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	Summary and Purpose of Document
The document describes recent developments in the field of surface–based remote sensing observations (SBRSO) with concentration on observing systems with potential utility in the World Meteorological Organization Integrated Observation System (WIGOS)



ACTION PROPOSED

The meeting is invited to take this information into account in identifying activities needed to be carried out to provide appropriate guidance on remote-sensing technology to the Members.
Latest Developments in the Field of Remote Sensing Technology

1. Introduction

This report describes recent developments in the field of surface–based remote sensing observations (SBRSO) with concentration on observing systems with potential utility in the World Meteorological Organization Integrated Global Observing System (WIGOS).

In general, recent observing system developments can be best characterized as incremental improvements in data acquisition techniques and data processing, assimilation, analysis and interpretation.  A driving force for this comes from attempts to reconcile the results of field campaigns or intensive observing periods over the years at international facilities such as Platteville CO, Lindenberg, and the ARM CART Sites.  The results have resulted in a better understand the strengths and limitations of existing in situ and remote sensing observing systems.  This in turn has helped us to identify gaps in our ability to describe and monitor the upper atmosphere and propose ways to address them.  In the process, we have gained a better appreciation for the need to integrate various observations that improve our ability to characterize and monitor changes in the characteristics of the upper atmosphere.

Another factor that compels us to move in this direction is the understanding that improvements in weather prediction, building or extending long-term climate records, or verifying climate predictions requires our upper-air observations to meet the same standards of accuracy and homogeneity that have always been required of terrestrial observations.

2. Approach

In recent years, the majority of the efforts of this and affiliated expert teams focused on the following activities
:

A. Assessing the potential capabilities of such observing systems, in terms of their observing characteristics (spatial and temporal resolution, accuracy, timeliness, etc.);

B. Assessing the status of implementation of and plans for such observing systems by WMO Members;

C. Documenting the above capabilities and implementation status/plans, through updates to the WMO/CEOS database of observing system capabilities;

D. Assessing (in collaboration with ET-EGOS) the contribution of such observing systems to meet the user requirements for observations for all application areas represented by WMO and WMO-sponsored programs, as captured by the WMO/CEOS database of user requirements for observations and the Statements of Guidance; 

E. Making recommendations on how the integration of such observing systems within the GOS might be taken forward;

F. Assessing the systems for collection and distribution of data from such observing systems, and make appropriate recommendations;

G. Monitoring the status of operational networks of such observing systems and provide technical advice on such systems, including both operational and R&D systems, to WMO Members and RAs;

H. Providing advice and support to the Chairperson of OPAG-IOS on development and implementation of WIGOS concept.
3. Overview of Latest Developments

I. LUAMI-2008 Campaign
:

The primary goal of LUAMI-2008 is to improve and correct water-vapor soundings from surface up to the middle stratosphere (5 hPa level).  Secondary goals include:

1) Assessing and inter-comparing both up-to-date active and passive surface-based remote sensing systems for meteorological parameters in view of their potential for supply in operational networks as well as for high-quality reference or ground-truth e.g. to satellite sensors;

2) Demonstrate the capabilities of passive microwave profiler systems for their use in operational meteorological networks by means of a test network of profilers supplying quality-proven data in real-time to a network hub at Lindenberg;

3) Improve the quality of worldwide standard radio-soundings for further reduction of systematic measuring errors (bias), and to check existing correction methods for known systematic errors, primarily for the parameter water vapor/humidity, but also for free air temperature measurements, being always needed as an input parameter for water-vapor corrections;

4) Provide a 3 week reference data set of the Central-European atmosphere in late fall by preparation of a compilation of measurements at the WMO-GUAN site Lindenberg (52° N, 14° E), 65 km southeast to the centre of Berlin. This data set will offer vertical reference data of humidity and temperature profiles in six-hour intervals for comparisons with surface-based and space-borne remote-sensing techniques as well as air-borne in-situ sensors.

5) Upper-air observing systems evaluated during LUAMI-2008:

a) Reference radiosondes

i. FN Reference method (DWD, RA Observatory Lindenberg, Germany)

ii. SRS C34-Frostpoint mirror (Meteolabor AG Wetzikon, Switzerland)

ii. FLASH Lyman-Alpha-Hygrometer (CAO Moscow, Russia)

iii. CFH Frost-point mirror (University Colorado, Boulder/USA)

b) Operational radiosondes

i. RS92 (Vaisala Oyj, Finland)

ii. MARK IIA (SIPPICAN Inc., USA)

iii. MSKS (MODEM, France)

iv. RS-01G (MEISEI Electric Co. Ltd, Japan)

v. DIM 97 (GRAW Radiosondes GmbH, Germany)

vi. IMS4010 (Int. Met. Systems, USA)

vii. ATM (NASA, USA)

c) Surface-based remote sensing systems

i. Microwave-profiler (RAO Lindenberg)

ii. 2-channel-microwave-radiometer (RAO Lindenberg)

iii. Water-vapor Raman-Lidar (RAMSES RAO Lindenberg)

iv. Water-vapor DIAL (Max-Planck-Inst., Hamburg)

v. (Water-vapor-Raman-Lidar (SMI-Payerne, Switzerland)

vi. PBL Doppler-Wind Lidar (Leosphere, France)

vii. 36 Ghz Cloud radar (RAO Lindenberg)

viii. 4 ceilometers of different types (RAO Lindenberg)

ix. 2 wind profiler-/RASS-systems (RAO Lindenberg)

x. EISAR FT-Infrared spectrometer (RAO Lindenberg)

xi. GPS-receiving system (RAO Lindenberg)

xii. Optical near-infrared system: sun- and starphotometer (RAO Lindenberg)

6) Results: pending release of interim reports, publications and peer reviewed journal articles.

J. Humidity in the Atmosphere and Validation Experiments (MOHAVE)-2009

1) Purpose: improved characterization of water vapor variability above the lower troposphere with emphasis on the upper troposphere (UT)-middle stratosphere (MS).

2) Primary goals:

a) Identify and quantify UT Humidity changes associated with transport processes in the vicinity of the Sub-Tropical Jet

b) Estimate the capability of the Raman lidar in detecting such UTH changes

c) Provide continuous water vapor profiles from the ground to the mesosphere by combining the measurements of the various participating instruments and techniques, including balloon-borne sondes, lidars, and microwave radiometers.

3) Approach: perform correlative measurements of temperature and water vapor from the ground to the mesopause, and ozone from the ground to the stratopause using the following collocated instruments

a) 3 water vapor Raman lidars (JPL, GSFC and GSFC) [0-20 km]

b) 15 CFH launches (JPL and GSFC) [0-30 km and total column]

c) 3 NOAA Frost-point Hygrometer (FPH) launches (NOAA) [0-30 km and total column]

d) 50 RS92 launches (JPL and GSFC) [0-12 km and total column]

e) 2 improved microwave radiometers (NRL and Univ. Bern/Kampfer) [20-80 km and total column]

f) 1 FTIR (JPL) [total column]

g) 2 GPS receivers (JPL/NOAA and GSFC/SuomiNet) [total column]

4) Results: pending release of interim reports, publications and peer reviewed journal articles.

4. Conclusions

In general, the accuracy of in situ and remote sensing observing systems that constitute the operational elements of GOS (the Global Observing System of the World Weather Watch), GAW (the Global Atmosphere Watch), specialized systems such as AMDAR (the Aircraft Meteorological Data Relay), marine meteorological and oceanographic observing systems, and emerging networks of hydrological observing systems are difficult to verify primarily because redundant measurements using independent observing systems are rarely available for comparison.  This is especially true of global satellite observations.

The in situ
 and satellite
 observing system communities have made specific proposals to address core issues uncovered in these and earlier campaigns.  While there are many common problems faced by both communities, and much overlap between them exists, both communities call for the establishment of “continuous, stable observations with accuracy traceable to international (SI) standards.”

The essential questions to be addressed by CIMO Expert Teams involve the identification and implementation of these observations on an international scale. 
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