Creating wind footprints and wind
data analysis reports mare quickly
allows wind-energy professionals
to use the information to improve
operational and business outcomes.
(Courtesy: Adobe Stock)




Case study: By blending Adiabat’s modeled wind data with ground-based,
quality-controlled wind observations from hundreds of weather stations
on the Synoptic Data platform, a methodology was created to leverage
quality weather data for post-event wind analysis.

By ASHLEY BALLARD and MELANIE SCOTT

ind-energy assets are deployed in some of the
most meteorologically exposed locations on
Earth. When significant wind events strike,
such as when a hurricane makes landfall, a dere-
cho crosses the Great Plains, or a powerful nor’easter affects
offshore infrastructure, the ability to rapidly determine the
locations of biggest impact and how it compares to historical
records becomes a necessity.
This analysis is often required for post-storm reporting,
planning, and operational insight.

THE WIND-ENERGY

INDUSTRY’S DATA CHALLENGE

The question that follows every significant wind event is
simple: What actually happened, where, and how does it
compare to historical records? For wind-energy operators,
insurers, and engineers, that question
drives several critical decisions:

¥ Determining whether observed
wind loads exceeded turbine design
specifications.

V Validating or contesting insur-
ance claims for storm damage.

¥ Supporting post-event engineer-
ing assessments of structural integrity.

¥ Guiding maintenance prioritiza-
tion and resource deployment in the
aftermath.

V Satisfying regulatory and compli-
ance requirements.

Each of these needs a clear, defensible, high-resolution
depiction of the wind environment from the event in ques-
tion. Producing this data requires blending numerical model
output with quality-controlled surface observations from
ground-based weather stations. This is where the process
can be complicated if you don’t have the right tools.

Observation networks are everywhere, but gaps still exist
and compiling data from them is time consuming unless you
can access the data from one place. For instance, if you are
collecting data from federal weather stations, state and local
mesonets, agricultural networks, or even private networks,
you would have to go to each data provider to request per-
mission to access the data or find the information from their
individual public source. Additionally, each network has
different reporting standards, sensor calibrations, data for-
mats, reporting frequencies, and quality control protocols.
This compounds the processing time because you’d have to
place everything into the same format and double-check the
quality of the data.

N The Adiabat-Synoptic
partnership offers a useful
model for wind-energy
organizations grappling
with weather data
infrastructure.

For a meteorologist trying to characterize the wind en-
vironment from a hurricane or severe weather event, com-
piling this data manually from these multiple networks and
sources and aligning everything into a coherent analytical
dataset can consume time that simply is not available when
clients need answers within 24 to 48 hours.

Weather station data is messy. Stations have data gaps,
sensor errors, and varying reporting standards. Making ev-
erything consistent for your final analysis can be a challenge.

WIND DATA ANALYSIS: PARTNERING

FOR A RELIABLE SOLUTION

Adiabat is a weather and climate consulting firm based in
Virginia that specializes in transforming complex atmo-
spheric data into decision-ready insights. Using atmospheric
science, historical weather data, and GIS (Geographic Infor-
mation System), it creates detailed hur-
ricane, flood, and snowfall “footprints”
for industries that depend on speed
and accuracy.

The methodology includes blend-
ing Adiabat’s modeled wind data with
ground-based, quality-controlled
wind observations from hundreds of
weather stations on the Synoptic Data
platform, then verifying and calibrat-
ing that data to ensure accuracy. The
result is a defensible, high-resolution
representation of what the wind en-
vironment actually looked like across
an affected region. These wind-event footprint analyses are
designed to stand up to scrutiny from engineers, insurance
adjusters, and regulators.

Applications for footprint analyses in the wind-energy
sector include post-storm damage assessment, turbine load
verification against design specifications, insurance claim
support and litigation, O&M resource dispatch following
high-wind events, and compliance documentation for reg-
ulatory bodies. Historical footprints can also be analyzed
when comparing wind infrastructure site suitability.

Before partnering with Synoptic, Adiabat’s team handled
much of the data aggregation and quality control process
internally, which meant manually compiling station obser-
vations from multiple sources, normalizing formats, per-
forming quality control checks, and building the statistical
context needed to interpret results in real time. While the
approach met client requirements, it came with real con-
straints: hours spent on data wrangling per event, limited
ability to scale rapidly during multi-event periods, and the

windsystemsmag.com 17


http://windsystemsmag.com

F o fm T - Wi v - r i % — w e
BT & P R 17 e e D R P e T |
i i '_:-; b ¥ g ’ 'LJ 1°F o 4 o 1 { Il - o * E:

& Wrw . ] } ' S A 3 = e T
LR P s L T =
S | | ) : b1 ] » ! o & b - oF
[ 5y - ’ r 1 L . 11 ] o e . » LR o |
LA A I L o LA b I o Y r I.f . & - -
A Ty e oSl ot I 5L K = % i i
Pt e N e kel g, Y ! iy L . =t . i
o ] ] e il Wi aE | ik s [ ok 5 ' o by A
@ emalyf Y Ppett o 8 W TR VOl T Rl iy o - [ 2
p=if A gL 1 A L B / g
- Y 1 1§ L r | ®
- 1 f -- “y ] k™ ) R L B T, W - L b
[ P S o (B e SO el L | S T } . "
iy F ol 1 ¥ 1% . . . » L SR ® .
n \ T i 1 o T Y Tl i g p o \ # .
V| LA \ \ b & B G - W 8 e .
ol . 5 ST | \ 1] VL . - :
% "o \ p Wity e e A
" o ':" \ i) . \._ i b L] S s r adh
: . % 5 \ ', | b \ e P -
™ \ Lt 5 L L]
Y ) WA -
o Ty o . wmgs
- w P T o o e
- :_? * . '.J:‘ o 3 b - Fa
S L, . . .
- =, L r -
o b, *
' 0 i 4 Fnl 5 = -
8 . ' :
L n LY ' [ e -
e, . : b, . 17
; T A . e
. 1 2
P
. . RN
CT— . \ -
3 =
U pae
*, smmmm o ]

Surface winds in the Southeast U.S. (Courtesy: Adiabat)

ADIABAT

Calibrating hurricane winds to ground truth,
at high resolution.

Adiabat is a weather and climate consulting firm based in Virginia that
specializes in transforming complex atmospheric data into decision-
ready insights. (Courtesy: Adiabat)

persistent challenge of ensuring consistency across net-
works.

The integration of Synoptic’s Weather API changed that
workflow fundamentally. The company aggregates obser-
vations from thousands of stations across hundreds of net-
works, providing unified access through a single interface
with consistent formatting, built-in quality control, and
historical context already computed and ready to use.

Using Synoptic’s API saved Adiabat from having to com-
pile observation data from multiple sources and format it
for consistency. The percentiles service allows the company
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to focus more on interpretation and application of the data.
The percentiles also help put events into context when com-
municating with clients.

Today, Adiabat’s meteorologists rely on the Synoptic API
for wind speed, direction, and gust observations, along with
quality control information that allows rapid assessment of
data. They also use a percentiles service from Synoptic to
benchmark event winds against historical records. The per-
centiles service provides historical context for wind data that
transforms raw measurements into meaningful intelligence
(e.g.is it record-setting or in a 95th percentile range?).

BEYOND HURRICANES
While hurricane wind footprint analysis is among the most
high-profile applications for Adiabat, particularly following
hurricanes that make landfall, the underlying methodolo-
gy applies to any significant wind event. For wind-energy
professionals, the relevant hazard spectrum extends well
beyond tropical systems to include:

¥ Fast-moving convective systems called derechos that
are capable of producing widespread, damaging straight-line
winds exceeding 100 mph across hundreds of miles. These
events can affect large swaths of wind-energy territory in
the central and eastern U.S. with limited lead time.

¥ Strong cold fronts and associated squall lines routinely
produce sustained high winds and gusts that stress turbine
structures, may trigger curtailment, and can cause cumu-
lative fatigue loading on blades and towers.

V" Nor’easters and extratropical cyclones affect offshore
and coastal wind facilities. These storms can generate sus-
tained gale-force or storm-force winds over extended periods,



driving both performance and structural considerations.

¥ Thunderstorm outflow and microbursts are highly lo-
calized but intense, and these events can produce extreme
wind gusts that are difficult to capture with standard mod-
eling approaches. They may cause damage that requires
careful forensic wind reconstruction.

¥ Mountain and terrain-channeled winds: Complex ter-
rain, such as mountains or canyons, can produce localized
high-wind events with sharp spatial gradients, challenging
both turbine operations and post-event attribution.

For each of these event types, the same fundamental chal-
lenge applies: rapidly and accurately characterizing the wind
environment using a combination of modeled data and qual-
ity-controlled observations, then delivering that intelligence
to decision-makers who need it now.

TRUST AND EFFICIENCY IN DATA ANALYSIS
Creating wind footprints and wind data analysis reports
more quickly allows wind-energy professionals to use the
information to improve operational and business outcomes,
such as faster post-storm response and assessment, insights
for maintenance and repair decisions, long term-planning,
and strong evidentiary support for insurance and compli-
ance.

The Adiabat-Synoptic partnership offers a useful model
forwind-energy organizations grappling with weather data
infrastructure. The proliferation of data sources over the
past decade has made raw access easier, but has created a
quality and consistency challenge that falls on the shoulders
of the end user.

Weather data is everywhere, and a lot of it is freely avail-
able. The challenge is making sure it is consistent, trust-
worthy, and usable. If you're evaluating observational data
sources, it comes down to trust and efficiency. Synoptic
provides both. The operational impact of the partnership
has been measurable across multiple dimensions. What pre-
viously required several hours of manual data wrangling
now takes minutes, freeing meteorologists to focus on the
analytical and interpretive work that requires their exper-
tise and judgment.

Access to a broader observational network through a sin-
gle quality-controlled platform has also increased the den-
sity of station data incorporated into each analysis. More
observations translate directly into more calibration points,
stronger spatial coherence in the final wind footprint, and
a more defensible dataset when clients need to rely on the
results for engineering decisions, legal proceedings, or reg-
ulatory submissions. Spatial resolution has improved by as
much as a factor of four in some analyses.

For organizations that need to move quickly, such as in
post-event analysis, operational decision support, or ongoing
performance monitoring, the ability to access quality-con-
trolled, consistently formatted observations from a trusted
single source is not merely a convenience. It is a competitive
and operational necessity.
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Wind gust values of the Eastern U.S. Coast. (Courtesy: Adiabat)

LOOKING AHEAD

High-wind events are not going away, nor is wind-energy
expansion into more geographically exposed regions, includ-
ing offshore. It’s clear that the demand for fast, accurate, and
scalable wind-event analysis will only grow. Rapid post-event
characterization, historical contextualization, and defensi-
ble geospatial intelligence are becoming core operational
competencies for wind energy developers, owners, operators,
and their service providers.

For companies that require wind-data analysis for their
businesses, the combination of deep meteorological exper-
tise and robust data infrastructure is what makes those
competencies achievable at the speed and scale the industry
demands. For wind-energy professionals evaluating their
own data workflows and partnerships, the conclusion is
straightforward: The quality of your weather data infra-
structure may matter as much as the quality of your ana-
lytical methods. -/
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