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Abstract; Climate change and climate-induced fire effects on boreal forests are expected to continue and intensify in the
future. Therefore, the Natural Forest Conservation Policy, tending, thinning, and replanting methods were implemented in
2000 and 2014, to balance ecological restoration and deal with future climate warming. These policies and tending, thinning

methods have successfully improved the boreal forests over the last eight years, however, the long-term effects of tending
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thinning methods on boreal major species is still poorly understood. The sustainability of these methods also needs to be
evaluated under future possible climates. Simultaneously, understanding and quantifying the effects of various silvicultural
strategies on future boreal forests is increasing important for forest ecosystem management. The objective of this study was to
investigate effects of climate change, climate-induced fire, and silvicultural strategies on forest major species in a boreal
forest landscape in Northeast China. To do this, we used a forest landscape model ( LANDIS PRO) to predict tree density
and biomass over long time periods (up to 200 years). The results suggested that 1) the initialized landscape, the short-
term and long-term simulated results were consistent with the forest inventory data at landscape scales, and the simulated
fire was comparable to the field data ( measured stand density). 2) Compared to the current climate condition, climate
warming and climate-induced fire have altered species compositions, age cohorts, and aboveground biomasses. Under the B1
climate scenario, the major forest composition in the study area will maintain dynamic balance ( dominated coniferous
trees) , while converting to broadleaf forests under the A2 climate scenario. 3) Compared to the no harvesting scenario, the
predicted stand density and aboveground biomass of larch species under the current climate and tending thinning scenarios
were reduced by 165+94.9 trees/hm” and 8.5+5.1 Mg/hm’, respectively, and the stand density and biomass of pine,
birch, and spruce increased by 3.3—753.4 trees/hm” and 0.2—4.0 Mg/hm’, respectively. Under both Bl and A2 climate
scenarios, the tending thinning scenario altered the stand density significantly, and reduced the mean aboveground biomass
at landscape scale, and thus it was not sustainable. 4) Under the B1 climate scenario, 10 and 20% intensities of planting
were suggested, and these planting strategies could be implemented in the boreal forests to increase biomass over the long-
term period and A2 climate scenario. Results from this study provide insight into effective future forest management practices

and implications for improving boreal forest sustainability.
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Table 1 Species vital biological attributes for canopy species in the study area
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age/a tolerance tolerance seeding mean density/ germination
distance/m  diameter/cm . yz seeds
(#k/hm?)
JEMHS Larix gmelinii 300 20 2 4 50 55 600 10
FI#E Betula platyphylla 150 15 1 3 -1 30 690 30
FET#5 Pinus sylvestris 250 25 2 3 100 60 560 20
4% Picea koraiensis 300 30 4 1 100 60 520 10
111# Populus davidiana 120 10 1 2 -1 50 680 30
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Table 2 Parameters for fire disturbance and SEPs by each species for the major land types under current climate conditions
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HEEX LA [l 3 EFT\;JK%E}R Species establishment probabilities ( SEP)
Eco-region om0 Mean fire PR ST R R 5
return interval/a Larch Birch Pine Spruce Aspen
FH3% Southern slope 38 150 200 0.35 0.35 0.35 0.005 0.03
BH3% Northern slope 41.8 160 210 0.4 0.15 0.01 0.03 0.005
W7 L Subalpine 6.7 140 238 0.2 0.07 0.01 0 0.02
i Hh Terrace 114 500 90 0.2 0.03 0.05 0.05 0.07
Fifl Others 2.1 1500 0 0 0 0 0 0
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Table 3 Scenarios of simulating for climate change and fires in the study area
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Table 4 Parameters for thinning scenarios
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Table 5 Scenarios of harvesting and planting in the study area
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Fig.1 Landscape scale stand density by species (a) and different age cohorts (b) for the inventory data and simulations at year 2000

and 2010
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Fig.2 Changes in simulated stand density of coniferous (a) and broadleaf (b) in burned areas in relation to post—fire year
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Table 6 Comparison of forest composition in the study area under current climate to observed data of natural reserve at year 2010

H AR X WX N
W Fp Natural reserve The study area
Species Bslpie Piin{E AR (150—200 4F) HI{H (150—200 4F)
Observed data/% Initial value/% Range (year 150—200) Mean (year 150—200)

DKM Larix gmelinii 53.4 46.9 48.2—59.5 51.7

FH#E Betula platyphylla 39.7 42.4 38.3—43.9 40.1

KEFHA Pinus sylvestris var. mongolica 2.3 4.2 3.1—3.7 3.4

k% Picea koraiensis 2.1 14 2.5—2.9 2.7

1Y Populus davidiana 2.5 5.1 1.8—2.4 2.1
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