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Responses of productivity of typical natural secondary forests and plantations to climate
change in Shaanxi Province China. LIANG Si~qi' PENG Shou-zhang’® CHEN Yun-ming®’
( Institute of Soil and Water Conservation Northwest A&F University Yangling 712100  Shaanxi
China; *Stake Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau Northwest
A&F University Yangling 712100 Shaanxi China; *Institute of Soil and Water Conservation Chi—
nese Academy of Sciences and Ministry of Water Resources Yangling 712100 Shaanxi China) .

Abstract: We analyzed the changes of net primary productivity ( NPP) and net ecosystem produc—
tivity ( NEP) of Quercus spp. forest and Robinia pseudoacacia plantation under different future cli-
malte scenarios in Shaanxi Province during 2015-2100 using the process—based dynamic vegetation
model L.LPJ-GUESS. The results showed that compared with the benchmark period ( 1961-1990)

NPP of Quercus spp. forest and R. pseudoacacia plantation in northern Shaanxi would decrease by
4.9%-29.5% and 22.5% —56.2% respectively while that in Guanzhong and southern Shaanxi
would increase by 13.09%-49.0% and 21.3%-62.9% respectively in the future. The NPP of Quer—
cus spp. forest and R. pseudoacacia plantation under the RCPg ; scenario was the highest followed
by that under the RCP, 5 and RCP, scenarios. Those two types of forest would be carbon sink in
three subregions in the future. Quercus spp. forest would have stronger carbon sink function in nor—
thern Shaanxi and Guanzhong while R. pseudoacacia plantation would have stronger carbon sink
function in Southern Shaanxi. Under different RCP scenarios the NEP variation range of R. pseu—

doacacia plantation was greater than that of Quercus spp. forest in three subregions.

Key words: climate change; forest ecosystem; LPJ-GUESS model; net primary productivity; net
ecosystem productivity.
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below.
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Table 1 Ecophysiological parameters of the two tree spe—
cies for running the LPJ-GUESS model

Parameter Quercus Robinia
Spp. pseudoacacia
Plant functional type
Shade tolerance
Phenology
20 Min. -18 -14

20-year coldest month mean temperature
for survival ( C)
20 Min. -18 -14
20-year coldest month mean temperature
for establishment ( C)
20 Max. 1000 1000
20-year coldest month mean temperature
for establishment ( C)
Min. war- -1000 -1000

mest month mean temperature for estab—

lishment ( °C)

5C Min. 1000 1000
GDD on 5 °C base for establishment
Expected lon— 220 200
gevity under lifetime non-stressed condi-
tions ( a)
Drought tolerance level 0.38 0.3
(0=very =>1=not at all)
Fire resistance (0~ 1) 0.1 0.1
Specific leaf area (m? ¢ kg™ 23.3 30
0
Sapwood and heartwood 565 470

density (kg C * m™?)

1.4
1961—1990
NPP
. Mann—Kendall
Sen 2
2 NPP  NEP .
SPSS 16.0
t MATLAB 2014a
MATLAB 2014a
1.5
2001—2010 NPP
LPJ-GUESS
NPP 2015 7 2016 8
. . 3
( 1 2) 30 mx30 m
5 c¢m
10~ 15
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2
Table 2 Plots general characteristics of Shannxi Province

Subregion Forest type Plot number Density of trees Diameter at breast Tree height
(trees * 1000 m™2) height ( ¢m) (m)
NSX I 8 746( 150~900) 10.80+0.30 7.60+0.20
I} 5 855( 166~1917) 11.50+0.40 9.50+0.20
MSX 1 7 776( 233~ 1550) 11.50+0.40 9.80+0.20
I} 7 1163( 550~ 1860) 11.20+0.20 9.60+0.10
SSX 1 8 975( 300~2333) 12.10+0.30 10.40+0.20
I 4 1050( 617 ~ 1300) 8.60+0.20 10.10+0.10
NSX: Northern Shaanxi region; MSX: Central Shaanxi region; SSX: Southern Shaanxi region. | : Quercus spp.; 1I: R.
pseudoacacia. The same below.
GUESS ( 3).  NEP
3
24 h
( Olympus VM-31 Tokyo Japan)
( NN LPJ-GUESS
) 80 NEP.
( Carlo Erba 1106 Milan Italy)
NPP LPJ-GUESS
NPP
( DBH)
(kg=a)( 3)
(kg C-a™)
(kg Cem?>-al').
( 2. LPJ-GUESS 3
NPP
NEP
LPJ - 2 NPP (a) (b)
Fig.2 Measured (a) and simulated ( b) NPP of Quercus spp.
3 25-26 forest and Robinia pseudoacacia plantation.
Table 3  Allometric growth equation for two tree spe— , i (P<0.05) Different
cies 5% capital letters indicated significant difference at 0.05 level.
4 NEP
Ttem Quercus spp. R. pseudoacacia Table 4 Simulated and observed NPP of two forest types
W 0.0974DBH>'"" 0.18DBH>"'®
Wy 0.014DBH>"* 0.03743DBH>** Forest Year NEP Reference
W, 0.017DBH>* 0.008883DBH> type (gCom>-a”)
Wr 0.0265DBH?336 0.0178 DBH?*®% I 2010—2012 120.4 (81.1~145.7) LPJ-GUESS
Wy Ws+Wy+ W, +Wy Ws+Wy+W, +Wpy 96.6 27
W Wy W, Wy Wy .. (ke) 1 20102012 145.3 ( 109.8~206.2) LPJ-GUESS
Ws Wy W, Wy and Wy were the total biomass ( kg) of trunk 181.4 27
branch leaf root and tree respectively. DBH: Diameter at I: Quercus spp. forest; 1I: R. pseudoacacia plantation.

breast height of tree.

The same below.
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NPP  RCP,. NPP 3  RCP
8. 6%. RCP, 38.4 g C
NPP 3 * rn_z * 10 a_l RCP&S NPP
2071—2100  RCP,. 280gCem”+10a’;
65.8% 90.1%. 3 NPP  RCP,¢
NPP 102gC »
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Table 5 Anomalies of two forests NPP from the reference period ( 1961—1990) to each future sub-period under three RCP

scenarios ( %)

2015—2040 2041—2070 2071—2100 2015—2100
Subregion Forest
type RCPZA6 RCP4.5 RCPS.S RCPZA6 RCP4,5 RCPS.S RCP2A6 RCP4,5 RCPS.S RCP2A6 RCP4,5 RCPS.S
NSX 1 2.4 -6.9 11.1 -28.1 -21.9 8.2 -58.7 -38.0 0.4 -29.5 -23.0 -4.9
I -32.9 -33.5 -19.5 -54.4 -47.0 -10.9 -78.1 -40.9 52.3 -56.2 -22.5 8.6
MSX I 22.7 13.5 23.1 23.7 35.8 54.6 12.7 40.6 65.8 19.5 30.7 49.0
I 11.1 1.0 13.2 15.4 10.5 499 36.0 43.8  90.1 21.3 28.2 52.8
SSX I 23.7 9.8 9.2 7.2 24.0 19.9 9.6 36.0 17.9 13.0 23.9 16.0
I 45.2 19.1 31.0 58.6 72.7 79.9 60.3 86.0 73.5 55.2 49.3 62.9
6 3 RCP NPP
Table 6 Changes of two forest NPP trends in different sub-periods under the three RCP scenarios (g C *m™> + 10 a™")
2015—2040 2041—2070 2071—2100 2015—2100
Subregion Forest type  RCP,, RCP,5 RCPgs  RCP,s RCP,s RCPgs  RCP,s RCP,5 RCPgs  RCP,q RCP,5; RCPys
NSX I -14.00 -85.00" -24.00  -47.00° -740 -28.00  -34.00" -35.00" -21.00  -38.40" -20.70" -8.80
I -22.00 -62.00° -15.00 -26.00" 3.50 -2.40 -23.00" -8.10 143.00" -24.10°  -4.30 28.00"
MSX I 41.00°  23.00 31.00 -22.00 23.00 34.00 -19.00 -9.90 4.50 -7.80"  20.90" 32.60"
Il -21.00 -78.00"  -24.00 160 45.00°  71.00" 24.00 6.80 -4.20 15.10°  26.30"  46.00"
SSX I 19.00 -28.00 -25.00 -35.00" 16.00 32.00 16.00 6.50 -13.00 -10.20"  17.20" 6.70
I 69.00° -21.00 28.00 -16.00 37.00 54.00° -24.00 -3.10 -48.00 7.40 33.50°  23.90"

* P<0.05.
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3 NPP
Flg 3 NPP change of Quercus spp. forest in different subregions.
Historical period. The same below.
4 NPP

Fig.4 NPP change of Robinia pseudoacacia plantation in different subregions.
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7 3 RCP NEP (A gC+m>-a™) (T gC-m>-10a™")
Table 7 Changes of two forests NEP average (A g C+*m™~ < a™') and trends (T g C*m™ + 10 a™') in future periods
under the three RCP scenarios

RCP, ¢ RCP, 5 RCPy 5
Subregion Forest type A T A T A T
NSX I 30.20 -16.00" 38.00 -10.00" 63.10 -15.00"
I 5.80 -6.30 19.90 0.70 78.30 16.00"
MSX I 93.60 -15.00" 116.20 -3.90 131.20 -6.30"
I 78.50 -4.10 83.70 4.10 117.20 6.40
SSX I 83.90 -16.00" 101.40 -3.70 85.50 -11.00"
I 105.30 -13.00" 124.90 3.90 112.60 4.80
46.0 g C*m”>10a" (100.89 g C*m™ =a™)
NPP 3.1
.3 RCP 3
NPP . NPP NI
2.3 NPP ;
18
7 5.6 3 (1.81~3.43 C) .
3
NPP
RCP&S
2 NEP 117.2  131.2 NPP
gCem’a 8
3 RCP NEP 105.3.124.9 .
1126 gC*m™” = a™". NEP 3
NEP 3  RCP NPP i
RCP,, RCP,; 3 RCP
RCP, 16.0 co, 2
gCem”*a"3 NEP RCP, NPP
RCP, RCP,, RCP, ;>RCP,,>RCP,.
160gCem>+a'3 €O, .
RCP NEP NPP *
NPP * .
3 3 Co,
NPP
28
NPP
. . NPP ; 3
N 3 RCP NPP
35
. NPP
0 NPP
(300~600 g C *m™> *a') NEP NPP

31 NEP 36
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53 NEP
Fig.5 NEP change of Quercus spp. forest in three subregions.

6 3 NEP

Fig.6 NEP change of Robinia pseudoacacia plantation in three subregions.
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