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For the times they are a-changin’:
Remote sensing

Global: 6.17%/18y
j CO2 :
’ NPP

NPP anomaly (PgCly

—
—
—
—
-
—
—
—
-
]
—
—
—
—
o
e
—e
-
—
—
—
—
—
—
—
-~
—
—
—
—
—
—
—
—

CO_Growth Rate anomaly (PgCly)

SO it

__ Mt. Pinatubo

: l 1 l | l | .
92 94 96 08
Climate-Driven Increases in
Through prism of NPP, i.e.,“taxed” GPP Global Terrestrial Net Primary
+ 3 PgClyr 1AV Production from 1982 to 1999

Ramakrishna R. Nemani,'*{ Charles D. Keeling,?
Hirofumi Hashimoto,™ William M. Jolly,’ Stephen C. Piper,?

4 .5 s
R R Nemani et al. Science 2003; 300:1560-1563 Compton J. Tucker,” Ranga B. Myneni,” Steven W. Running

- e cmcmcnsncasescncncnsncnssccncmaan

O
o




For the times they are a-changin’:
Upscaled FLUXNET

Data oriented approach

FLUXNET (c. 250 sites)
+

Ancillary data (fAPAR, meteo, PFT)
+

Machine learning

Global gridded maps (1982-2008)
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Global patterns of land-atmosphere fluxes of carbon dioxide,
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For the times they are a-changin’:
Terrestrial biosphere modeling

Net biome production Leaf area index
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For the times they are a-changin’:
Terrestrial biosphere modeling
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What has driven the changes in GPP?



Attribution Framework

Historical reconstructions of GPP

Reconstructions taken from MsTMIP

Dual approach
— Differencing

— Machine learning

Causal factors: T, precipitation, SW |, LULCC,

[CO,], N deposition, nonlinearity, o

climate



Reference simulation — spin-up run out to 2010

MsTMIP Simulations

Order Domain Code Climate LULCC [CO,] Nitrogen
I Nej Constant
Constant
2 Global SGI Constant
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Attribution Framework

Attribution based on historical
reconstructions of gross primary productivity

Reconstructions taken from MsTMIP

Dual approach
— Differencing

— Machine learning

Causal factors: T ., precipitation, SW |, LULCC,
[CO,], N deposition, nonlinearity, ¢

climate
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Factor v. Factor
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Decadal GPP Partitioned
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Hovmoller: Space v.Time
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Summary

Differencing and machine-learning method to
map change to discreet drivers

2/3 of global warming since 1975 but [CO,] as
most dominant driver since 1901

— [CO,] fingerprint emerges in the tropics but exists
across all latitudinal bands

Nitrogen deposition v. LULCC in balance

Human agency >> climate
— Remaining factors largely stationary “noise”

— Only [CO,], nitrogen deposition, and LULCC show
non-stationarity viz. secular trends
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