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Effects of climate change fire and harvest on carbon storage of boreal forests in the Great
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Abstract: Climate change will increase the frequency of fire disturbances which may further exa—
cerbate carbon loss from boreal forests in the Great Xing” an Mountains China. In this study we
coupled forest ecosystem and forest landscape models to simulate the dynamics of boreal forest
carbon storage in the next 100 years. We quantified the effects of climate change fire and harvest
on carbon storage of boreal forests. The results showed that climate change would increase carbon
storage of boreal forests in the Great Xing’ an Mountains even if fire and harvest could partially
offset such changes. Aboveground and soil organic carbon storage would increase by 9% —22% and
6%—-9% in the next 100 years. In the short-term ( 0-20 years) the effects of climate change on
carbon storage was stronger than fire. The effects of climate change on boreal forest carbon storage
were less than fire and harvest in medium ( 30-50 years) and long-+term ( 60—-100 years) . The vari—
ability of climate change and fire disturbance in the Great Xing’ an Mountains caused high uncer—
tainty of the future boreal forest carbon storage. The uncertainties of aboveground and soil organic
carbon of boreal forests in the Great Xing’ an Mountains were 12.4%—16.2% and 6.6%-10.4% in
the next 100 years. The effects of seed dispersal fire and harvest should be taken account for accu—
rate estimation of carbon storage in Chinese boreal forests.
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Table 1 Major species life history attributes for LANDIS PRO model

Tree Longevity Maturity ~ Shade Fire Carbon Species establishment
species (a) age tolerance  tolerance Effective Maximum Maximum coefficient probability

(a) seeding seeding mean

distance distance diameter €S BIS A2S
(m) (_m) (.cm)

LY 300 20 2 5 50 390 75 0.4234 0.2875 0.3260 0.2060
A 250 25 2 4 100 300 70 0.4120 0.1750 0.2758 0.2130
YS 300 30 4 1 100 280 60 0.4800 0.0603  0.1905 0.1340
BH 150 15 1 3 -1 2400 30 0.4210 0.1525 0.1565 0.3868
SY 120 10 1 1 -1 2400 50 0.3921 0.0188 0.0810 0.2043
TY 180 12 1 2 -1 -1 50 0.4144 0.0125 0.0403 0.0445
7T 250 12 2 1 -1 -1 50 0.4144 0.0175  0.0560 0.0750
YS 250 15 3 3 90 100 20 0.5120 0.2250 0.2540 0.1078
LY: Larix gmelinii; 7S: Pinus sylvestris var. mongolica; YS: Picea koriensis; BH: Betula platyphylla; SY: Populus
davidiana; TY: Populus suaveolens; ZT: Chosenia arbutifolia; YS: Pinus pumila. CS: Baseline climate scenario;

B1S: BI1 B1 climate change scenario; A2S: A2

A2 climate change scenario. The same below.
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Table 2 Major species parameters of LINKAGES v2.2 model
Richard
Tree Maximum Minimum Drought Cold Leaf mass Root-shoot Foliage
species degree-day degree-day Richard growth ~ Reproduction  tolerance tolerated parameter ratio retention
() (C) parameter switch function (C) time ( a)
a b
LY 1900 400 0.35 63.62 FFFFT 0.424 =35 440 1.0 1
78 1900 700 0.37 59.08 TTTFF 0.600 =30 440 1.0 3
YS 2500 600 0.38 68.07 FTFFF 0.110 =35 440 1.0 3
BH 3100 600 0.52 73.23 FFFFT 0.412 -40 248 0.8 1
SY 3000 800 0.66 78.77 TTFFT 0.333 -26 248 0.5 1
TY 2400 600 0.29 57.26 TTFFT 0.080 =35 248 0.5 1
7T 1600 600 0.35 63.62 TTFFT 0.100 =35 248 0.5 1
YS 1400 300 1.16 46.30 TTFFF 0.200 -40 440 1.0 3
21 80 5
C 35%.B1 ; N
( NCAR) PCM
.PCM 21 N
80 2.4 C .B1 A2
16%(  3). LARS-WG
A2 Bl .B1
N N N A2
. ( 30% ~
LINKAGES v2.2 ( N 200%)
. . . ) 10 100
( http: //gis.soil.csdb.cn) . (2000—2100 )
N N Century 5
33
N - Richard . 1.5
(‘http: //db.kib.ac.cn/) N N
(2. .
3 N
A A A Table 3 Scenarios of simulating for climate change fire
N and harvest in the study area
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Fig.4 Validation of simulated aboveground carbon storage from

LANDIS PRO model at 2000 and 2010.
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Table 4 Comparison of simulated tree composition in the
Huzhong Forestry Bureau to observed values in Huzhong
Natural Reserve in 2000

Tree Huzhong Natural reserve Huzhong Forestry Bureau
species
Observed Initial (60~100 ) (60~100 )
value condition Range Mean
(%) (%) (60-100 years)  (60-100 years)
LY 52.9 39.5 40.0~56.2 51.5
YA 1.3 11.5 1.4~2.0 1.9
YS 1.1 1.7 2.5~2.6 2.5
BH 37.6 36.3 34.9~39.2 37.9
SY 1.2 44 0.4~0.9 0.7
TY 0.9 0.5 0.5~0.7 0.6
A 1.1 0.6 0.7~0.8 0.8
YS 3.9 5.5 3.7~4.6 4.1
A2
13%  7%.
(20002100 ) A2 Bl
(36.5+5.6)
(37.7£6.0) t* hm™
A2 Bl
9%  22%.
WA2 Bl
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Fig.6 Dynamics of aboveground carbon storage under different climate change scenarios.

A: Succession scenario; B: Fire scenario; C:

The same below.
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(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

A2 and Bl climate change

5 .

Table 5 Effects of fire harvest and their interactions on
aboveground carbon storage under different climate change
scenarios (t + hm™?)

Climate scenario Succession Fire Harvest  Fire X harvest
2.3+0.7a 5.9+1.6a 7. 6+2.1a 2.3+0.7a

Baseline climate

Bl 5.8+1.8b 6.7£2.1a  10.6£2.8b 5.8+1.8b

B1 scenario

A2 9.8+3.6¢ 6.9+2.1a  14.7+4.6¢ 9.8+3.6¢

A2 scenario

( P<0.05) Different small

letters indicated significant difference among different scenarios at 0.05

level. The same below.
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Fig.8 Relative impact of climate change fire and harvest on
aboveground carbon storage at different periods.

F: Fire; H: Harvest; C: Climate change. S:
Short-term; M: Medium-term; L: Long-term. The same
below.
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soil organic carbon storage at different periods.
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