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ABSTRACT

The feedback between global vegetation greenness and surface air temperature and precipitation is
assessed using remote sensing observations of monthly fraction of photosynthetically active radiation
(FPAR) for 1982 to 2000 with a 2.5° grid resolution. Lead/lag correlations are used to infer vegetation—
climate interactions. Furthermore, a statistical method is used to quantify the efficiency of vegetation
feedback on climate in the observations. This feedback analysis provides a first quantitative assessment of
global vegetation feedback on climate. In northern mid- and high latitudes, vegetation variability is found
to be driven predominantly by temperature; in the meantime, vegetation also exerts a strong positive
feedback on temperature with the feedback accounting for over 10%-25% of the total monthly temperature
variance. The strongest positive feedback occurs in the boreal regions of southern Canada/northern United
States, northern Europe, and southern Siberia, where the feedback efficiency exceeds 1°C (0.1 FPAR) .
Over most of the Tropics and subtropics (outside the equatorial rain belt), vegetation is driven primarily by
precipitation. However, little vegetation feedback is found on local precipitation when averaged year-round,
with the feedback explained variance usually accounting for less than 5% of the total precipitation variance.
Nevertheless, in a few isolated small regions such as Northeast Brazil, East Africa, East Asia, and northern
Australia, there appears to be some positive vegetation feedback on local precipitation, with the feedback
efficiency over 1 cm month™! (0.1 FPAR)™'. Further studies suggest a significant seasonal variation of the
vegetation feedback in some regions. A preliminary analysis also seems to suggest an enhanced intensity of
the vegetation feedback, especially on precipitation, at longer time scales and over a larger grid box area.
Limitations and implications of the assessment of vegetation feedback are also discussed. The assessed
vegetation feedback is shown to be valuable for the evaluation of vegetation—climate feedback in coupled
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climate—vegetation models.

1. Introduction

The terrestrial ecosystem is an important component
of the earth system. It has long been known that the
distribution of natural vegetation is governed above all
by climate through precipitation, temperature, light,
and CO, (Budyko 1974; Prentice 2001; Nemani et al.
2003). Recent studies further indicate that vegetation
can also feed back on climate, both directly on the en-
ergy budget through surface albedo and exchanges of
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heat, water, and momentum and indirectly on the bio-
geochemical process through its effect on the atmo-
spheric CO, (e.g., Pielke et al. 1998; Bonan 2002; Kauf-
mann et al. 2003). The improved understanding of glob-
al vegetation system has enabled us to build dynamic
global vegetation models with sophisticated biophysi-
cal/biogeochemical processes (e.g., Dickinson and
Shaikh 1998; Cramer et al. 2001; Bonan et al. 2003;
Sitch et al. 2003). As a result, vegetation—climate inter-
action can be simulated in coupled vegetation—climate
models (Foley et al. 1998; Levis et al. 2004; Gallimore et
al. 2005; Notaro et al. 2005).

At monthly-to-interannual time scales, leaf phenol-
ogy plays an important role in vegetation—climate in-
teraction. The seasonal emergence and senescence of
leaves on deciduous trees and grasses are affected by
temperature and precipitation variability, and can in
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