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Terrestrial ecosystems play a major role in the interannual variability of the global carbon budget
representing a substantial sink equivalent to about one-third of current anthropogenic CO2
emissions (Le Quéré et al., 2018). Therefore, it is vital to understand how plants and vegetation
respond to the impacts of climate extremes as this impacts the productivity terrestrial ecosystems.
The conterminous United States (CONUS) represent a diverse range of climate conditions and
ecosystems where productivity and its interannual variability are controlled regionally by rainfall
and/or temperature. The responses of ecosystem productivity to wet and dry years have been
previously investigated over the CONUS using annual aboveground net primary productivity
(ANPP) data from multi-site observations (Knapp and Smith, 2001). From this previous study, a
positive asymmetry of ANPP in response to rainfall anomalies was found at individual sites (i.e. an
increase of ANPP in wet years was greater than a decline in dry years). Here, we evaluate the
asymmetry of ecosystem productivity to rainfall over the entire CONUS from 2010 to 2018 using
multiple data streams including: the Global Unified Gauge-Based precipitation data, the GRIDMET
surface meteorological data (maximum temperature, minimum temperature, precipitation
accumulation, and Palmer Drought Severity Index), the SMOS satellite L-Vegetation optical depth
product, CO2 fluxes (net ecosystem exchange (NEE) & gross primary productivity (GPP)) derived
from eddy covariance measurements, MODIS ANPP product, Fluxnet GPP at site scale, and three
different GPP products from observation-driven models. We address the following two questions:
(1) How does ecosystem productivity across the CONUS respond to rainfall anomalies during the
period 2010-2018? (2) Does the evidence for positive asymmetry previously observed using site
studies hold true across the entire CONUS? For this, we define an asymmetry index (AI) where

positive AI indicate a greater increase of productivity in wet years compared to the decline in dry
years, and negative AI indicate a greater decline of productivity in dry years compared to the
increases in wet years. We find that the spatial patterns of AI across the CONUS are similar
amongst the different products and exhibit more pronounced negative asymmetries over the
Great Plains and the west north central region whilst positive asymmetries are observed over the
southwestern USA during the 2010-2018 period. While the “shrubland” biome shows a persistent
positive asymmetry during the period, the “grasslands” biome appears to have switched from
positive (observed by Knapp and Smith, 2001) to negative anomalies during the last decade. The
observed asymmetry of the different GPP products is reflected by the negative asymmetry of the
precipitation anomalies (skewness of precipitation annual anomalies), which we conclude is the
primary driver of negative asymmetry across the US continental surface.
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