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Tab. 1 Extreme temperature indices and extreme precipitation indices

Fre T H Bud CDD H Bk i <1 mmiW iR ESE H AL

FREARIE H80d CWD H B 7K f>1 mm Ay K SE H 4L

SPE/K B /mm PRCPTOT BAE= 1 mmiy H /K8
Wik HE AL

R H $vd Riomm H B /K i = 10 mmi1) K4

i 4K i /mm Rosp 95% i EL B M K 4 =22 il

H KBk it /mm RX gy B IR R H K b

AR IR AR/ C TMAX R R RE

AR IR AR/ C TMIN SERARTIR T ASME

B HEud TN, H R IR <109 43 B (B R B
[ w1

R H4ud TNogp H EeAR S T>90% 43 (Vi {19 KA

e H#ud TX 0 H o i <109 43 A B R B

8 H %/d TXo0p H 5 5 S >90 % 43 AR Y R4

132 #EHaar HHEAX N

2R T — ST A [B1 U2 77 2 SR AR DA A6 T3 B AT
¥ NPP L AR B . — TR A Il T AT
2N

S1: (1)

n

NI N]
1 i=1 i=1
ny -
2

SR

Ko S, FRoRBEE 0 FOREHRUT S KB, M 2000
AEZ 2020 4F3E 21 4F; 0 FRORE i 4F; y, RN AR
NPP i,

K H Theil-Sen Median # %43 #7 Jr e #R 5T WA AE
YL NPP 25 [A] 4% Jm) 1 2l 258 A8 #4 # . Theil-Sen

n

2

i=1

I=A
o

Median #4 #5347 7 125 e 08 Dol /D AR (B e 75 %) BF 5
LE LA 3 R 8 B B R
VETAE — BB L4 S 98 A MERf M . Theil-Sen
Median & B A =8
SzzMedian(x}:?),Vj>i (2)

K S, AR SRR x, A, 23 5 5 i R0 AT B T
JEHNIE . S,>0 RN 7 H I K, ez ) &
o SR
1.3.3 A8 X M4

FHOCHE S BT e 7R B2 3R 2 0] 4 U AR B ) B
e, R T4 9T Pearson AH ¢ 28 B0k 23 M 48 9%
NPP 54 3ty ARG HZ 8] B AR AL A S5

n

- Gi- )]

i=1

2 (x; — )_5)2 2 (67 _)_’)2
i=1 i=1

A R, RS x Ay BIAHOCEREL x, My, 430 3RoR
550 AF x My WE; X, v R: x Ay B9 n S-F4ME.
1.3.4 Mann-Kendall & Z 4 4 3

& H Mann-Kendall . 2 V£ K 56 (M-K £ 56 )
WriE Bk NPP AR fb ka3 i) i E 4k, I G245 Z ok
FR M-K KB BRI 45208 . R MK 56 73 B s
] 7 S AE A NPP 1 5 A8 TE 0, 3X B i AN 2R B s
1Y 53 A1 A e 8 I 2N 5 M B o i 45 SR AN 2552 3
FEASE WM TR, M-K K503 A RN

R, (3)

n-1 n
S = Zngn(xj—xi) (4>
i=1 j=itl
I, x;—x>0
sgn(x;—x)=4 0, x;—x=0 (5
-1, x;—x<0
S-1
—,5>0
vVVar(S)
Z= 0, S§=0 (6)
S+1
.8 <0
VVar(S)
-1)(@2n+5
var(s) = "= D@n+3) 7
18
4 &5 5xm#p 133



F2% F 14 BAESARBEFE) 2024 52 A

X S MK IS, x, Al x 2 B ER R AR
(ER SR E i GW A R 7R A oA 5 i =
|Z>1.96 B iz A8 s AR bRt 7 95% Wk
K56, FA7E B ARk
135 HETsxhsHnybE RN EHED

by PRI 28 2RI 25 7] 23 S DA R A8 n HL5 I
Wsh I —HGEi2F s BRI 2R A 45 4 4
A o 5 ST HRIAS A SRR . RURS: DX
A AR IR A% o 1% S0 1 b BRI 288 75 AN K
TR 1 2 P AR 1) B AR AR OO0, A7 7E — 8 1
FESHAR S DEAME SRR O, AR SO FH e A S 5 34
PRI 532 FHAH SR IR 2028 . A SR a5 425 L 41 4L
G328 LR Gy FE RN AR U 25 43 23k 5 Bh oy 28 O ik,
W R ERBEE N 3~7 2, ST AN 207k
FArFEAF G g {8, T g (65 K M52 m K 2 55
5 T5 1k B oy 28 A A g 1 B I 28 0 W 1) B e 2
B, DL HR TR vt A 8 O P A6 VT I 3 B NPP
S

O35t SR FHRM TR R AR & Y 945 (8] 43
SRR X R AR R Y A5 8] 4 S A R R AR
HARBRE M ¢ (HER, ¢ (EREEEFEY 0sqg<]1,
g TEER R, BT X PR AR & Y 25 (8] 40 53 09 e R A
PR HbPEPRINER Y g (ELPR TC A0 e et i H R
AU B X, BRSO 3R R B AR R T
100 x g% (AR, TR0

g=1-2 (8)

K g M FER T L AR w28 h o — A

RIS, N, AN 43500 R b 28500 BT BRI 4 IX BT
B 0, Mo 439000 h BRI T Z M X T2

ZHAEHBEN 38 1558 B AR TR FEAS [FI B i

ST X F X, SE[EAE TR X8 NPP AR RE )

JETS K ARk, ] B RG: 36 45 i g A PR 7 2 1) 2 75
HAMN . £ EAEHZmIERILZE 2,
%2 WEFHETEREEMRRE

Tab. 2 Types of interaction between two covariates

SRS premy
9(X,X) > q(X)) + g(X) Lk Pl
4(X,X) > max[g(X).¢(X)] L T
9(X:.X) = q(X) + q(X)) sy
4(X,.X) < min[g(X).4(X)] JELR RS
minfg(X).g(X)] < g(X,X) < maxlg(X).gX)] P TIPS

DR XA o T4 PR3 8 7 1 DX

* 134 £ K5 5nm%

Z A JE MR AR B 22 5, JFH T AR
A S R R T NPP R S ad Y o XU DXAG 3 e
t Gt AT, ¢ Gt AR
— _?h:l _?11:2_ l (9)
Var(Y,,:1) Var(Yhzz) :
+

Np=1 Np=

A Y, 88 T XK A N NPP ¥ME; n, AT X 35k
h WHEASY I Var KRR 7 2.

1.3.6 A = HE LA

FERF R R b, SR FH 2200 [ 7 AR T A I 1]

J7 910 A st A i B0 AEL A NPP () A G E 21,
XoF 0T U R B A TR Ak, IR A b A i <A
AR RT AR B NPP 1) s A 1] U5 58 B X (B 2017 HE
T, O B RS L 5 R A 5 i DR 1 A 2 A A
B NPP Ayt B I R ™ g [ R L, it
14218 7C NPP Il s g5 Bk A7 bR Ak, XEprifE
bS5 19 B4R 7T NPP FIA s A 48 AT 22 Ju ek
11, Fe 2l i b B> A 72 i AR Ak a3 R AL,
B 502 A5 ARt A B AR X R

2 GRESW

2.1 AL NPP &9 i = o A 45 4

FAGETT IR IRAE Y NPP 434 WL 1, 3RS ZR
m . PUREAK, DU e SR A AN B A A RS
AESF-1 NPP (X 32250 A T R IE VLA 1 W IR U
A PHTHT, EAE B AR . ZE I B TR
R LT, 48Kk 250085 NPP 7 500 g/m’ LA I, 70>
kL 900 g/m’, LA ARMAER R CH E;
NPP IRAE X 22504 T R e V1A W 55 FF IR 7R T | 2%
R RERT, AR 1Y T L AR . K AR T
KA HIB XIS, HNPPEKZIKT
400 g/m’, FAIHLBE NPP X 100 g/m’ 2647, HEE A
BRGRBRHAESREMEMES RS, 55%
MAEZS R GuMH LA NPP 4211 .

FAFEVLHL A 2000—2020 4F[A]4F 14 NPP &L Fi
Besh BT [ B 2(a)]. 21 4 [E4EY) NPP 421k
0 FEI7E 315.48~464.38 g/m’, -4 {H N 407.45 g/m’,
HLAR 5 4F3 NPP 7E 2014 4F 35 8 i K1E, H
464.38 g/m’; K I 2018 4F, 1551 453.18 g/m’; M L
ZF, 2000 4EBY4E ) NPP f/N, 4 315.48 g/m’, #3
A6 VT B B AR NPP LA 4.82 g/m” Y i R i 25 186
I (p<0.01) o A [FAE 2 R GEAFE ) NPP 22 4L 4% & I



FEME, & AL TR NPP A 22 U8 R K X AR 3 MR B9 v AL

Kl 2(b)~() . iSRG 2N EEFH KB,
B4 L R GAEY NPP I EHFE —E 2R
Horfr: RS RGN NPP PRI K, 5%
521.73 g/m’; B A B R G MK HABRGEKZ, 5
WSk 378.38 il 343.26 g/m’; WK LSRG MIEHAE
ARG NPP - HIE AR AL, 4351 331.26
F1308.75 gm’, TEAEH] NPP BAEAfL#a Y |, WA4E
VLI A5 A 25 R GE AR NPP A8k 3 % il i 21
MR Hy B A 25 R G (5.64 g/m’) STRMAE B RS
(5.61 g/m’) >R HAERRG(4.01 gm’) >RIFEEER
45(3.81 g/m’) > B RS0 (3.44 g/im’), B3k
KA (p<0.01) o
2.2 Ak NPP %19 & AL4FAE

Kl Theil-Sen Median #%#3 Hr 45 & M-K 56
B 7 ¥, X 2000—2020 4FE A A6 VT3 38 NPP #E 1734
GICHHE, BHREE /R TAMETT L NPP #9725 1) A8 fk
([ 3) . ZERFN, AL VTR NPP 13 L0 K 4
P e E R AL TR R R AR . AN
BRGAAEZS N LRI EFN SR KHAESRS
FEA TR ES, R0 TR, KRR
HAE R RS NPP 2353, AR B E T T
R 3 R MOAE S R G E B A TR A, &

500
480

O FAETTLIRIRAEYY NPP
LA

iy o
460 95% {5y

y=4.82x—9 283.41

R=0.62
p<0.01

2000 2004 2008 2012 2016 2020
GR0y
(a) ARAETT I

600 - O FMETTHUERAEY) NPP {E
A o m]
95% ' Al

o

y=4.82x—9 283.41

R*=0.62
p<0.01

2000 2004 2008 2012 2016 2020
AFE0Y
() MBS RS

B T b, Hrh R AR ES RSE
NPP S8 fima#, iR v AR AR AR S R 58 NPP U 2
D R R A S R G B TR,
B3 AT TR, 48K 280 i A= 25 548 NPP 2
R Rig S RGBSR D,
EERERI N, Ko RIEES RGN AR R
SLIr) NPP 3G #,

4F45 NPP {H/(gem™)

- #5:878.14

—
- 1%:36.79

B 1 #MILIIRIEEF NPP =6 2%
Fig. 1 Spatial distribution of annual average NPP

in Songhua River basin

420 ¢
O WMETTHUSAEY NPP

400 | ) 5
EYed =k

380 | N o
95% H {5717

360

340 |

320

300

280 b

260 | O

240

y=4.01x—7 725.14

o R=0.58
p<0.01

435 NPP {H/(gem?)

2000 2004 2008 2012 2016 2020
AF0Y
(b) RHAESFRSE

O FAJEVLIR AR NPP {4
LR o
95% Etfriat

(SRS
S x O
(=il
T

y=5.64x—10 948.58

R*=0.70
p<0.01

) NPP {ii/(gem™)

W W
S
S o
T
(m]

300 |
280 |

260

2000 2004 2008 2012 2016 2020
iy
(@ WHVE A RS

4 A 5% 135



£22% B 18 #AARE S AKA RS CEESO

2024 4 2 A

380

O BAEITHRAEY NPP (5
60T LEPE RS . o
340

95% F {5717

w
[3o]
[=}

A NPP {H/(gem?)

300 b
280 F y=3.44x—6 603.64
260 R*=0.65
I <0.01
oBb p
240 F
220 L . . . . ,
2000 2004 2008 2012 2016 2020
Ay
(e) MM/ EERS

420 - A
wol T AAMETTFBRAER NPP i
p2sy

sl —— G i
ﬁg 360 - 95% B A
S0l
a0}
Z 300 1=3.81x-7 326.83
T g0l 0 R=0.54
& p<0.01

%0 O

[m]
240 |
20 Lo - . . . ,
2000 2004 2008 2012 2016 2020
Ay
O BFLEERS

2 MILRIESE NPP EEREK

Fig. 2 Interannual variation of average annual NPP in Songhua River basin
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Fig.3 Spatial variation and its statistical result of vegetation NPP in Songhua River basin
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Fig. 4 Correlation and significance of vegetation NPP and extreme climate indices in Songhua River basin
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Fig. 6 The g-value of interaction detection between influencing factors in Songhua River basin
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Fig. 8 Analysis of the relative importance of annual mean NPP in Songhua River basin
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Tab. 5 Adaptation range of the best factors for NPP enhancement of vegetation

BRI % NI RARY R RHAEBRG P ERRS FA SR A SRS RIELEBRS
CDD [32.3,43.2] [32.3,38.9] [32.3,43.3] [32.4,41.5] [33.9,44.1] [32.3,38.9]
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NPP-¥{H 482.97 372.03 597.03 47381 33227 466.05
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Tab. 5 (Continued)

WEEH % WAL RHEAEERG TSRS HA S RG A SRS RIELEBRY
TMIN [-11.3,-7.08] [-10.9,-5.63] (-1.31,-0.519] [-11.2,-5.6] (—1.43,-0.808] [-10.7,-6.31]
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IR L5 75 S8 T Mo A5 48 55 5 M B NPP 14
JCRUEEAH M | B[R] RUBE AF ) J B4 23 (] RO AR
X B, 45 G b AR SRR, Ry 1 2 R T s ]
SRR A, A B B RN B R A Ak A K
BN K HEmALE . DA F R v
IRV 5 M R XA 17 2 M o, 3 R F 9 DX
WA ARST R 2, T 2200 T AR 38 =22 [8] 1) 223 (142 fish A
AEHI SR, B AG A () 2 A e i 2 HLAH Gk
1), ARG ICZ 10 AT BEAEAE B A AR BAE R G &R
SR FH ) 8 00 2 5 75 B 6% 4 412 4 () S S5 1k A
A, DT BE o A b A s R AL R s e PR 2R
b AR E B S AT, RS A i b DA AN ] R R R AR
B AL ) TTERAR BE, A B T 0 TR R 2 R Rl Y
XA 73 A 0 AR RZ M PR 22 eAb, AR E 2 )
Brid A7 B T 100 32 5 2, AT B 4 M A Al e
FRFNPRAP B P S

4 Z£ie

A SR FHZ M 101 5 43 A1 | Theil-Sen Median #4
PO M-K ARG IE  H BRE 0 258 0 AFDGS 3 22 437
A7, RERAFE T 2000—2020 4 il b AE 245 &
SR RE A NPP 1235 T8 AR A% Jmy B A oty S A 25 1R 119
M AT T IRAMFS, FEEEB T

2000—2020 4 FA AL VLI A B NPP 2 i 25 44
Ko, 421 NPP AR fk i [ Ol 315.48~464.38 g/m’,
SEYIME K 407.45 g/m’, TG A4S R SR NPP ¥
Mo K ERRI A RS NPP Y{EA]
FEAE—E 225, Hoh, A 5 R pE NPP 1A
e, MM AE S RS B NPP (MK, HE#k NPP
23 (AR AR 22 Rk S 2 W a3, s s

RTINS B0 A A I AR i S X

T S K 2R B R DT, A 4B VU S B
NPP %257 iy H ORI EL R K S5 e, A A R
ASTE— 7 Y 1B N B R K B A 4 T g 5 . Ry
b DX AELHE NPP 545 g il 45 %052 A o6, HLd i
0.05 7KV St 25 P ARG 6 1) T AR AR A, A s e /K <A A
SR AAETT I8 NPP e £ 3B

FAAETL ISR 5 NPP # 25 [] 73 S Pk 22 W
Ui P K S B, 5 AR SRS ARG, RIEAS
R GEAAHE NPP 25 [A] 73 5317 D 52 4% i Ao =1 52 1
B R, AR S RGUAE B NPP 25 [H] 73 S 1 %2
) AR5 WELRH X AR o A A A KA 52 AR T 5
T XS AL NPP 23 ] 73 S 4 52 e, ELAR S e
IKFENAERE NPP 25 0] 73 e F AR

BB 30k

[1] FOWLER H J, LENDERINK G, PREIN A F, et al.
Anthropogenic intensification of short-duration rain-
fall extremes[J]. Nature Reviews Earth & Environ-
ment, 2021, 2(2): 107-122.

(2] AMETe, TB-F, R, S5 o Bl A
BRGRIEFAREN (1], h ERRE: HERRL2E, 2019,
49(9): 1321-1334. DOI: 10.1360/N072018-00316.

(3] OREKHME BRa2, TRE 03, 55, L1 SRk e i duli o g /K i
237 S AR AR AR (], Rk AL 5K R R
(FE30), 2022, 20(2): 327-337,364. DOIL: 10.13476/j.
cnki.nsbdgk.2022.0034.

[4] World Economic Forum. The global risks report 2022,
17th Edition [EB/OL]. https://www3.weforum.org/do
cs/WEF_The Global Risks Report 2022.pdf.

[5] IPCC. Climate Change 2022: Mitigation of climate
change [ EB/OL].2022. https://www.ipcc.ch/report/ar6/
wg3/downloads/report/IPCC_AR6 WGIII_FullRe-

45 5m% 143 -


https://doi.org/10.1360/N072018-00316
https://doi.org/10.1360/N072018-00316
https://doi.org/10.1360/N072018-00316
https://doi.org/10.1360/N072018-00316
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0034
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0034
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0034
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0034
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0034
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0034
https://www3.weforum.org/docs/WEF_The_Global_Risks_Report_2022.pdf
https://www3.weforum.org/docs/WEF_The_Global_Risks_Report_2022.pdf
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_FullReport.pdf
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_FullReport.pdf
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_FullReport.pdf

£22% B 18 #AARE S AKA RS CEESO

2024 4 2 A

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

- 144 -

port.pdf, 2022-04-04.
IR, MR, ATEARDY, 5. b BT B LS
IR DPA B9F 7 HE R ). K BL 27 2 Ji , 2020, 31(5):
713-724. DOI: 10.14042/j.cnki.32.1309.2020.05.008.
GU L, YIN J, SLATER L J, et al. Intensification of
global hydrological droughts under anthropogenic cli-
mate warming[J]. Water Resources Research, 2023,
59(1): €2022WR032997. DOI: 10.1029/2022WR03
2997.
UNDRR. Human cost of disasters: An overview of the
last 20 years 2000-2019 [EB/OL]. https://www.undrr.
org/publication/human-cost-disasters-overview-last-20-
years-2000-2019.
FEGERE, X B 22, 25558, A, AR LR ibB7 XU
AR 55 0T B R AR TR SR (1], K R R, 2022,
53(7): 757-768, 778. DOI: 10.13243/j.cnki.slxb.2022
0351.
NANDITHA J S, MISHRA V. Multiday precipita-
tion is a prominent driver of floods in Indian River
basins[J]. Water Resources Research, 2022, 58(7):
€2022WR032723. DOI: 10.1029/2022WR032723.
EhE %, oW, B, 45, 1982—20104FFALETL
Ui SR e 2l 25 A8 e K H 5 A TR T R AH O 43 A
(0], R4, 2011, 32(3): 430-436. DOI: 10.
3969/j.issn.1000-6362.2011.03.018.
S04, ZTEmG, tRa, A5 JE T SPELT AR 8
AR X BRI 25 3 AT RRAE [T] . B K BT 5 7K A
Bz, 2017, 15(5): 15-21. DOI: 10.13476/j.cnki.nsb-
dgk.2017.05.003.
GUO S B, YANG X G, ZHANG Z T, et al. Spatial
distribution and temporal trend characteristics of agro-
climatic resources and extreme climate events during
the soybean growing season in Northeast China from
1981 to 2017[J]. Journal of Meteorological Rese-
arch, 2020, 34(6): 1309-1323. DOI: 10.1007/s13351-
020-0061-3.
XIANG J W, ZHANG W N, SONG X Q, et al. Im-
pacts of precipitation and temperature on changes in
the terrestrial ecosystem pattern in the Yangtze River
economic belt, China[J]. International Journal of En-
vironmental Research and Public Health, 2019,
16(23): 4872. DOLI: 10.3390/ijerph16234872.
LIUCY, YAO Z S, WANG K, et al. Net ecosystem
carbon and greenhouse gas budgets in fiber and cere-
al cropping systems[J]. Science of the Total Envi-
ronment, 2019, 647: 895-904. DOI: 10.1016/j.sci-
totenv.2018.08.048.
PIAO S L, HE Y, WANG X H, et al. Estimation of
China’s terrestrial ecosystem carbon sink: Methods,

progress and prospects[J]. Science China Earth Sci-

4 & 5o

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

ences, 2022, 65(4): 641-651. DOIL: 10.1007/s11430-
021-9892-6.

ALEXANDROV D V, BASHKIRTSEVA 1 A,
RYASHKO L B. Noise-induced transitions and shifts
in a climate-vegetation feedback model[J]. Royal
Society Open Science, 2018, 5(4): 171531. DOI: 10.
1098/rs0s.171531.

LI C, FU B, WANG 8, et al. Drivers and impacts of
changes in China's drylands[J]. Nature Reviews
Earth & Environment, 2021,2(12): 858-873. DOI: 10.
1038/s43017-021-00226-z.

ZAREI A, CHEMURA A, GLEIXNER S, et al. Eval-
uating the grassland NPP dynamics in response to cli-
mate change in Tanzania[J]. Ecological Indicators,
2021, 125: 107600. DOI: 10.1016/j.ecolind.2021.
107600.

YAN W B, HE Y L, CAIl Y, et al. Relationship be-
tween extreme climate indices and spatiotemporal
changes of vegetation on Yunnan Plateau from 1982
to 2019[J]. Global Ecology and Conservation, 2021,
31:e01813. DOI: 10.1016/j.gecco.2021.e01813.
TR, BT SE, f0 R0, 45, 52 T b X R o A
A B XA I G A 7 T s e 0], AR 25
Z4iE, 2021, 40(8): 2410-2420. DOI: 10.13292/5.1000-
4890.202108.03.

FETE, DTRARH, 952, 55, AN [A)HE3ACRR BE T B <A
HAOEX LT UEAE GENPP (9520 [J/OL]. P55 R}
2. DOI: 10.13227/j.hjkx.202301118.

FHINE, BLEHE, GAO G, 5. SURAR LA 3)
X R AL g AR 7 0 A A2 e (1], 4l T
2 ik, 2020, 36(20): 195-202. DOIL: 10.11975/j.
issn.1002-6819.2020.20.023.

UDDIN M A, KAMAL A S M, SHAHID S. Vegeta-
tion response to climate and climatic extremes in
northwest Bangladesh: A quantile regression ap-
proach[J]. Theoretical and Applied Climatology,
2022, 148(3): 985-1003. DOIL: 10.1007/s00704-022-
03968-y.

BCH, PTG, THESR, 45, 1951—20174EAMETT
DL S 5 P A i A K S 42 N i) AR A 23 (]
BleH AR 5 THE, 2021, 21(10): 3887-3893.
FAIZM A, LIU D, FU Q, et al. Stream flow variabil-
ity and drought severity in the Songhua River basin,
Northeast China[J]. Stochastic Environmental Re-
search and Risk Assessment, 2018, 32(5): 1225-1242.
DOI: 10.1007/s00477-017-1463-3.

IR AN IL KRN ZE 51 25 COAE Tt Bl 25 G )
(2012—2030) )4 % [EB/OL]. http://www.slwr.gov.
cn/zfxxgk/gkml/201507/t20150724 30366.html,
2015-7-23.


https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_FullReport.pdf
https://doi.org/10.14042/j.cnki.32.1309.2020.05.008
https://doi.org/10.14042/j.cnki.32.1309.2020.05.008
https://doi.org/10.1029/2022WR032997
https://doi.org/10.1029/2022WR032997
https://doi.org/10.1029/2022WR032997
https://www.undrr.org/publication/human-cost-disasters-overview-last-20-years-2000-2019
https://www.undrr.org/publication/human-cost-disasters-overview-last-20-years-2000-2019
https://www.undrr.org/publication/human-cost-disasters-overview-last-20-years-2000-2019
https://doi.org/10.13243/j.cnki.slxb.20220351
https://doi.org/10.13243/j.cnki.slxb.20220351
https://doi.org/10.13243/j.cnki.slxb.20220351
https://doi.org/10.1029/2022WR032723
https://doi.org/10.1029/2022WR032723
https://doi.org/10.3969/j.issn.1000-6362.2011.03.018
https://doi.org/10.3969/j.issn.1000-6362.2011.03.018
https://doi.org/10.3969/j.issn.1000-6362.2011.03.018
https://doi.org/10.13476/j.cnki.nsbdqk.2017.05.003
https://doi.org/10.13476/j.cnki.nsbdqk.2017.05.003
https://doi.org/10.13476/j.cnki.nsbdqk.2017.05.003
https://doi.org/10.13476/j.cnki.nsbdqk.2017.05.003
https://doi.org/10.13476/j.cnki.nsbdqk.2017.05.003
https://doi.org/10.1007/s13351-020-0061-3
https://doi.org/10.1007/s13351-020-0061-3
https://doi.org/10.1007/s13351-020-0061-3
https://doi.org/10.1007/s13351-020-0061-3
https://doi.org/10.1007/s13351-020-0061-3
https://doi.org/10.3390/ijerph16234872
https://doi.org/10.3390/ijerph16234872
https://doi.org/10.3390/ijerph16234872
https://doi.org/10.3390/ijerph16234872
https://doi.org/10.1016/j.scitotenv.2018.08.048
https://doi.org/10.1016/j.scitotenv.2018.08.048
https://doi.org/10.1016/j.scitotenv.2018.08.048
https://doi.org/10.1016/j.scitotenv.2018.08.048
https://doi.org/10.1016/j.scitotenv.2018.08.048
https://doi.org/10.1016/j.scitotenv.2018.08.048
https://doi.org/10.1007/s11430-021-9892-6
https://doi.org/10.1007/s11430-021-9892-6
https://doi.org/10.1007/s11430-021-9892-6
https://doi.org/10.1007/s11430-021-9892-6
https://doi.org/10.1007/s11430-021-9892-6
https://doi.org/10.1098/rsos.171531
https://doi.org/10.1098/rsos.171531
https://doi.org/10.1098/rsos.171531
https://doi.org/10.1098/rsos.171531
https://doi.org/10.1038/s43017-021-00226-z
https://doi.org/10.1038/s43017-021-00226-z
https://doi.org/10.1038/s43017-021-00226-z
https://doi.org/10.1038/s43017-021-00226-z
https://doi.org/10.1016/j.ecolind.2021.107600
https://doi.org/10.1016/j.ecolind.2021.107600
https://doi.org/10.1016/j.ecolind.2021.107600
https://doi.org/10.1016/j.gecco.2021.e01813
https://doi.org/10.1016/j.gecco.2021.e01813
https://doi.org/10.13292/j.1000-4890.202108.03
https://doi.org/10.13292/j.1000-4890.202108.03
https://doi.org/10.13292/j.1000-4890.202108.03
https://doi.org/10.13292/j.1000-4890.202108.03
https://doi.org/10.13227/j.hjkx.202301118.
https://doi.org/10.11975/j.issn.1002-6819.2020.20.023
https://doi.org/10.11975/j.issn.1002-6819.2020.20.023
https://doi.org/10.11975/j.issn.1002-6819.2020.20.023
https://doi.org/10.11975/j.issn.1002-6819.2020.20.023
https://doi.org/10.1007/s00704-022-03968-y
https://doi.org/10.1007/s00704-022-03968-y
https://doi.org/10.1007/s00704-022-03968-y
https://doi.org/10.1007/s00477-017-1463-3
https://doi.org/10.1007/s00477-017-1463-3
https://doi.org/10.1007/s00477-017-1463-3
https://doi.org/10.1007/s00477-017-1463-3
http://www.slwr.gov.cn/zfxxgk/gkml/201507/t20150724_30366.html
http://www.slwr.gov.cn/zfxxgk/gkml/201507/t20150724_30366.html

FEME, & AL TR NPP A 22 U8 R K X AR 3 MR B9 v AL

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

HE Q, WANG M, LIU K, et al. GPRChinaTemp-
1 km: 1 km monthly mean air temperature for China
from January 1951 to December 2020[DS/OL]. Zen-
odo, 2021, https://doi.org/10.5281/zenodo.5111989.
P, EAEEDE, E A, AL U S6AE Hh [ R R K
PRI 2 AR RS SR D] IR, 2020, 39(4): 683-
693. DOI: 10.7522/j.issn.1000-0534.2019.00058.
i, BOCHT, R IMETTR TR R TR
RRAE B AU X RIRIF 5 (0], s B2, 2016, 36(3):
466-474. DOL: 10.13249/j.cnki.sgs.2016.03.019.
RUNNING S W, ZHAO M S. User’s guide. daily
GPP and annual NPP (MODI17A2/A3) products
NASA earth observing system MODIS land algo-
rithm. Version 3.0 for collection 6 [EB/OL]. https://
Ipdaac.usgs.gov/sites/default/files/public/product_doc
umentation/mod17_user_ guide.pdf, 2015.

CHEN J, BAN Y F, LI S N. China: Open access
to earth land-cover map [J]. Nature, 2014, 514(7523):
434-434. DOI: 10.1038/514434c.

FEARAT. 2000—20204F PR IE VT A i s L GENPP Y i
23 378 N 3RS 12 T (D], M R ARl
K2, 2022.

KARL T R, NICHOLLS N, GHAZI A. Clivar/
GCOS/WMO workshop on indices and indicators for
climate extremes workshop summary[M]. Weather
and Climate Extremes. Springer, Dordrecht, 1999: 3-7.
PETERSON T C, FOLLAND C, GRUZA G, et al.
Report on the activities of the working group on cli-
mate change detection and related rapporteurs[M].
Geneva: World Meteorological Organization, 2001.
XU X, JIANG H L, GUAN M X, et al. Vegetation
responses to extreme climatic indices in coastal Chi-
na from 1986 to 2015[J]. Science of the Total Envi-
ronment, 2020, 744: 140784. DOI: 10.1016/j.sci-
totenv.2020.140784.

o, FRAR L, W K, A5 T B 0N 1Y) VY R
DXAEBENPPASAL I R 37 [T ol TR 2741, 2022,
38(9): 297-305, 339. DOL 10.11975/j.issn.1002-
6819.2022.09.03.

e, INE, X5, G5 BIR VLA AR BT 2
PR Ak R R S e R R w7 LD R 2K B3 55 KR
FHE (h3230), 2022, 20(4): 737-747. DOL: 10.13476/
j.cnki.nsbdqk.2022.0075.

DRI, TN, 0 5E, 5. e 0 VLI B 1848
RAE AL M S R S g A i 13z [ R /K AR
SOKFEHE (ThdE ), 2021, 19(3): 539-550. DO
10.13476/j.cnki.nsbdgk.2021.0057.

E N, TR, IR 5 S e (1], b3
“£42,2017,72(1): 116-134. DOIL: 10.11821/d1xb2017
01010.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

SONG Y Z, WANG J F, GE Y, et al. An optimal pa-
rameters-based geographical detector model en-
hances geographic characteristics of explanatory
variables for spatial heterogeneity analysis: Cases
with different types of spatial data[J]. GIScience &
Remote Sensing, 2020, 57(5): 593-610. DOI: 10.
1080/15481603.2020.1760434.

HE Y L, YAN W B, CAI Y, et al. How does the net
primary productivity respond to the extreme climate
under elevation constraints in mountainous areas of
Yunnan, China?[J]. Ecological Indicators, 2022, 138:
108817. DOI: 10.1016/j.ecolind.2022.108817.

DING Y, ZANG R G. Determinants of aboveground
biomass in forests across three climatic zones in Chi-
na[J]. Forest Ecology and Management. 2021, 482:
118805. DOI: 10.1016/j.foreco.2020.118805.
GAMPE D, ZSCHEISCHLER J, REICHSTEIN M,
et al. Increasing impact of warm droughts on north-
ern ecosystem productivity over recent decades[J].
Nature Climate Change, 2021, 11(9): 772-779. DOI:
10.1038/s41558-021-01112-8.

PAN S F, YANG J, TIAN H Q, et al. Climate ex-
treme versus carbon extreme: Responses of terrestri-
al carbon fluxes to temperature and precipitation[J].
Journal of Geophysical Research: Biogeosciences,
2020, 125(4):€2019JG005252. DOI: 10.1029/2019JG
005252.

ART, AL, B, 5. 2001—20204F [ A1 B
A= 7 s AR Al K B SRR 23 (0] A=
A BE 2E 4, 2022, 31(11): 2111-2123. DOL: 10.
16258/j.cnki.1674-5906.2022.11.002.

KA. BRIE VIR AR R 9 A 7 A S S
FEWFIT[D]. IR IR R, 2022,

T AN AL LIS AR 25 K 2 A A 75 7K R 52 i)
WX [D]. AR A LIiE R, 2023.

FHRIT, HAEIE, FIHE, 5. 2001—20104F 7 [H 4
M AE 25 28 GENPPRY IR 25 i A8 R AE (1], L 324t
2017, 54(2): 319-330. DOL: 10.11766/trxb20160422
0153.

JI H, HAN J G, XUE J M, et al. Soil organic carbon
pool and chemical composition under different types
of land use in wetland: Implication for carbon se-
questration in wetlands[J]. Science of the Total En-
vironment, 2020, 716: 136996. DOI: 10.1016/j.sci-
totenv.2020.136996.

MACREADIE P I, NIELSEN D A, KELLEWAY J J,
et al. Can we manage coastal ecosystems to se-
quester more blue carbon?[J]. Frontiers in Ecology
and the Environment, 2017, 15(4): 206-213. DOI: 10.
1002/fee.1484.

45 5m% 145


https://doi.org/10.5281/zenodo.5111989
https://doi.org/10.7522/j.issn.1000-0534.2019.00058
https://doi.org/10.7522/j.issn.1000-0534.2019.00058
https://doi.org/10.13249/j.cnki.sgs.2016.03.019
https://doi.org/10.13249/j.cnki.sgs.2016.03.019
https://lpdaac.usgs.gov/sites/default/files/public/product_documentation/mod17_user_guide.pdf
https://lpdaac.usgs.gov/sites/default/files/public/product_documentation/mod17_user_guide.pdf
https://lpdaac.usgs.gov/sites/default/files/public/product_documentation/mod17_user_guide.pdf
https://doi.org/10.1038/514434c
https://doi.org/10.1038/514434c
https://doi.org/10.1016/j.scitotenv.2020.140784
https://doi.org/10.1016/j.scitotenv.2020.140784
https://doi.org/10.1016/j.scitotenv.2020.140784
https://doi.org/10.1016/j.scitotenv.2020.140784
https://doi.org/10.1016/j.scitotenv.2020.140784
https://doi.org/10.1016/j.scitotenv.2020.140784
https://doi.org/10.11975/j.issn.1002-6819.2022.09.03
https://doi.org/10.11975/j.issn.1002-6819.2022.09.03
https://doi.org/10.11975/j.issn.1002-6819.2022.09.03
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0075
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0075
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0075
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0075
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0075
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0075
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0075
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0075
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0057
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0057
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0057
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0057
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0057
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0057
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0057
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.1080/15481603.2020.1760434
https://doi.org/10.1080/15481603.2020.1760434
https://doi.org/10.1080/15481603.2020.1760434
https://doi.org/10.1080/15481603.2020.1760434
https://doi.org/10.1016/j.ecolind.2022.108817
https://doi.org/10.1016/j.ecolind.2022.108817
https://doi.org/10.1016/j.foreco.2020.118805.
https://doi.org/10.1038/s41558-021-01112-8
https://doi.org/10.1038/s41558-021-01112-8
https://doi.org/10.1029/2019JG005252
https://doi.org/10.1029/2019JG005252
https://doi.org/10.1029/2019JG005252
https://doi.org/10.16258/j.cnki.1674-5906.2022.11.002
https://doi.org/10.16258/j.cnki.1674-5906.2022.11.002
https://doi.org/10.16258/j.cnki.1674-5906.2022.11.002
https://doi.org/10.16258/j.cnki.1674-5906.2022.11.002
https://doi.org/10.11766/trxb201604220153
https://doi.org/10.11766/trxb201604220153
https://doi.org/10.11766/trxb201604220153
https://doi.org/10.1016/j.scitotenv.2020.136996
https://doi.org/10.1016/j.scitotenv.2020.136996
https://doi.org/10.1016/j.scitotenv.2020.136996
https://doi.org/10.1016/j.scitotenv.2020.136996
https://doi.org/10.1016/j.scitotenv.2020.136996
https://doi.org/10.1016/j.scitotenv.2020.136996
https://doi.org/10.1002/fee.1484
https://doi.org/10.1002/fee.1484
https://doi.org/10.1002/fee.1484
https://doi.org/10.1002/fee.1484

F2% F 14 BAESARBEFE) 2024 52 A

[52] [HHyEER, B2, P Ik a2 A It A 2SRk A driving forces in Mongolia during 1982-2015[J]. Re-
BEERAT ], ZRdb /K FIZK L, 2021, 39(8): 16-17,33. mote Sensing, 2020, 12(4): 603. DOI: 10.3390/
DOI: 10.14124/j.cnki.dbslsd22-1097.2021.08.007. rs12040603.

[53] JIANG 8 8, CHEN X, SMETTEM K, et al. Climate  [59] SHI S, WANG X, HU Z, et al. Geographic detector-
and land use influences on changing spatiotemporal based quantitative assessment enhances attribution
patterns of mountain vegetation cover in southwest analysis of climate and topography factors to vegeta-
China[J]. Ecological Indicators, 2021, 121: 107193. tion variation for spatial heterogeneity and

DOL: 10.1016/j.ecolind.2020.107193. coupling[J]. Global Ecology and Conservation, 2023,
[54] WANG B, BAO J W, PENG J F, ET Al. An NDVI 42: €02398. DOL: 10.1016/j.gecco.2023.e02398.

synthesis method for multi-temporal remote sensing [60] ISLAM AR M T, ISLAM H M T, SHAHID S, et al.
images based on k-NN learning: A case based on
GF1 data[J]. Remote Sensing Letters, 2018, 9(6):
541-549. DOL: 10.1080/2150704X.2018.1452059.

[55] W=, IMILJE, DREETIE, 2. 2000—20204F 5 i i 2k
ALY A 25 o 2 b B X A i A A g e 1 (). 2
A2 4R, 2022, 42(11): 4524-4535. DOIL: 10.5846/
stxb202105151273.

[56] GUO QK, CHENG S Y, QIN W, et al. Vertical vari-

ation and temporal trends of extreme precipitation in-

Spatiotemporal nexus between vegetation change and
extreme climatic indices and their possible causes of
change[J]. Journal of Environmental Management,
2021, 289: 112505. DOI: 10.1016/j.jenvman.2021.
112505.

[61] YAN X X, LI J, SHAO Y, et al. Driving forces of
grassland vegetation changes in Chen Barag Banner,
Inner Mongolia[J]. GIScience & Remote Sensing,
2020, 57(6): 753-769. DOL: 10.1080/15481603.2020.

Hengduan Mountain region, ChinalJ]. International 1794395. )
Journal of Climatology, 2020, 40(6): 3250-3267.  L62] KR, TAR. WIALA MBI 2= AL M HX SR T

dices in a complex topographical watershed in the

DOI: 10.1002/joc.6395. Sm R (7], r kAL S KRR (o), 2021,
[57] KREIBICH H, VAN LOON A F, SCHROTER K, 19(4): 708-719,757. DOIL: 10.13476/j.cnki.nsbdgk.

et al. The challenge of unprecedented floods and drou- 2021.0074.

ghts in risk management [J]. Nature, 2022, 608: 80-86. (631 XK, SIS, #RuE, 5. U204 2 T it A H R )

DOI: 10.1038/541586-022-04917-5. G 7 g IS g3 A B R AR g R A A A R 25 g
[58] MENG X, GAO X, LI S, et al. Spatial and temporal PELIT. 7K EARFEIFSE, 2023, 30(2): 256-266. DOI:

characteristics of vegetation NDVI changes and the 10.13869/j.cnki.rswc.2023.02.009.

Spatial-temporal evolution of NPP and its response to extreme climate
in Songhua River basin

JIA Zhaoyang"’, GUO Liang’, CUI Song"?, FU Qiang"’, LIU Dong"’
( 1. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China; 2. Research Center for Eco-
Environment Protection of Songhua River Basin, Northeast Agricultural University, Harbin 150030, China; 3. School of Economics and Management,

Harbin University of Science and Technology, Harbin 150086, China )

Abstract: The carbon sequestration capacity of vegetation over 21 years (2000-2020) was analyzed using MODIS
MODI17A3HGF datasets and the spatio-temporal evolution characteristics of net primary productivity (NPP) was
investigated to explore the changing characteristics of terrestrial ecosystem health in the Songhua River basin under
the condition of global climate change. The reaction of NPP to anomalous climate incidents was analyzed through
using data on daily precipitation, maximum temperature, and minimum temperature from 80 regular meteorological
stations situated in the Songhua River basin and its adjacent regions. The results could provide a scientific basis for
quantifying the health of regional ecosystems in the context of climate change and for the development of measures
to cope with extreme climate events.

A variety of research methods were used such as correlation analysis, Mann-Kendall (M-K) test, GeoDetector,
and relative importance ranking. The trend analysis techniques adopted encompassed one-way linear regression and

Theil-Sen Median trend analysis. One-way linear regression was used to examine the linear trend of annual mean
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NPP within the Songhua River basin, while Theil-Sen Median trend analysis was used to examine the dynamic
evolution of spatial patterns of NPP within the Songhua River basin. Pearson correlation coefficients was
calculated based on pixel values to assess the relationship between vegetation NPP and extreme climate indices. The
M-K test was utilized to establish the statistical significance of NPP trends, with the resulting outcome conveyed
through the Z statistic. The GeoDetector parameter was employed, consisting of a "Factor detector", "Interaction
detector”, and "Risk detector", to explore the impact of extreme weather indices on vegetation NPP across the
Songhua River basin. Multiple regression methods were utilized to investigate the effect of extreme climate indices
on vegetation NPP in the Songhua River basin, considering both temporal and spatial scales.

The results show that the average annual NPP within Songhua River basin showed an oscillating upward trend
from 2000 to 2020, annually increasing at a rate of 4.82 g/m’(calculated by C, same below). The annual NPP varied
from 315.48 to 464.38 g/m’, annually averaging at 407.45 g/m’ over the 21 years. The maximum value occurred in
2014, reaching a peak of 464.38 g/m’, and the minimum value was observed in 2000 at 315.48 g/m’. Forest
ecosystems had the highest mean annual NPP value, standing at 521.73 g/m’. Grassland and agroecosystems
followed with the second-highest mean annual NPP values of 378.38 g/m’ and 343.26 g/m’, respectively. On the
other hand, colony and wetland ecosystems had relatively lower mean annual NPP values, reaching 331.26 and
308.75 g/m’, respectively. The grassland ecosystem showed the most rapid growth rate, annually increasing by 5.64
g/m’, closely followed by forest ecosystems, which exhibited an increase rate of 5.61 g/m’. In contrast, wetland
ecosystems displayed the slowest increase rate at 3.44 g/m’. Regarding spatial distribution, the vegetation NPP
within Songhua River basin showed an irregular pattern with high values in the southeast, low values in the
southwest, high values in the surrounding areas, and low values in the central region. The areas with high annual
mean NPP were mainly concentrated in Harbin City and Mudanjiang City in Heilongjiang Province and Jilin City,
Yanbian Korean Autonomous Prefecture, and Baishan City in Jilin Province. In these areas, most of the flora
displayed annual NPP values above 500 g/m’, with annual mean NPP levels also surpassing 500 g/m’. The strong
positive correlation between the vegetation NPP and the extreme precipitation indices in the Songhua River basin
was more significant than the corresponding negative correlations. Importantly, NPP illustrated predominant and
statistically meaningful correlations with PRCPTOT, R, ., and Rysp. The significance of vegetation NPP in relation
to extreme temperature events within Songhua River basin was relatively low, indicating that the extreme
temperature indices did not significantly limit the ability of vegetation to sequester carbon compared to the extreme
precipitation indices.

The order of each influencing factor's g-value on the spatial differentiation of vegetation NPP was as follows:
CWD > PRCPTOT > R,y > CDD > Rysp > TMIN > TXp > TXy0p > TMAX > TNygp > RX, g0, > TN . Among these
factors, CWD was found to be the most influential in shaping the spatial distribution of vegetation NPP within
Songhua River basin, accounting for 0.468 of the explanatory power. The interaction between PRCPTOT and TMIN
were found to significantly impact the spatial variability of NPP, with an explanatory power of 0.601, as highlighted
by the interaction detection analysis. The NPP of the forest, wetland, and settlement ecosystems was influenced by
interaction of R, ,,, with TMAX, interaction of R,s; with TMIN, and interaction of R, ,, With TNy, respectively. In
the context of relative importance analysis, it became apparent that on the temporal scale, PRCPTOT, TMAX, and
TMIN had significant impacts on shaping vegetation NPP, whereas on the spatial scale, PRCPTOT and TMIN were

the primary drivers of multi-year average NPP.

Key words: Songhua River basin; net primary productivity( NPP) ; extreme climate event; terrestrial ecosystem;

spatial-temporal evolution; driving factor; GeoDetector
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