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Abstract: Spruce-fir forests at their upper distribution ( above 1400 m) in Changbai Mountain
Nature Reserve showed growth decline and die-off but the decline pattern and underlying mecha—
nism are unclear. In this study based on Landsat data from 1994 to 2019 we calculated the net
primary productivity ( NPP) by CASA model and analyzed the spatiotemporal variation of NPP in
sprucefir forests at their upper distribution in Changbai Mountain Nature Reserve. Results
showed that: (1) NPP of sprucefir forest varied within 111.96-182.19 ¢ C * m™> * a™' with a
mean value of 141.85 (+18.43) g C * m™ * a”'. From 1994 to 2019 the maximum and mini-
mum NPP in sprucefir forest occurred in 1996 (182.19 g C * m™ * a”') and 2018 ( 111.96
gCem”+a') respectively. (2) The NPP of sprucefir forest was negatively correlated with
elevation and slope and there was no significant difference in its distribution among different
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aspects. In the range of 1600-1650 m the change rate of NPP was close to zero while NPP at
lower and higher altitudes was decreasing. The decreases of NPP of sprucefir forest were the most
obvious when the slope was within the range of 0—10° and the variation trend of NPP decreased
with increasing slope. The increases of NPP showed a trend of decline on shady slope and semi—
shady slope but tended to be stable on sunny slope and semi-sunny slope. ( 3) The NPP of
sprucefir forest was positively correlated with precipitation but not related with temperature. The
decrease in NPP was partly related to tourism activities in the protected areas. Our results indica—
ted that there was no consistent large-area decline in the high-altitude spruce-ir forest and the

variation of NPP was mainly affected by site factors precipitation and human activities.
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Fig.2 Annual precipitation and mean temperature in growing season and the annual changes in temperature and precipitati—
on in the study area during 1994-2019
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Note: I: Precipitation; II: Temperature; Ill: Average precipitation; IV: Average Temperature.
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Table 1 Area distribution of different topographical factors
Altitude Slope Aspect
Elevation Area Proportion Slope Area Proportion Aspect Area Proportion
(m) (hm?) (%) (°) (hm?) (%) (hm?) (%)
1450 10128 16.4 0~10 40308 63.2 1012 1.6
1500 9895 16.0 10~20 13325 20.9 20345 31.4
1550 9919 16.0 20~30 6111 9.6 13651 21.0
1600 8806 14.2 30~40 3983 6.2 12255 8.9
1650 7260 11.7 >40 61 0.1 17631 27.2
1700 6619 10.7
1750 5221 8.4
1800 3999 6.5
61847 100 63789 100 64895 100
1 =1~0; 1 315~45; 145~135; 1 135~225; 1225~315,

Note: Flat ground: —1-0; Shady slope: 315-45; Half shady slope: 45-135; Sunny slope: 135-225; Half sunny slope: 225-315.



3487

(MJ *m™) (gCe+MJ");SOL
(x 1) (MJ * m™) FPAR(x 1)
;0.5
) € max

1.008 ( Zhu et al.

2006) ; T,,(x t) T (x 1) NPP
; WS( X t) o
(2)
NPP
n X E(LXvar,) —ziZWar
Slope: i=1 - nl:] n=1 (4)
n Xz -y )
i1 i1
slope yn Vi iy
i 0 slope>0 NPP ;
slope<0 NPP : slope=0 NPP
slope
F NPP
N-2
F=Ux—— (5)
Q
U=y (y-»" (6)
i1
Q= (y.-7)° (7)
i=1
U ; Q ; JA’i
y  NPP VY i NPP; n
o F NPP

: ( slope>0 P<0.05)
( slope>0 P=0.05) ; ( slope<0 P<0.05)
( slope<O0 P=0.05) ,

2

2.1 NPP
1994—2019
NPP  111.96~182.19 gC *m™ *a”'
141.85(+18.43) gCem™> *a
1996 2018 ( 3).
1996.2002.2005 2010
NPP 2003,

190

1995 2000 2005 2010 2015 2020

A Year

3 1994—2019 NPP
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Note: The black solid line in the figure is the annual average and the
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Table 2 Annual average NPP grading of spruce-fir forest Table 3 Area percentage of NPP changes
NPP (%)
(gCe+m2-a™) Proportion of area Slope and Change trend Percentage
0~50 01 significance (%)
50~ 100 14.9 Slope<0 P<0.05 3.4
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Fig.5 Change rate and significance of NPP in spruce-fir forest during 1994-2019
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