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Summary and Purpose of Document
The document provides some ideas on the challenges and problems to be overcome in the development of AWSs suitable for less developed and remote locations. Additionally a proposed list of requirements of AWS suitable to work at remote and underdeveloped areas is presented.

________________________________________________________________

ACTION PROPOSED
The meeting is invited to consider the requirements for a robust, low power, continuous communication platform for all AWS, with special focus to installations in remote locations, and to prepare a set of guidelines and requirements for AWS to work in such conditions
_____________________

REQUIREMENTS AND STANDARDS FOR A ROBUST AWS SUITABLE FOR LESS DEVELOPED AND REMOTE AREAS
Background


In the international scenario of AWS, most of the developed countries have gone in for automation in their surface observational system since early 1970s.  Countries like USA, Australia, China and many European countries are in the fore-front.  At the same time, it should also be noted that no country has completely withdrawn their existing set-up of conventional surface observatories, though new manual and conventional observatories are not planned. AWS are being installed to enhance their meteorological observational network and many countries have their AWS installed in Antarctica for research purposes. Though AWS is unmanned by design, to check its security, exposure conditions and to do preventive maintenance, frequent visits to the sites are required for the upkeep of the AWS.

Challenges in the management of the AWS network which are located in remote areas.


India Meteorological Department (IMD) is in the process of modernization and expansion of its observational network. In this process, IMD has already installed more than 350 AWS and is in the process of installing another 400 stations by the end of this year. In addition IMD is installing 1350 Automatic Rain gauge stations (ARG) across the country. IMD has been facing challenges, while managing and maintaining the AWS network. The problems are associated with AWS enclosures, radiation shields, sensors, cabling, growth of grass and bushes, birds and rodents, thefts etc. 

AWS Enclosures:  At present NEMA enclosures are used to house the datalogger, transmitter, battery, pressure sensor and other control circuitry.  But NEMA enclosure is metallic and its temperature increases during hot weather season.  An instance has come to notice where the battery had bulged due to high temperature causing the station to stop transmitting.  Due to bulging and spilling of acid inside the enclosure, the MIL-STD connectors had got corroded. In spite of the fact that gaskets are provided for airtight environment in the NEMA enclosure to avoid water seepage, sometimes during extremely heavy rain, rainwater seeps inside.
Connectors: 
 MIL-STD connectors for the meteorological sensor cables are preferred for all weather conditions and rugged use. The MIL-STD connectors which are exposed to the vagaries of extremities in weather all through the year are prone to oxidation and corrosion as shown in Fig.1.  After a heavy spell of rain, instances have come to notice when water seeps into the minute space between the connectors resulting in malfunction of AWS system.
Radiation shields: 
Conventionally wooden Stevenson Screens have been in use to house the thermometers measuring ambient air temperature.  In AWS, thermoplastic radiation shields have replaced the wooden screens.  Errors are induced in measurement of air temperature during occasions when extreme temperatures (both high and low) occur.  The poor response of the radiation shield in attaining the ambient temperature during occasions of heavy rain when moisture over the shield fails to dry up till sun rise is one such error.  Similarly, deposit of dust and wasp-mud houses as shown in Fig.3 between the plates of the radiation shield is a common occurrence which blocks the sensor from sensing the temperature and humidity. 
Rain gauges:   Ant-houses block the free flow of rain water draining out of the rain gauge after recording a pulse. The rain gauge cables are cut or shredded by rodents. Clogging of rain gauge as shown in Fig.2 by fine mud deposits due to wind, leaves, twigs, bird droppings, further lead to wrong readings.  A small plant which had grown near the tipping bucket rain gauge (TBRG) acted as an umbrella and covered the collecting area of TBRG resulting in reduced rainfall value in Pondicherry during cyclone Nisha of the year 2008.  
AT / RH sensor: In remote and under developed areas, there is a lot of dust and mud in the air. This dust mixed with moisture in the air, gets deposited on the AT / RH sensor elements as shown in fig. 4, resulting in wrong readings. This problem is more acute in coastal areas where there is lot of moisture in the air.
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	Fig.1 Corrosion and oxidation in MIL-STD connectors
	Fig. 2 Clogged rain gauge


	Fig.3 Wasp-mud house in radiation shield


Birds and Rodents:   Sometimes,   birds perching on the mast damage the transducers of the wind sensor by poking with their beak.  Occasions when birds build their nests on wind transducer or on the wind mast has also come to notice. 
Wind mast:  Maintenance personnel have to climb 10m wind mast for checking / replacing wind sensor. Personnel also have to climb mast for cleaning Solar panel, checking for cables and Transmitting antenna. Climbing the mast for these purposes is very unsafe. (Fig. 6)

Growth of grass and bushes:  When an AWS site is left unattended for long periods, grass, creepers and bushes grow up to a height of several feet thereby resulting in total  blocking of the rain gauge from reporting rainfall accurately.  Possibility of a bias in reporting of temperature and humidity values exists. (Fig. 5)

Thefts:  Unforeseen theft of equipments like battery, solar panel and other components of an AWS  lead  to non-functional status of an AWS and hence loss of data.
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Fig. 4 AT- RH Sensor     
        Fig. 5 Growth of grass and              Fig. 6 Wind mast
covered with  dust & mud                        bushes
 Requirements of AWS suitable to work at remote and underdeveloped areas

1. Present NEMA enclosures being metallic, temperature inside increases to considerable levels during hot summer. Battery inside enclosure bulges due to high temperature and leaks acid sometimes. There is a need for non-metallic enclosures such as wooden boxes which can withstand high temperatures and still does not heat up the equipment inside.
2. Even MIL-STD connectors when exposed to extreme temperatures and high humidity levels, get rusted sometimes. Moisture also seeps in to the connectors resulting in malfunction of AWS. Some environmental protection is required for these connectors.
3. The design of the NEMA enclosure needs to be modified to accommodate the connectors and cables in such a way as to ensure minimum exposure to the environment at the same time facilitating of easy troubleshooting and replacement. 
4. Tropical rains are characterized by heavy downpours and especially when a cyclonic disturbance occurs, rainfall of very heavy intensity takes place. The rain gauge needs to be in good condition under such instances. The tipping bucket rain gauge has an inherent limitation of missing of pulses during very heavy rainfall intensities and may underestimate the actual rainfall. A very rugged rain gauge is to be employed which can measure accurately in highly intense precipitations. Clogging of rain gauge by fine mud deposits due to wind, leaves, twigs, and bird droppings is quite common in remote areas. This is a serious problem and needs to addressed.

5. Thermoplastic / Fibre radiation shields which are being used at present with AWS induce measurement errors in air temperature during periods of extreme temperatures (both high and low).  Similarly, deposit of dust and wasp-mud houses in between the plates of the radiation shield blocks the sensor from sensing the temperature and humidity accurately. Anti-insect spray may help to get rid of wasp houses to a certain extent. Periodic monitoring and cleaning the plates of the radiation shield ensures accurate temperature and humidity data. However there is need for a radiation shields which are rugged and can still represent correct ambient temperature inside the housing. It is felt that use of aspirated shields is also not a viable solution for AWS under all seasonal conditions considering the limitations in power consumption in a remote AWS.
6. Wind mast has to be simple and foldable - Better professional ways need to be thought of to improve the structure of wind mast.
7. Dust and mud gets deposited on AT / RH sensors in areas where there is lot dust in the air and also high humidity levels. Suitable environmental protection is needed for these sensors so that dust accumulation does not take place for long periods of time. 
8. In recent years, meteorological services are requested with increasing demands for more comprehensive weather and climate information from various sectors. AWS network need to be denser. At present cost of good quality and rugged sensors is still high. Running costs of network management, maintenance, calibration and training are also high. Overall, installation and running AWS network is still not becoming affordable to developing / underdeveloped countries. Good quality low cost sensors are the need of the day.
9. To cut the cost and to increase the volume of transmission, data compression technologies to be adopted.
10. Employing two way communications for remote diagnostics and troubleshooting may minimise the maintenance costs.
11. To ensure continues power supply to AWS, a hybrid solution of solar panel and wind powered generator is to be deployed. At places where sky is overcast for long periods, wind energy can ensure continues supply of renewable energy to AWS
12. Sensors with internal diagnostics and integral redundant elements can be thought of.
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