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Abstract

This monograph summarizes and analyzes recent research by the
authors and others to understand, characterize, and model solar
resource variability. This research shows that understanding solar
energy variability requires a definition of the temporal and spatial con-
text for which variability is assessed; and describes a predictable, quan-
tifiable variability-smoothing space–time continuum from a single point
to thousands of kilometers and from seconds to days. Implications for
solar penetration on the power grid and variability mitigation strategies
are discussed.

R. Perez, M. David, T. E. Hoff, M. Jamaly, S. Kivalov, J. Kleissl, P. Lauret, and
M. Perez. Spatial and Temporal Variability of Solar Energy. Foundations and
TrendsR© in Renewable Energy, vol. 1, no. 1, pp. 1–44, 2016.
DOI: 10.1561/2700000006.
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1
Introduction

Unlike conventional electrical power generation (e.g., fossil or nuclear),
solar energy is intermittent. The output of a solar power plant is driven
by weather and by the cycle of days and seasons. It varies from zero to
full power outside the control of plant operators.

The intermittency, or better termed, variability, of the solar
resource has two causes. One is precisely predictable and traceable
to the apparent motion of the sun in the sky and the earth’s distance
from the sun. The other is much less predictable and traceable to the
motion of clouds and weather systems.

In order to fully understand the issue and develop intelligent mit-
igation solutions, both solar geometry-induced variability and cloud-
induced variability should be examined in an appropriate spatial and
temporal context. Taking an intuitive example for the temporal con-
text, a single location on a given partly cloudy day will experience a
high degree of variability due to changes in solar geometry and the
passing of clouds. However, solar energy integrated over several days
at that same location will exhibit less variability and variability will
become insignificant as the temporal integration increases to one year
or more (Figure 1.1) — e.g., see Gueymard and Wilcox (2011). Likewise

2
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3

Figure 1.1: Comparing the variability of global irradiance time series in a North-
American location, as a function of integration time. The figure includes 1 day’s
worth of one-minute data, 4 days’ worth of hourly data, 26 weeks’ worth of weekly
data, and 16 years’ worth of yearly-integrated data.

Figure 1.2: Comparing the variability of daily global irradiance time series for one
year as a function of the considered footprint.

in the spatial realm, increasing the solar generation footprint from a
single location to a resource dispersed over an entire region or a con-
tinent will reduce intermittency considerably. Increasing this footprint
to the entire planet will eliminate it almost entirely (Figure 1.2).

The focus of this article is placed on understanding, characterizing,
and modeling the interplay between intermittency and the considered
spatial and temporal scales. Implications for the power grid and appro-
priate intermittency mitigation strategies are discussed.
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