over the growing season.)
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e Stand variables
— Stand structure: density, basal area, tree volume, SDI, dominant height
AAREE. MEESE. A R. M0 BEER. LBEARES
Stand and tree structure(1):Measured on the dominant model tree (DBH,
height)

— Stand age(2) and tree growth(3): tree ring analysis
— Phenology(4): bud break and leaf-off vegetation

e Site variables
— Soil characteristic(T 1E4%14), N-depositoin(ZE L&), site index(H{iL
)
e Meteorological variables

— temperature (maximum, mean and minimum)(&;&), precipitation(f&7K
=) and radiation (Jt =)
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o Statistical analysis
— Repeated measure ANOVA combined with a tukey(p<0.05).

— ldentify the key predictors (separately and in combination of stand, site
and meteorological variables) of LAI . per tree species.
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Site variables
Meteorological variables

beech 3.2-4.2 m?m™2
Stand variables

oak 2.4-3.3 m?m™2

pine 1.7-2.3 m?m~
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Table 2 Best multiple linear regressions for maximuom leaf area index (in m”® m~7) with different groups of predictor variables (stand, site and
meteo) and with all predictors together (Best combination) for each of the three species

Predictor group Model performance Predictors Constant
adj. ¥ RMSE (%) B I P B P
Beech [ Stand 0855 336 | Tree density 0.004 1126 <0001  —0283 0711
A Dominant height 0.087 0700 0.003
Site 0.506 6.96 Clay 0.029 0780 0016 2285 0.001
— Nitrogen 7.705 0526 0072
similar > Meteo 0.574 6.37 Tmin Apr-May_curr 0.591 0788 0007 —0877  0.495
[ Best combination 0,958 217 | Tree density 0.003 1031 <0.001 2240 0.020
L Dominant height 0.055 0394 0011
Prec Jul-Aug_prev —0399 0394  0.050
Ok [ Stand 0.906 435 | Stand age 0.014 1037 <0.001 1348 <0.001
LW/EW _prev 0.101 0331 0.020
Site 0.506 9.92 N-deposition 0.134 0708  0.021 1152 <0.001
Organic matter 0.096 0499 0075
Meteo 0.390 10,59 Prec Apr-lun_curr 1.516 0677 0032 —037T7 0777
Best combination  0.906 435 Stand age 0.014 1037 <0.001 1348 <0.001
LW/EW _prev 0.101 0331 0.020
Scots pine  Stand 0800 105 Dominant height —0050 —0866  0.001 1054 <0.001
[ Site 0.954 79 | Clay —0063 —0883  0.001 1.581 <0001
N-deposition 0.079 0472 0.006
C/N ratio 0.012 0343 0.015
Meteo Mone
Best combination  0.954 7.9 Clay —0063 —0883 0001 1.581 <0001
N-deposition 0.079 0472 0.006

Ci™ ratio o012 0343 0015
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Deciduous species | Similar between beech and oak
LAI__ was in mid-July. 2 EE2FE D= KDLAI [(X78 FF]

max

 beech: the best predictor is stand variable with tree density
and dominant height (R?=0.86) and + previous summer
orecipitation (R2=O.96) (Meteorological variable)

» Positive relations :tree density, dominant height, soil fertility, spring
minimum temperature

» Negative relation: the previous year summer and Autumn precipitation.
e QOak: the best predictor is stand variable with stand age and
LE/EW ratio (R2=0.91)

» Positive relation with stand age, previous year LW/EW ratio, soil fertility and
spring precipitation
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Conifer
e Pine: the best predictor is site variables (R?=0.95)
stand variable (R?=0.80)(fairly well)

» Positive relation with spring radiation

» Negative relation with dominant height and soil fertility (expect for N-
deposition)
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lable 3 Best multiple linear regressions for maximum leaf area index (in m™ m™ 7) for all three tree species together (except Model 2¥ only for

Pedunculate oak and Scols pine)

Model perdformance Predictors Constant
adj. B rRMSE (%) B i P B P
Model 1 0.602 18.14 [ Dominant height 0.059 0.455 0.018 0.084 (.887
Clay 0037 0.438 0.027
C/N matio 0.029 0.244 0.062
Model 2#* 0.587 1232 * Stand age 0018 0.714 <1).00)1 0613 0.074
LW/EW _prev 0.223 0.455 0.007
Model 3 0.528 |8.46 _ Dominant height 0.095 0.738 <11.0N}] 0.255 (.564
Model 4 0.373 21007 Site index 0.070 0.628 <11.0N}] 0.658 0.195

 Models1.2.3: Depend on similar key predictors(3%) as the species-

specific models

e Model3 is best correlation based on single predictor.

e Dominant height was the main predictor (single(model3) or with

some other predictor (modell)).

* No meteorological variable was shared by all species. R & [FEEHEFED
ETIVICIEH TIEFESLL !

» Positive relation: dominant height, stand age, previous year LW/EW ratio and soil
fertility(except for C/N ratio)

N
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Table 4 Proportonal deviations (%) of the modelled leafl area index (LAT) compared to the measured LAT in four beech and two Scots pine
experimental sites across Europe

Site Country Species Years tested LAI Stand Canopy Tree density  Modelled LAI
age hieight

m-m -~ Years m stems ha ! Stand  Comb  Meteo
Hesse France Beech 1997-2007 57-82 3042 14 26174445 BO% 50%
Collelongo  Italy Beech 2004-2008 54-66 113-117 215 B25-830 —T1% 3% —25%
Hamich Germany Beech 2001-2007 55-66 230-236 25 344 —30% —20%
Sorg Denmark Beech 2001 5 BS 25 283 —34% —20%
Hyytigld Finland Scots pine 20042008 20-22 43-47 14-17 1,273 1% na na
Loobos The Netherlands  Scots pine 1996, 2000, 2005-2008 1.5-2.1 86-98 [5-18 360 1% na na

Three different multivanate LAL models were tested: the stand model, the best combination (comb) model and the meteorological model

na not appheable, souwrce CarboEuwrope-1P database

Species-specific models of out side of Belgium. (Beech and Pine)
e Succesfully modelis Collelongo.
 Hainich and Soro was underestimated with the stand model.

e Hesse is young and densely stand so the model not work well
(overestimate).

v" The meteorological model worked well (Beach).

v" The stand model predicted very well. (No significant meteorological
model.)
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Fig. 3 Scatter plot of the measured leaf area index (LAL) and the
modelled LAT based on multiple regression models. The measured
LAl comesponds to data of the CarboEurope-1P database of exper-
mmental sites of beech (fll symbols) and Scots pine (open symbols).
The modelled LAT were done with the best performing models per
species, namely the meteorological model for beech and the stand
model for Scots pme. The dashed line indicates the 1:1 relation
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* Previous studies reported similar LAl _, values.
e Stand variables: LAl __ is positively linked to age. Stabilize or

max

decline slowly with as become older (ex. Battaglia et al. ).

— LAl ., related to dominant height(model 1 & 3) and height is correlated
to stand age. — LAI__, linked with age.

(Pine: negative correlation with dominant height, site index and clay
content . It was not expected. The increase in dominant height was
strongly correlated to site quality. Pine tends towards more open crowns
because of intraspecific and related mortality ( Ford 1982).) ¥ N &l &5

EREFEER(ZRE{R L THRE AR
— Pine and beech: no correlation between LAl . and stand density.

max

Better sites developed quicker and were already harvested leading to a
more open canopy and a lower stand LAl than the poor site.

<0ak: good correlation.
— Tree density of Beech was strong predictor about LAI__,
— The dominant’s tree’s DBH is not important for LAI ..

— Oak: bud burst and increasing in LAl depend on LW/EW ratio of the
previous year.
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e Site variables:

— site index correlated to stand productivity and growth(model4) and
hence to site quality.

— Clay content is predictor of LAl .. support leaf expansion (Clay keeps
water and be a good indicator of soil fertility).

— LAI_ ., *C/N: positive (this study) or negative relation (Meier and
Leuschner 2008) in the scots pine.

—better site developed quicker and were already harvested leading a more
open canopy stand than in the poor site..

e Meteorological variables

Positive relationship between precipitation or soil water availability and LAI.

— Qak: Higher precipitation was a consequence of a higher number of
leaves.

<Beech: higher summer precipitation indicate decreasing in LAI.
(Low precipitation: leaf size increased and SLA decreased)
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e Models: (with similar studies)

— Remarkable: One model per site simulate with 10 %. (in spite of
different the stand, site , meteorological conditions and LAl
measurement technique ( hemispherical photography or litter
collection).) iLh, M fE% . [z, BIE AENRGDHIZLEDLLT .
10% 0Dl B T:RITE vl &E o

— The meteorological model performed very well for the central European
site. (less well for the Mediterranean site)

Models based on forest structure and site quality be less applicable than
models based on meteorological variables.—need to investigate the
model for other climate regions.

Pine and Oak showed a strong model to estimate LAI__, based on growth
of the previous year and stand age.

Species-specific model not appear to have similar predictors.

Different growth strategies (e.g. hydraulic balance, deciduous vs. conifers)
and management explain the weaker generic model performance. &

HECHENETILOREICEETS
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* Beech and oak: LAI__ be explained by stand characteristics and
tree growth variables.

—productivity depends on management and practices.

* Pine: leaf area development was more sensitive to site quality
and climate factors.

e All three tree species: more dominated by stand characteristics
and tree growth variable.
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