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ABSTRACT

Observed vegetation feedbacks on temperature and precipitation are assessed across the United States
using satellite-based fraction of photosynthetically active radiation (FPAR) and monthly climate data for
the period of 1982-2000. This study represents the first attempt to spatially quantify the observed local
impact of vegetation on temperature and precipitation over the United States for all months and by season.
Lead-lag correlations and feedback parameters are computed to determine the regions where vegetation
substantially impacts the atmosphere and to quantify this forcing. Temperature imposes a significant in-
stantaneous forcing on FPAR, while precipitation’s impact on FPAR is greatest at one-month lead, par-
ticularly across the prairie. An increase in vegetation raises the surface air temperature by absorbing
additional radiation and, in some cases, masking the high albedo of snow cover. Vegetation generally
exhibits a positive forcing on temperature, strongest in spring and particularly across the northern states.
The local impact of FPAR on precipitation appears to be spatially inhomogeneous and relatively weak,
potentially due to the atmospheric transport of transpired water. The computed feedback parameters can
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be used to evaluate vegetation—climate interactions simulated by models with dynamic vegetation.

1. Introduction

Vegetation and climate interact through a series of
complex feedbacks, which are not yet fully understood.
Patterns of natural vegetation are largely determined
by temperature, precipitation, solar irradiance, soil con-
ditions, and CO, concentration (Budyko 1974; Wood-
ward 1987; Woodward et al. 2004). Vegetation impacts
climate directly through moisture, energy, and momen-
tum exchanges with the atmosphere and indirectly
through biogeochemical processes that alter atmo-
spheric CO, concentration (Pielke et al. 1998; Bonan
2002). The key vegetation—climate feedbacks are out-
lined in Fig. 1.

Plants regulate evapotranspiration by adjusting the
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size of their stomatal openings (Shukla and Mintz 1982;
Jones 1983; Henderson-Sellers et al. 1995; Pollard and
Thompson 1995; Bonan 2002). Through this moisture
feedback, an increase in evapotranspiration potentially
leads to an increase in atmospheric column moisture
and precipitation, further enhancing plant growth.
Changes in vegetation alter the surface albedo and ra-
diation fluxes, leading to a local temperature change
and eventually a vegetation response. This albedo (en-
ergy) feedback is particularly important when forests
mask snow cover and grass spreads into desert (Rob-
inson and Kukla 1985; Bonan et al. 1992; Betts and Ball
1997; Bonan 2002). Through the momentum feedback,
variations in the surface roughness of vegetation alter
wind speeds, moisture convergence, turbulence, and
the depth of the atmospheric boundary layer, which
then affect vegetation growth (Sud et al. 1988; Buer-
mann 2002).

Most of the current understanding of these feedbacks
resulted from studies using coupled vegetation—climate
models. Foley et al. (1998) found that the northward
expansion of grasslands in an interactive vegetation
simulation of the Global Environmental and Ecological
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