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_________________________________________________________________________

Summary and Purpose of Document
The document contains a background for the development of Guidelines for the implementation of new data types from either new sensors or following the successful integration of sensors.
_________________________________________________________________________

ACTION PROPOSED

The meeting is invited to consider the approach and steps to be taken in the development of Guidelines and suitable procedures to assist the transition from manual to automatic surface observing stations will be considered and develop. Guidelines are to be incorporated into the CIMO Guide. 
Development of guidelines for the implementation of new data types from either new sensors or following the successful integration of sensors
The China Meteorological Administration ( CMA ) are developing a new type of multi-functional Automatic Weather Station in response to increasing demands for more comprehensive meteorological information from the public and other services. Apart from having enhanced data quality assurance function, the AWS is also incorporating additional sensors on top of conventional instruments. These sensors could be those for cloud amount and height, visibility, weather phenomena, frozen rain, evaporation, soil moisture, oceanic temperature, salinity and current, as well as network cameras which capture weather photos thus offering the possibility of monitoring the local visibility in real time. 
With heightened awareness towards weather and climate change, the addition of all these sensors is in line with requirements from not only weather but also climate and climate change uses.
1. Introduction

In recent years, meteorological services are requested with increasing demands for more comprehensive weather and climate information from various sectors. The need for weather, climate and geophysical information often exceeds that provided by a traditional Automatic Weather Station (AWS) network. 
The development of a type of multi-functional AWS is mainly driven by the requirements from users. These users include: weather forecasters; climate and climate change researchers, other government departments in such fields as agriculture, transportation, civil engineering, drainage services, recreation and leisure, and public safety. Understanding the needs and demands of these multifarious users is crucial to the successful design and implementation of an AWS network.
2. The requirements
Apart from the conventional meteorological elements such as air temperature, air relative humidity, air pressure and wind readings, new requirements for meteorological  information from the public have emerged, including loud amount and height, visibility, weather phenomena, frozen rain, evaporation, soil moisture, oceanic temperature, salinity and current, weather photos, ultra-violet index etc.

Different users have different requirements for the information but the following are some common characteristics they would like to have:
a. reliable and of high quality;

b. timely dissemination – latest data available to users in minutes;

c. available in a variety of communication channels – including radio, TV, PCs, mobile phones and computing devices;

d. user friendly for easy digestion;

e. location specific – high spatial resolution;

f. time specific – high temporal resolution; and

g. environmentally friendly.
3. Meeting user requirements
The following strategy and solutions are being adopted:
a. explore the use of new sensors;

b. ensure reliable operation of AWSs with minimum down-time;

c. improve data quality and availability;

d. improve data transmission and reliability;

e. develop user friendly products for easy consumption by users;

f. improve product dissemination in a variety of formats and channels;

g. use renewable energy; and

h. expand the AWS network coverage within the confines of available resources.
In recent years, people are increasingly aware of the effects of meteorology on their activities, To satisfy these needs, various new sensors are being incorporated into the AWS network. Examples include:
a. cloud amount and height sensor
b. weather phenomena sensor
c. frozen rain sensor
d. evaporation sensor 

e. sensors for ultra-violet index (UV Index);

f.  real-time weather photos for the public and forecasters;

g.  visibility meters; and

h.  oceanic temperature, salinity and current 

The equipment should be suitable for prolonged outdoor use. As its electronic components consume very low power, could be powered by batteries and solar panels.  

To ensure reliable operation with minimum down-time, the new type of AWS of CMA will have the ability of installing redundant sensors, improved the power supplies, enhanced lightning protection, and implemented on-site data logging to ensure that all data including those for climatological purposes can be recovered in the event of telecommunication failures. 

AWS data is received by a central data acquisition system which passes it on to downstream systems for processing and archival. The AWS is equipped with a system to provide one-stop data quality assurance (QA) by carrying out quality control, in real time, of the data received by the central data acquisition system.  The operation of the AWS network is monitored via a webpage which displays the status of each AWS in real time. Through various real-time and non-real-time automatic data quality control processes, the system assigns a QA flag to each data received from an AWS, filters out erroneous data from the data stream, and alerts the maintenance staff to immediate remedial action via SMS. The advantage of this automatic alerting feature is that it enables early detection and diagnosis of faults, including those due to telecommunication failures, thus enhancing data quality and availability. Apart from monitoring the operation of the AWS network, the QA flags also facilitates reference by the users in future case studies and climatological research. 
Besides traditional land communication lines and radio links, public mobile data

communication is now available at a reasonable cost and with a good spatial coverage, thus providing greater flexibility in the deployment of AWSs. For key stations, a redundant

communication path can be accomplished through the combined use of land lines, radio links and public mobile data communication. This not only improves data transmission and reliability, but the higher bandwidth now available from public mobile data services such as GPRS also allows the transmission of more AWS data at a higher temporal resolution and makes possible the dissemination of graphics products of large file size, such as weather photos.

AWSs sited in remote areas with no city power supply should be designed to operate with

instruments which work on DC and operate on low power. Normally, solar panels are used to power these AWSs. However, insufficient sunshine due to prolonged periods of overcast or rainy weather will occasionally result in inadequate power at the stations and thus more frequent service visits by the maintenance personnel. To enhance efficiency, a hybrid of solar panel and wind-powered generator is being deployed in some AWSs . Experience indicates that the windy conditions which often accompany overcast weather complement the shortage of sunshine quite well. This way, the hybrid ensures a continuous supply of renewable energy. Moreover, as AWSs operating on renewable energy do not require city power, they are immune to power interruptions from the city mains and to damage by power surges caused by lightning.  

4.  A typical designing of Multi-functional AWS in CMA 

Based on above consideration, a Multi-functional AWS system is under design in CMA. The Multi-functional AWS is developed based on the experience gained from CMA first generation AWS which was firstly deployed in 1999.

The system includes data collecting system, basic sensors, extended sensors, data processing system and power supply system. New technologies have been applied in this  system so as to meet the above requirements. In the collecting system of the AWS, Controller Area Network (CAN) bus network is applied to extend flexibility.  Meanwhile, embedded software packages are developed to operation the system. These will make the system more easier to add new sensors as needed.

Central data acquisition system is the central part of the AWS, which controls all the activity of the AWS and calculates all the meteorological elements collected.

The basic sensor set observes nine basic meteorological elements which are essential for a variety of users. The sensors are directly connected to the central data acquisition system. Those sensors can make measurement of air temperature, air relative humidity, air pressure, wind direction and speed, rainfall, Global solar radiation, evaporation and visibility.

Extended sensor set includes tow parts. The first part includes some intelligent sensors, such as cloud amount and height, and weather phenomena, which are connected with the central data acquisition system via a bus network. The second part includes several sub central data acquisition systems which are connected with several similar sensors.   For example, nine soil moisture sensors are connected to the sub central data acquisition system whose data goes to data collection system.

The main function of data processing system is to make all kinds of reports and to collect inputs of manually observed data. 

Power supply system of the AWS can adapt to several kind of power inputs so that AWS can be used in a variety of environment. 

