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	Summary and purpose of document
ET-NIST is asked to identify and review existing guidance material on the optimal use of methods to measure severe hydro-meteorological events.  

ET-NIST is asked to provide the following deliverables:

1. List of existing documents describing these methods

2. An IOM Report on guidance for severe weather installations

3. A new CIMO Guide chapter on severe weather, if appropriate
An initial list was produced and later incorporated into a draft IOM Report, attached here as an Annex.



Action proposed

ET-NIST is asked to expand on the current draft to complete the IOM Report.  Input from other experts world-wide could be sought.
ET-NIST will need to decide if this material in the Report is suitable for inclusion in the CIMO Guide.
____________

Annex:
1. Draft report “Guidance For Observations In Extreme Weather Events”
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1 Background

Our Action is to: “Identify and review existing guidance material on the optimal use of methods to measure severe hydro-meteorological events.”

This charge is from sections 9.28-9.32 of CIMO-XV.pdf, which references the WMO DDR program (http://www.wmo.int/pages/prog/drr/index_en.html).  For North/Central America, their report says:

"7.10.9 Observation and Monitoring Networks and Systems Responses indicate that several countries in the region do not have a dedicated 24-hourly/year- round observational programme. More generally, challenges have been identified in relation to availability of resources and trained staff to maintain observational networks and programmes. These are compounded in many countries by hazard related damage to observation stations. Reliable, round the clock, observations, available in real time, are the essential raw material needed for the production of early warnings of hydrometeorological hazards, forecasts and other products to support disaster risk reduction. Consequently, every effort must be made to ensure that adequate observational networks and systems are put in place and maintained in operation on a 24-hourly/year-round basis."

River gages across the US are being decommissioned due to lack of funding -- in many cases from non-federal cosponsors of gage installations.  From http
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“Of all USGS stream-gaging stations, 90 percent are operated by the USGS in cooperation with other Federal, State, and local agencies. About 50 percent of the stations are funded through cost-sharing arrangements whereby the USGS provides one-half of the funds for the stations and the cooperating agencies provide the other half. Another 40 percent of the stations are funded entirely by the cooperating agency...When cooperating agencies have obtained the information that they need from a stream-gaging station, they usually discontinue funding for that station. When either party (USGS or its cooperators) discontinues funding for a gage as a result of budget reductions or for other reasons, the operation of the station must be discontinued. This arrangement has an unintended consequence for the NWS and the communities that depend on NWS river-forecast services; gaging stations that are critical to the forecast service may be discontinued owing to circumstances beyond the control of the NWS or of its customers.”

This is pretty basic stuff -- much different than just designing a sensor to endure severe events.  First, you have to have an infrastructure that supports 24/7 observations in the first place!

However...our task is to improve the deployability and ruggedness of sensors.

2 Types Of Events

In the US, events to mitigate include:

	Hazard
	Affects Sensor
	Affects Infrastructure
	Sensor Action
	US Agency

	Hail
	Yes
	No
	Replace
	NWS

	Tropical Cyclone
	Maybe

Wind sensors
	Yes
	Replace
	NWS; Hurricane Center

	Tornado
	Yes
	Rarely
	Replace
	NSSL

	Flood
	Yes
	Yes
	Recalibrate
	NWS; River Centers

	Aviation Icing/Turbulence
	Yes
	No
	Heat/Replace
	FAA

	Snow/Blizzard/Icing
	Yes

Frozen wind sensors (no)
	Rarely
	Heat/Replace
	NWS

	Dust Storms
	Yes
	No
	Maintain
	NWS

	Coastal Surge
	Yes (salt spray)
	Yes
	Clean/Replace
	NOAA?

	High Wind
	Yes
	Yes
	Redesign
	NWS

	Fire
	Yes
	Yes
	Redesign
	Regional?

	Avalanche
	No
	Rarely
	None
	NWS; Regional

	Thunderstorms
	Yes (lightning/rain)
	Rarely
	Redesign
	NWS

	Drought
	No
	No
	None
	Regional

	Heat Wave
	No
	No
	None
	Regional

	Land/Mudslide
	No
	Yes
	Replace
	Army Corp of Engineers?

	Earthquake/Volcano
	Yes
	Yes
	Clean/Replace(Mobile?)
	USGS?


3 Impacts

From the following link that describes river gages:

http
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2.  “Changes in river cross sections that result from the scour or deposition of sediment or changes in streambed and bank roughness alter the stage/discharge relation. Such changes are particularly prevalent during floods. Occasionally, changes are so severe as to require development of a new stage/discharge rating; this occurred at the North River at Stokesville, Va., as a result of a major flood in 1985 (fig. 4). Thus, even after a stage/discharge rating is well established, additional discharge measurements are required periodically to detect and track changes and to update the rating. Updated rating curves are provided to the NWS. Because documentation of flood discharges is so important, USGS field personnel are routinely deployed to stream-gaging stations during periods of high flow to measure river discharge during inclement weather, day or night.”
The height/discharge relationships for river gages need to be recalibrated after floods (since the channel profile can change).

Oklahoma Mesonet Article: http://www.mesonet.org/index.php/news/article/oklahoma_mesonet_site_records_tornadic_winds
"Oklahoma Mesonet technician Phil Browder visited the site the morning of May 25 to inspect for damage. “It looks like the damage path was approximately one-quarter to one-half of a mile wide and the tornado passed directly between the Mesonet site to the south and Fort Reno to the north,” Browder said. Browder confirmed that the Mesonet site was within the outer edge of the damage path and noted that the site itself sustained some minor damage but most instruments were still operational."

Thus, even for a quite dense network operating in the middle of “tornado alley” for many years, sensor damage rarely occurs.  This is because tornados are relatively small and of short duration.  Indeed, to place a sensor within the path of a tornado is quite problematic. 

In China, impacts have been more severe:
“There were 97 times over 12 hours breakages of AWS occurred from Jun 1 to Aug 31.  40 percent of them were due to thunder and lightning.  The top 3 high frequency damaged part of AWS were transmission system, data collection, sensors. ”(From the article “LI Yan, PEI Chong, MENG Zhao-lin, ZHOU Qing, China automatic weather stations' operation ability statistics and its influencing factors analysis(in Chinese), Electronic Instrumentation Customer (in Chinese), 2010, Vol117(2),4-8”).

“There were 610 AWS, 110 manual observation equipments, 3 weather radars, and 208 computers damaged during the disaster.” (From The Sichuan Meteorological Bureau disaster situation report for Wenchuan earthquake, Sichuan province, May 12, 2008 (in Chinese).)
 

”When “Muifa” near to Zhoushan islands at Aug 6, 2011, the wind speed observed by some AWS near coast reached to 49.5m/s, 10 AWS at islands were damaged by typhoon.” (Typhoon “Muifa” impacts report by Zhejiang Meteorological Bureau.)

The article “Discussion of missing the extreme wind speed in Dachen island station during typhoon period (in Chinese)” written by Ying Dejun, a member of the staff of Dachen island weather station.  He described the performance of anemometers in 5 historical typhoon cases.

“During No. 5612 and No. 6126 typhoon, the wind speeds exceeded the wind run (40m/s) of the EL contact anemograph so we don’t know exactly the extreme wind speed at the location. The same conditions occurred to Dines anemometer (50m/s) during No. 9711 typhoon.  For No. 0414 typhoon, the electric power broke down for 5 hours because of the dynamotor being attacked by typhoon.  Thus, we don’t know for sure that the wind speed of 58.7m/s just before the electric power down was the real extreme wind speed.  For No. 0515 typhoon, the records showed that the extreme wind speed was 59.5 m/s during the typhoon period.  However, when the strong wind passed, we found that just 2 cups were left in the anemometer, so we also aren’t sure that 59.5 m/s was exactly the extreme wind speed.” 
Freezing rain also can have a big impact on observations.  For example, the southern China experienced heavy ice rain on January, 2008. The picture shows that all the instruments were frozen at Nanyue station. The observer had to measure wind using a hand anemometer.
The impacts of severe weather events in Australia are described at http://hardenup.org/climate-change/extreme-weather-events.aspx.  Events described there are bushfires, floods, severe storms, cyclones, and storm surge.
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4 Hardening Infrastructure

Hurricane-force balloon: http
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A tethered balloon that can stay aloft in high winds.

The special design of the aerostat allows for increased lift with increased winds. Thereby the payload stays aloft in hurricane force winds.  No special enclosure is required for the payload during heavy winds once it has been launched, the system will operate until the task is completed. Because of its special patented components design, the amount of helium required is kept to a minimum.
Hurricane-force weather stations: http://www.weatherflow.com/coastal-weather-networks/custom-designed-mesonets/the-weatherflow-hurricane-network/
Mounted on sturdy poles, with sensors placed higher than WMO-standard to survive airborne debris.  They are specifically designed to withstand the conditions associated with a landfalling hurricane.  With instruments designed to survive winds of 140 mph, these stations are fully self sufficient – no external power or communications devices are needed.

Mobile stations, e.g. instrumented racks attached to vehicles, can be used to relocate a measurement system to avoid or specifically target severe events.  These have been used for severe storm chasing for many years.  One example is at NSSL.  However, sensors must be specifically designed and tested for the conditions encountered by such stations, to avoid heat (and radiation) sources and air flow modification by the vehicle itself or adjacent vehicles on the road.

The Queensland/Australian Government has a document about building structures to minimize the impacts of flooding.   http://www.dlgp.qld.gov.au/resources/newsletter/newsflash-474-flood-handbook.pdf  Specific suggestions are to raise structures using pilings, or in some cases fill, using materials that can survive being submerged for significant periods, planning for some parts of structures to be underwater with water on both sides of, say, foundation walls to minimize hydrostatic pressures and orienting structures parallel to water flow to minimize forces.  It also suggests proactively raising electrical connections above the expected flood level.

The WWW site http://hardenup.org also has advice for protecting against fire, including use of non-combustible building materials and screening or other physical barriers to prevent sparks from entering structures.  The same site recommends hardening against storms simply by regular maintenance to ensure that materials are not damaged by rust, insects, or prior moisture exposure.

Applying these guidelines to measuring systems is straightforward.  Sites for the measurements should be chosen to avoid expected hazards.  Metal generally is the preferred material for support structures.  These structures should be securely anchored to the surface.  Structures and their surroundings should be well maintained and inspected during station service visits.

Redundant communication paths are one possibility to harden data communication infrastructure.

5 Hardening Sensors
Tammelin et al.’s Final Report: Improvements Of Severe Weather Measurements And Sensors - Eumetnet SWS II Project describes a large effort to understand the performance/survivability of sensors in icing conditions.  They conclude that the use of modest amounts of heat could enable acceptable anemometer operation, but that even strong heating did not produce acceptable measurements of temperature, humidity, and radiation in severe icing events. 

NCAR/EOL deicing ring. David Richter internal report and Patent Automatic low-power cleaning and deicing system for radiometers and possibly other sensors.  This is a system that removes precipitation and dust from radiometer windows to maintain direct exposure of the sensor to the environment.  The principle is to spray methanol on the window.   A microprocessor controls this system to minimize the amount of fluid that is used.  A similar system using antifreeze has been used on sonic anemometers by the Mt. Hutt ski area in New Zealand (http://www.3news.co.nz/Keeping-the-road-to-Milford-avalanche-free/tabid/412/articleID/65420/Default.aspx).
Samaras and Lee, Proceedings of the 22nd Conference on Severe weather, 2004 (http://ams.confex.com/ams/pdfpapers/74267.pdf) describes various in-situ sensors that have been constructed to make measurements on the ground within a tornado. The most recent that actually encountered a full tornado worked successfully and used a combination of aerodynamic shape and weight to remain in place.  Later article is: http://dx.doi.org/10.1175/2010MWR3201.1
Bedard and Ramzy, 1983 Surface Meteorological Observations in Severe Thunderstorms. Part I: Design Details of TOTO (http://dx.doi.org/10.1175/1520-0450(1983)022<0911:SMOIST>2.0.CO;2)
The TOTO (Totable Tornado Observatory) device was designed as a prototype meteorological measuring instrument for use by severe storm intercept teams. It includes “hardened” sensors developed for use in networks measuring wind shear and severe downslope winds. It also has a body with an aerodynamic shape and high mass, to stay in place in extreme winds.
Texas Tech University Sticknet: http
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Quickly-deployed meteorological stations for targets-of-opportunity.  These small weather stations use an easily-deployed tripod to allow deployment in 2—5 minutes, depending on configuration.  They have been used to document weather just before and after tornados and other severe storms.
Pressure Sphere: http
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A wind sensor that works in hurricanes with precipitation and measures turbulence.  [image: image2.jpg]I\‘l l\'l \\'//A \M. I. v




From its inventor, Richard Ekman: “In 2009 we started getting a little NOAA money through the Hurricane Forecast Improvement Project (HFIP) to deploy the ET probes for longer periods over the sea. Prior to that time our deployments were for only 2-3 days as hurricanes made landfall. Now we are installing them for the duration of the hurricane season at fixed over-water locations....The focus for HFIP is air-sea exchange in hurricane conditions (e.g., drag coefficients), so we have been deploying the probes on offshore platforms or piers. Right now we have one deployed at the Tennessee Reef navigation light in the Florida Keys” (the top sphere in the photo at right).

To enhance our ability of observations in extreme weather events, some actions have being done in China.  For example, dense river gage networks have been designed for monitoring heavy rainfall to mitigate the impacts of flooding.  New technology and new sensor materials have been researched to enhance the capability of working in atrocious weather.
Ying Dejun’s article also reported the anemometer comparison experiment of the EC9-1 cup anemometer and the XFY3-1 propeller anemograph. The results show that the XFY3-1 propeller anemograph is good at measuring strong wind and resisting eroded by salt spray.
6 Supplemental Observations
One effort to increase the reliability of measurements in severe weather is to create a network with many measurement sites.  To be affordable, the sites may use low-quality sensors that nevertheless meet the need to provide important data.  Young and Schmidt (http://www.fsec.ucf.edu/en/publications/pdf/FSEC-PF-317-97.pdf) describe such a network in which individual homeowners would deploy systems using solar power and amateur radio data transmission to provide supplemental weather data to the U.S. National Weather Service.

On an even larger scale, a TV meteorologist notes (http://news.yahoo.com/severe-weather-experts-look-ground-truth-134357281.html) that during Hurricane Sandy, she and the U.S. National Weather Service used both data and images reported via social media (Twitter/Facebook) to obtain real-time information.  

Unoccupied Airborne Vehicles (UAVs) also could be useful to make observations over areas where surface-based sensors are not available.  Currently, UAVs have been used for targeting events, such as in Vortex2 chasing tornadoes.  At a larger scale, tropical storms were studied during HS3 by dropping measurement sondes from a UAV flying at high altitude.

Another approach to fill in data gaps is to use remote sensing observations (satellite, scanning radar, lidar, etc.), but this topic is outside the scope of this report.

7 Calibration to Extreme Conditions

Even if a sensor survives and reports through an extreme event, the data must be used with caution until the sensor performance in the conditions is verified.  This evaluation could be as simple as calibrating over a wider range of conditions.  In addition, extreme conditions can modify sensor exposure.  Bernoulli effects can affect pressure, temperature, and humidity measurements under high wind conditions.  Precipitation, either liquid or frozen, may get within or accrete around a sensor and significantly change its coupling to the atmosphere.  One study of the effects of icing on cup anemometers is described in Annex 21 of the report: COST 727: Atmospheric Icing on Structures Measurements and data collection on icing: State of the Art, by Fikke et al. (ISSN: 1422-1381).
8 Other Issues

On Mount Washington, they state: “While most automated modern weather equipment consists of superior quality materials, not all of it is designed to withstand and operate in the harsh conditions found on Mount Washington. In many cases, the older equipment is more robust and performs more accurately under severe conditions. The staff remains essential in this arctic climate, constantly deicing equipment in winter and performing general instrument maintenance.”  (http://www.mountwashington.org/about/faq.php)  In other words, human observers will continue to be important to obtain high quality measurements in harsh conditions. 
