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ACTIVITIES RELATED TO CBS/OPAG-IOS ET-AWS
Requirements for new sensors or the integration of sensors to overcome the deficiencies
of Automatic Weather Stations (AWS) following the migration from manual observations
(Submitted by Dr Igor Zahumensky, Chairperson of ET-AWS and the WMO Secretariat)

_________________________________________________________________

Summary and Purpose of Document

This document contains the Requirements for new sensors or the integration of sensors to overcome the deficiencies of AWS following the migration from manual observations.

_________________________________________________________________

Action proposed

The meeting is invited to consider the Requirements for new sensors or the integration of sensors to overcome the deficiencies of AWS following the migration from manual observations developed by the CBS/OPAG-IOS ET-AWS-5 from development of surface technology and measurement techniques points of view and specify its recommendations.
_____________

Reference:
Final Report, CBS/OPAG-IOS ET-AWS-5 (Geneva, Switzerland, 5-9 May 2008), 
(http://www.wmo.int/pages/prog/www/OSY/Reports/ET-AWS-5_Geneva_2008.pdf)
Appendix:
Requirements for new sensors or the integration of sensors to overcome the deficiencies of AWS following the migration from manual observations.
REQUIREMENTS FOR NEW SENSORS OR THE INTEGRATION OF SENSORS

TO OVERCOME THE DEFICIENCIES OF AUTOMATIC WEATHER STATIONS

FOLLOWING THE MIGRATION FROM MANUAL OBSERVATIONS
Background

Section 3.1.1 of the Manual on the Global Observing System (Manual on GOS) (WMO-No. 544) states the “General requirements of a meteorological station” as follows: All stations shall be equipped with properly calibrated instruments and adequate observational and measuring techniques, so that the measurements and observations of the various meteorological elements are accurate enough to meet the needs of synoptic meteorology, aeronautical meteorology, climatology and of other meteorological disciplines.”

The requirements for AWS instruments have to take into consideration all aspects related to the ability to provide relevant and representative measurements over their entire life cycle.

The requirements for sensors installed at AWS following the migration from manual to automated observations can be grouped into three basic interrelated categories, all contributing significantly to the long-term sustainability of AWS data.  They are as follows:
· Requirements related to the measuring performance of instruments, covering the ability of an instrument to provide measurements with a stated uncertainty over the specified operating range and condition;
· Requirements related to maintaining the traceability of measurements over the operational cycle; and
· Requirements related to the operational reliability of AWS sensors, which include features that enable their operation for extended periods, within the expected measuring performance, with minimum human intervention over their entire operating range.

The ET-AWS discussed generic and sensor specific requirements for the existing as well as new sensors, which would improve the capability of AWS to measure and report meteorological parameters, to meet user requirements.

The ET-AWS recognized that the draft Requirements for new sensors or the integration of sensors to overcome the deficiencies of AWS following the migration from manual observations, reproduced in the Appendix summarizes the experience of most Members and the TCs and that the work should continue to validate and finalize the draft requirements. The ET-AWS recommended that the Requirements for new sensors or the integration of sensors to overcome the deficiencies of AWS following the migration from manual observations, reproduced in the Appendix, should be submitted at CIMO-OPAG-SURFACE ET-ST&MT for consideration and further development of surface technology and measurement techniques.
_______________

REQUIREMENTS FOR NEW SENSORS OR THE INTEGRATION OF SENSORS

TO OVERCOME THE DEFICIENCIES OF AUTOMATIC WEATHER STATIONS

FOLLOWING THE MIGRATION FROM MANUAL OBSERVATIONS
I. 
GENERAL REQUIREMENTS


The requirements for the AWS sensors are could be structured in three interrelated categories, all, critical contributors to the long-term sustainability of AWSs:
· Requirements related to the performance of measurement,
· Requirements related to maintaining the traceability of measurements over the operational cycle, and
· Requirements related to the operational reliability.


In addition, the cost effectiveness of the AWS sensors is critical, as it could limit their use.

1.
Requirements related to the performance of measurement cover the ability of a sensor to provide measurements with a stated uncertainty, over a defined operating range and conditions. These include the uncertainty of measurement, response time, long-term stability, hysteresis, operating range, start-up point, sensitivity, etc, as defined in the WMO Guide to Meteorological Instruments and Methods of Observation, WMO-No. 8 and the ISO/IEC Guide 99:2007, International vocabulary of metrology - Basic and general concepts and associated terms (VIM)


The following requirements apply to all AWS sensors:
· Sensors should operate over the ranges and with the measuring performances stated in the Guide to the Global Observing System (WMO-No. 488) and Guide to Meteorological Instruments and Methods of Observation (WMO-No. 8).
· Sensors and systems should integrate multiple measurements (collocated and remote) to derive and report subjective measurements. Strong science is required to support the integration of multiple parameters (e.g. drop-size distribution, snow wind transport, etc.).
· Improving the probability of detection and false alarm ratio for all measurements, subjective measurements in particular.

2.
Requirements related to maintaining the traceability of measurements over the operational cycle include recommended practices and equipment for performing regular calibration and field verification over the lifecycle of a sensor.

The traceability of measurements from automatic sensors must be achieved through the implementation of national or regional calibration programs specific to each instrument or parameter. These include a set of field verifications, laboratory calibration, and preventive maintenance activities, the simplicity of which is critical to their consistency in time and space. The following requirements apply to all AWS sensors:
· Sensors should have long term stability of measurements to warrant calibration and maintenance intervals of one year or more, 

· Calibration methodologies and associated traveling standards should be identified as part of the sensor package. 


The installation of an AWS could be costly and an increased frequency of maintenance, in particular for stations in remote locations, could render an AWS unaffordable. 


The field verification techniques should confirm the measurement performance of instruments in their operational configuration and with minimum direct intervention. Where the laboratory calibration is chosen, the sensors should be designed such that the handling (e.g. removal, transportation, etc) would not impact the sensor performance, and will ensure that the laboratory calibration remains valid, once the instrument is returned to operation.

3.
Requirements regarding the operational reliability of AWS sensors focus on sensor design features that enable their operation for extended periods, within the expected measuring performance, and with minimum human intervention.

In remote locations, an AWS operates unattended and is expected to perform reliably for extended periods, sometimes of one year or more. In the absence of human intervention, the robustness of the AWS as a system is critical in the decision whether to replace the human with automatic observations.


The following requirements apply to all AWS sensors:
· Reliable auxiliary equipment to mitigate the influence of environmental factors on the sensor performance (cooling, heating, venting, decontamination, cleaning, etc.).
· Minimizing/eliminating the sensitivity of sensors to external factors (diurnal effect, wind, solar radiation, etc.).
· Sensors to withstand extreme conditions of increasing intensity and frequency (ice accretion, hurricane force winds, intense precipitation, and extensive periods with extreme temperatures).

· Sensor robustness to limit the impact of variations in the supplied power, electromagnetic discharges due to lightning and other sources.
· Sensor should operate with low power consumption.
· Sensors should offer multiple communication outputs.
· Availability of diagnostics to validate the data and troubleshoot systems, including remotely.
· The ability to interrogate and download software remotely, through the AWS.
· Interoperability of sensors.


The amount of power required by sensors and their auxiliary equipment (heating, cooling, etc), in particular in remote locations where the power is not supplied from the grid, could limit the ability of an AWS to provide data continuously with the expected quality.

Instrument developers should develop efficient power management schemes for sensors, to minimize their power needs. The entire AWS system should be designed with particular attention to the budget of power required to operate at all times, including shutting down certain sensors to conserve power, when deemed necessary (not using heating, cooling, when operating on battery).


Additionally, the AWS configuration could be designed to mitigate individual sensor limitations.  For example:
· Create redundancy (e.g. using three sensing elements); and
· Integrate measurements from multiple sensors to develop more effective filtering algorithms and improve the data quality.

II.
SENSOR SPECIFIC REQUIREMENTS

1.
Air Temperature Sensors

The measurement of air temperature using sensors within an AWS configuration is at least of similar quality to human observation measurement.

Additional requirements for temperature sensors:
-
Expand the operating range to reliably measure temperatures in cold climates (below -40 °C). The GOS Manual recommended range is -80 °C to +60 °C.
-
Improve response time and sensitivity to measure and report extreme temperatures.

Shields/screens housing temperature sensors are direct contributors to the quality of measurement of atmospheric temperature. The shields/screens design requirements are:
· Create and maintain a measuring volume representative of the surrounding atmospheric conditions at all times.
· Minimize the effect of atmospheric and environmental factors (solar radiation, snow/ice build-up, sand, dust, dew, wind). This is primarily the case for AWSs in remote locations where the human intervention is not possible for lengthy periods.
· Shield configuration should allow the sensor field verification, with no data contamination.
· Low power consumption for ventilated shields (smart power management).
· Electrical feedback of the ventilator functioning for artificially ventilated screen.

2.
Humidity Sensors

Humidity and dew-point observations made by human observer are provided using sensors with various complexities; many of those have been integrated within AWS configurations.

The humidity sensors, in general, perform well; however additional improvements are needed, relate to:
· Consistency in operation below the freezing point.
· Accuracy of measurement of humidity at the ends of the measuring range (0-10% and 90-100%).
· Maintaining the stability of measurement over 12-24 months, to minimize the frequency of required calibration.
· Immunity to environmental contamination.


The shield/screen requirements are similar to those for temperature sensors.

3.
Pressure Sensors

The current sensing technology is able to measure and report atmospheric pressure and derive additional pressure related parameters with performance at least equal to that of a human observer.


The challenges facing the automatic measurement of atmospheric pressure are related to the operating environment and conditions. A manual observation of the atmospheric pressure is generally done with the barometer located inside a building, which is considered representative of the outdoor pressure (leaky building), although some limitations may apply. 

AWS pressure sensors are installed outdoors, in metal or fiberglass boxes, where data could be contaminated, in particular due to solar radiation and wind.


The requirements for AWS pressure sensors, to ensure the quality of pressure observations, are:
· Provide configuration options for pressure sensors in the outdoors, to mitigate the effects of wind and solar radiation. e.g. venting, cooling, etc.; and
· Extend the operating temperature range below -40 °C.

4.
Precipitation Sensors

The monitoring of precipitation covers a wide range of parameters and observing conditions. Broadly speaking, the quantitative parameters related to precipitation are amount and rate and the qualitative parameters are type and intensity.
While the measurement of liquid precipitation parameters using automatic rain gauges is in general acceptable, the automatic observation and measurement of frozen and mixed precipitation, still present serious challenges.


The requirements for new sensors or the integration of sensors to meet the deficiencies of AWS, are:
· Measure trace precipitation (accuracy better than 0.2 mm): trace amount of precipitation is a significant bias, particularly in the low-precipitation regions;
· Measure snowfall, snow depth, and snow on the ground, accounting for snow redistribution;
· Develop total precipitation gauges with larger capacity to allow for reliable operation for extended periods of time, while unattended;
· Eliminate diurnal effect on sensors measuring liquid and solid precipitation;
· Prevent/minimize snow and ice build up on precipitation gauges, in particular those heated, in cold climates, without compromising the measurement;
· Effective corrections for wind induced undercatch, wetting and evaporation losses;
· Eliminate/mitigate the reporting of false precipitation (e.g. blowing snow flux into the gauge or those due to the physical configuration of the gauges);
· Develop effective shields to minimize wind induced undercatch and overcatch;
· Improve the probability to correctly identify the precipitation type, in particular in mixed precipitation and around the freezing point;
· Develop capacity to reliably assess the Snow Water Equivalent. Snow depth calculations based on the optical/microwave detection of solid precipitation use the standard 10:1 SWE ratio, which is not always correct, and could lead to significant errors;
· Develop sensors for effectively detecting the state of ground: ice accretion, water/ice, wetness, rime deposition;
· Develop and make available for each sensor, reliable calibration and field verification procedures and associated equipment;
· Improve sensor auxiliaries to mitigate environmental factors (ice build-up, snow capping, insects, bird perching, etc.);
· Integrate of lightning sensors or lightning data available from other sources to identify atmospheric phenomena (e.g. a shower, thunderstorm, cloud type);
· Develop integrated sensors which will output multiple precipitation parameters (accumulation, rate, type, intensity); and
· Expand the operating range of precipitation sensors, to make them suitable to a wider range of conditions. This could be achieved through the integration of measurements from multiple sensors. For example, in coastal environments, the size and velocity of water droplets in the fog bank is larger than in continental climates,  which leads to significant errors (e.g. fog reported as hail or snow).
5.
Visibility Sensors

Improvements to present weather sensors, as identified above could apply to visibility sensors. Additional improvements are related to:
· The need to differentiate between fog, smoke, blowing snow, blowing sand, insects, etc.; and

· Availability of reliable and field usable calibration methods and equipment.

6.
Sky Conditions Sensors

Cloud observations from the ground are increasingly automated, resulting in the loss of some information formerly available from trained observers, e.g. cloud type.

The requirements for new sensors and the integration of sensors to meet the deficiencies of AWS are:
· Capacity to assess and report sky coverage; eventually integrating multiple measurements or satellite data, which are ideal for observing cloud cover, although they cannot measure cloud thickness or underlying cloud layers;

· Determine and report cloud type;

· Reporting of multilayer clouds;
· Report the direction of cloud movement;

· Alternative sensors to derive and report the cloudiness (e.g. use of sunshine or solar radiation data); and
· Improve the spatial representativeness of ceilometer data by combining it with data from other sources (e.g. an infrared scanner).

7.
Wind Speed and Wind Direction Sensors

Human observations of wind speed and direction have been made extensively with instruments, some of which are currently integrated in AWSs. The deficiencies of AWS with respect to wind measurement are primarily related to the unattended operation, when errors could go undetected and unaddressed for extended periods.

The requirements for wind sensors integrated in AWSs include:
· Wind sensors that reliably and affordably measure and report 3-D wind data;
· Improved sensor response time: to respond to short duration, high intensity events;
· Availability of sensor specific field calibration techniques and traveling standards;
· Increase the Operating range to report extreme events (as per Guide to the GOS, WMO-No.488);
· Improve the start-up speed to consistently report calm conditions as defined in CIMO Guide (0.5 m/s);
· Minimize the effects of ice build-up, heavy snow or rainfall, bird perching, insects; and
· Minimize the power consumption for the heating circuits, to make the sensors suitable for remote installations.

8.
Sensors for Sunshine, Global and Net Radiation

Global Radiation sensors have been significantly improved following the CIMO definition of the expected specifications. The major issue still requiring attention, in particular for installation at unattended AWS, is the cleaning of sensors at regular intervals.  Work needs to be done on the development of an automatic cleaning system for sensors that are placed on automatic stations.


On the net radiation front, Baseline Surface Reference Network has shown that component sensors provide far better observations than the typical net pyradiometers that are used in many NMHSs or agricultural programs.  The use of component sensors at larger scale is limited due to their high costs. Alternative instruments, with similar performance but lower costs would greatly improve the density of net radiation measurements, beyond the climate networks. 

9.
Soil Temperature and Moisture Sensors

An AWS equipped to report weather and climate parameters could report, with a moderate cost increase, soil temperature and soil moisture. The primary challenge rests with the configuration of the measuring system in an AWS configuration.

The measurement of soil temperature and moisture is configured at depth of up to 100 cm of undisturbed soil. This means that the quality of measurement meets the users needs only after has been configured for a certain period, and the earth has settled to approach the density and consistency of the surrounding volume. 


The sensors for soil moisture and temperature must have a long-term stability and reliability in operations. The measuring configuration should minimize the soil disturbance and permit access to the sensors for maintenance and replacement with minimum disturbance.

The measuring sensors should be installed in a protective housing/sleeve, which would tolerate both abrasive wear and extreme temperatures.
_____________

