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Spatio-temporal variation of vegetation net primary
productivity and its driving factors in the Haihe River Basin
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Abstract: To reveal the spatio-temporal variation characteristics of vegetation net primary productivity (NPP) in the
Haihe River Basin and the driving mechanisms of its spatio-temporal heterogeneity, we studied the spatio-temporal

pattern evolution characteristics of vegetation NPP in the Haihe River Basin from 2000 to 2020 using coefficient of
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variation, trend analysis, and Hurst index, based on MOD17A3HGF dataset. Driving factors from natural and human
aspects and their influence were also quantitatively explored for vegetation NPP variations using correlation analysis and
the Geodetector model. The results were as follows: (1) The temporal variation of vegetation NPP in the Haihe River
Basin presented a significant growth trend form 2000 to 2020, with a rate of 1.73 Tg C - a”, and the annual average
NPP was 326.75 ¢ C + m” -
farmland were 313.59, 385.28, 353.03, 320.12, 29522 ¢ C - m™ -

value areas of vegetation NPP were mainly located in the northwest mountains, and the low-value areas were mainly

a'; the average NPP of coniferous forests, broad-leaved forest, shrub, grassland and

a'. (2) In terms of spatial distribution, the high-

located in the southeast plain; the overall situation of vegetation NPP was relatively stable, with an average coefficient of
variation of 0.17; the future trend of NPP was anti-continuity and might decrease. (3) The correlation analysis showed
that vegetation NPP was negatively correlated with temperature, and positively correlated with precipitation that was the
main climate factor; NPP showed an “increase-decrease” trend with elevation and slope increasing; the conversion of
farmland to grassland resulted in the largest increment of NPP at 732.22x 107 Tg C. (4) From 2000 to 2020, the average
influence value of different drivers was 0.2, and the order was precipitation > elevation > slope > humidity > temperature >
sunshine duration > land use > wind speed. Overall, the results indicated that vegetation NPP in the Haihe River Basin
was improving during the study period; productivity varied among different vegetation types, with the strongest being
broad-leaved forest and shrubland; the dominant factors affecting the spatial distribution of vegetation NPP were
precipitation, elevation and slope, and the influence of human factors was lower than that of natural factors. The results
of this study provide some scientific reference and decision basis for the treatment of ecological environment such as soil
erosion and vegetation degradation in the Haihe River Basin.

Key words: net primary productivity (NPP ), MOD17A3HGF, spatio-temporal variation, driving factors, the Haihe
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x1 AESRE.EESRHIER NPP
Table 1  Vegetation NPP in different elevation and slope classifications
Wi H e P TR L F NPP NPP 1
Ttem Classification Type Area proportion Avemge_zNPl?I Tola_l3 NPP
(%) (6C-m?-a") (x10° Tg C)
Y <200 S JE Plain 45.06 283.29 162.24
El‘zvr;“)i”“ 200~ 500 FLBE Hill 7.79 345.68 34.24
500~1 000 %1l Low mountain 17.40 368.01 81.41
1 000~1 500 11 Middle mountain 23.29 349.92 103.59
>1 500 #5111 High mountain 6.45 325.22 25.45
Weopg <2 3 Micro slope 56.88 291.44 209.54
S(hif;e 2-5 23§ Gentle slope 18.47 351.36 82.03
5~15 #43% Oblique slope 22.59 383.17 109.43
15~25 B Steep slope 2.00 382.44 9.66
>25 2% Urgent slope 0.06 347.02 0.27
£ 2 2000—2020 AR E L R AT ER (B4 km®)

Table 2 Transfer matrix of land use change in the Haihe River Basin from 2000 to 2020 ( Unit: km?)
S B o e K JRRIBL AR
Year Type Farmland Forest Grassland Water area land land

2000—2010  #kHl Farmland 166 912.00 352.25 1 742.50 778.25 2 396.75 4.25
b Forest 483.75 55 848.75 3 604.00 59.25 26.50 0.25
B Grassland 2 175.50 2 591.00 50 734.00 127.00 82.50 35.00
KL Water area 1201.75 6.50 145.75 3 468.75 55.25 0.50
A% F M Construction land 5119.00 63.50 562.00 130.50 18 834.25 1.50
FFH 4 Hb Unused land 8.25 0 27.50 7.25 0 153.75
# 1 Transfer out 8 988.25 3013.50 6 081.75 1 102.25 2.561.00 41.50
% A Transfer in 5 274.00 4173.75 5011.00 1 409.75 5 876.50 43.00
¥ 1 Net transfer out 3714.25 -1160.25 1070.75 -307.50 -3315.50 -1.50

2010—2020  #iHh Farmland 152 737.25 966.00 3083.75 912.25 1786.75 11.00
HiHb Forest 1 422.50 51 931.25 8 219.75 9.25 32.25 0.25
ZE 4 Grassland 3 326.00 6 786.75 43 335.75 114.00 120.50 77.25
KK Water area 1 138.50 80.00 257.00 3 657.00 58.50 8.25
#% i Construction land 13 464.50 231.75 678.00 181.50 22 698.75 8.75
FKFIFH A4 Unused land 97.25 26.75 170.50 5.00 13.50 91.25
%5 4 Transfer out 19 448.75 8 091.25 12 409.00 1222.00 2 011.50 105.50
5 A Transfer in 6 759.75 9 684.00 10 424.50 1 542.25 14 564.50 313.00
%5 Y Net transfer out 12 689.00 -1592.75 1 984.50 -320.25 -12 553.00 -207.50

Sk I B i KRR K  IZ IR A — R
AR T WEIE X XK AN S, RER R
3Ry g EBE R /ANHEFAR IR A %7K (0.215) >
EFE(0.212) >HE A (0.209) >R E (0.198) > i
(0.194) > H B %0(0.192) >+ #1F] FH (0.190) >

JGH (0.185) , il ¢ {H434F¥{E 5 2 4F111H (0.20)
SRARTF A RE T ] 3L AR B NP P28 A6 5 1) (A 3R
$1 53 g 3 e TR 2R P B DR R o 28 R DR K
e R A B T IR T R KU H
HEC A 0 = o R R B R R
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R 3 2000—2020 FiFARIBAER NPP BUFEBEERE( BAL:x10° Tg C)
Table 3 Transfer matrix of vegetation NPP change in the Haihe River Basin from 2000 to 2020 ( Unit; x10” Tg C)

) s Bt Hits R0 Apy SRR R
Year Type Farmland Forest Grassland Water area land land
2000—2010  #fH Farmland — -4.40 16.05 134.06 79.34 0.27
ML Forest 66.41 — 21.21 14.94 5.21 0.04
BHl Grassland 264.00 133.42 — 30.00 14.89 4.48
KIS Water area -138.09 -1.20 -23.76 — -3.08 -0.05
# B Construction land -128.89 -6.03 -41.21 11.71 — -0.03
KHFH + 41 Unused land 0.30 0 -0.31 1.10 0 —
2010—2020  #fHh Farmland — -0.69 46.89 229.40 88.98 1.10
Ml Forest 251.28 — 25.97 3.23 8.36 0.05
B Hf Grassland 468.22 413.04 — 35.69 26.91 12.46
JKIR Water area -154.50 -17.25 -51.32 — -3.11 -0.95
AU I Hb Construction land -165.76 -21.37 -51.74 29.03 — 0.07
FHH 11 Unused land 3.42 -1.20 -4.91 1.04 1.59 —
0 —FRiZ T AT Ak,
Note: — indicates no conversions in this mode.

4 HREFHER

AR, 22 S AR A S N2 sl i) R
TR T R = N w1 O A - o A A
1. ARBFFTFRY, BFE] L, 2000—2020 4 ¥ ] 3 4k
FE#E NPP 2R 238k, 25 25 TR FFHERIL
F B E AR BUR 0 S DL B — S A A TR A
B, W s o KU 70 TR P Rkl TR S 7E—
FEFREE AR BT AT it AT B R R, AR S AR A 3
T—EFEE W E (mH ,2017) ;45 6] L, i #E NPP
P{E 52 B bl P AL 1 R e B U R A, R AR T
TS L DX e A HEL Sy 3 T 2 o 3 S D X 22 oy
i, 5340, RIRAPEZEAIEY) NPP fA7E— 2 25
S, W IV A A 51X R | AR P T R ik A A
B, IX 545 4 (2018) BFFE S R — 3, [a] it i 7
RE T I B B R IR S AN ], 5 i 38 iR AN
SCH(2015) IR 45 RAFAE— B S,

AL RFR W, AR HIE S50 DL SN
515 B L[] 5 0 25 VAT O U B NPP AR fE, R
T R B 2 i — 5 AR L AR A A K (H
FUR AR A 2 X R B A A = A R T 2k
mAEYE NPP (AR IR B A S EUE Y <AL
I, DI 52 T A 4% 06 G VE . DRI T )
TR MK 2B ETHES A KA

AR R, AR SR T RS XA NPP S, T
FEIX M3 R 25, R [R] SRR TS R A NPP A7 7E—
FE 2 R B IS S a3, 500~ 1 000 m Ak
Fa#E NPP {H A, E2AE TIZW B N2 NKIE3I5%
M 5870 | 7K AR A% A I S, AT 22 Sy e W A B ) i
RIMRHE , B R Z AN, N0 gt 23 X6 X A 1%
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75 2000—2020 AF I [R], AFF 53 X A 15 ) b 1 AR 4
T15 868.5 km”, ¥ Bl A A 9 NPP 51 2k & e K,
387.6x10° Tg C; 5t [FIET IR B id B 15T 4% NPP
BT 732.22x10° Tg C; At 2840 38, O 7 4 1
PRIEAT 23200 R 1 [R) B YA 37 ek P A 52 310 4
S 3 BAE B R Ak T 3 AR R A B KR
AR EE N =T, 5 X RS R A B4R
P BN TR R AR B TR KRR, fi
HETHIBE NPP AN,
KBRS b K g (3R, R
R K X6 YT S AR B NPP B 25 43 S P e e )
5, 2 AR T T U AL TR o T R A T
T DX, B K IR 348 0 2 8 20 A B 1) 06 A AR, DA ol
FEHE NPP 3, #oJe R v, SRR R KT
JE R R R T B R A 28 R Y A (R A A
7T S92 30 e S 1A 2 ol R R ] 5 5 i) A 1 A
R, i AT UL, Hb TR 78 7 8 o i 7K A R - g
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