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Abstract— Earth observation data from meteorological satellites 
provide essential information for solar resource assessment 
(SRA). SRA is the statistical characterization of solar radiation at 
a specific location on Earth and it is a key part of feasibility 
studies for solar thermal and solar photovoltaic projects. Cloud 
climatology and the Clear Sky model are the two main building 
blocks of any satellite-based resource assessment method. This 
paper provides an overview of SRA methods and provides 
examples of data products derived from satellite images. 
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I.  INTRODUCTION 
Earth observation data from meteorological satellites 

provide essential information for solar resource assessment 
(SRA). SRA is the statistical characterization of solar radiation 
at a specific location on Earth and it is a key part of feasibility 
studies for solar thermal and solar photovoltaic projects. This 
paper will highlight some of the recent advances in the field of 
SRA and illustrate the advantages of satellite-based methods by 
giving practical examples from the work performed at 
Turquoise Technology Solutions Inc. (“Turquoise”), a 
Canadian company specializing on satellite-based SRA.    

The "fuel" of all solar energy systems is irradiance, defined 
as the power received from the sun at a specific area (generally 
measured in watts per square meter). Understanding the natural 
variation of irradiance at the Earth’s surface, and characterizing 
its behavior across different averaging periods (e.g., daily, 
monthly, annually) is essential for the optimal design and 
operations of solar energy systems. 

With a properly performed SRA, we can determine both the 
overall level of solar radiation at a project site, as well as its 
variability over time. These two pieces of information help set 
realistic expectations for a solar energy investment: if the solar 
resource is overestimated, the actual energy output will be well 
below the projected one resulting in a possible financial loss. 
If, on the other hand, the resource is underestimated, the final 
system design will be suboptimal, producing less energy than 
possible. 

The yield, or output, of solar energy systems is not constant 
over time. Depending on certain meteorological factors, such 
as cloud cover, the energy output can change drastically from 
one year to the next. This variation, also called intermittence, is 

one of the disadvantages of renewable energy systems. Solar 
resource assessment is a key tool for understanding and 
managing the intermittence of solar energy systems. One way 
to address intermittence is to use a historical data set (ideally 
covering 10 years or more of hourly solar radiation data). In 
this way, it is possible to fully capture the variation around the 
long-term average value using histograms and averaged 
resource charts (monthly, seasonal and annual). 

II. BACKGROUND ON SOLAR RADIATION 
The amount of solar radiation reaching the top of the 

atmosphere is considered constant in many solar radiation 
models (1367 watts/m2), although the 11-year solar cycle and 
the relative distance of Earth from the Sun throughout the year 
slightly change the solar flux reaching Earth. However, this 
simplification can help reduce the level of complexity of the 
models without a drastic impact on the results. The other 
advantage of using the solar constant is the ability to build a 
deterministic model, also called the Clear Sky model, to 
estimate the solar radiation at the surface of the Earth. Even 
though the amount of solar radiation at the top of the 
atmosphere is relatively constant, various atmospheric 
phenomena such as aerosols affect the level of radiation 
reaching the surface of the Earth. These phenomena are 
factored in by incorporating solar geometry, altitude and 
turbidity data into the Clear Sky model. Since the solar 
radiation estimates based on the Clear Sky model assume that 
there is no cloud cover, they provide the upper bound of 
radiation values. 

Determining the long-term characteristics of cloud cover 
(“climatology”) is also an essential part of solar radiation 
modeling. Clouds have a significant impact on the amount of 
solar radiation reaching the surface of the Earth. By absorbing 
the incoming radiation and reflecting some of the energy back 
into space, they play a complex role in shaping our climate. 
Generally speaking, about 20% of the incoming radiation is 
absorbed by gases and clouds, and another 20% is reflected 
back to space. Thus, determining the cloud cover over a project 
site is an integral part of solar resource assessment.   

Cloud climatology and the Clear Sky model are the two 
main building blocks of any satellite-based resource 
assessment method. By integrating cloud data, derived from 
meteorological satellite images, into the Clear Sky model, 
Turquoise can estimate the solar radiation levels at the surface 
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Figure 5.  Variation of hourly GHI values across the c
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