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ABSTRACT

The Finnish Meteorological Institute (FMI) is running today surface weather station network consisting of nearly 200 sites. A few of these are still manually operated, and there are more than 100 sites where manual precipitation is measured. It has been planned that FMI automation degree in surface weather observation production will reach nearly 100% by 2015. This goal means that the traditional manual synoptic, manual climate and manual precipitation stations still existing are under the consideration for automation in the next four years time. In spite of all the changes in observation production, continuity of historical data records and customer satisfaction need to be kept at high level in weather services and research. FMI Observation Services has developed and implemented customer process starting from 2004. Every internal customer group has a contact point in Observation Services to discuss with, and the observational needs are regularly brought to same table for analyzing the need and developing a team approach to fulfil the service request. Other important parts of customer process are customer need and satisfactions surveys. This article describes the customer process and provides insight for its development, and analyzes the most recent customer survey of the Observation Services operations. Also some trends are given on what kind of changes are expected by 2015, concerning the evolution of different FMI’s national observation networks. 

1. Introduction

Weather observations set grounds for operational weather forecasts and air quality dispersion models, environmental and atmospheric research, safety and weather warning services. Weather observations also as such are necessary indicators in weather sensitive decision-making and understanding the climate system and change. The FMI’s Observation Services supports operational weather services and research, and produces climatological observations in Finland. The law sets the ultimate basis for the unit’s work.. The figure 1 presents data flow of operational weather forecasting process and the role of weather observations. The value chain starts with observations ending to refined products. Of course, in numerous purposes and applications there is demand for observations as such, without significant amount of post-processing. 
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Figure 1. Weather observations belong to the operative weather forecasting process and services.
The FMI’s observational activities were reviewed 2004-2005 by international evaluators. This evaluation outlined recommendations for the development of the Observation Services’ operations. In particular, the development initiatives included the notion for increasing automated observation production. Also according to the evaluation results, capturing customer requirements was to be made more visible. This article concentrates in describing the recent developments of customer process, and foreseen change needs in the FMI’s national observation networks by 2015. Co-operative networks (e.g. Helsinki Testbed) or other authorities' networks (e.g. road weather observations) have not been included to the inspection.

With automation of observation methods it has for years been possible to produce unmanned, real-time and reliable observations for many observation variables. Automation provides opportunity to make observations in a cost-efficient way also in hard environmental conditions, for instance during wintertime at sea side and in northern Finland. During recent years the increasing amount of observation automation has been one of the most important tasks in the Observation Services. 
FMI started to utilize automation in observation production in the 1970’s. Various automatic weather station (AWS) networks were then developed separately for certain weather service purposes until 1995, for example for agrometeorological or marine weather services. At that time all surface observation station networks together required about 60 working years’ manpower per year. One major phase of automation was started in 1995 resulting the amount of manual work to decrease to 30 working years per year. The most part of manual synoptic and climatological stations were discontinued, while the operation of precipitation stations was left untouched still. The next phase of automation was started around 2005 with the objective of automation of precipitation stations. Before this decision, the total amount of precipitation stations was more than 300. Today FMI is running slightly more than 100 manual precipitation stations and precipitation is measured automatically at about 90 sites using weighing gauge principle. In precipitation observations manual manpower is proportional to about 10 working years per year. 

The figure 2 presents major changes to different station type amounts (synop, AWS, climate, precipitation) from 1960 to 2010, and the map of current observation stations are presented in the figure 3. Provided that reliable automatic methods of observation are available for the central measurement variables, FMI has made a decision that automation will be expanded to cover all traditional surface weather observation stations by 2015 with only a few exceptions. Therefore, almost all precipitation observations should be automated in four years time, and concerning all surface observations the calculated automation degree should reach nearly 100%. The expected development trends for different observation networks by 2015 are presented in the chapter 3.
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Figure 2. FMI’s surface weather station type changes 1960-2010.[image: image5.png]SYNOP, CLIMATE, AWS
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Figure 3. Map of the FMI weather observing stations in 2010.
2. Customer Process

The central function of the Observation Services is to produce weather observations for the FMI weather service, research and other recognized users, seen through the customer process. The target of the customer process is to have thorough up to date understanding on customer needs and satisfaction, thus forming one cornerstone and feedback loop for operations (Figure 4). There are direct links to other FMI main processes, process architecture, production and quality systems development. The customer process helps to capture customer requirements and provides tools to prioritize these needs. It prepares proposals to line organization how to satisfy customer needs. This chapter discusses the customer process of the Observation Services unit and reviews the customer survey 2009 results.
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Figure 4. High level process of the Observation Services unit, also indicating the function of customer process. The dashed line marks the border of responsibility of the unit. It is responsible for having observational data correctly stored in the databases.

The customer team manages customer process. The team consists of named customer contact persons, and the owner of the process is the leader of the customer team. The team meets typically once a month. On the agenda are especially:

· Initiatives and feedback obtained from customers. 
· Changes in the observation network or working environment and their influences on

the services.
· Communication with customers.
· Conduction and analyses of customer surveys.
Capturing customer requirements is an important task to any national meteorological service (NMS). WMO has outlined Rolling Requirements Review (RRR) process as a basic concept  for this. FMI Observation  Services has brought into use a practise here referred to as customer process, also utilizing principles of the RRR-methodology. Observation Services’ customer process development has also been supported by a recent MBA-thesis (Poutiainen, 2009). 
In the following reviewed survey the core method for service quality measurement is the SERVQUAL instrument, with personalized service quality attributes and the application of the zone of tolerance concept. This survey was directed to the internal FMI customer groups and it offers the first quantitative results on the perceived service quality and service expectations of the FMI observation production. On a 9-point scale the mean of average perceived level ratings for quality attributes was 7,15. The mean of average ratings for the lowest acceptable limit was 6,58, and for the expected level 8,03. Overall average service quality with respect to the expected service was -0,85, and overall average service quality with respect to the lowest acceptable level was 0,60. The cross-industry comparison suggests that observational activities have been arranged relatively well. 

The figure 5 illustrates the results for each surveyed service quality attribute (i.e. survey question), which are listed here:

1. Willingness to provide service and collaborate. 

2. Customer is actively informed on changes about working environment, observation network

and service offerings. 

3. Customer gets information about working environment, observation network and service

offerings, if asked.

4. Staff understands the needs of the customer.

5. Customer given feedback is taken into account.

6. Staff has time to answer to questions/needs. 

7. Services are produced on agreed schedule. 

8. Error situations are handled quickly. 

9. Responsibility distinction between your unit and the Observation Services is clear. 

10. Staff's expertise on the field of observation production.

11. Easiness in dealing with the Observation Services.

12. Quality of services as whole. 

13. The Observation Services' activities are cost-efficient.

14. Weather radar observations. 
15. Lightning location observations.

16. Surface observations (basic variables: temperature, humidity, pressure, wind). 

17. Surface observations (basic variables: rain and snow). 

18. Surface observations (present change pressure: ground minimum temperature measurement).

19. Surface observations (other variables: radiation, clouds, present weather etc.). 

20. Air quality observations (gas and small particle measurements, particle and gas sample

collection, lower atmosphere radioactivity measurements etc.).

21. Observations on magnetism (Aurora Borealis observations, magnetic field).

22. Radio soundings.

23. Air craft observations.

24. GPS observations (atmospheric water vapor content).

25. Mast observations.

26. Satellite observations.

27. Weather camera observations.

28. Research support observations (e.g. Sodankylä or Helsinki Testbed).

29. Observation equipment and methods are up-to-date.

30. Spatial amount (2D) of observations.

31. Volumetric amount (3D) of observations.

32. Temporal resolution of observations. 

33. Real-timeliness of observations (delays).

34. Width of variable selection. 

35. Observation accessibility (data breaks).

36. Easiness in using observations.

37. Easiness in using metadata.

38. Quality of observations.

39. Feasibility of produced observations to my purposes.

40. Your unit.

41. How often do you use some information or service provided by the Observation Services?

1=never, 2=very seldom, 3=annually, 4=semi-annually, 5=monthly, 6=weekly, 7=daily,

8=hourly, 9=more often.

42. How did you feel about answering to this survey? 1=very negatively (tedious, frustrating) … 9 very positively (inspiring, easy).

43. Free-form feedback to the Observation Services.
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Figure 5. Star diagram condensing the results for the lowest acceptable, perceived and expected service quality levels. The question 24 should not be considered representative for the data set due to low number of respondents.
The surveyed values for the lowest acceptable service levels and the smallest expected service levels suggest the least importance quality attributes are mast observations, observations on magnetism, weather camera observations, GPS observations, and air craft (AMDAR) observations. The respective highest estimates for the two levels indicated the highest importance in basic surface weather observations (temperature, humidity, wind), width of variable selection, real-timeliness of observations, radio soundings, accessibility of observations (data breaks), quick response in error situations, customer gets information about working environment, observation network and service offerings by asking, and weather radar observations. In estimating the actual performance with the perceived levels, the five lowest ratings were given to weather camera observations, three-dimensional amount of observations, “other” surface observations (like radiation, clouds, present weather), surface observations (ground minimum temperature), and active informing of customers. The respective highest values related to basic surface weather observations (temperature, humidity, wind), weather radar observations, staff expertise, real-timeliness of observations, and lightning location observations. Of all the results the most influential data is presented as perceived level minus the lowest acceptable service level. Particularly four items were found to require the greatest attention in managerial actions: three dimensional amount of observations, “other“ surface weather observations (like radiation, clouds, present weather), basic surface weather observations of rain and snow, and surface weather variable of ground minimum temperature measurement. 

There are many aspects how customer process management can be improved. In particular, the unit offerings must be explicitly understood and listed, marketable definitions for the basic and extended service offerings should be established, a tool for service request process, annual calendar for customer process activities and customers’ relative value weights are needed, and finding the dependence between customers’ perceived and objective production measures should be pursued with their monitoring. An observation specific question will be included in the FMI wide customer surveys directed to the general public.

In conducting customer surveys the future suggestion is to have extensive survey resembling the latest survey once for every major organizational restructuring cycle to provide deep insight to customer needs. In the years between discussions with customers should be continuously conducted, accompanied with a regular standardized compact service quality survey to serve quality system and sequential service quality monitoring. One central need for survey improvement is the increase for the representativity of responses. On the other hand, considering more ad hoc type of extended service offering, expert dialogue likely is the only feasible method for providing and improving services.

3. Changes in observation networks by 2015

Some of the central drivers steering changes in FMI observation networks are:

· New customer requirement identifications, and changes in requirements.
· Cost pressures and desire for improved cost-efficiency and productivity.
· Technological changes, their opportunities and restrictions.
· FMI strategic intent, and steering and requirements of international organizations (e.g. WMO).

· Recent and future restructuring of government activities in the field of environmental monitoring.

· Weather warning services (e.g. need for real-time observations, nowcasting). 

· Climatological research and services.

· Modelling needs (e.g. towards mesoscale phenomena, vertical observations, ground and radiation observations).

· Public service needs (e.g. urban observations).

· Research support (e.g. remote sensing ground validation, air quality, geomagnetism and marine observation activities). 

· New application areas (e.g. volcanic ash detection, wind energy).
 The outlined change trends expressed as station amounts (Leminen, 2010):
2010 2015

· Automatic weather stations (including precipitation)

200
250

· Manual precipitation stations



100
0-20
· Weather radars (Doppler/Doppler with dual-polarization)
8/3
8/8

· Instrumented towers



4
4

· Radiosounding
stations



3
3
· Lightning location sites



8
10

· Weather camera sites



9
20
· Air quality stations



15
15

· Radioactivity stations



9
9

· Magnetometers




12
12

· Auroral station (all-sky cameras)


7
7

· Mareografical stations



13
15-18

· Wave buoys




2
4

· Wind profilers




0
2-5

· Lidars for wind measurement


0
3

· Lidars for ash detection



0
3

Automation of surface weather stations will be continued during coming four years time. This means that observation network will consist of about 250 automatic stations. Precipitation measurement capability will be built at about 200 sites, mostly based at normal AWS stations. In order to achieve this target it is further required that reliable automatic methods of observation are available also for autonomous observation of wintertime precipitation. New dual-polarization weather radar network data is expected to compensate precipitation information due to decreasing amount of precipitation measurements. Lightning location network will give more accurate information with the denser network. The increase plan in the amount of marine research measurement sites will be completed. New observation technologies like wind profiler and lidar networks are to be established.
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