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Weather Analytics

Your environment, precisely
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Company and Product Overview

Weather Analytics was founded to provide the most comprehensive and precise, site-specific environmental data for
commercial use and to make this data easily accessible to serve the systems, devices and applications of its clients.

History

It all started at the San Francisco Airport (SFO) where
our founders were asked to build a system to predict
when the coastal fog would clear to enable the departure
of inbound flights. Using the best data, numerical
techniques and on-site sensor readings available, they
developed the system in use today, accurately predicting
the time of coastal fog burn-off within a few minutes.

Now, after five years of development, Weather Analytics

has created the Sensor Point™ system extending and

expanding these techniques to produce on-demand:

= Very accurate forecasts for any site in the world

= World-wide, 30-year hourly historical weather data
including gap-free observations at weather stations
and ‘virtual’ sensor readings for all other sites.

How we are different:

Worldwide, site-specific data

» Forecast and historical data, including Typical
Meteorological Year (TMY) files can be produced for
any point locations in the world.

Commercial grade data

» Data output is designed to be gap-free, reliable input
for commercial systems, models, 3" party
applications, embedded software, and other devices.

Easy access and delivery

> Sensor Portal®V, a private web portal provides
direct access to site weather data (forecast, history
& TMY)

» Output can be graphically reviewed and subscribers
can specify units and download formats

» System designed for automatic delivery of weather
data input to your system or device

Support for private sensors
» Designed to accept private sensors for very precise,
higher frequency forecasts

Customizable

» Custom weather variables can be specified

» Individual input and output formats and data transfer
mechanisms can be accommodated

The Sensor Point™ Sy st em

Sensor Point® is a web-based, on-demand system that
can be directed at any location in the world to produce
hourly data for 20+ weather variables highly accurate
for that site and delivered in a manner to best support
your system, service or application.

Sensor Point’s unique value comes from
integrating..

1 The best available input data with

1 Expert processing technologies and

1 On-demand delivery and user controlled
options

BestAvailable

Input Data

1

Expert
Technologies

1

On-Demand

Delivery

The Sensor Point™ system may be used to produce:
» Precision hourly forecasts
» Verified hourly weather history data

» Cleaned, gap-free historical surface
observations

» High frequency, precision wind and solar
forecasts with on-site sensors
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BestAvailable

Input Data

Sensor

mput mech@rssm is designed to accept the best sources available for a given task and to
incorporate improved data sources as they become available including proprietary sensors.

Input Data for Forecasts

Sensor Point™ receives continuous feeds of
NOAA'’s latest Numerical Weather Prediction
(NWP) model data as soon as they are updated,
including the regional Rapid Update Cycle
(RUC) and the Global Forecast System (GFS)
output.

Weather Analytics continuously receives the
complete real-time, current official weather
station observations covering the entire globe.

Sensor Point™ is also designed to support the

Input Data for Historical Weather

NOAA historical forecast trend information is ‘re-
analyzed’ and verified based on historical
observations to produce the North American
Regional Reanalysis (NARR), the Global
Reanalysis System (GRS) and the Climate
Forecast System Reanalysis (CFSR)
data...providing a consistent, unbiased history of
area-oriented trend data.

Weather Analytics banks, cleans and pre-
processes all of this data for the world back to
1978 and keeps it current.

direct input of private, on-site sensors.

= In partnership with Weather Source, we also
have on-call all historical, official weather station
surface observations as far back as 1900.

= Before processing, all of these observations are
verified and edited.

Table1

Sensor PointE System Input Data Sources

Data Type / Mandate

Deep History

Forecast, Short-Term Archive

Model Data /
GDAS in support of WAFS
Centers (UK, US)

CFSR, GRS

1 Source: NCAR, NOAA/NCEP
1 Resolution: ~35km, 1 h

1 Update frequency: 1 — 10 dy

GFS, RUC

1 Source: NOAA/NCEP

1 Resolution: 13-50 km, 6 h
1 Update frequency: 1 -6 h

Surface Observations /
GDAS in support of WAFS
(Freely distributed under
UN/ICAO treaty)

ISH (Variable standards < 1996,
METAR standard >/= 1996)

1 Source: NOAA/NCDC

1 Resolution: discrete, 1 — 12 h
1 Update frequency: 1 — 12 h

METARS or private sensors

1 Sources: NOAA/NWS, variable

1 Resolution: discrete, variable

1 Update frequency: variable (~1 h)

Acronyms:
GDAS: Global Data Assimilation System

WAFS: World Aviation Forecast System

CFSR: Climate Forecast System Reanalysis

GFS: Global Forecast System

GRS: Global Reanalysis System

ISH: Integrated Surface Hourlies

NOAA: National Oceanographic and Atmospheric Admin.

ICAO: International Civil Aviation Organization
NCAR: National Center for Atmospheric Research
NCEP: National Centers for Environmental Prediction
NCDC: National Climatic Data Center

METAR: Météorologique pour I'Aviation Réguliere
RUC: Rapid Update Cycle
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Expert
Technologies

Weather is dynamic and global - a very complex result of radiation, dynamic atmospheric conditions and surface
interactions. Weather data to support modeling, monitoring, planning, managing, or controlling a building, site or
situation must be precise, consistentandf ocus ed

on thivisithe perposeefSensor Point ™
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Sensor Point™ Focusing Technol ogy

The Sensor PointE system contains a one-dimensional
NWP (Numerical Weather Prediction) “column model”
that has been coupled with a three-dimensional NWP
model and is built on the full-physics land-surface model
(NOAH-LSM) resulting from ongoing research and
development by NOAA'’s National Centers for
Environmental Prediction (NCEP), Oregon State
University, the US Air Force Research Lab, and the
Hydrologic Research Lab (OHD-NWS). Site-specific
column model forecasts can be updated much more
frequently and provide a higher sampling rate than the

NOAA models, making column models particularly well
suited for supporting specific sites and proprietary
sensor networks.

By further augmentingthe Se n's or  Bysténmiripl
with on-site or nearby sensor observations, site-specific
column model forecasts can be precisely calibrated for
individual sites as small as 1 sq km. They can also adapt
to changes in local surface conditions. Verification
analyses have shown Se ns or  Bystermdat&to be
more accurate than both NOAA and competitor models
(see below).
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By grounding a forecast to a specific point, leveraging localized direct observations and maximizing the forecast
frequency, Sensor Point™ can produce the highest quality forecast data possible, particularly in the first 12 hours where

most management and control systems require very high accuracy.

Statistical Verification of
Sensor Point™ Mo d e |
Comparison with a Competitor Model

MEAN ABSOLUTE DIFFERENCES BETWEEN FORECAST AND RAW OBSERVATIONS

SEPTEMBER-OCTOBER 2007, LONDON CITY AIRPORT

Forecast s:

What makes it so accurate?

Sensor d&auiaagy in fogecasting comes from:

= Combining the best available forecast input data

with on-site or nearby sensor readings

= Focusing the data to a very small footprint (as small

200 as 1km), and
[._ APPARENT TEMPERATURE I » Minimizing the latency (age) of the forecast.
1.75 , / Ny
T 3\‘Bf°mpem°r"i°§__ﬂe' E‘\ﬂ o...g 4  Fresheris better - When delivered to the customer,
Less 150- Bt 3ol g .-e"‘ Sensor Point™ system forecasts are based on data and
accuracy g f-- processes that are only 15 to 30 minutes old. If a
125 - . e proprietary, on-site sensor is being employed the
@ s forecasts can be only a few minutes old. The National
2 100 4 Weather Service and nearly all competitor models
E O__.——@ provide updates only every six hours with data cycles
075 - from one to seven hours old.
Morer ”,1;3" Sensor Point Model
e x : Localized Ground Observations—Sensor Poi nt E
%'gggevn;ﬁzsbzfgif:tig;’ci‘fl'; for takes the best available forecast data and uses on-site
0254 significant to at least the 95 % sensor readings to both ground and focus this trend
: confidence level. information. Sophisticated 3D physical modeling
0.00 ?" : I : : : : : : : : techpiques are used to combine anc_i trfanslat_e sensor
0 1 2 3 4 5 & 1 8 8 1w 1 readings that are not on the exact site into 'virtual' on-
Forecast Hour site readings and to localize the forecast data into a
1km footprint on the ground, anywhere in the world.
Compare with other forecasts: Sensor Point™ is the only forecasting system designed
- Verification analyses comparing 150 separate to aqcommoda_te_ private on—_site sensors which enable
individual forecast runs at this test site in London maximum precision and a higher forecast frequency.
22%%%’;?:;%??ﬁgtnorsrgr?sdoi' ggicnutrTr:Al-Jlatmg over Precise historical weather data produced by Sensor
P o i nig akdirect application of the precision forecasting
* Asinput to management and control systems, the process using archived, re-analyzed forecast data and
depth and accuracy of Sensor Point™ data can archived hourly official sensor reading data. Sensor
maximize system performance and there are no P o i ncarBherefore accurately fill in any gaps at
errors or gaps in the data that can cause failures or weather station locations and/or provide the best
Interruptions. possible virtual historical sensor readings anywhere in
= Further, when an application demands maximum the world even where no sensor exists.
accuracy, the system supports private on-site s
sensors which not only maximizes the localization of Qze?;?onrq\%fethg?ﬁoieelinr; feghaiqufgit:gglgyaie i
;F:(e);agzcdazt/se?; ;:VIVS %ﬁlluotvevgnew forecasts to be traffic controllers at the San Francisco Airport to predict
as accurately as possible when the fog will clear from
the runways. (See page 6)
Copyright©2010, Weather Analytics Inc weatheranalytics.com Page 4




Weather Analytics Inc. - Company and Product Overview

March 2010

On-Demand

Delivery

Sensor PointF is designed as a web-based, on-demand system that can be directed at any location to produce the
weather data needed and deliver it in the units, formats and manner best suited to your system, device or
application. Since the weather data is produced on-demand, subscriber’ san:

Pick exact sites of interest
» Address or locations as small as 1 sq km
» Anywhere in the world

Specify what you want to see

» Weather variables (Standard and custom)
» Units

» Formats

Control how you want the data delivered
» Delivery to your system or device

» Direct web access links for each of your sites
» Select the units and formats you require

Manage and control your sites
» Monitor sites

> Add/Edit sites

» Preview downloads

» Set e-mail and text alerts

Request historical weather and TMY files for

anywhere in the world

» Weather-station observation files are cleaned
and made gap-free

» Up to 30 years of hourly weather details and
TMY files can be generated for any site

Table 2

= Get easy access and delivery
> The Sensor Portal®" private web portal
provides easy access to forecast and
historical weather data for your sites
» Graphically review and compare data
» Request automatic delivery of weather data
as input to your system or device

= Customize services

» Employ private sensors for very precise,
higher frequency forecasts
Specify custom weather variables
Request special input and output formats
Request special data transfer mechanisms

Y V VYV

= Customize TMY output
» Specify the weights of the TMY variables for
solar, wind or special modeling applications
» Select from multiple output formats to suit
your modeling system

Weather Analytics Hourly External Environment Variables

Site ID / Location code Wind chill
GMT date-time Apparent (‘feels like") temperature
Local date-time Wind speed

Data/forecast hour

Wind direction

Air temperature

Water run-off previous hour

Maximum air temperature within last hour

Precipitation within last hour

Minimum air temperature within last hour

Snow depth

Dew point temperature

Soil temperature

Wet bulb temperature

Soil moisture

Relative humidity

Global horizontal irradiation

Surface pressure

Direct normal irradiation

Cloud cover Diffuse horizontal irradiation
Degree hours Net radiation
Heat index * *Custom Variables

*Additional calculated variables such as daily and monthly averages, minimums, maximums, means; total environment
heat content and other custom requested variables are also available.
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San Francisco Airport (SFO) Example

An earlier version of NOAH-LSM based column model approach used in Sensor P o i nhiastheen in continuous use in
support of the FAA’s San Francisco International Airport (SFO) marine stratus forecasting system projectl for over six
years, predicting within minutes, the exact time the marine stratus fog would clear from the runways. This allows remote
air traffic to be released with the confidence that the runway would be clear for their time of landing.

This system utilizes on-site sensors and operates on a five minute cycle. In addition to predicting ground fog, it also has
successfully demonstrated it can provide localized short-term down-scaled forecasts of solar radiation. An example of the
observed and forecast fog (marine stratus layer clouds) depth and downward solar radiation during the period in which
stratus “burns off” in the SFO terminal area is shown below. (For more detail see the paper referenced)

DOWNWARD SOLAR RADIATION CLOUD DEPTH

500 &
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(Initialized at 1000 LT) ?
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Short-term Forecasts of Global Solar Radiation vs.
Actual Measurements at San Francisco International Airport

1J.L. Keller, Use of a column model to support more accurate Terminal Forecasts of stratudfiimes at the San Francisco
International Airport.Proc. Seventh International Aviation Conferen&merican Meteorological Societyong Beach, California,
February1997
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Products and Services

The data products and delivery systems of Weather Analytics are designed to match the needs of specific
applications starting with areas that can realize the most value from precision, site-specific weather.

Energy Management & Control Support

Monitoring, managing or controlling energy use requires
very precise information on the immediate external
environment. All of the variables that contribute to
external conditions need to be taken into account — air
temperature, wind, humidity, ground temperature, direct
and indirect radiation and others — and must be accurate
and delivered consistently and reliably to your systems.

Energy Management Bundle

= Rolling 10 day hourly precision weather data
= Sensor Portal® direct web access

= Web-based delivery

= 2 years of hourly history per site

Renewable Energy Production Forecasting

Because energy production from solar or wind is
intermittent, both require as precise forecasting as
possible to support their operation and integration with
other production facilities. Both the wind and solar
forecast products below require on-site sensors.

Precision Wind or Solar Radiation Forecasts
= High frequencgl wind and weather forecasts
= Sensor Portal®™ direct web access
=  Web based delivery

Load-Planning Support Products

Demand Planning is most commonly supported by
weather station observation data. In concert with our
partner company, Weather Source, we offer cleaned,
verified, gap-free, hourly weather station observation
data for 30 or more years. Sensor Point™ can produce
very accurate 30 year historical weather files even if your
site is not near a station or the station data is sparse.

Verified Weather History Data

= 30 year hourly data
= Sensor Portal®™ direct web access

Completed & Corrected Weather Station Data
= Verified, gap free, hourly history observations
= Sensor Portal® direct web access

Building and Site Modeling Support

Solar energy production projects require very precise
historical solar radiation profiles of the sites in question
to support site selection, energy output modeling and
planning. Effective building design, HVAC planning, and
site orientation/selection also require accurate historical
weather data as input to a modeling system, often in the
form of TMY (Typical Meteorological Year) files. TMY
data also supports a broad range of planning
applications in agriculture and industry. More robust
statistical analysis will require up to 30 years of direct
hourly weather for multiple variables. Note the wind
speed/direction data in both history products below are
surface (10-m) values and should be adjusted to the
appropriate level for accurate wind-energy production
analyses.

Global TMY files

= Site Specific full TMY files
= Sensor Portal®™ direct web access

Verified Weather History Data

= 30 year hourly data
= Sensor Portal®™ direct web access

Site Monitoring

Use the Weather Analytics Sensor Portal®™ direct web
access portal to continuously monitor the weather
variables of your choice at the sites of your choice and
specify the conditions for e-mail or text alerts.

Sensor Portal® Direct Web Access Portal

* Rolling 10 day hourly weather data
= Graphical data review
= Set e-mail and text alerts

Custom Solutions

Sensor Point® can be directed at any location in the
world to produce a stream of hourly data for 20+ weather
variables, highly accurate for that site. The output is
consistent, without gaps and unified from history through
current conditions and forecasts. Please contact us
with your requirements. We will do whatever we can to
meet them and requests help us prioritize the next set of
products and applications.
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