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Abstract: [ Objective | The changes in net primary productivity (NPP) under forest management and drought
disturbance in natural forest areas of Heilongjiang, Jilin, and Liaoning provinces were compared and
analyzed, in order to provide scientific support for responding to climate change and achieving sustainable
forest management in Northeast China. [ Methods | Based on the forest NPP remote-sensing data and land use
data of the three northeastern provinces from 2000 to 2022, combined with the vegetation transfer matrix,
the net increment of forest NPP under the forest management strategy was obtained. In addition, based on

the standardized precipitation evapotranspiration index (SPEI) from 2000 to 2022, combined with the NPP
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anomaly index and Pearson correlation analysis, quantitative analysis of the effects of severe drought on
forest NPP in three provinces of Northeast China was conducted. [Results] O The average annual growth
rate of forest NPP in the three northeastern provinces from 2000 to 2022 was 1.54%, and the spatial
distribution of NPP varied significantly. The NPP average of forest area [ was the highest, and the NPP
growth trend of forest areas | and [ was more significant. Over the past 23 years, drought in the three
northeastern provinces had been mitigated, and the area of severe drought zone had gradually shrunk from a
large area in the west during 2000—2002 and moved north to the northwest of Heilongjiang Province in 2008.
@ As forest management continues, the increase of forest area and the conversion of low NPP vegetation to
high NPP vegetation over the past 23 years in the forested areas of the three northeastern provinces were the
important reasons for the growth of forest NPP at the site by 15.20 Tg (calculated by carbon), with the
highest percentage of increase in the area of deciduous broadleaved forests, which amounted to 43.29%.
@ Forest NPP and SPEI for the three northeastern provinces showed a significant positive correlation (R =0.60,
»<C0.01) and also showed a highly significant positive correlation (»p<C0.01) in forest areas [ (R =0.57)
and [I (R=0.79), where forest NPP decreased with drought. Heavy drought decreased forest NPP in the
three northeastern provinces by 11.09 Tg during 23 years. [ Conclusion| Drought disturbance under climate
change and forest management affected forest NPP both negatively and positively in the three northeastern
provinces, but the latter was greater than the former, and forest NPP increased. Among them, the

sensitivity to drought was much higher in the Greater and Lesser Khingan Mountains forests than in the

Changbai Mountain forests.

Keywords: forest management; drought; SPEI; NPP; northeastern forest area
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Fig.1 Location and vegetation types of forest areas in

three northeastern provinces
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GLASS NPP in forest areas of three northeastern
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Table 2 Mean values and annual growth rates of seasonal NPP in total forest area and

forest area [ , I, Il in three northeastern provinces from 2000 to 2022

£F 2% "
A P/ KR/ P/ R KR/ Tt/ LR S Y
(gem?*eal) % (gem *+al) % (gem ?ea®) %
FRIX T 127.6543.84 1.61 402.144£3.54 0.12 45.46+1.34 0.23
X 143.30+3.41 1.60 415.05+3.11 0.34 76.29+1.26 0.29
X 182.8943.64 1.50 405.46+£2.39 0.44 136.25+1.62 0.82
AL 151.28+3.31 1.38 407.55+2.38 0.33 86.00+1.29 0.56

a NPP¥ &
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Fig.4 Spatial distribution of mean value (a) and change trend (b) of forest NPP in three northeastern provinces from 2000 to 2022
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Fig.5 Distribution of vegetation type conversion in forest areas of
three northeastern provinces from 2000 to 2022
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Table 3 Vegetation type conversion area and NPP changes in forest areas of three northeastern provinces from 2000 to 2022

FE P T R R R AL /10" hm? NPP 251k /Tg

T I B bR — % i AR 551.16 +8.38
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(PRLARAR T I L R AL 5 0 B — 9 O 289.15 439
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Fig.6 Temporal variation of annual average SPEI in three

northeastern provinces from 2000 to 2022

H T T O Be N AR AL = T R (A
ARG ML, 2 T A AL =48 20002002 4E, 2007—
2008 44t 5 AN FARE 3y X R Y I R AL (I
7). TER—L MM/ (2001.2002,2007 4E) | i
R (2000,2008 4F) X 8@ T8 BT R 808 T 5
X, W 76 (2001, 2002, 2007 4E) R dk (2000, 2008 4F)
e I = R T2 R i e P < S VAT U
X A B A RS R AR AL (46 /N -t 20002002
AR BB SE X LAVE L A B RS 5L A6 RS
i /NE 2008 AT 9 BB R VT AR Ve AL X
232 FTRFRFHREAL=ZEAMKRNPP X Z F£4
k20002022 AEAR X T, I, I A0 A AR JE AR XY
NPP 5 SPEI 7E 4 #1275 [ 1) Pearson A 3¢ & %L,
MAERJERE R NPP 5 SPET & 1 3 1F A
KLR=0.60(p<<0.0D); AKX [, Il # NPP 5 SPEI
() 1IE AR SC 38 5 T 99 %6 1 S 3 MR 5 T AR XTI 1
NPP 5 SPET %A 30 i 35 AH oG .

MWZET RERE, FE KEHRMK NPP 5 SPEI
2Z () R I Sy 555 04 A0RE DG B IE AH G (B AR R 28 0 W 35 Pk
R (WLE D,

FEWD I R B A v 1 2R AR b bR DX AR R R IX
T, A NPP 5 SPEI X MR IEMH X, &K
A=A EETREREMAMRES TEANEE FHIE
FXFT AR NPP &G 8B K, BIKKE, F M
T A ROBE B AR L L X 2R Ak NPP XJ T SPET & 3t il
A S B AR T, L i 2R Ak NPP 5 SPET 1Y 1E AH

KA B SPET A9 R K B T 5 R
BT /] 2 B SRy R AR K S 5 ) 1 e SR T
ARDC TR B X — AL

0 150 300km

TE AT SR AN 25 L PR 9 1) g SPET>> — 1.5 X3k, 2R Ny
BT REE TR R L JE AP b 1 S SPET<< — 1.5 X
B, SRR T RR B T T R e T R

7 2000—2022 EFRIE=ZEH SN FREEHRD
EETREBORETHASA
Fig.7 Spatial distribution of severe drought boundary lines in
five drought years in three northeastern provinces
from 2000 to 2022
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Table 4 Correlation coefficients between annual and seasonal
NPP and SPEI in total forest area and forest area [, I,
Il in three northeastern provinces from 2000 to 2022
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