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	SUMMARY AND PURPOSE OF DOCUMENT

The document presents a report on a cost-benefit study for surface marine observations, as an example of a type of study that can provide helpful information in the design of composite observing system networks.



ACTION PROPOSED


The Meeting is invited to note the information contained in this document when considering its recommendations.

____________
Appendix: 
A.
Marine observations: a value-for-money index

DISCUSSION
1.
Appendix A is a report on a cost-benefit (value-for-money) study for surface marine observations conducted by the Met Office (UK).  Although this study was completed 10 years ago, the approach is still relevant to general questions of how to design cost-effective observing systems.
__________
APPENDIX A
Marine observations: a value-for-money index

Chris Hall, Surface Network Manager

Annex 1 : 
Annual costs in £K for operating marine observing systems

Annex 2:
Weightings to surface marine observations – A NWP perspective compiled by Richard Dumelow, 5 Sept 2003

1. Introduction

Met Office strategy recognises the importance of developing value-for-money (VFM) indices for all its main activities.  This paper proposes one such index for marine observations.  Its principal purpose is for the clarification of the user requirement across a wide range of different observing systems and for informing the decision making process where difficult choices have to be made between investment in one system or another.

2. User requirements for marine data

A review of the user areas for marine data was undertaken in 2000-01 (UKON1 Marine Network Review by Nathan Powell).  An updated summary is given in the table below.

	Process area
	Requirement
	Requirement detail
	Comment on value

	Models – atmosphere and ocean
	Initial conditions for forecasting process
	Global, but most important close to UK and in Atlantic development areas.  Pressure, wind, wave, SST are used currently.
	OSE show measurable impact of all surface data, thought to be greatest in Atlantic development areas. Recent research on 4DVAR shows extra value of hourly data.

	Forecasting
	Observations as aid to the forecaster
	Principally in UK waters, but also further afield: Atlantic and worldwide.  Wind, wave, pressure & tendency, visibility, weather.
	Important for gale warnings, shipping, inshore waters, oil industry

	Data applications – climate research
	Record of past weather
	Global.  In order of importance: SST, air temperature, humidity, pressure, wind.  Accuracy vital.
	Climate research

	Data applications – satellite systems
	Ground truth for development and operational use of satellite systems
	Global.  Most elements.  Accuracy vital.
	Contribution to international effort.  Accurate satellite data vital for NWP.

	Data applications – business
	Record of past weather
	Global.  Wind, wave. To lesser extent SST.  Accuracy important.
	Marine consultancy – hindcasts, legal, etc.  Target area for growth.

	International
	Various
	Global.  All elements.
	Contribution to WMO/WWW and specific international undertakings (EUCOS, SOLAS, GCC).  Recognition of overriding importance of global observations to Met Office interests.


3. Observing systems

The main components of the marine observing systems operated by the Met Office are listed in the table below.  Argo floats which measure temperature and salinity profiles in the open oceans have been excluded since they are fully funded by MOD and DETR and are therefore not a variable component of the Met Office’s marine operations.  Costs are based on 2002-03 actuals with adjustments made for anomalies in the IDC attributions.  

	System
	No.
	Obs ‘000 p.a.
	Cost £K p.a.
	Cost £/ob
	Comments

	Open ocean moored buoys
	13
	114
	1315
	12
	Located in critical data sparse ocean areas around the UK. Some defence and oil industry funding

	Island systems & light vessels
	8
	70
	360
	5.1
	Islands north of Scotland, Light vessels in the Channel.  Same system as used in the open ocean

	Platforms & rigs
	49
	130
	110
	0.85
	Automatic and manual observations from North Sea and Shetland Basin

	Drifting buoys
	25
	219
	170
	0.80
	Most deployed in W Atlantic

	VOS – UK area
	430
	8
	765
	8.7
	Some ferries and in-shore shipping

	VOS N. Atlantic
	
	17
	
	8.7
	Regular trans-Atlantic routes

	VOS Worldwide
	
	63
	
	8.7
	Several seldom return to UK ports


The breakdown of costs (£K p.a.) is given in Annex 1.  The cost per observation presented here is a very crude measure of value as it takes no account of:

· The value to the user of the observed elements

· The accuracy of the observed elements

· The area where the observations are made

· The local density of observations

· The frequency of observations.

The next section attempts to take all these factors into consideration in the development of a VFM index.

3. Value for money

There is an enormous range of observations delivered from marine observing systems: some are close to the UK and some at the other side of the globe; some are in relatively data rich areas and some are in data voids; some report hourly and some only infrequently; some deliver a complete range of meteorological and oceanographic elements and some only one or two.  The VFM index proposed here attempts to take these factors into account.  It has been reviewed by users of marine data and modified as best as possible in the light of their comments.  It is inevitable, though, that a large degree of subjectivity enters such a scheme and it should be used with appropriate caution within the decision making process for the supply of observations.

Value to the user of the observed elements

The first issue to consider when assigning a value to an observing system is the range of elements observed.  Each element will have a different value for each group of users; pressure, wind and sea temperature will be of particular value to NWP models, wave observations will be used by wave modellers, while visibility, cloud and weather at sea will be of greatest interest to the marine forecaster.  The relative weight given to each type of observation should take into account the availability of data from other sources, including from satellites.  Estimated relative values will have to be provided by the user and weighted according to the relative importance of the group of users.  The main user areas identified in section 2 will be given the following weights to reflect their relative importance to the business processes of the Met Office:

Atmospheric NWP
0.45
Ocean models
0.05
Forecasting
0.20
Climate
0.15
Consultancy
0.15

The relatively low weight given to ocean models (wave and FOAM) reflects the fact that at present, and in the foreseeable future, surface observations play a small part in the determination of the initial state: they are however very important for validation, particularly in the case of the wave model.

The following matrix links the relative importance to each user area of the observed elements again using weights reviewed and modified by the user areas (see Annex 2 for detailed comments).  The current generation of NWP models only uses pressure, SST and wind over the oceans.  The weights given reflect future requirements for the other elements.

	
	NWP
	Ocean
	Forecasting
	Climate
	Consultncy

	Pressure & tendency
	55
	0
	15
	20
	5

	Air temperature
	5
	0
	10
	20
	10

	Sea temperature
	15
	20
	5
	30
	20

	Wind
	15
	40
	30
	15
	25

	Humidity
	5
	0
	10
	15
	5

	Waves
	0
	40
	15
	0
	25

	Visibility
	2.5
	0
	10
	0
	5

	Cloud & weather
	2.5
	0
	5
	0
	5


The element value of an observing system is the weighted sum across all user areas of the values assigned to each of the elements observed; a ship report containing all the elements listed above will be assigned a value of 100 while a drifting buoy report of just pressure and sea temperature would be assigned a value of 48 (=0.45(55+15) + 0.05(0+20) + 0.2(15+5) + 0.15(20+30) + 0.15(5+20)).

Accuracy

Clearly elements are only of full value if they are regularly reported to an accuracy required by the user.  Wave height, period and direction estimated by an observer on a voluntary ship might only be considered of much less value than data from wave sensors on a fixed buoy.  For the purposes of this exercise all voluntary observations (VOF and North Sea platforms and Rigs) will be assigned a weight of 0.8 to reflect their lower reliability.  This reduces the value index of the observation from the voluntary ship in the example above from 100 to 80.

Area

The relative importance of observations depends greatly on the area from which they are reported and the use to which they are put.  Forecasting for the oil and gas industry will attach high importance to observations from the North Sea, PMS forecasting to inshore waters, NWP will obtain great use from observations in the Atlantic, while observations from any data sparse ocean area will represent a valuable UK contribution to WWW and the international community.  The following weights are suggested as a representative average across all user areas:

UK waters
1.0
Atlantic
0.5
Other 
0.3

Clearly the relative importance of observations in different locations, particularly within the vicinity of the UK, could be refined further with user consultation.  The value of 0.3 assigned to observations in distant oceans reflects, in particular, requirements of (1) climate, (2) the Met Office’s contribution to global observing, and (3) business expansion into global markets.  Following the example given in above, the report from the ship observing a full set of elements from the Pacific would be given a value of 24 (80 x 0.3) while a drifting buoy report in the Atlantic containing pressure and sea temperature would also have value 24 (48 x 0.5).  At this stage the importance of filling data gaps should not be part of the assignment of values since data density enters the next step of the process.

Density

A critical issue in the assignment of values to observations is the gap they fill in the network and to some degree the representativeness of the observation within the surrounding data void.  Where the observation density varies from day to day, because drifting buoys or moving ships come and go from within the local area, it will have to be calculated as an average value over time.  The following density weighting function is proposed:

weight = 1.0 / (no. of obs within 200km)

In the most data sparse areas the weighting function will not be given a value greater than 1.0.  Under this definition, the fixed buoys to the west of the UK, most drifting buoys and voluntary ships in the open ocean will have a weight at or close to 1.0, those in the relatively data rich parts of the North Sea will have a weight between 0.2 and 0.5, while over the UK land area, where the station separation is about 50km, the weight takes a value of less than 0.1.  Continuing the example above, the observations from the voluntary ship and the drifting buoy will both have values of 22 after taking the observation density into consideration, the weight being close to unity (0.9) because both are from data sparse areas.

Frequency

The frequency of observations from the observing systems is another important factor to take into consideration.  It is fairly intuitive to feel that an observation every 6 hours from an ocean station is 4 times more valuable than one every day, but at higher frequencies the relationship ceases to be linear.  Put the other way round, there is increasing redundancy in the information contained in observations as their frequency increases.  The following relative weights have been used here:

Daily
1.0
6 hourly
1.0
3 hourly
0.8
Hourly
0.3


Completing the original example, the observation from the ship in the Pacific has value 22 (assuming 6-hourly) while that from the drifting buoy has weight 6.4 (assuming hourly reporting).

The total value per observation evaluated by this method may be simply converted into a VFM index as follows:

VFM  =  Value per ob  x  Number of obs  /  Total cost

Applying this method to all marine observing systems gives VFM indices contained in the final column of the table below:

	System
	Area
	Elements
	Weights and total value V per ob
	Obs ‘000
	Cost £K
	VFM

	
	
	
	El
	Acc
	Area
	Den
	Freq
	V
	
	
	

	Open ocean moored buoys
	Approx 200km offshore
	pp,ddff,Ta,Td,Ts, wave
	93
	1.0
	1.0
	1.0
	0.3
	28
	114
	1315
	2.4

	Island systems & light vessels
	Inshore waters
	pp,ddff,Ta,Td,Ts* wave*
	85
	1.0
	1.0
	0.3
	0.3
	7.7
	70
	360
	1.5

	Platforms/Rigs
	North Sea
	pp,ddff,Ta,Td,VV*, C&W*,wave*
	80
	0.8
	1.0
	0.2
	0.4
	5.1
	130
	110
	6.1

	Drifting buoys
	N Atlantic
	pp,Ts
	48
	1.0
	0.5
	0.9
	0.3
	6.4
	219
	170
	8.3

	Voluntary ships
	UK area
	pp,ddff,Ta,Td,Ts, VV,C&W,wave
	100
	0.8
	1.0
	0.5
	1.0
	40
	8
	69
	4.6

	Voluntary ships
	N Atlantic
	pp,ddff,Ta,Td,Ts, VV,C&W,wave
	100
	0.8
	0.5
	0.9
	1.0
	36
	17
	148
	4.1

	Voluntary ships
	World-wide
	pp,ddff,Ta,Td,Ts, VV,C&W,wave
	100
	0.8
	0.3
	0.9
	1.0
	22
	63
	548
	2.5


* element weight reduced to reflect variable observing practice

4. Where next?

The object of the exercise is to provide greater objectivity to the setting of observing strategy and the managing of marine networks.  It is proposed that the VFM index described here informs all decision making processes that concern marine observations.  However, it should only be one of a number of factors that need to be considered; there are a great many other requirements and constraints, not quantifiable by this scheme, which will always have to be given an appropriate weight.  Clearly review and acceptance of the index by users is essential, not only initially but each time that requirements change. 

ANNEX 1

Annual costs in £K for operating marine observing systems

Deep ocean moored buoys

Ship hire
550
Equipment
210
Servicing
25
Comms
45
Staff costs
320
Total
1150

Inshore moored buoys, islands, light vessels

Transport
40
Equipment
100
Servicing
15
Comms
40
Staff costs
300
Total
495

Platforms and rigs

Data collection
55
Staff costs
55
Total
110

Drifting buoys

Buoy (each)
2
Comms (each)
3.4
Staff costs
35
Total
170  (assuming 25 buoys)

Voluntary Observing Fleet

Equipment
70
Publications
90
Comms
85
Staff costs
520
Total
765

ANNEX 2

Weightings to surface marine observations – 

A NWP perspective compiled by Richard Dumelow, 5 Sept 2003

Below is a table of containing surface marine elements and their estimated importance to NWP. Since the requirements for the atmosphere and wave models are markedly different, separate columns have been provided for the two models. Some elements, such as air temperature, are not currently used but may be in the future as assimilation and modelling techniques develop. Hence an estimate has been given of the future importance of each element.

	Element
	Estimated weight

	
	

	
	Global and regional atmosphere models
	Wave model and FOAM

	
	Current
	Future
	Current
	Future

	
	
	
	
	

	Pressure and tendency
	60
	55
	0
	0

	Air temperature
	0
	5
	0
	0

	Sea temperature
	20
	15
	20
	20

	Wind
	20
	15
	40
	40

	Humidity
	0
	5
	0
	0

	Waves
	0
	0
	40
	40

	Visibility
	0
	2.5
	0
	0

	Cloud & weather
	0
	2.5
	0
	0


Notes

Pressure and tendency

Direct measurements of surface pressure are essential for NWP forecasts, according to recent Observing System Experiments carried out by the Met Office and ECMWF.  Results from the ECMWF OSE suggest that surface pressure measurements are much more important than wind. (Richard Dumelow)

Surface pressure obs over sea (from buoys and ships) have a (marginally) larger impact than surface wind obs (from ships, buoys, SSM/I and Quikscat) in the N.Hem.  However, in the presence of surface wind data, a limited number of accurate surface pressure obs is sufficient to achieve most of the forecast impact of the surface marine obs.  (John Eyre quoting ECMWF)

The following statement is generally accepted: pressure observations from surface based systems are particularly valuable because there is as yet no means of observing pressure remotely.
Air temperature

Air temperature from marine observations is currently not used in either the global or limited area models but its future use cannot be discounted. (Bruce Macpherson)

Sea temperature 

There is evidence that an accurate SST analysis is important to producing good forecasts. During one of the early trials of 3DVAR it was noticed that the NWP index was gradually getting worse compared to the operational (then AC) scheme. This affect was traced to the fact that the SST was not being reconfigured daily. Although a formal trial on the benefit of an SST analysis has never been done, this evidence is a good indicator of benefit.

Although satellite data are an important component of the SST analysis, they cannot be used effectively without the use of direct observations. In-situ measurements (of bulk SST) are required to benchmark satellite skin SST measurements and without this calibration the quality of the satellite SST data could not be guaranteed. Also, it is possible for the receipt of SST data from satellites to be interrupted due to problems with the satellite itself or the transmission of the data. Without an in-situ network as 'back-up' to the satellites, the SST analysis is likely to drift. (Clive Jones)

Humidity

Humidity measurements are currently not used by models but may be in the future. (Bruce Macpherson)
Waves

Although wave and surface wind data are not assimilated, they are essential for validation of the wave model (and for validation of the NWP winds). This validation is in turn essential for both public sector wave modelling business, and also for commerce and enterprise business in providing a benchmark of model performance. For wave model use, wave and surface wind data should be given similar weight. (Martin Holt)

Visibility

Visibility measurements are currently not used by models but may be in the future. (Bruce Macpherson)
Cloud and weather

Cloud and weather measurements are currently not used by models but may be in the future. (Bruce Macpherson)
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