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Abstract: With the combination of forest landscape model ( LANDIS) and forest gap model ( LINK-
AGES)  this paper simulated the effects of climate change on the boreal forest landscape in the
Great Xing’ an Mountains and compared the direct effects of climate change and the effects of cli—
mate warming-induced fires on the forest landscape. The results showed that under the current cli-
mate conditions and fire disturbances the forest landscape in the study area could maintain its dy—
namic balance and Larix gmelinii was still the dominant tree species. Under the future climate and
fire disturbances scenario the distribution area of L. gmelinii and Pinus pumila would be de—
creased while that of Betula platyphylla Populus davidiana Populus suaveolens Chosenia arbuti—
Jolia and Pinus sylvestris var. mongolica would be increased and the forest fragmentation and for—
est diversity would have an increase. The changes of the forest landscape lagged behind climate
change. Climate warming would increase the growth of most tree species except L. gmelinii while
the increased fires would increase the distribution area of P. davidiana P. suaveolens and C. ar—
butifolia and decrease the distribution area of L. gmelinit P. sylvestris var. mongolica and P.

pumila. The effects of climate warming-induced fires on the forest landscape were almost equal to
the direct effects of climate change and aggravated the direct effects of climate change on forest
composition forest landscape fragmentation and forest landscape diversity.
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Tall)le 1 Simulation preparedness summary " - LINK-
AGES
Scenario Preparedness  Description
CiF) 1/12 hm’
Current climate C,F, 2
CoF, N N N N N
Fulure‘ climate C,F, 2 35-36
2 UKMO-HadCM3 100

Table 2 Monthly changes of temperature and precipitation
in 100 years in Huzhong area projected by UKMO-hadCM3

Month Temperature ( °C) Precipitation ( mm)
1 4.38 5.14
2 6.58 5.91
3 6.02 3.64
4 4.41 5.05
5 5.64 10.18
6 7.32 35.66
7 8.17 42.45
8 9.03 16.58
9 7.08 35.52
10 5.34 4.68
11 6.71 4.24
12 4.07 5.42

B4 Legend

I 7K Water

B i #b Terrace

I FH3% South slope

I FAY% North slope

0 WR X3 (>100 m)
High altitudes (>100 m)

1
Fig.1 Land types stratified in the study area.
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Table 3 Input key parameters of tree species to tolerate the environment in LINKAGES
Species Longevity Maturity Shade Fire Maximum Minimum Tolerated
(a) age tolerance tolerance degree—day degree-day temperature
() () (€) ()
Populus davidiana 120 10 1 1 3000 1000 =24
Betula platyphylla 150 15 1 3 3100 600 -26
Populus suaveolens 180 12 1 2 1600 600 =30
Chosenia arbutifolia 250 18 2 2 2400 600 =25
Larix gmelinii 300 20 2 5 1900 400 -40
Pinus sylvestris var. mongolica 250 40 2 4 1900 700 =30
Pinus pumila 250 30 3 3 1400 300 -40
4
Table 4 Species establishment coefficients of trees under two climate scenarios
Current climate Future climate
Species
North South High altitude  Terrace North South High altitude  Terrace
slope slope region slope slope region
Populus davidiana 0.010 0.050 0.000 0.005 0.179 0.199 0.073 0.193
Betula platyphylla 0.150 0.350 0.010 0.020 0.300 0.387 0.138 0.243
Populus suaveolens 0.000 0.010 0.000 0.070 0.009 0.011 0.000 0.169
Chosenia arbutifolia 0.000 0.000 0.000 0.080 0.010 0.050 0.000 0.333
Larix gmelinii 0.400 0.350 0.100 0.200 0.097 0.000 0.000 0.001
Pinus sylvestris var. mongolica  0.010 0.250 0.020 0.000 0.023 0.086 0.129 0.000
Pinus pumila 0.000 0.000 0.100 0.000 0.000 0.000 0.155 0.000
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Fig.2 Change of species distribution area percentage under four preparednesses.

A: Populus suaveolens, B:
Pinus sylvestris var. mongolica; G:

5

Chosenia arbutifolia; C:

Larix gmelinii.

Populus davidiana; D:

100

Betula platyphylla; E:

150

Table 5 Two-way analysis of variance for response variables of forest species composition

Pinus pumila; F:
1 The signification of preparednesses was in Table 1.

Simulation

Climate effect !

Fire effect ?

Climate X fire

Simulation species ; ‘ R
{CTS Variation explained Variation explained Variation explained
a
(%) (%) (%)
150 Populus davidiana 68.57 % 33.3 20.3% % 7.9 1.1 1.00
Betula platyphylla 63.27 % 3.3 10.0%* -5.4 13.9%% 0.85
Populus suaveolens 52.3% % 24.4 42,277 20.8 5.1%% 1.00
Chosenia arbutifolia 64.27 % 22.0 24.3% % 7.5 1.1 1.00
Larix gmelinii 7177 -12.6 91.3%* =73.7 1.5%% 1.00
Pinus sylvestris var. mongolica 0.01 -0.6 99.1%* -30.9 0.005 0.99
Pinus pumila 0.04 1.3 99.9%* -188.3 0.01 1.00
300 Populus davidiana 98.7%* 281.0 0.7%* 1.7 0.6%* 1.00
Betula platyphylla 89.8%* 58.0 0.2%* -33.0 9.8*%% 1.00
Populus suaveolens 99.1%* 252.5 0.8%% 16.2 0.1%% 1.00
Chosenia arbutifolia 99.4%** 149.3 0.03 8.0 0.6%% 1.00
Larix gmelinii 96.1** -192.5 2.7%% -11.8 1.2%% 1.00
Pinus sylvestris var. mongolica 26.8** 2.1 52.6%% -6.7 4.9%% 0.81
Pinus pumila 0.9** 12.4 08.8** -85.4 0.2%* 1.00

* % P<0.01; 1) t>0

Positive ¢ value meant that response variable increased as fires increase.

Positive ¢ value meant that response variable increased as climate warms; 2) ¢t < 0

The same below.
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Table 6 Two-way analysis of variance for response variables of forest age composition

Climate effect

Fire effect ?

Climate X fire

Simulation Age 1 R?

years ( a) stage Variation explained ( %) Variation explained ( %) Variation explained ( %)

150 1 2.4%* 8. 97.1%* 79.9 0.4%* 1.00
I 0.04 3.9 99.2%* 73.9 0.6%* 1.00
i1 0.002 -0.1 99.9** -82.4 0.003 1.00
v 0.01 0 99.9%* -145.3 0.01 1.00
v 0.02 -0.1 99.8%* -68.6 0.03 1.00

300 1 52.8%* 77.3 39.5%* 60.5 7.6%* 1.00
I 42.0%* 35.0 0. 005 18.6 56.7%% 0.98
Il| 45.1%* -4.3 22.1%* 4.1 32.3%% 0.99
v 33.2%% -39.6 58.2%* -65.7 8.6%* 1.00
\i 0.8%% -3.2 98.8** -82.5 0.3%* 1.00

I: Establishment ( %) ; 1I:

Early stage (%) ;

Im:

Mid stage ( %) ; IV:

Late stage (%) ; V:

Old growth ( %) .
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Table 7 Two-way analysis of variance for the response variables of forest landscape

Climate effect

Fire effect ?

Climate X fire

39

Simulation Pattern ¢ P R?

years ( a) index Variation explained ( %) Variation explained ( %) Variation explained ( %)

150 NP 57.7%% 69.4 36.6** 48.9 5.7%% 1.00
NP-a 0.2%* 3.6 98.8** 91.1 0.9** 1.00
PA-s 35.3%% =77.1 63.47% -99.2 1.2%* 1.00
PA-a 0.003 -3.8 99.9%* -114.8 0.1%% 1.00
Al-s 49.7%* -35.8 41.4*% -30.4 8.7%* 1.00
Al-a 0.1** -3.2 99.6%* -132.7 0.3%* 1.00
SHDI-s 88.87* 41.4 0.7** -27.2 10.3%* 1.00
SHDI-a 4.1%% 5.1 93.3%* 19.6 0.4%% 0.97

300 NP-s 99.7** 370.3 0.2** 12.4 0.02 1.00
NP-a 60.1%* -38.0 24.7%% 87.1 15.1%* 1.00
PA-s 58.4%% -115.0 40.8** -97.9 0.7** 1.00
PA-a 0.6** 0.4 08.8** -116.3 0.5%* 1.00
Al 99.4** -282.2 0.2%* 8.4 0.5%* 1.00
Al-a 46.2%* 31.6 40.9** -97.9 12.8%* 1.00
SHDI-s 97.2%* 199.6 2.4%% -48.1 0.5%* 1.00
SHDI-a 1.2%* 14.7 50.6%* 35.5 47.0%* 0.99

s Species; a: Age stage.
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