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GROUNDWORK’S SITING PROTOCOL AIMS TO AVOID SHADING

Siting Documentation & 
Questionnaire

Siting photos & supplement 
solar pathfinder image
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SOME SHADING IS UNAVOIDABLE . . .

Forest edge

Mountain ridges

Trees, power poles, 
cell towers, etc
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THE GOAL: FLAG SHADED DATA

… Shading should only occur within 
a half hour of sunrise or sunset [1] …“ .”

[1] IEC 61724-1:2021 Photovoltaic system performance - Part 1: Monitoring. Section 8.2.3.
Available at https://webstore.iec.ch/publication/70170

We need a way to flag shading such that it is not 
considered in satellite tuning for solar resource 

assessment!

https://webstore.iec.ch/publication/70170
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AGENDA

01

02

03

Challenges to Overcome

Tools to Overcome Them

Application to 3 Diverse Shading Sources

QC Flagging of Shading in Ground 
Measurements of Solar Irradiance
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CHALLENGES TO OVERCOME

Handling Temporal Data
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CHALLENGES TO OVERCOME

Handling Temporal Data

Summer Winter

Sun crests the 
mountain at 
18:00 UTC, at 
100 W/m2

Sun crests the 
mountain at 
17:00 UTC, at 
180 W/m2
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CHALLENGES TO OVERCOME

Distinguishing clouds from objects

clouds

object

clouds

object
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TOOLS TO OVERCOME THEM

A toolbox of other tools, as needed

3 Flag1 Map out the sky

— — —

— — ⚑

— — ⚑

— — ⚑

2 Build polygon

Cloud 
filtering

Gaussian 
smoothing

Elevation 
Dependence 

Removal
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3 CASE STUDIES
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1.  MAP OUT THE SKY

𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛!
𝐴𝑧𝑖𝑚𝑢𝑡ℎ!

Calculate solar position (elevation, azimuth) at each time using a solar position calculator. [1]

Plot each data point with respect to elevation (solar height) and azimuth (position in the sky; E, W, N, S).

S u m m e r

W i n t e r

East
[1] Campbell Scientific on-board datalogger solar position calculator based on Solpos algorithm developed 
by NREL. See https://help.campbellsci.com/crbasic/cr1000x/Content/Instructions/solarposition.htm.

https://help.campbellsci.com/crbasic/cr1000x/Content/Instructions/solarposition.htm
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1.  MAP OUT THE SKY
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TOOLS TO OVERCOME THEM

A toolbox of other tools, as needed

3 Flag1 Map out the sky

— — —

— — ⚑

— — ⚑

— — ⚑

2 Build polygon

Clear/cloudy 
normalization

Gaussian 
convolution

Elevation 
Dependence 

Removal
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ELEVATION DEPENDENCE REMOVAL

Unify color distribution by removing elevation dependence

𝐺𝐻𝐼 = 𝐷𝑁𝐼 ∗ cos 𝑧𝑒𝑛 + 𝐷𝐻𝐼

GHI and cos(zen) show 
closest relationship

𝐺𝐻𝐼
cos(𝑧𝑒𝑛)

= 𝐷𝑁𝐼 +
𝐷𝐻𝐼

cos(𝑧𝑒𝑛)

Elevation dependence of GHI is linked to cosine of the 
zenith angle applied to DNI

Direct DiffuseGlobal

[1] Erbs, D. G., Klein, S. A., and Duffie, J. A., (1982). ‘Estimation of the diffuse radiation fraction for hourly, 
daily and monthly-average global radiation’, Solar Energy 28(4), pp 293-302.

[1]
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ELEVATION DEPENDENCE REMOVAL
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2.  BUILD POLYGON
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3.  FLAG Not easily able 
to draw a box

o Qualified
× Flagged
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2.  BUILD POLYGON              (CONTOUR MAPPING)
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3.  FLAG

Not easily able to 
draw a contour
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Normalized GHI/cos(zen)

𝐺𝐻𝐼
cos(𝑧𝑒𝑛)"#$%

=

𝐺𝐻𝐼
cos(𝑧𝑒𝑛)&,()*
𝐺𝐻𝐼

cos(𝑧𝑒𝑛)()*

Two steps . . .

1. Normalize by the daily mean GHI/cos(zen) to merge 
cloudy and clear days onto one plane.

Cloudy DayClear Day
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CLEAR/CLOUDY NORMALIZATION
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Before clear/cloudy normalizationAfter clear/cloudy normalization

CLEAR/CLOUDY NORMALIZATION
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GAUSSIAN CONVOLUTION

Two steps . . .

1. Normalize by the daily mean GHI/cos(zen) to merge 
cloudy and clear days onto one plane.

2. Smooth the remaining partly cloudy days and 
sunsplash events using a 2D Gaussian smoothing.
→ Grid data into two dimensions
→ Apply Gaussian smoothing algorithm

Binned 0.5° mean Kernel Size = 5

5 × 0.5° bins = 2.5°

Kernel Size = 7 Kernel Size = 9

Gaussian Distribution

𝑓 𝑥 = 𝑎𝑒+
(-+.)!
01!

a = peak height

b = peak center

c = standard deviation

Optimal size = 7
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2.  BUILD POLYGON              (CONTOUR MAPPING)

𝐺𝐻𝐼
cos(𝑧𝑒𝑛)"#$%

= 0.82

Select a contour, and refine
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3.  FLAG
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SOLAR RESOURCE DATA WITH THE LOWEST POSSIBLE UNCERTAINTY

Proper filtering significantly improves the quality of solar resource data.

Pole

Tree

Mountain
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GROUNDWORK’S CONTINUOUS INNOVATION

Identify 
Anomaly

Research and 
Analysis

Formalize 
Methodology

Industry Buy-In 
(PVPMC)

Implementation 
(H2 2023)

You Are Here
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IMPLEMENTATION

Shading analyses to be incorporated into QC flagging 
for Ground Data Packages (reports and data)

→ New QC code

→ Anticipated release of H2 2023



© GroundWork Renewables, Inc. | All Rights Reserved 28

THANK YOU!

Q

A

Questions?

Contact me: abryan@grndwork.com


