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Abstract

Aims Net primary productivity (NPP) is a key parameter in vegetation growth and terrestrial ecosystem proc-
esses and plays an important role in carbon circulation. The relationship between NPP and climate is complicated
and needed additional research. Our aim was to study this relationship in different time units and scales to uncover
their interaction mechanism.

Methods Based on remotely-sensed estimated NPP calculated by light use efficiency model, the relationship
between NPP and climatic indices (including precipitation, temperature, and effective precipitation and tempera-
ture) and three land surface humidity indices during 19822006, are assumed in Inner Mongolia. We considered
land cover condition and time lag and accumulation effect of climate factors, using time lag correlation analysis,
to uncover the interaction between NPP and climate.

Important findings Temperature related indices correlate poorly with annual NPP, and current year precipitation
affects NPP the most. With month as the time unit, intra-annual monthly climatic factors are key factors influenc-
ing vegetation growth. In all vegetation types, intra-annual monthly climate indices could affect NPP in an effec-
tive time period of one month and so do NPP to climate. At the inter-annual level, monthly precipitation and hu-
midity index affect NPP more than temperature related indices, which reveals that precipitation is the restricted
climatic factor in this area with obvious accumulation effects. Areas with different vegetation types represent
various relations between inter-annual monthly NPP and climatic indices.

Key words effective precipitation, effective temperature, land surface humidity index, net primary productivity, time
lag correlation
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Fig. 1 Study area and its vegetation type. I, south cold- temper-
ate deciduous needle forest; II, northern warm- temperate de-
ciduous forest; III, southern temperate forest-meadow steppe ;
IV, northern temperate meadow steppe; V, temperate typical
steppe (V1, northern temperate typical steppe; V2, southern
temperate typical steppe); VI, temperate shrub-grass semi-
desert; VII, southern temperate desert steppe; VIII, temperate
shrub-semi-shrub desert.
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Fig. 2 Comparison between simulated and observed net pri-
mary productivity (NPP).
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Table 1 Relationship between annual net primary productivity (VPP) and climatic index during 1982-2006

¥ Time lag -4 -3 -2 -1 0 1 2 3 4

GEEEAN T 0.24 0.10 0.21 0.13 0.12 0.28 0.13 -0.13 0.08

Annualindex  ppy 0.20 0.06 0.00 -0.20 ~0.24 ~0.13 0.17 -0.10 -0.15
ET2 0.25 0.10 —0.03 —0.18 -0.21 -0.19 0.21 —0.08 —0.16
P —0.01 —0.11 —0.08 0.37 0.59" 0.01 0.15 0.28 0.30
EP 0.16 —0.56" —0.29 0.20 0.35 —0.02 0.02 0.19 0.17
K1 -0.11 -0.15 -0.11 0.18 0.55" 0.12 -0.04 0.14 0.14
K2 0.03 -0.16 -0.18 0.19 0.64” 0.03 0.00 0.08 0.13
BK -0.11 -0.17 -0.10 0.18 0.55™ 0.14 -0.05 0.14 0.14

K ZEFR bR T 0.14 -0.05 -0.07 -0.18 -0.24 -0.10 0.27 -0.05 -0.17

Ig?gf;‘irilg ET1 0.16 0.01 ~0.06 -0.18 —0.24 ~0.14 0.24 -0.05 ~0.14

season ET2 0.24 0.10 —0.04 —0.18 —0.22 —0.20 0.22 —0.07 —0.16
P -0.06 -0.16 -0.12 0.28 0.62" 0.00 0.16 0.30 0.28
EP 0.07 -0.58" -0.38 0.04 0.33 -0.13 -0.03 0.13 0.08
K1 -0.16 -0.18 -0.13 0.08 0.54™ 0.10 -0.03 0.16 0.12
K2 —0.03 —0.18 —0.17 0.09 0.64” 0.03 0.01 0.13 0.13
BK —0.17 -0.21 —0.14 0.08 0.53" 0.12 —0.03 0.17 0.14

#*_p<0.01; % p<0.05.

BK, B IEMAEYTRIETREG EP, HHIKK; ET1, 5 CULLIE GRS, ET2, 10 C UL LREZGRIE; K1, Kira TR JE G K2, MR TEE:

P, B T, W%

BK, Modified bio-humidity index; EP, effective precipitation; ET1, effective temperature above 5 C; ET2, effective temperature above 10 C; K1,
Kira humidity index; K2, land surface humidity index; P, precipitation; 7, temperature.

F2 198220067 N 52 1 HE G X A P-4 A H 109 D0 AU IR 7 - bn L 1) R 9% &

Table 2 Relationship between multiyear average intra-annual monthly net primary productivity (VPP) and climatic indices
[N Time lag -4 -3 -2 -1 0 1 2 3 4
T -0.58" -0.28 0.23 0.66 0.90™ 0.72" 0.40 0.00 -0.41
ET1 -0.64" -0.38 0.15 0.69" 0.98" 0.82" 0.35 -0.22 -0.59"
ET2 -0.61" -0.38 0.11 0.66" 0.99" 0.82" 031 -0.28 —0.61"
P -0.55" -0.30 0.22 0.74"” 0.99" 0.74" 0.18 -0.34 -0.60"
EP -0.61" -0.30 0.27 0.76" 0.97" 0.75" 0.28 -0.23 -0.57"
K2 -0.57" -0.29 0.27 0.77" 0.98" 0.73" 0.20 -0.28 -0.57"

T p<0.01;7, p<0.05.

EP, f340%/K; ET1, 5 CLLERIARARIL; ET2, 10 C UL ERIA AR E; K2, MFRRIETEEG P, MoK, T, .
EP, effective precipitation; ET1, effective temperature above 5 ‘C; ET2, effective temperature above 10 C; K2, land surface humidity index; P,

precipitation; 7, temperature.
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R FINPPIsE W L T 25 (8] 53 5, DA
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A 0 e VR Jer R i e S L TR R iR 7 i R T
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Fig. 3 Time lag correlation coefficients between multiyear average intra-annual monthly NPP and climatic index (A, P; B, EP; C, T,
D, ET1, and E, K2) during 1982-2006 (k means time lag). EP, ET1, K2, P, and T see Table 1.
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FR3 1982-20064F P 52 it B JFAEBRS-9 ) 2 A7 0 5 A IR SR AR IR DG 3R
Table 3 Relationship between inter-annual monthly net primary productivity (NVPP) and temperature indices from May to September

during 1982-2006

S

”Jf'ﬁ? 5H May 6/ June 7H July 8 August 95 September

E;ne ETl ET2 T ET1 E2 T ETl E2 T ETl ER2 T ET1 ET2
-13 023 -023 -024 -032 032 032 014 015 018 002 -0.05 0.5 054 039 036
-12 -0.16 -0.16 —-0.17 -021 021 —021 017 017 017 -0.05 -0.05 0.05 044" 039" 036"
-03 -0.07 -0.07 -0.09 -038 -039" -038 0.10 0.0 011 -0.03 -0.12 -0.09 0.58" 0.52" 0.527
-02 0.01 001 -0.01 -028 -028 028 0.10 0.10 0.0 -0.12 -0.13 -0.09 051" 0.52"  0.527
-01 0.12 012 010 -035 -035" -035" 0.0 010 0.0 -0.07 -0.07 -0.07 0.52" 052" 0.527
-3 027 -027 -027 -046" -046" -045 004 004 014 010 033 - 051" — -

-2 -0.15 -0.15 -0.15  0.05 0.05 005 008 008 008 —0.14 -0.19 -0.19 042" 021 -

-1 -0.09 —0.09 -0.10 -031 -031 —031 023 023 023 010 0.0 0.8 039" 039" 036
0 036" 037" 036" -021 021 -0.22 0.00  0.00 0.00 -022 -022 -022 0.50" 0.50™ 0.50™
1 027 0.5 003 -003 -0.04 006 000 000 000 -031 -031 -031 011 -0.11 —0.11

2 017 016 - —-0.12  -021 -036" 007 0.07 004 000 000 000 -006 -0.06 —0.06
3 0.13 - - -0.07 0.16 - —-0.11 -0.08 —0.05 0.00 0.00 0.00 -045 045 045
01 036" 032 035 -0.14 015 -0.17 000 000 000 -032 -032 -032 023 023 023
02 036" 032 035 -0.15 —0.19 —020 003 003 002 -026 -026 -027 010 010  0.10
03 032 032 035 -016 —0.19 —020 —0.02 000 001 -023 -023 -024 —0.11 —0.11 —0.11
12 029 015 003 -009 -0.14 014 003 003 002 -022 -022 -022 009 -0.09 —0.09
13 024 015 003 -011 -0.14 -0.14 —0.02 0.00 001 -0.17 -0.17 -0.18 -031 -031 —0.30

ET1,5 CULEMATRAREE; ET2, 10 "C UL ERATRGEIE T, .

ET1, effective temperature above 5 C; ET2, effective temperature above 10 ‘C; 7, temperature.

*,p<0.05;** p<0.01.
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to September during 1982-2006

1982-20064F P 52 1t H JU AR 59 I 4-RI 4 26 3 5 o AR At 4 T3 BEFR BRI 56 3%
Table 4 Relation ships between inter-annual monthly net primary productivity (NPP) and precipitation, humidity indices from May

R WENHEUESRGUF IR L 11 LSRR R
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H”% 5H May 6/ June 7H July 8 August 95 September

E;ne EP K2 P EP K2 P EP K2 P EP K2 P EP K2
-13 024 019 027 024 027 020 -0.18 -0.08 -0.14 006 —0.13 0.00 039" 0.4 008
-12 032 034 034 026 -007 023 -0.17 010 -0.15 —0.02 -0.13 -0.01 035" 0.14  0.08
-03 030 040" 032 045 004 043 015 003 017 029 —0.01 024 043 029 020
02 040" 048" 041" 048" 033 047" 016 007 019 026 —0.02 023 040" 029  0.20
-01 046" 044" 043" 0.9 046" 068 016 011 019 028 0.03 025 030 028  0.18
-3 —001 -0.18 000 -003 -031 -001 -0.06 -0.04 -003 023 0.09 0.09 032 - -

-2 025 027 025 -006 -0.13 -0.12 006 002 007 -003 —0.08 0.02 044" 030 0.1
-1 032 025 034" 0507 006 048" 022 024 021 0.00 -0.15  -0.04 0.09 0.12  0.05
0 035" 043" 026 0737 0497 0717 0.52" 053" 0517 032 034" 032 032 035" 0.23
1 020 030 024 029 029 024 041" 015 044"  0.63" 035  0.637 043 045 042"
2 028 021 022 030 038 033 026 02 025 023 0.24 020  0.12 012 0.13
3 -0.19 - — 045" 028 032 026 020 024  0.03 0.06 0.00 -046" -0.35" 043"
01 037" 044" 032 0787 0477 0737 0567 035 058" 0607 0467 0647 048" 0517 044
02 040" 043" 033 0737 0517 0657 0617 037 0.647 0.627 0467 0.66" 043" 0497 042
03 026 043" 033 0737 051" 063" 0.62" 037 0647 0617 033 0.64"  0.26 025 026
12 027 030 026 037" 040" 036" 049 026 0517 0567 036" 0577 038 041" 038
13 008 030 026 045 041" 039" 048 028 046 0557 024 0.55"  0.19 0.00 021

% p<0.05; ** p<0.0l.

EP, H20K; K2, WARIRIATREG P, WK, IHEC T R4 A I G A6 ) 5 s T (1 e KA G AR H

EP, effective precipitation; K2, land surface humidity index; P, precipitation; Bold represents maximum correlation coefficients between net primary

productivity and climate index.
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