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Abstract

The UK Met Office has chosen to update its network of Automatic Weather Stations.  This project has been named MMS (Meteorological Monitoring System).  Currently, the Met Office has approximately 200 sites (Green 2006), all these will be upgraded under MMS.
The decision to update old systems was a complex business case.  There were increasing difficulties with the old systems, of which there were at least 4 major types.  However, it was hard to predict the most cost effective timing for this type of system replacement.  This was because our existing systems do work and are well maintained.  However, with increasing age some issues become more common.   These include:
· Sourcing of compatible components for repair or build

· Increasing rate of failures

· Ability to adapt to changes in requirement – examples, new sensor type, high resolution data
· IT Policy – our internal requirements for IT change rapidly – this means that distributed systems need to be easily upgraded

It was not possible to examine the detail of all these influences.  However, in this case a major factor in the decision to trigger change was that any replacement project would take several years to complete.  This is a long lead time and the project has to be completed before expensive refurbishment is needed in the old systems.  

Introduction

Prior to MMS the UK was using four major AWS systems.  

· SAMOS  (Semi-Automatic Met Observing System) -  for manned and unmanned stations

· ESAWS  (Extended Synoptic Automatic Weather Station) - an older unmanned system

· CDL (Climate Data Logger) - based on Campbell Scientific (CSL) Loggers, largely for simple sites

· SIESAWS (Severe Icing Environment Synoptic Automatic Weather Station) - for remote sites with a high icing environment

There were many good reasons for having several systems but running them does increase overheads for

· Data reception systems

· Understanding of maintenance

· Understanding of performance

· Duplication of effort in stores and repair chains 

One of the other issues with multiple systems is that it is very much more difficult to unify methods.  For example some of our systems used simple equations in the calculation of wind speed from anemometer frequency output; other systems used more complex calculations. This can create problems for our customers.  Some of them need to understand the details of how are measurements are made.  

Some of the older systems have had no significant changes applied for several years. This has increased the differences between systems.  
Scope of the Project

At the start of the project some decisions were made concerning the scope of replacement. Broadly it was chosen to 

· Retain existing sensors 

· Retain existing communication at site

· Retain existing signal wiring 

In practice, we have had to change some sensors to unify the types of instrument used. In addition, normal changes to the network continue so small changes have been required.  New Pressure sensors have been introduced within a separate procurement.  Many thermistors will be changed to PT100 platinum resistance thermometers to unify the measurement solution.  Some older wind systems will be upgraded as well.

Outdoor mains power supply (240 VAC) has been an issue.  Upgrades are driven by external forces such as national regulation and recommended best practice.  We always plan to keep up-to-date but in practice there is a time lag to upgrade so many sites.  When new systems are installed, the power system must be up-to-date.  This made a “check and upgrade” programme necessary.
In addition to the issues addressed by the scope, the introduction of a standardised signal cable system at all sites would have helped planning and installation. However, the cabling at sites varies considerably and this was considered too expensive to include in the present project.

Overall Solution

We ran a major Invitation to Tender exercise in the European Union Journal. Several high quality solutions were offered.  The system selected is tailored from standard products from CSE-Servelec, using Campbell Scientific (CSL) Loggers.  The assessment of solutions was based on the system that gave the best fit to Met Office specific requirements at the lowest cost with lowest risks.  An estimate of the cost of running and maintaining the system over the expected lifetime was included.

Sensor Details

With a major project of this nature a lot of emphasis was placed on the replication of the best of the existing functionality. This was largely in the measurement and meteorological coding parts.  A system specification was developed to ensure continuity of service - for example, maintenance of high quality temperature records.  This is very important to our customers.

Below is a table showing a selection of main sensors, parameters measured and the connection type. Importantly we have had to use slightly different methods to calculate final sensor values.  Where calibration is indicated in the table each sensor in use has a specific adjustment applied to gain the best possible measurement, for example this is applied to the platinum resistance thermometers.  
However, for some sensors the system used is slightly different.  A tolerance is allowed at each tested value.  If a sensor falls outside tolerance, it is rejected.  Those within tolerance are used.  A fixed equation is then applied to the output of all the sensors.  No adjustments are applied for individual sensors.  An example is the rotating cup anemometer.

These methods have been transferred from our existing AWS.  However the new system will allow improved methods to be introduced over time. 

	Sensor Manufacturer/Model
	Calibration or Conformity
	Measured

Parameter
	Connection type

	Vaisala Laser Cloud Base Recorder CT25K
	No – use serial output
	Cloud
	RS232

	Rotronic Hygroclip 


	Conformity
	Humidity
	Analogue voltage

	Kipp and Zonen CM11
	Calibration
	Short wave radiation
	Analogue voltage

	Kipp and Zonen CSD1
	Calibration
	Sunshine duration
	Analogue voltage

	Rain gauge tipping bucket Munro R100
	Conformity
	Rainfall
	Contact closure

	Mk 4a Electrical Resistance Thermometer (BSEN 60751)
	Calibration
	Temperature
	Analogue resistance

	Campbell Scientific Type 107 Thermistor
	Calibration
	Air Temperature
	Analogue resistance

	Belfort  6230 
	No – use serial output
	Visibility
	RS232

	Eigenbrodt RS85
	No – uses ON/OFF only
	Precipitation
	Contact Closure

	Vaisala FD12P
	No – use serial output
	Present Weather, Visibility
	RS232

	Campbell Scientific SR50
	No – use serial output
	Snow depth
	RS232

	Vector Instruments W200P/L  Wind Vane  
	Conformity
	Wind Direction
	Analogue resistance

	Vector Instruments A100 Anemometer  
	Conformity 
	Wind Speed
	Pulse (frequency)


Two key algorithms are discussed below; these have been based on SAMOS.
Cloud cover

Cloud cover is derived from the laser cloud base recorder output (Vaisala CT25k/CL31s and Belfort model C LCBRs are in use).  A time decay algorithm is used that is very similar other Sky condition algorithms - for example see Ondras (1999).
Present Weather 

The output from the Present Weather Sensor is quality controlled using other parameters measured on site.  The “Present Weather Arbiter” has been described in previous TECO papers – for example see McRobbie (2002).
Engineering quality checks

The system described in “WMO Expert team on requirements for data from Automatic Weather Stations” (Zahumensky, 2004) has been adopted for the analogue measurement channels, to which it is exactly suited.  This also has been applied where possible to the serial output instruments but their warning and alert flags can be highly specific and are not transmitted in full.  The servers also use QC rules on data and coded outputs.  If required, flags can be used to trigger alarms to the Met Office 24/7 monitoring system.  An IBM Tivoli system is used within the Met Office.  However, this system will require iteration to balance the alarm levels.

Progress

Testing has been extensive and split into two phases, culminating during Summer and Autumn 2008.  The first phase was named Factory Acceptance Testing or FAT.  This splits the system into modules which are tested individually.  This part of testing has been finished successfully.   At the time of writing (September 2008) the second phase of testing is still underway.  This is termed Authority Acceptance Testing or AAT.  In this phase the major test uses two manned stations where new equipment has been set up alongside operational SAMOS sites.  In this way it is possible to carry out end to end tests on measurement, coding and functionality.  These tests are progressing well.  Longer term side by side sensor tests are being carried out at our Camborne Station.  However, sensor changes have been minimised so interruption to time series is relatively low risk.  The new system will also change the way our teams work.  During AAT teams are developing new processes to work with MMS.  For example, Network managers and Calibration Lab have new interfaces to use under MMS.  Preparations are being made to ensure that training, documentation and understanding are sufficient before operational use.
Rollout progress

Since some of the systems previously in use were based on CSL loggers it has been possible to implement an interim solution at some sites.  Installations have been carried out over Summer 2008.  These sites have been polled by the older system to ensure continuity of service.  However, this set up has made it possible to run a central poll on these systems in addition to the old method.  This has provided a major risk mitigation. Many smaller stations are operating simultaneously under the central server.

Measurement Comparisons

Some snapshots of early results of co-located sensor measurements have shown very good agreement. At Camborne the operational SAMOS sensors and the new MMS sensors have been compared over a period of approximately 1 week from 9th to 16th July 2008.  For example analysis showed the following results
Wind speed mean difference 

= -0.16 kn 
(SAMOS-MMS)

Screen Temperature mean difference 
= -0.05 C 
(SAMOS-MMS)
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