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Abstract The potential vegetation distribution, the net primary production (NPP), net ecosystem production (NEP),

burned area, carbon emissions from fires, soil temperature, and soil moisture in Northeast China from 1997 to 2010 was
simulated by using a high-resolution climate-driven field and global dynamic vegetation model, i.e., Lund-Potsdam-Jena
Wetland Hydrology and Methane (LPJ-WHyMe) model. The LPJ-WHyMe model is characterized by the capability to
describe the physical processes of freezing and thawing, as well as the humidity and temperature of multiple layers in the
soil. The five main plant functional types in Northeast China are temperate broad-leaved summergreen tree, boreal
needle-leaved evergreen tree, boreal needle-leaved summergreen tree, boreal broad-leaved summergreen tree, and C3
perennial grass. During the period under study in Northeast China, the average value of NPP is 376 g(C) m™, ranging
from 324.15 g(C) m™ to 424.86 g(C) m™. The introduction of the mechanism of fire further improves the simulation
capability of the LPJ-WHyMe model for NEP. The average value of NEP is 42.36 g(C) m™. The annual average burned
area is 0.84% and the carbon emission from fire is 42.41 g(C) m™ in Northeast China. Overall, the model overestimated
the burned area and carbon emission from fire. Moreover, the model still has some limitations in the simulation of fire in
Northeast China. A positive correlation between soil and air temperatures is observed in Northeast China, and the
correlation in each layer decreases with the increase in depth. A positive correlation between soil moisture and
precipitation and a negative correlation between soil moisture and air temperature are observed in Northeast China.

These results show that the LPJ-WHyMe model is effective in simulating the potential vegetation distribution and

carbon cycle in Northeast China.
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Fig. 1 Potential distribution of plant function types in Northeast China
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RIS RAMMERREE ), BHHE e NS
FRAMRAEZS R G0 BB UE I 1 BT R /N CR LR 452
2005)

KR AT TGRS FE o — AN e E R
F, EAFEIR TS S, A~ AR EE
NEP:

NEP=NPP—R,, (D
Ho R ONF IR . LPJ-WHyMe i 24 ff] — /> 5§

®2 FEEEENHERILHX NPP B ELE
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440 1 ~— GFEDv4 N g(©m?
420 LPJ-WHyMe 55° N7 A I 150-200
[ 100-150
g 400 [ 150-100
7y 380 4 [ 1o-50
) [ 1-50-0
Q%D 360 50° N+ [1-100- -50
& 340 -
320 1
300 T T T T T : ) 45° N
1996 1998 2000 2002 2004 2006 2008 2010
Year
B3 A E A AEHX 1997~2010 45 NPP 4 FRAE L A
Fig. 3 Interannual variation of NPP from 1997 to 2010 in Northeast

China

TR AL G KR ML SN BB R, I FL ok
RSB R (F) 51 NFNEP {55
dr, R
NEP=NPP—R,—F.. ©))
MR AR AT A, £ NEP NIE, SHIRFRXAS
RAGMNKEFHRILT CO,, EBRG NI . £
NEP M, W BB 7L X [ CO, BB KA, 4
FH LPJ-WHyMe #5 B4 A48 (1) A (5 2R Jb Hb X 4
¥) (1997~20104F) NEP {25 6] 4345 i 4 4 s .
BESERERY, RACHX R N, WS E R
O 23 M DX R IR o BRIV AR e AR b [X 23 AT 7 WA
TR ELJR[150~200 g(C) m 2] [ Ky /N4 2204 1 [X
[100~150 g(C) m?], K5} 1997~2010 4 1 & %
JEH X NEP FI A PR 40, B 5 v %0 1997~2010

115°E 120°E 125°E 130° E 135°E

B4 A EAILHX 1997~2010 4FF 35 NEP (1143 /] 4 Aii

Fig. 4 Spatial distribution of mean net ecosystem production (NEP)
from 1997 to 2010 in Northeast China

100 4
80 1
60
40 A
20

NEP/g (C) m?2

01—
-20
1996

1998 2000 2002 2004 2006 2008 2010
Year

K5 A4 1997~2010 4 NEP 45 fras 4k

Fig. 5 Interannual variation of NEP from 1997 to 2010 in Northeast China
S [ AR A X ik b AR 2 R G R SR I B
1997~2003 4 £ 5 EFEH, 2004~2010 2%
) N B, 7 NEP{E N 42.36 g(C) m?,



K5 R B A 24 %
684 Climatic and Environmental Research Vol. 24
(a) N (b)
55°N A 55° N1
50° N7 50° N
450 N' 450 N'
I 8.0%-10.0% I 8.0%-10.0%
[ 6.0%-8.0% 0 6.0%-8.0%
1 4.0%-6.0% [ 4.0%-6.0%
40° N [ J15%40%  40°N 0 1.5%-4.0%
I 1.0%-1.5% I 1.0%-1.5%
[10.5%-1.0% [10.5%-1.0%
, : : . I T0%-0.5% , : : . I T0%-05%
115°E 120°E 125°E 130°E 135°E 115°E 120°E 125°E 130°E 135°E

6 HEARACHIX 1997 ~2010 F P BEBETIAL E 43 LS [ 430 4ii - (a) GFEDv4#(di; (b) LPJ-WHyMe
Fig. 6  Spatial distributions of average burned area ratios from 1997 to 2010 in Northeast China: (a) GFEDv4 data; (b) LPJ-WHyMe model
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Table 3 Correlation coefficient between monthly mean
air temperature and monthly mean soil temperature in
each layer from 1997 to 2010 in Northeast China
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Fig. 12 Multi-year monthly averages of soil temperature and air temperature from 1997 to 2010 in Northeast China
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Fig. 16 Interannual variations of soil moisture and temperature from 1997 to 2010 in Northeast China
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