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(Submitted by C. Bower, United States)

	Summary and purpose of document

This document provides information on the GCOS requirement for overlapping climate continuity flight series for up to one year anytime radiosondes are changed at GUAN sites for the purpose of maintaining data continuity. 



Action proposed

The meeting is invited to note the information contained in this document and to consider the proposed action as a part of the Work Plan for the Intercessional Period.

Background
This document provides information on the GCOS requirement for overlapping climate continuity flight series for up to one year anytime radiosondes are changed at GUAN sites for the purpose of maintaining data continuity.  It addresses the difficulty of meeting this requirement internationally as well as nationally.  It proposes a potential mechanism through which the Global Reference Upper Air Network could be a venue to fulfill this requirement. The Climate Continuity Data Requirements are discussed in the Annex of the document. 
Annex
GLOBAL CLIMATE OBSERVING SYSTEM OVERLAPPING 
RADIOSONDE TEST FLIGHT SERIES
CLIMATE CONTINUITY DATA REQUIREMENTS 

Background

The GCOS recommends that upper-air stations use the same model radiosonde for as long as is feasible and if change is necessary that an overlapping flight series of old and new radiosondes be conducted at representative sites.  The overlapping flights enable the formulation of bias transfer functions.  These functions can be applied to the new data sets.  This is to ensure a consistent historical data series suitable for long-term climate trends analysis by the climate community.

There are 165 GUAN radiosonde sites from over 67 countries using radiosondes from six providers.  Forty percent of these GUAN sites are launching one or less radiosondes per day either because of operational forecasting requirements or because of the costs of radiosonde flights.  Next generation radiosondes and technical adjustments to existing radiosondes used in the GUAN network are taking place.  New systems have been introduced and the existing systems are continually introducing technology improvements.  To satisfy the GCOS literal recommendation for overlapping radiosonde flight series requires a major financial commitment by GCOS radiosonde flights providers that is cost prohibitive.  An internationally acceptable approach is needed to satisfy the GUAN climate continuity needs and at the same mitigate the expenses for establishing bias corrections for various radiosonde types by the countries providing GUAN network radiosonde measurements.  Figure 1 is a global depiction of the radiosonde sites comprising the GUAN and the semi-gridded spatial separation of the sites.  Table 1 shows the number of GUAN sites by WMO region and the type of radiosonde used.
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            Figure 1. GCOS Upper-air Network (GUAN)

	Radiosonde
	Africa
	Asia
	South

America
	North and

Central America
	Southwest

Pacific
	Europe
	Antarctic
	Total



	Vaisala
	19
	6
	13
	8
	30
	14
	8
	98

	Sippican
	2
	1
	4
	15
	4
	
	
	26

	Modem
	3
	
	1
	
	4
	
	1
	  9

	Shanghai
	
	7
	
	
	
	
	
	  7

	Meir
	
	4
	
	
	
	
	1
	  5

	Mrz
	
	11
	
	
	
	  2
	1
	 15

	Unknown
	
	
	
	
	
	
	
	

	Total
	24
	31
	18
	23
	39
	16
	12
	163


                      Table 1. GUAN sites vs Radiosonde Vendor
International Continuity Testing

Radiosonde continuity testing globally is a challenging task.  When one considers the number of providers of radiosondes and the distribution by WMO Regions it is difficult to come up with a cost effective continuity testing strategy.  Many of these sites/Regions have not had an opportunity nor were they able to do overlapping continuity studies, particularly for the newer Vaisala RS92 and the Modem systems that have been installed in many locations.  Nash in 2004 recognized the need for a meaningful means of acquiring overlapping continuity data for climate purposes.  He proposed that the WMO Regional Instrument Centers (RICs) perform the flight comparisons.  Heretofore, the majority of testing has been carried out in test sites in Western Europe and North America.  Tests need to be carried out in their representative conditions if climate monitoring needs are to be satisfied.  The current RICs do not have the infrastructure to carry out these tests in terms of equipment and personnel.  Additionally, the locations of the RICs may not be good locations for doing intercomparison flights in that they are not locations that would adequately represent major air mass regions for the purpose of determining bias functions.  

With the climate community need for a high-quality global reference system has been the conceptual evolution of the Global Reference Upper Air Network (GRUAN).  The first meeting was held in 2005 in Boulder, Colorado, followed by a meeting in Seattle, Washington, to lay out the requirements and the structure of a GRUAN.  These meetings have addressed the needs of the GCOS Atmospheric Observations Panel on Climate’s Working Group on Atmospheric Reference Observations.  From these meetings has come the concept of lead centers of excellence.  Currently, there are a dozen sites being considered as potential GRUAN sites.  These sites encompass the Arctic regions, tropical regions and mid-latitude locations.  Lindenberg, Germany has been designated as a lead center.  The lead centers will have infrastructure and equipment capable of providing reference quality upper air atmospheric measurements.  As part of the focus will be the development of a high quality reference radiosonde.

These GRUAN lead centers could become global sites where the GCOS radiosonde continuity testing could be accomplished.  This might be more viable than trying to use the WMO Regional Instrument Centers.  Rather than having each country which is part of the GRUAN do a one year overlapping radiosonde flight series when they changed upper air instrumentation, the lead centers could provide consolidated support that would take care of the needs of many countries.  This could be much less complicated by limiting testing to the radiosondes from the major radiosonde providers (basically six) in regions where they are predominatly used.  From Table 1, for the Southwest Pacific, there are two principal providers of radiosondes.  These are tropical/sub tropical locations and would only require testing of the Lockheed Martin Sippican and Vaisala radiosondes.  A lead GRUAN center in the tropics could be used to perform this testing and remove the burden from these countries. WMO could provide funding for the expendables and perhaps through HMEI and the radiosonde providers, ground equipment could be loaned to accomplish the comparison flight series.

National Weather Service Continuity Testing

The NWS implemented a policy to conduct intercomparison studies as new instruments are introduced to account for differences between old and new radiosonde sensors.  The differences are to be determined under different operational weather conditions and locations to establish the differences brought on by sensor changes and those attributable to spatial differences.  At the conference that led to the development of the United States Climate Continuity Strategy in 2002 there were discussions on how well one could interpolate results to other climate stations.  The general opinion of the experts was that it would be most reliable to treat each station individually and then reduce them in a fairly logical fashion.  The reduction would have to be based on spatial interpolation.  The problem is that the inhomogeneities caused by changing radiosondes can be related to a wide variety of factors.  These are primarily related to radiative and sensible heat transfer, which in turn are related to both solar angle (latitude, longitude, time of year, and time of day) and climate related factors such as cloudiness and humidity.  The regions of optimal interpolation were, therefore subjectively drawn trying to balance many different factors.  Ultimately, the individual station approach was reduced to a subset of the GCOS upper-air network.  The National Weather Service stations that constitute 17 of the GUAN sites are shown in Figure 2.  These sites encompass sites from the Equatorial Tropics, Mid-latitudes and Arctic Regions.  Faced with the costs of doing a continuity series on all 17 GCOS upper air sites in the NWS network and with the long term stability issues, the NWS is in the process of down-selecting sites from the initial sites from the GUAN network.  The subset of stations for climate areas is depicted in Figure 3.
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Figure 2.  NWS GUAN Sites



Figure 3.  NWS Region Target Sites

How often and how many

The question of the optimal temporal frequency of upper air data for climate considerations was determined in a study by Weatherhead.  Temperature trends determined for Dulles(Sterling, Virginia), for a 40-year period are shown in Figure 4 where the trend using all of the soundings for the period is shown with the solid line.  Data were systematically removed in increments of every other day, every third day, etc to determine how often soundings need to be flown to determine long-term climate trends.  As few as 10 soundings per month would yield stable trends.  
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Figure 4.  500 hPa temperature trends for Dulles(Sterling, Virginia).  

Vertical lines represent one standard deviation of the trend.

Within NOAA, budget constraints for funding overlapping flight series when radiosonde sensor suites change has lead to a priority list of sites that could be used for continuity test sites as well as the flight frequency to ensure statistical requirements are met to properly determine data adjustments to the long-term data record.  The initial 17 sites have been reduced to eight climatic areas for testing.  If the funds are not available, the required sites could be reduced to an Arctic, mid-latitude, and Tropical site.  Consistent with the Figure 4 on temperature trend assessment, it has been determined that a day and night flight every four days will provide the level of flights required.  This is equivalent to 183 dual flights per year for an overlapping study,

