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Abstract The spatial and temporal changes in net primary productivity (NPP) during 1901-2005 were studied using six
earth system models. The relationship between NPP changes and the climatic factors of air temperature and precipitation
was analyzed. The results show that: (1) In the past 100 years, the global NPP has shown an upward trend. The trend
coefficient of the ensemble model average is 0.88, which passes the 99.9% confidence test. The trend in the Northern
Hemisphere is more pronounced than in the Southern Hemisphere. (2) In the past 100 years, high NPP values of 800
g(C) m™a™ or higher are mainly distributed in tropical rainforest areas in the equatorial regions of South America,
Equatorial Africa, the Indochina Peninsula, and Indonesia. Low NPP values are mainly distributed in the high latitudes of
the Northern Hemisphere, Northern Africa, the arid and semi-arid regions of the Asian continent, and the northwestern
Tibetan Plateau. (3) The global NPP had a positive correlation with temperature in most of the regions during this century
period. This correlation only becomes negative for South America, Africa, and India near the equator, mainly because
radiation in these areas is a limiting factor of NPP. The 100-year changes in the global NPP and precipitation are also
primarily positively correlated in most regions, but are negatively correlated in the arid and semi-arid regions of Northern
Africa and Western Asia. (4) The six earth system models yield relatively consistent NPP and temperature/precipitation
changes in most of the 21 regions of the world. In West Africa, the pattern changes are inconsistent where the uncertainty
of the NPP simulation is greater, followed by the Mediterranean region. (5) In particular, the evolution of the NPP in the

East Asia region and climate is synchronized and highly correlated, which reflects the strong process of atmospheric
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interaction with vegetation.
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Table 1 Details of the 21 regional terrestrial ecosystems in the world

e X3 44 FR [X 3 f A
1 WKF . (Australia) AUS
2 7.5 33h i 3% (Amazon Basin) AMZ
3 B9 8 (Southern South America) SSA
4 713 (Central America) CAM
5 A6 3E P P 8 (Western North America) WNA
6 JE2& Y1 8 (Central North America) CNA
7 A6 I 4= (Eastern North America) ENA
8 K437 17 fim ( Alaska) ALA
9 %A% B (Greenland) GRL

10 i it (Mediterranean Basin) MED
11 JLER (Northern Europe) NEU
12 753 (Western Africa) WAF
13 Z:4F (Eastern Africa) EAF
14 R4 9E(Southern Africa) SAF
15 YD (Sahara) SAH
16 7Rk # . (Southeast Asia) SEA
17 7R F.(Eastern Asia) EAS
18 I (Southern Asia) SAS
19 1. (Central Asia) CAS
20 P38 (Tibet) TIB
21 JE3F (Northern Asia) NAS
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Table 2 Basic informations of the six earth system models used in the article

[ i SRV FE 2K I3 2R (G X i)
CanESM2 JIEPN 2.8°X2.8°
CCSM4 EE 1.25°X0.94°
MIROC-ESM H A 2.8°X2.8°
MPI-ESM-P {EEs| 1.875°X 1.875°
MRI-ESM1 H A 1.125°X 1.125°
NorESM1-ME £ 2.5°X1.875°
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averaged from 1901 to 2005
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Table 3 NPP climate trend rate from the six earth system models and ensemble mean from 1901 to 2005, and statistical

test
NPP U fi5 i [7) % /a
CanESM2 CCSM4 MIROC-ESM MPI-ESM-P  MRI-ESM1 NorESM1-ME EHTY
JbfeEk 0.30 0.29 0.43 0.70 0.79 0.27 0.47
Bk 0.26 0.36 0.21 1.44 0.46 0.36 0.51
AFR 0.28 0.32 0.32 1.07 0.63 0.31 0.49

LA AL 99.9% AU ERER

Fz4 1901 ~ 2005 F 6 MK RSEEX S ESFHINPP THERERZBESHITHRIE

Table 4 NPP trend coefficient from the six earth system models and ensmeble mean from 1901 to 2005, and statistical test

NPP AE ka4 R4
CanESM2 CCSM4 MIROC-ESM MPI-ESM-P  MRI-ESM1 NorESM1-ME BHTY
Jbeak 0.76 0.85 0.85 0.87 0.93 0.86 0.93
ek 0.18** 0.69 0.23 0.80 0.55 0.67 0.78
L3k 0.34 0.81 0.57 0.86 0.89 0.79 0.88
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Fig. 5 Distributions of correlation coefficients between NPP and temperature from the six earth system models and ensemble mean. The black dot

area indicates 95% confidence level
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Fig. 6 Distributions of correlation coefficients between NPP and precipitation from the six earth system models and ensemble mean. The black dot

area indicates 95% confidence level
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Fig. 7 Distributions of the correlation coefficients between NPP and CRU temperature from the six earth system models and ensemble mean. The

black dot area indicates 95% confidence level
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Fig. 8 Distributions of the correlation coefticients between NPP and CRU precipitation from the six earth system models and ensemble mean. The
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Table 5 Correlation coefficients between NPP and precipitation, temperature from the six earth system models and

ensemble mean

NPP 5[ /KK RE  NPPHIREMKLRE  NPP 5 CRU [/ REL NPP 5 CRU R HI2E R 2L
CanESM2 0.88 0.92 0.88 0.96
CCSM4 0.60 0.87 0.69 0.90
MIROC-ESM 0.86 0.90 0.91 0.86
MPI-ESM-P 0.93 0.91 0.88 0.87
MRI-ESM1 0.57 0.95 0.87 0.89
NorESM1-ME 0.68 0.91 0.74 0.93
L5 0.75 0.91 0.88 0.91
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