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1 Abstract
The B2G DEWG has made the effort to identify the weather data needs for the facility domain, to identify relevant weather data standards, and to provide a recommended path forward for weather data interoperability for Smart Grid. This document presents facility stakeholder use cases for weather data plus additional smart grid use cases. This document also reviews organizational stakeholders and their efforts related to weather standards or weather data availability. Finally, it recommends a path forward for coordinated effort to address weather data standards for smart grid.

2 Background
It is widely recognized that weather plays a significant role in energy consumption.  Most notably, electrical energy is consumed in buildings, and the summer peak is controlled by HVAC loads, with these loads strongly correlated to outdoor temperature. However, many other weather elements, including weather events, can impact electrical loads. In order for building and grid operators to accurately benchmark past performance, energy use variance caused by weather must be removed.  Likewise, historical weather data and its effect on system performance and energy consumption are needed to predict future energy use.  Finally, weather forecast data is necessary to estimate energy consumption, renewable generation, and plan for load shedding and shifting.  

Weather data, itself, is available from multiple sources. In its 2003 book, Fair Weather:  Effective Partnership in Weather and Climate Services (The National Academies Press, Washington, D.C.), the National Research Council describes the “weather enterprise” of the US as government, academia, and the private sector.  Each part contributes “resources and creativity” to provide “better and more comprehensive weather and climate services than could be provided by any one alone” (p. 12).  By encouraging the development of mature and widely-accepted standards, the B2G DEWG can best ensure that contributions to the Smart Grid will come from all segments of the weather enterprise. Current weather data services do not necessarily provide needed data elements that meet the needs of facility use cases.

The need for weather standards was discussed in the 2009 EPRI report to NIST (http://www.nist.gov/smartgrid/upload/InterimSmartGridRoadmapNISTRestructure.pdf). In Section 6.1.3.1 of that report it notes the impact that weather has on electricity demand, and that in the case of solar and wind it also affects energy supply. Weather also impacts hydroelectric supply, and space weather (EMI) can impact T&D equipment. 

A number of data communication standards exist, although there is no widely-accepted standard for communicating current and predicted weather that is obviously suitable to the needs of the Smart Grid.  The World Meteorological Organization (WMO) is the premier Standards Development Organization (SDO) for meteorology.  The International Civil Aviation Organization (ICAO) is another.  Some of their standards are reviewed below.  The Open Geospatial Consortium (OGC) is a third SDO which has shown considerable recent interest in the development of standards that may be suitable for use in the Smart Grid.

Initial discussion in the B2G domain expert working group focused on data elements in the NOAA databases, including for historical weather data from the National Climatic Data Center, as well as forecast weather data (National Digital Forecast Database). Weather data from other weather service providers extends the usability of the data, but it seems that altogether there is still not all the information that may be needed to support smart grid applications.  While the information needed for building control purposes appears to be available in different data feeds, it is not available from a single source, not necessarily available at the time intervals needed, and not in a standard format.  The NOAA specifications and existing relevant standards are reviewed here. 

From a building manager perspective, it would be very useful to standardize this information exchange because of the increased need to predict loads and develop resource availability schedules that would help not only with aggregation but resource optimization. Outside of the B2G facility domain space, there are other uses for weather in the grid, such as for distribution grid management, renewable energy source supply prediction, and generation and substation maintenance. The intent of this document is to collect use cases for the building to grid space, and propose a path for integrating some of the other grid stakeholders requirements, and then to propose a path for standards to support smart grid. 
3 B2G Use Cases
A Sub-group of the B2G DEWG worked to develop a set of use cases that describe building domain activities that require weather information, and what specific information elements are required. The following use cases (UC) were developed:
· UC-1: Weather data usage to forecast near term power needs; less than 24 hours ahead

· UC-2: Using Weather to Forecast Medium Term Power Needs (3 - 10 days) (Similar to EIS Alliance UC-3:  “Forecast Power Usage”)

· UC-3: Using Weather to Forecast Long Term Power Needs (greater than 10 days) (Similar to EIS Alliance UC-3:  “Forecast Power Usage”)

· UC-4: Normalize building energy use to provide baseline year

· UC-5: Compare building energy use against baseline

· UC-6: Using Weather Information to Manage and Protect Distributed Energy Resources

· UC-7: Weather Data Usage in Start/Stop Time Optimization

· UC-8: Using weather data to determine when to shift loads (produce ice, pre-cool, store DG energy, delayed start…)

· UC-9: Using weather data to change facility schedule (e.g. shut facility due to potential snow storm)

· UC-10: Using Weather Information to Manage a Facility before a  Demand Response Event

· UC-11: Using Weather to Determine How Much Reactive Power Can be Offered for Sale and Direct Control by the Grid

The full descriptions of each use case and required weather data elements (attributes) for each use case are presented in the “SGIP B2G Weather Use Cases” document prepared by the B2G weather use case subgroup. This document summarizes B2G weather information requirements in two tables of data elements that satisfy use case needs. The first table (Table 1 below) is the weather data elements that cover the use cases. The second (Table 2 below) is a list of weather hazards (for warnings) that are of interest to facility owners. These are the key data needs identified in B2G. 
Table 1 B2G Weather Data Exchange Table
	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	Yes

	Hazards  (see Table 2 below)
	String 
	Yes

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Quantitative Precipitation Amount 
	float 
	cm 
	Yes

	Relative Humidity 
	PerCent 
	% 
	Yes

	Sky Cover 
	PerCent 
	% 
	Yes

	Insolation (replaced with irradiance) 
	
	
	Yes

	Snow Amount 
	float 
	cm 
	Yes

	Outside-Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	Yes

	Wind Speed 
	float 
	m/s 
	Yes

	Barometric Pressure 
	float 
	hPa or in of Hg 
	Yes

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes

	GH Irradiance (Global Horizontal) 
	float 
	(W/m^2) 
	Yes

	DN Irradiance (Direct Normal)
	Float
	(W/m^2)
	Yes

	DF Irradiance (Diffuse)
	Float
	(W/m^2)
	Yes

	PA Irradiance (Plane-of-Array)
	float
	(W/m^2)
	Yes

	Inside room-temperature 
	Temperature 
	Degrees C or F 
	Yes

	Gust Direction
	AngleDegrees 
	Degrees 
	Yes

	Gust Speed
	Float
	m/s
	Yes

	Temp Forecast Confidence (Probability distribution)
	Array of floats
	Degrees C or F
	


Table 2 Weather Hazard Information Exchange Table
	Attribute
	Data Type
	Units
	Used

	Hazards 
	String 
	Yes

	Probability of Hail 
	
	%
	Yes

	Probability of Extreme Hail
	
	%
	Yes

	Probability of Damaging Thunderstorm Winds
	
	%
	Yes

	Probability of Extreme Thunderstorm Winds
	
	%
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	Degrees
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	Feet
	Yes

	Tornado Watch 
	String
	
	Yes

	Tornado Warning 
	String
	
	Yes

	Severe Thunderstorm Watch 
	String
	
	Yes

	Severe Thunderstorm Warning
	String
	
	Yes

	Tropical Storm Watch 
	String
	
	Yes

	Tropical Storm Warning
	String
	
	Yes

	Hurricane Watch 
	String
	
	Yes

	Hurricane Warning
	String
	
	Yes

	Flash Flood Watch 
	String
	
	Yes

	Flash Flood Warning
	String
	
	Yes

	Costal/Flood Watch 
	String
	
	Yes

	Costal/Flood Warning
	String
	
	Yes

	Small Stream Flood Advisory 
	String
	
	Yes

	Blizzard Warning 
	String
	
	Yes

	Winter Storm Watch 
	String
	
	Yes

	Winter Storm Warning
	String
	
	Yes

	Snow Advisory 
	String
	
	Yes

	Ice Storm Warning
	String
	
	Yes

	Winter Weather Advisory 
	String
	
	Yes

	High Wind Warning
	String
	
	Yes

	High Surf Advisory
	String
	
	Yes

	High Surf Warning
	String
	
	Yes

	Hazardous Seas Watch
	String
	
	No

	Hazardous Seas Warning
	String
	
	No

	Gale Warning
	String
	
	Yes

	Heavy Freezing Spray Warning
	String
	
	Yes

	Small Craft Advisory
	String
	
	No


4 Additional Smart Grid Use Cases

In the broader Smart Grid Interoperability Panel effort, we know of use cases already present in the Interoperability Knowledge Base (IKB, at http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/IKBUseCases ) that include weather information, as follows:
· DER: Demand_Response_-_Utility_Commanded_Load_Control.doc and likely others in this set, although the present document develops these in more detail.
· Distribution Grid management: Distribution_Grid_ManagementSG_UC_nm.doc, and also the prediction required for AMI in ScenarioP8 “Utility use of DERSystemControllers in conjunction with net-metering and Power Quality”. 

· Energy Storage: ES-DER_Use_Cases_Re-Organized.doc
5 Weather data elements in the IEC CIM

In the past year Southern California Edison (SCE) has initiated an effort similar to this one in B2G to develop use cases to establish utility weather data requirements, to seek out standards for weather data elements, and to incorporate needed weather data elements into the IEC CIM. EPRI is now supporting this effort. Use cases and requirements documents are not yet publically available. EPRI and SCE are now collaborating with B2G to examine the use of WXXM (below) data elements and work together on recommendations of this white paper.
6 Existing formats and communication specifications for weather data

6.1 OGC – WXXM 
The Weather Exchange Model (WXXM) is the proposed standard of the Open Geospatial Consortium (OGC) for the exchange of aeronautical weather information.  WXXM is maturing rapidly in the OGC.  It is based on the OGC Observation and Measurement Model (O&M).  WXXM 1.1 became available in March 2009, and subsequent releases have figured prominently in the past few OGC Web Services test beds.

Here are 2 URLs describing WXXM:

· http://www.ogcnetwork.net/node/1578
· https://wiki.ucar.edu/display/NNEWD/WXXM
Despite being referred to as WXXM, the Weather Data Model is in fact a set of three tiered data models, only one part of which is actually called WXXM: the Weather Exchange Model. Together, the three models provide conceptual, structural, and physical representations of weather data.

1. The aptly-named Weather Conceptual Model (WXCM) provides a high-level, implementation-independent look at how weather data concepts are connected.

2. The Weather Exchange Model (WXXM) provides a more logical and structural (if still implementation-independent) perspective of the same data, in more complete detail — the interrelationships of every weather data concept are spelled out.

3. Finally, the Weather Exchange Schema (WXXS) is a machine-generated, XML-formatted implementation of the Exchange Model — a "physical" code version of it.

Each of the Weather Data Model's tiers can be thought of as implementations of the previous tier. The high-level base that WXCM provides is detailed in WXXM's breakdown of individual component relationships, which are in turn "made flesh" in WXXS's XML. Because WXCM is fairly abstract, and WXXS is only a single implementation of WXXM, WXXM can be considered the core of the wider, multi-tiered Weather Data Model, and is often used to refer to all three tiers.

NOAA’s National Weather Service (NWS) has been working within the OGC community to develop the WXXM model and schema.  WXXM figures prominently in collaborative efforts with the Federal Aviation Administration (FAA) for the Next Generation Air Transportation System (NextGen).  Eurocontrol has also contributed to the development of WXXM.  The NWS currently has no operational services that use WXXM, but it is an important part of the NWS’s future plans.
OGC has regular committee meetings on the phone, and need to confirm that these meetings are open to non-members. OGC has an annual testbed program; 2011 is OGC Web Service 8 (OWS 8). The testbed program pulls together servers with test data and other members try out using the data.  Maybe the SG effort could tie into next year’s OWS 9.
6.2 WMO – GRIB2 
GRIB2 is the widely accepted encoding standard for the exchange of meteorological weather elements on a regularly-spaced grid of points.  It is standardized by the WMO’s Commission for Basic Systems, known under number GRIB FM 92-IX, described in WMO Manual on Codes No.306. 
6.3 NOAA specs 

As the foundation of the NWS Digital Services Program, the National Digital Forecast Database (NDFD) consists of gridded forecasts of sensible weather elements (e.g., cloud cover, maximum temperature).  NDFD contains a seamless mosaic of digital forecasts from NWS field offices working in collaboration with the National Centers for Environmental Prediction (NCEP).  The database is available to users and partners to use in decision making and creating text, graphic, gridded and image products of their own.  Many users and partners download NDFD grids, encoded in GRIB2 from NWS servers multiple times each day.  

One of NOAA’s most popular and useful web services is the Simple Object Access Protocol (SOAP) web service that delivers forecasts from the NDFD.  NOAA organizes its information and services on the NDFD SOAP Web Service page: http://www.nws.noaa.gov/xml/. They offer access to Forecasts, Watch/warnings, Current Observations, Tropical Cyclone Advisories, and Storm Prediction Center. The information available from the database can be found at: http://www.weather.gov/ndfd/technical.htm#elements 

Requests are made simply by providing geo-location data, product requested, times and weather parameters, per the table below. 
	Input Name 
	Type 
	Example 
	Description 

	latitude
	Decimal
	39.0000
	The WGS84 latitude of the point for which you want NDFD data. North latitude is positive.

	longitude
	Decimal
	-77.0000
	The WGS84 longitude of the point for which you want NDFD data. West longitude is negative.

	product
	String
	time-series
	There are two products. The “time-series” product returns all data between the start and end times for the selected weather parameters. The “glance” product returns all data between the start and end times for the parameters maxt, mint, sky, wx, and icons

	startTime
	XML Date String
	2004-04-27T12:00
	The beginning time for which you want NDFD data. If the string is empty, the start time is assumed to be the earliest available time in the database.

	endTime
	XML Date String
	2004-04-30T12:00
	The ending time for which you want NDFD data. If the string is empty, the end time is assumed to be the last available time in the database.

	weatherParameters
	Array of Booleans
	maxt = TRUE
	The NDFD parameters that you are requesting. For valid inputs see the NDFD Element Names Page.


These services use the Distributed Weather Markup Language (DWML), for which a good example can be found at:
1. With hour by hour details: http://www.weather.gov/forecasts/xml/DWMLgen/schema/latest_DWML.txt 

2. and with more of a summary format: http://www.weather.gov/forecasts/xml/DWMLgen/schema/latest_DWMLByDay24hr.txt 

DWML is an XML dialect that was developed specifically to fit the weather elements found in NDFD.  The NWS developed DWML without awareness of other emerging standards.  At the moment DWML’s “installed base” is large and successful.  The NWS will likely need to support DWML for some time to come.  The NWS has no plans to advance DWML within any SDO.  Rather, it has been the NWS’s plan to shift emphasis to WXXM while supporting DWML technically in accordance with legacy customers’ needs.

Besides the NDFD, NOAA offers a number of operational and prototype services that could prove useful to Smart Grid operations. NOAA offers current Observations, described at: http://www.weather.gov/xml/current_obs/. Specific cloud cover forecast links at http://www.meteorobs.org/maillist/msg26468.html and Citizen Weather Observation Program (Ham operators moving their observation stations online at http://www.wxqa.com discussed under the topic of microclimate weather data). NOAA also offers a number of products in KML format.  The list is available at: http://www.srh.noaa.gov/gis/kml/. This page provides current, forecast, and some past data.  

NOAA observational weather data is recorded and distributed as historical data by the NOAA National Climatic Data Center (NCDC, http://www.ncdc.noaa.gov/oa/ncdc.html). NOAA data centers provide long-term preservation, management, and ready accessibility to environmental data. The combined archive includes records taken centuries old weather observations and continues with the latest real-time satellite imagery. The Centers are part of the National Environmental Satellite, Data and Information Service (NESDIS). The NCDC Products and Services Guide is a available at http://www1.ncdc.noaa.gov/pub/data/inventories/2011psguide.pdf 

Here is a summary of hourly weather observation data available from the National Climatic Data Center's "Integrated Surface Data (DSI-3505)” that gives an idea of the availability of data elements identified in the B2G use cases above. Complete documentation is available from: http://www1.ncdc.noaa.gov/pub/data/ish/ish-format-document.pdf
Data Availability: 

Climate Data Online: http://ncdc.noaa.gov/cdo 
FTP: ftp://ftp.ncdc.noaa.gov/pub/data/noaa
GIS services: http://gis.ncdc.noaa.gov   
Accessible usually within two days after observations have been made.

Table 3 Summary of hourly weather observation data available from the National Climatic Data Center's "Integrated Surface Data (DSI-3505)”
	Attribute
	Data Type
	Units
	Availability

	Present Weather 
	Numeric
	Weather Code
	A

	Max Temp
	Temp
	Degrees C
	A

	Min Temp
	Temp
	Degrees C
	A

	Quan Prec
	float
	mm
	A 

	Rel Hum
	PerCent
	%
	A  

	Sky Cover 
	Fraction
	Eighths
	A

	Snow Acc Period
	Time
	Hours
	A

	Snow Acc Depth
	Iinteger
	Centimeters
	A

	Outside- Air Temp
	Temp
	Degrees C 
	M

	Wind Direction 
	Angle Degrees
	Degrees
	M

	Wind Speed 
	float
	m/sec
	M

	Sea Level Press
	float
	hectopascals
	M

	Observation Time
	Time (HHMM)
	UTC (GMT) 
	G

	Geographic Loc
	Degrees Latitude
	Angle Degrees
	G 

	Geographic Loc       
	Float 
	Minutes Latitude
	G

	Geographic Loc
	Degrees Longitude 
	Angle Degrees
	G 

	Geographic Loc
	Minutes Longitude
	Float 
	G

	Geographic Loc 
	Elevation 
	Meters
	G

	GH Irradiance 
	float
	(W/m^2)
	A :Sp

	DN Irradiance 
	float
	(W/m^2)
	A-Sp

	DF Irradiance 
	float
	(W/m^2)
	A-sp

	Gust Direction
	Angle Degrees
	10’s Degrees 
	A

	Gust Speed
	float
	m/sec 
	A

	Wx Station Iden
	Code
	Letters
	G

	AWSMSC #
	fixed
	Numeric
	G 

	WBAN #
	fixed
	Numeric
	G

	Ceiling Hght
	float
	Meters
	M

	Horzon Visibil
	float
	Meters
	M

	Out Dew Pt Temp
	Temp
	Degrees C
	M

	Lqd Precip period 
	Time
	Hours
	A

	Lqd Precip Month
	float
	mm
	A

	Lqd Precip # Days 
	code
	number of days 
	A

	Snow Depth
	integer
	centimeters
	A

	Snow Dep/ W Eq
	integer
	millimeters
	A

	Lqd Precip (Min)
	Time
	Minutes
	A

	Lqd Precip (Min)
	Depth
	Millimeters
	A

	Past Weather
	Numeric
	Weather Code
	A 

	SC Cloud Type (3)
	Numeric 
	Code
	A

	Sunshine Dur
	Integer
	Minutes
	A

	% Pos Sunshine 
	Per Cent
	%
	A

	GB Irradnce UVB
	float
	MW/m^2
	A-sp

	Altimeter Pressure
	float
	hectopascals
	M 

	Station Press
	float
	hectopascals
	A


 
Key for Availability Code:

M: Mandatory Observation 

A: Additional data available from some stations

A-sp: Additional data available from some stations in special networks 

G:  Geophysical information concerning observation or station identification

Others have noted that NOAA services are quite broad beyond what is listed here, developed for different users, and different application needs, but certainly not covering all locations for all desired data elements for needed past, present or forecast weather.
6.4 Earth Networks WeatherBug data

Earth Networks’ WeatherBug network provides thousands of weather stations around the globe and serves up weather data. Data elements and formats are shown at http://api.weatherbug.com and http://developer.weatherbug.com. A WeatherBug REST API provides access to all WeatherBug station observations worldwide and returns a response in both XML and JSON formats. The REST API provides access to observations, forecast, video feeds, radar and severe weather alerts. The WeatherBug GEO API provides a limited RESTful interface to access tiled weather images formatted for both Bing and Google maps. The GEO API is limited to Radar, Satellite, Temperature, Humidity and Pressure Layers.
6.5 DOE TMY formats
DOE has developed the typical meteorological year (TMY) format for passing weather data to support computational simulations. The TMY3 data fields and definitions can be found at: http://www.nrel.gov/docs/fy08osti/43156.pdf. A large number of weather data sources are listed at this page: http://apps1.eere.energy.gov/buildings/energyplus/weatherdata_sources.cfm#TMY3. TMY data represents what a typical year of data might look like for some location, based on historical data. 

It has been noted in the B2G discussions that TMY does not, however, provide historical peak day statistics (that is, what is the variance of temperature to get a clear idea of probability of a peak above a certain temperature, etc.). This may require definition of another standard format.
6.6 IEC 61850 weather data elements
IEC 61850 defines a number of measurement value types that could be applied to use cases for energy usage prediction as well as for correlating some renewable resource to weather conditions. Here are meteorological information value types from 61850-7-4-draft_FDIS-R0-01_090807, section 5.10.10:

· ambient temperature

· wet bulb temperature

· cloud cover level

· humidity

· dew point

· diffuse insolation

· direct normal insolation

· daylight duration

· total horizontal insolation

· horizontal wind direction

· average horizontal wind speed

· vertical wind direction

· average vertical wind speed

· maximum wind gust speed

· barometric pressure

· rainfall

· density of snowfall

· temperature of snowfall

· snowcover

· snowfall

· water equivalent of snowfall

6.7 Other formats
Many of the groups listed below (next section) have developed some list of weather elements of importance to them, or some XML schema, or some specification of one sort or another that might provide input to the discussions in a smart grid forum. In some cases, these data and their formats are proprietary and represent the activity of private sector members of the weather enterprise supporting their customers.

7 Weather Information Stakeholders 

The following stakeholders may have direct interest in smart grid weather-related use cases and any standards developed for weather in the Smart Grid, and others may have useful prior work to bring into the discussion:

· NOAA National Weather Service (NWS) and National Climatic Data Center (NCDC): technical experts, know the weather data that is available and from what sources and current standards efforts and NWS plans, etc. They should be involved in the SGIP PAP process as well as in the SDO standards process. 

· Grid side stakeholders including ISOs, T&D grid operators, and others with smart grid weather information communication requirements extending beyond B2G

· OGC (WXXM for European ATC, and Climate Science Modelling Language: CSML)

· ASHRAE 201P (Facility SG Info Model, which is working to incorporate standard weather data elements, following the direction of this document)

· ASHRAE 205 weather data (Data Exchange Protocols for Energy Simulation of HVAC&R Equipment Performance)

· Private weather data networks/providers.  According to Alexa.com, some of the largest providers of weather data to the US via the internet are the following companies:  The Weather Channel (www.weather.com), Weather Underground (www.wunderground.com), AccuWeather (http://www.accuweather.com/), Intellicast (http://www.intellicast.com/), and The Weather Network (http://www.theweathernetwork.com/).  Alexa’s rankings are based on (presumably) human visits to HTML-formatted pages via the open internet.  Smart Grid operations will be more focused on machine-to-machine transfers of data.
· Earth Networks/WeatherBug and their weather station network. 

· SCE and other utilities

· EPRI (Electric Power Research Institute, working on extending IEC CIM for weather)

· DOE-DOC (NOAA) MOU to address weather forecast accuracy for renewables. 
· Earlier ASHRAE Research Project 1011 input (Marty Burns’ XML for weather data exchange)

· Green Building Council (GBC, with GBXML which is a lighter BIM standard than IFCs, but used for representing buildings for modeling purposes) 

· Energy Plus simulation tool and their requested observational data (related to TMY data formats? Tie to ASHRAE 205?)

· Canada NRC (with their renewable energy technology screening tool, RETscreen) 
· WADE (district energy association) 
· Center for Energy Advancement through Technological Innovation (CEATI, www.ceati.com), with weather activities related to satellite solar, CHP, and dynamic shading.
· OASIS emergency management TC/ CAP, emergency response community and where NOAA is already involved. 

· Building owners and controls vendors, like the folks active in B2G

· DR providers and aggregators

· Market operators

· DOE (TMY data formats), NREL solar work.
· ESRI (and other GIS tool developers)

· IEC 61850, ANSI C12 experts

8 Draft WXXM Weather Model

This section describes the application of WXXM to the weather data elements derived from the Use Cases in this white paper. The source materials were the following:
	[1]
	UML Model of WXXM
	https://wiki.ucar.edu/download/attachments/50667061/wxxm-1.1.1-uml.zip?version=1&modificationDate=1271775022000

	[2]
	Description of the conceptual model (WXCM)
	https://wiki.ucar.edu/download/attachments/50667061/WXCM-Primer-DWT-6.doc?version=1&modificationDate=1269022358000 

	[3]
	WXXM on the Web
	https://wiki.ucar.edu/display/NNEWD/WXXM#WXXM-WeatherExchangeSchema%28WXXS%29 


8.1 The conceptual model (WXCM)

The conceptual model, Weather Exchange Conceptual Model (WXCM), provides a layered approach to representing the information about weather that might be exchanged. The project considers three layers of modeling:
1) Base Layer – primitive types used in the assembly of weather model components
2) General Weather Layer – the focus of the modeling of weather are in the classes at this layer.
3) Aviation-specific weather layer – This is where models such as FSGIM are assembled from the reusable parts. Reports, observations and forecasts, as well as, industry segment-specific extensions are built at this layer. 
The following figure, Figure 1: Weather Conceptual Model (WXCM), illustrates this layering. Reference [3] describes these components in detail. 
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Figure 1: Weather Conceptual Model (WXCM)

Weather can be considered a collection of observations and forecasts. When they are collected this way, they are encapsulated as a group into an instance of a weather “Report”. The following figure, Figure 2: Composition of an Observation, illustrates the composition of an observation that shows it has a reference process by which it was made,  the geometric features it describes, and most important the result – which is where the weather information is.

[image: image2]
Figure 2: Composition of an Observation

8.2 Weather Exchange Model (WXXM)
The figure below, Figure 3: Weather Exchange Model (WXXM) Schema View, shows how an actual composition of weather information can be assembled using XML. Note that the XMLSchemas from the WXXM designs are automatically generated from the UML models (the conceptual model) via a set of rules for interpreting what UML features get translated from classes, attributes, and associations, in turn to elements, attributes, and types.

[image: image3]
Figure 3: Weather Exchange Model (WXXM) Schema View

8.3 FSGIM Extension of WXXM
In order to determine how the WXXM body of work could be applied to the needs of the B2G and PAP17 and hence (SPC201P) the UML model provided in reference [1] was used. The classes in the WXXM standard were unmodified. A new package was added for FSGIM application and extensions. In the figure below, a new package was created that provided diagrams that assembled the components of WXXM in an easy to digest form. Additionally, two new classes were defined:
FSGIMWeather – 
this class is derived from one of the Aviation-specific weather layer classes used to represent METAR reports. It has been extended with the relatively few new attributes that were needed to satisfy the requirements in this paper.

Irradiation – 
a basic measurement type to represent solar irradiation in w/m2 
All other parts of the WXXM model were used unaltered.
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Figure 4: FSGIM Extension of WXXM

8.3.1 FSGIM Weather Model
The following figure shows the entire model (note we have color coded enhancements over WXXM in light green):
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Figure 5: FSGIM Weather Model

To assemble the main component shown, FSGIMWeather, the following inheritance was established:
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Figure 6: Inheritance of FSGIMWeather from AerodromeWx

8.3.2 Model components

The pages that follow show how each identified data element of the tables in section 3 could be represented in the extended WXXM model. Therefore, this shows how the draft extended UML model can become the basis of an FSGIM weather model. 

The reader can consider this section a starting draft to be improved and extended as necessary by the B2G, PAP17, and FSGIM communities.

8.3.3 Mapping to B2G Data Elements

Notes: 

· For hazards, advisory, warning, and watch are severities of various hazardous weather phenomenon. This is not an explicit “tag” of an observation or forecast that indicates this assessment of severity. 

· For Phenomena, the WXXM phenomena were applied to the table elements. One or more phenomena are need to represent a particular weather state. For example, wind and precipitation are both needed to represent a blizzard. So the two components would be present in such an observation (happening now) or a forecast (expected to come).

· The current model does not support flooding phenomenon. This is probably an oversight by the author of this draft and will hopefully be resolved through review.

· Those elements not specifically modeled and the reasons why are highlighted in the tables below which append a rightmost column to define the mapping to FSGIMWeather.

Table 4 B2G Weather Data Exchange Table
	Attribute
	Data Type
	Units
	WXXM Reference

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	Forecast.probability (when used with precipitation phenomena)

	Hazards  (see Table 2 below)
	String 
	

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	FSGIMWeather.maxTemperature

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	FSGIMWeather.minTemperature

	Quantitative Precipitation Amount 
	float 
	cm 
	FSGIMWeather.precipitation (type=RAIN or DRIZZLE)

	Relative Humidity 
	PerCent 
	% 
	FSGIMWeather.dewpointTemperature

	Sky Cover 
	PerCent 
	% 
	FSGIMWeather.horizontalVisibility

	Insolation (replaced with irradiance) 
	
	
	Not modeled per parenthetical

	Snow Amount 
	float 
	cm 
	FSGIMWeather.precipitation (type=SNOW)

	Outside-Temperature 
	Temperature 
	Degrees C or F 
	AviationWx.airTemperature

	Wind Direction 
	AngleDegrees 
	Degrees 
	AviationWx.windDirection

	Wind Speed 
	float 
	m/s 
	AviationWx.windSpeed

	Barometric Pressure 
	float 
	hPa or in of Hg 
	AviationWx.airPressure

	Start Date/Time 
	AbsoluteDateTime 
	Observation.samplingTime.timePeriod.begin.timePosition

	End Date/Time 
	AbsoluteDateTime 
	Observation.samplingTime.timePeriod.end.timePosition

	Sunrise Time 
	Time 
	FSGIMWeather.sunriseTime

	Sunset Time 
	Time 
	FSGIMWeather.sunsetTime

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	SurfaceReport.appliesTo.Aerodrome.location.Point.pos

	Geographic Location Minutes Latitude 
	Float 
	SurfaceReport.appliesTo.Aerodrome.location.Point.pos

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	SurfaceReport.appliesTo.Aerodrome.location.Point.pos

	Geographic Location Minutes Longitude 
	Float 
	SurfaceReport.appliesTo.Aerodrome.location.Point.pos

	Geographic Location Elevation 
	Float 
	
	SurfaceReport.appliesTo.Aerodrome.location.Point.pos

	GH Irradiance (Global Horizontal) 
	float 
	(W/m^2) 
	FSGIMWeather.globalHorizontalIrradiance

	DN Irradiance (Direct Normal)
	Float
	(W/m^2)
	FSGIMWeather.directNormalIrradiance

	DF Irradiance (Diffuse)
	Float
	(W/m^2)
	FSGIMWeather.diffuseIrradiance

	PA Irradiance (Plane-of-Array)
	float
	(W/m^2)
	FSGIMWeather.planeOfArrayIrradiance

	Inside room-temperature 
	Temperature 
	Degrees C or F 
	Seems not a property of weather and should be modeled elsewhere.

	Gust Direction
	AngleDegrees 
	Degrees 
	FSGIMWeather.windDirection
NWS says that Gust direction is assumed to be in windDirection attribute.

	Gust Speed
	Float
	m/s
	FSGIMWeather.windGust

	Temp Forecast Confidence (Probability distribution)
	Array of floats
	Degrees C or F
	Trend containing a sequence of Forecast objects each containing an appropriate temperature measurement


Table 5 Weather Hazard Information Exchange Table
	Attribute
	Data Type
	Units
	WXXM Reference

	Hazards 
	String 
	Phenomenon («FeatureType» AbstractPhenomenon)

	Probability of Hail 
	
	%
	Forecast.probability where Forecast.result contains a phenomenon that is Precipitation and where PrecipitationType=SMALL_HAIL

	Probability of Extreme Hail
	
	%
	Forecast.probability where Forecast.result contains a phenomenon that is Precipitation and where PrecipitationType=HAIL

	Probability of Damaging Thunderstorm Winds
	
	%
	Forecast.probability where Forecast.result contains:

· phenomenon that is Thunderstorm

· phenomenon of WindLayer

	Probability of Extreme Thunderstorm Winds
	
	%
	Forecast.probability where Forecast.result contains:

· phenomenon that is Thunderstorm

· phenomenon of WindLayer

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	See AbstractPhenomenon.extentOf which is inherited by each phenomenon

	Geographic Location Minutes Latitude 
	Float 
	“”

	Geographic Location Degrees Longitude 
	AngleDegrees 
	Degrees
	“”

	Geographic Location Minutes Longitude 
	Float 
	“”

	Geographic Location Elevation 
	Float 
	Feet
	“”

	Tornado Watch 
	String
	
	Observation.FSGIMWeather.phenomenon where phenomenon is a TropicalCyclone

	Tornado Warning 
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a TropicalCyclone

	Severe Thunderstorm Watch 
	String
	
	Observation.FSGIMWeather.phenomenon where phenomenon is a Thunderstorm

	Severe Thunderstorm Warning
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a Thunderstorm

	Tropical Storm Watch 
	String
	
	Observation.FSGIMWeather.phenomenon where phenomenon is a Shower

	Tropical Storm Warning
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a Shower

	Hurricane Watch 
	String
	
	Observation.FSGIMWeather.phenomenon where phenomenon is a TropicalCyclone

	Hurricane Warning
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a TropicalCyclone

	Flash Flood Watch 
	String
	
	TBD Where to find flood hazard defined 

	Flash Flood Warning
	String
	
	TBD Where to find flood hazard defined 

	Costal/Flood Watch 
	String
	
	TBD Where to find flood hazard defined 

	Costal/Flood Warning
	String
	
	TBD Where to find flood hazard defined 

	Small Stream Flood Advisory 
	String
	
	TBD Where to find flood hazard defined 

	Blizzard Warning 
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a Shower where Shower.precipitation.type=SNOW,…

Phenomenon WindLayer can indicate severity of wind

	Winter Storm Watch 
	String
	
	Observation.FSGIMWeather.phenomenon where phenomenon is a Shower where Shower.precipitation.type=SNOW,…

	Winter Storm Warning
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a Shower where Shower.precipitation.type=SNOW,…

	Snow Advisory 
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a Shower where Shower.precipitation.type=SNOW,…

<<Advisory is less severe than warning>>

	Ice Storm Warning
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a Icing

	Winter Weather Advisory 
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a Icing, Shower.precipitation.type=SNOW, …

	High Wind Warning
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a WindLayer

	High Surf Advisory
	String
	
	FSGIMWeather.SeaWx.SeaState,SurfaceTemperature, SeaState

	High Surf Warning
	String
	
	FSGIMWeather.SeaWx.SeaState,SurfaceTemperature, SeaState

	Hazardous Seas Watch
	String
	
	Observation.FSGIMWeather.SeaWx with SeaState= severe values

	Hazardous Seas Warning
	String
	
	Forecast.FSGIMWeather.SeaWx with SeaState= severe values

	Gale Warning
	String
	
	Forecast.FSGIMWeather.phenomenon where Phenomenon WindLayer can indicate severity of wind

	Heavy Freezing Spray Warning
	String
	
	Forecast.FSGIMWeather.phenomenon where phenomenon is a Icing whose type is RIME

	Small Craft Advisory
	String
	
	TBD


9 Recommended Path Forward
From a Smart Grid standards perspective, the future direction for a standard information model for weather data seems to be focused on OGC WXXM. Currently data is not served up according to that standard, but rather made available by legacy NWS data feeds or proprietary formats used by the weather industry. Our proposed direction is to engage with OGC WXXM/ NWS, and with their testbed program to move toward future protocols and services to support WXXM for smart grid. There are two SGIP communities (customer domain stakeholders and utility/operations stakeholders) that are working to address smart grid use cases and information requirements, with coordination in the SGIP.
The effort on the customer domain side has focused on analysis of WXXM and bringing a profile of that model into ASHRAE 201P (Facility Smart Grid Information Model) to address the facility weather data requirements. The assumption is that nearly all data elements are available in WXXM, along with much more that is not needed in the 201P model. The model presented in Section 8 confirms this, and this model has been submitted for inclusion in ASHRAE 201P.
The utility stakeholder use cases and data requirements are being led by the EPRI CIM weather initiative. They will take the work from ASHRAE 201P as input to their effort to extend the CIM for weather. The two stakeholder communities will coordinate on identifying and addressing any required extensions to WXXM to meet any additional SG data requirements. The EPRI work is and will remain focused on the CIM extensions, and ASHRAE 201 will have a separate information model, both tied to WXXM. WXXM then serves as an interoperability point. 

There are additional stakeholders to connect with, including the nascent effort between NOAA and DOE to address forecast accuracy for renewables (solar, wind). There are other stakeholders that have related efforts, or need to be aware of a “Smart Grid standard” for weather data that would benefit from this work and could incorporate our recommended path. The SGIP might consider these next steps:

· needed outreach (perhaps a webinar to the weather community or other stakeholders)
· Participate in the OGC Web Services testbed program, both the CIM pilot, and perhaps facility equipment vendors interested in 201P weather information. What is our path to actually getting “WXXM-compliant” forecasts? 

· Provide input to WXXM on desired extensions for CIM/201P.

· Discuss forecast intervals for data delivery for different use cases. This should be addressed in the use cases—what data is needed at what intervals for how far into the future?
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