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Abstract

In order to reveal the spatiotemporal evolution of vegetation NPP and its response to climate change
in Heilongjiang Province, it has important practical significance for the protection and construction,
rational utilization and sustainable development of regional ecosystems. Based on MOD17A3HGF
data and meteorological data, this paper analyzes the spatiotemporal evolution characteristics of
vegetation NPP in Heilongjiang Province and further analyzes its response to climate change. The
results show that: (1) The vegetation NPP in Heilongjiang Province shows an increasing trend with
a growth rate of 4.13 gC-m—2-a-1. The area showing an increasing trend accounts for 96.59%, of
which the area showing a significant trend accounts for 82.22%. The cities with the fastest and slowest
growth rates are Yichun City (6.29 gC-m—2-a-1) and Jixi City (2.01 gC-m—2-a-1), respectively. The veg-
etation types with the fastest and slowest growth rates are grassland (6.22 gC-m—2-a-1) and swamp
(2.29 gC-m—2-a—1), respectively. (2) The multi-year mean value of vegetation NPP is 433.75 gC-m—2-a-1,
and the spatial distribution pattern is low in the southwest and northeast, and high in the southeast.
(3) The average value of the Hurst index of vegetation NPP is 0.43, among which the area showing
anti-persistence accounts for the highest proportion, accounting for 77.27%. (4) The partial corre-
lation results show that precipitation has a significantly greater impact on vegetation growth than
temperature.
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MRV AE 77 71 (Net Primary Productivity, NPP) /& 45 4% U ) 7E Ho A7 THAR 5 B TR) Y, lid e i
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NPP B AFFER KBS 23 5 i, HAZWE . BEK. KOs .

BILAA RS20 . KA E X E SR X, XA2e508REIRENCEE, Z2RE
“PIBE =7 PARAGRM I E B R [7]. BT, ASCEF A AR RS SN, DB RITEE
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Figure 1. Overview map of the study area
1. FARXERE

3. BIES5H*E
3.1 HiEFBESTHAE

NPP 3k 5 35 E NASA ) MOD17A3HGF #i# 4 (http:/reverb.echo.nasa.gov), i %5 8] 20 #4554 500
m, BFRIHEEN 1A, HaRaan. ot LB M4 PR, B3R RIT4A 2000~2023 4
AR NPP HdE, AMERE R NPP i 5 R B 10723 0] 73 HE R R R — 80 B8R R A9 1 km.

A K B SR 1 5K e R R B0 T o (https://data.tpde.ac.cnf) , %55 #25T CRU & World
Clim KA 2Bk E 4, @il Delta 7[RI BF RBEACBRAS 21, Kl 485015 2 B RV L A SR HE

HhOE AR R B R E R B O EONL g (S R O B A B R0 1 B B ) AR &
(https://www.gscloud.cn/), ZEEfRMFBTSEDER, 19218 VL 90 m 73 HEE i A0 .

A SRk [ (1:1,000,000 7 [E A7 EI4E) (https://www.resde.cn/), ZE1E 4 #E% N 1km, Z#87, =
IR, SRR R IR .

3.2. ARG E

321 EHHIE
N FERRIEITAE 2000~2023 EHi 4 NPP [RBEASIEE, Iz #rik, e SAEw o By &Iy
FE N B WD 1) o3 AT T8, o S0 [9]:

nx > ixNPP, - i> NPP,
Slope= i=1 i=1 =l (1)

nxgiz—(ii)z

i=1

AH: slope MAEHE NPP ARALIRLZ, TE AN, i N, slope 4B LK, FKRHARLEL; n HfF
TR NPPiOASS | SEFEHAE NPP 13 .
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Figure 2. Temporal change trend of vegetation NPP in Heilongjiang Province from 2000 to 2023
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N T I E M AER A 2000~2023 F BT A FER NPP B [MAS(LAFIE, 45t 2000~2023 4EEAiT
A NPP [RFIME, 2 S IR EAT AL A, WL 20 di&] 2 /TRAE HE, 2000~2023 4F B ITA
HEHE NPP I 9t ina®s, K9y 4.13 gC-m-2.a-1, #E#k NPP {E7E 352.96~484.20 gC-m-2.a~* Z [AJH 5] .

AR, 2000 4 BT M NPP 2 24 4R AK, FHAE N 352.96 gC-m—2-a-%, 2023 fF B LA
FE#: NPP Ay 24 4k fe i, HAE N 484.209C-m—2-a-t, ZAEKIME A 433.759C-m~2a-. REkiMis, LRI
A% NPP H 2000 4E) 352.96 gC-m—2-a—1 L7+ % 2006 4] 425.14 gC-m-2-a-%, 2006~2008 EEH N T
Ffa®h, FF%4 380.35 gC-m-2-a-1, PA{KAH 44.79 gC-m-2-a-1, 2008 fE J&, fE# NPP RIS N
frkagh, e inZ 2023 4E 1K) 484.20 gC-m—2-a-1, M4 fn{E %y 103.85 gC-m-2-a-1,

4.2. HE# NPP 238 5 FHHiE

K4 2000~2023 4 FR LA L NPP 1545 2 2 AE B NPP, JRax| ZERMER R, W
3. HIE 3 ATA, Mk NPP Z4EHME A 433.759C-m-2-a-1, RERSEA (FHHE NPP 2448 i K 2/N )
FH T 03 BN TR AR (544,57 gC-m-2-a-1). #EM(516.71 gC-m-2-a-1). FEMH#K(513.82 gC-m—2-a-1). 4t
#K(489.02 gC-m-2-a-1), Hif(399.88 gC-m-2-a-t). VH¥¥(368.51gC-m-2-a-1). FIFHik(358.55gC-m-2a-)
I EJ5(291.43 gC-m—2-a-Y),

R NPP 7E2% 8] R I PR A ARG, AR ilm, HoAhh X i &8 0 A0 1 2= R 0 A ks o 3 R
225 A 43 A A% J5 (0 SR DR SR AR AR X A2 FAA GO SR AN =T P IR X, a6 KR, AEHHE S 8O
B, i X7 A R TAR AR, bk [ Bk e 75 BN RVE Bl Hggma LI, 049 FoRE b NPP i ¢,
AR NPP 45 (10 3 X 3 9 AR PRFH L J5 45 1 i R P R A 7 5

N NPP£4EHl/(gC-m™-a™)

A e Bi:871.75

B {%:29.50

0
L |

Figure 3. Spatial distribution of the multi-year average value of vegetation NPP in Heilongjiang Province from 2000 to 2023
3.2000~2023 BT H1EH NPP ZEMETE S

4.3. {E# NPP #3047

K a3 M 5 2000~2023 4 BERVT A R HE NPP (AR fb A 4T R E TR SE, WK 4. &
A T[H, BRTLAE Y NPP L&A 4.139C-m-2-a-, R M &S KT LN 96.59%, 1]
BEE B ARSI 5O TAESCE LR, SRtk N, FEAEY NPP KRB INf . Hp
fe{E XA TP E BRI VTS (R A PG 3, ARG X P e SR e VAR R AL AN AR
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ANFFE BT AR NPP A4k 35 by R 218 AR B 2870 43 Tl N 25 (6.22 gC-m—2-a—1). JRACHK(5.00
gC-m-2-a-Y). BAMAHK(4.65 gC-m-2-a-t), #EHHEHE(4.08 gC-m-2-a-1). 41HHk(3.98 gC-m-2-a-1). Eifi(3.36
gC-m—2-a-Y). #EM(2.99 gC-m-2-a-H)FEE(2.29 gC-m-2-a-1),

RO HE AN > (AT & L2 5 96.59%F1 3.41% . A R B A b 3 28 38 I 1) 3t [X 43 A7 7 22
TEVTAR BRIy HLIX, 5 R 67.81%; I A I 35 18 I 34 3 i K e 22 IS H X L SR 3mT T o AEA T
XCES LT RSP A PHE ARG RIETSE, (O8N 14.41%; REUVIEH0AS B35 R0 A B3 3 A
RIS X . BB TT S AR XA TE . XSPaT . PRI RS RET S, S EN 16.86%; RIL
TN S 3 el D N S D BT R IR T . XS PR . AR AP, 5 HAr 0 0.94%.
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Figure 4. Change trend and significance test of vegetation NPP in Heilongjiang Province from 2000 to 2023
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Figure 5. Hurst index of vegetation NPP and future change trend in Heilongjiang Province from 2000 to 2023
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BHHE NPP (71L& %4 A0 Hurst $a 203 mnr 3 NPP ik M S 0, Zr e n
(2000~2023 /b, Z JEAEA N, slope < 0 H.H < 0.5), WE{ENH/(2000~2023 SE4EW N, 2 J5 AR
b, slope. 0 H H<05), TAMWEHH =05), FFLEHIN(2000~2023 FF3EM, Z J5H4H4h0, slope. 0
H 05<H<1), RgLpk/>(2000~2023 Fiiksl>, Z M k>, slope<0 H 0.5<H<1)5 5K, BIITH
T NPP SRR DN /D, UERH BRI A EE NPP 1 R BUAR I, A REINEAD, BHAE R
WMy FOCHFRESE N, VLR NPP I LRI, RKRI R AR 5 HRARR R,
25 1.10%.

5. BB STHEEH NPP S EETFAI0 R

HIPILAE 2000~2023 ESIRFIIME N 2.09°C, FEAS (6] LRI i 5 B AL SRR K FRKZEF
Y8 )y 562.15 mm, {E4% 18] bR A B 0 SR ME, AR ERHLIX K B S T X . 2000~2023 42
YA SRR B K M8 23 18] 43 A5 DL EE 6.

N RIBBEIE/PC N - MK 2 4E 3546/ mm
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Figure 6. Spatial distribution of the mean values of temperature and precipitation in Heilongjiang Province from 2000 to 2023
6.2000~2023 FF R L & SIBFIFEKIERE 557

BB TG 2000~2023 - HE T A HE AR NPP 50 1 i AH G REOF AT W35 ke 0er, HLah R WL 7.
HH I 7 WA, ARG RECFIME Y 011, HA RN IEA I 5 L 66.74%, SUAHSCIIHLIX &5 HE A
33.26%.

AN TEIAE B 2R Y B R A NPP 5 I A D¢ 3 538 48 B KB/ (R AR B S 18 2 31l 8 ML(0.258) R
(0.238). VAZHK(0.233). HLJF(0.190). FEM-HK(0.177). HRIFHIME(0.152). Fifa(0.028) %t i #£(—0.125).

R 2 E A DA 2 A E A G R T AR T . XM LT, XS PR, BawT . 4R PHI,
i LN 14.69%; RN IEAHCAN B35 (X 78 55 A e VT8 R HX, (5 HE o 52.05%; R I AR A 2
FHWWATA R R MR @S, HEHOR 32.21%;  SRINAR R 2 SR SR 35 fAH
SRR T Sy BEVAT T AR M 2208 H X, 5 EEA 1.05%.

ZAZIuTHE 2000~2023 A RTT A A NPP 5 BE/K I AEC REGFHAT BE R, HERW 8.
B 8 FIAN, fWAHDC RECFI(E S 0.30, H AR IEAH X & H o 86.87%, FAHICHIHLIX 5 LA
13.13%.

AR AL R NPP 5 /Kl AH 5¢ R BOIMAE H R BN R 2888 40 30l 9 58 (0.581) AR AEL A3
(0.400). VEAZH#K(0.300). F&EH-#£(0.285). Hi)(0.225). %FH-#£(0.173). #EM(0.126). H#E(0.125).
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Figure 7. Partial correlation coefficient between vegetation NPP and temperature and significance test in Heilongjiang Prov-

ince from 2000 to 2023
7.2000~2023 R ;T EHEW NPP SEERBXAZAHFMEZ 4RI
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Figure 8. Partial correlation coefficient between vegetation NPP and precipitation and significance test in Heilongjiang Prov-

ince from 2000 to 2023
8.2000~2023 FEE ;T A1EH NPP 5K RIEL R BE=HG1E

6. THt 54kt
6.1. ¥+ig

AEI B ITEE N 5, T MOD17A3HGF %45, 40 M1 B iT 4 sk NPP I 25 1 AR R AiE
KAAFARA R . IRV AR NPP 7525 (8] LRI TU R S A AR AGK, R m = [ 04k R . ik
B XA FAA WP AN =V P X, BHE S S8R il X 7 5 KIAR AR AR, ARARE 6K BE F155,
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AR R G ARG E BRSSO R BUR . Hurst F8ECR ISR AR DU S, BRI A ARk
R AR AR BAR, SATZERCE R, SEOLXR = R A

M5 R R AR NPP P A [RIFEMSR T, BT FE NPP 5 U RBUNIERI G R, B/
HRMBOR . RO FEK AR U, FRBETT A K E AL 366.22~856.70 mm Z[i], FEKEZ M5
B i KA AR, KBRS R M BRI 56, AR TR &R AN At A S 2
IR AE A MR AR IR B VIR RERAE, TR KBRS A R RS A T RE S
A I A

ARSCAE T FR AT A HE A NPP I 23 B AR RPAE S A A A i 5 1 4% A R R AR AT 70 A, B
INE R DA [FI R AR S A A A NPP I 25 35 AR S U AAR M L o (BT FE R AFAEAN 2, SRR TS
1 R 8 ARAE, RBERINIGESN . LA R NPP (520, AR AT 2 1R A
T EANE R R L BT A8 R4 NPP AZ AL RS2 o

6.2. &g

(1) 2000~2023 4B RITA M NPP 15 4y 4.13 gC-m—2-a-1, itk NPP 1815 &5 bR AN 5 18 (3 1 7 51
NPT (6.29 gC-m-2-a-) AR P T17(2.01 gC-m-2-a-1). FE 4 NPP 1835 5% HRA 5 1% Rl S5 780 40 3l ol o
(6.22 gC-m~2-a-) F17AF(2.29 gC-m-2-a-%), 2000 FAEHH NPP ik, HAH N 352.96 gC-m-2-a-1, 2023 F4H
B NPP e, HAE N 484.209C-m-2-a-1, ZHHMEA 433.759C-m-2-a-. AN[EHLTTHEHE NPP 2 S 51H i
FKAB AN e/ IME 3R T 43 79 A FHT 17 (572.82 gC-m—2-a-Y) AR PR 117(284.51 gC-m-2-a-1), AN[RIAE#E AL
HE# NPP 22 4 2548 fe KB A i /N B 1R 1 482 3 2 23 3l Dy VB 58 K (544.57 gC-m~2.a~1) HI 5L J5 (291.43
gC-m—2.a-1),

(2) HEAE NPP fEZ3[H] RIS AN ARALIAR, AR e . ARARIE AR 7758, (45 M4E NPP R
N EAE, AR BN R A XN RIS S, B NPP RIUNEMRAE . fHE NPP RN IE ka4 1)
AR 5 EE o 96.59%, AR IA B AL & EoA 82.22%. R IUAND S AR 5 ELACH 3.41%, FE
HR BN 2 I THAR &5 B A 1.03%.

(3) M HE NPP ] Hurst FEHCFIIE N 0.43, HARIUNRFFSMEMT S s, (S HCN 77.27%.
S[R3 T FE Hurst 15 5040 8 552 KRR 52 /M PRI T 43 3108 K DR T (0,47 2) AT 2] 117.(0.387) o /S ) 41 e 68 )
Hurst T55035 (A 5 R AR AN B /)ME IR RE A S8 8 43 791 o 0 )5 (0.46) FEH 4K (0.40)

(4) H#: NPP S5GRMRARS RECF AN 0.1, HAPRIUNIEM SR 5 A 66.74%, I
BEREA S A 14.69%; FUHCHIMLX &5 He R 33.26%. FH AR HITHIAR 5 EoA 1.05%. AR A
A AF 2 2 B e KRR/ (R 38 T 23 591 M9 %8 6 17 (0.51.0) AR 2 22 0 i [X (—0.212) o N [R] A2 49k 28 78 f1h it
NPP 55 i AH 9% 2 B8 e KA AN e /MBI R A 2R 8 0 il 9 A (0.258) i #£(—0.125) .

(5) B NPP 5 B /K (AR OC RECT-IIME N 0.30, HARBUNIEM G 5 LA 86.87%, KILHN
SEREBE A 38.77%; FHICHIHIX (5 He N 13.13%., F A R KT A & EE )y 0.88%. AN [ H 17 £
i A 5% 2 B B KRN B /N3 T 29 390 A K R 1 (0.579) XY P 17 (0.030) - AN A M S AL fRAE . NPP 5%
IR A 5% 22 B35 5 AR AR S5 /IMEL PRI B 28 Y 43 1) D9 B J57.(0.58 L) FTVA 1 (0.125) o B /K R R 4 (1) AR K I
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