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Summary and Purpose of Document
The document contains a proposal of requirements and subsequent implementation plan for AWS hosted sensors to contribute directly to the calibration and ground truth of space-based observations.
_________________________________________________________________________

ACTION PROPOSED

The meeting is invited to consider the submitted proposal and to develop requirements and subsequent implementation plan for AWS hosted sensors to contribute directly to the calibration and ground truth of space-based observations.
References:
1. Final report, CBS/OPAG-IOS ET-AWS-4, Geneva, 2006

Background
The goal of this task is to prepare recommendations and guidelines how to use surface measurements instrumentation hosted by Automatic Weather Stations (AWS) to provide ground-truth measurements for remotely sensed observations in the Global Observing System.

There are a number of remotely sensed measurements made from platforms such as radars and satellites which can benefit from ground-truth measurements.

With the expansion of automated surface observing networks across the globe, the potential exists to utilize these platforms to take measurements at a scale compatible to remotely sensed variables. National AWS networks are expanding across the globe and generally self-funded. The sensor platforms report a high density of temporal measurements. They are widely distributed globally in a wide range of climates.

While the spatial resolution of the surface-based and remotely sensed platforms are different, this can be overcome to some extent through the use of a large number of point measurements taken over a wide range of geographical locations.
The proposal for requirements and subsequent implementation plan for AWS hosted sensors to contribute directly to the calibration and ground truth of space-based observations is reproduced in the Annex 1.

Annex 1
REQUIREMENTS AND SUBSEQUENT IMPLEMENTATION PLAN FOR AWS HOSTED SENSORS TO CONTRIBUTE DIRECTLY TO THE CALIBRATION AND GROUND TRUTH OF SPACE-BASED OBSERVATIONS

MEASUREMENTS

1. Total Column Water Vapour

Information on the spatial and temporal water vapour distribution is important in meteorology for both numerical weather prediction and climatological studies. Considering the high variability of water vapour in comparison to other meteorological quantities (e.g., pressure or temperature), conventional observations (e.g., radiosondes) are rather sparse and additional water vapour data from new observation techniques are desirable to improve global coverage. Using the GPS signal delay, atmospheric temperature and moisture profiles can be determined. Of particular interest to meteorologists is total column water vapour, which is the amount of water vapour contained in a column over a given area on Earth. GPS networks can estimate precipitable water to an accuracy of within 1-1.5 mm.

GPS satellite radio signals are slowed by the Earth's atmosphere, which results in a delay in the arrival time of the transmitted signal from that expected if there were no intervening media. It is possible to correct for the ionospheric delay by using dual-frequency GPS receivers. The delays due to the neutral atmosphere are not frequency dependent, but depend on the constituents of the atmosphere that are a mixture of dry gasses and water vapour.

Rawinsondes only take atmospheric measurements twice a day in select locations, whereas the GPS network is denser in most parts of the globe, with each sensor taking measurements every half hour. This allows more opportunity to compare satellite measurement of total column water vapour variations (TCWV) with GPS sensors than with rawinsondes alone.

	
	Remotely Sensed
	Surface Based
	Notes

	Type
	Total Column Water Vapour
	Total column water vapour
	

	Platform
	ENVISAT, ERS-2, Terra, Aqua
	AWS
	

	Instrument
	MEdium Resolution Imaging Spectrometer

Global Ozone Monitoring Experiment

MODIS 
	GPS Dual band L1/L2

Also requires a time clock with sub-second accuracy.
	

	Spatial resolution
	1-km
	
	

	Temporal resolution
	
	6-30 minutes
	


2. Rainfall

Remotely sensed measurement of rainfall is done using a C or S band radar. Rainfall accumulations over periods of 10 minutes to daily are calculated using a standard Z-R relationship. Point measurement of rainfall using tipping bucket rain gauges can be used to adjust the mean field bias of the radar rain fields.

A rain gauge measures point rainfall continuously at the ground while radar measures areal rainfall of a radar size for a specified temporal resolution at some height above the ground. Changes in rain drop size distribution in both space and time have a different effect on the corresponding rainfall.

	
	Remotely Sensed
	Surface Based
	Notes

	Type
	Rainfall
	Rainfall
	

	Platform
	Radar
	AWS
	

	Instrument
	C or S band radar
	Automated rain gauge TBRG
	

	Spatial resolution
	1-3°
	<1 m2.
	

	Temporal resolution
	10-60 minute
	One minute
	


3. Soil Moisture

Reliable soil moisture measurement over large areas is much needed for both hydrologic modelling and earth system applications. The soil moisture field in these models are integrated within the land surface scheme (LSS). Soil moisture has a significant influence on the latent and sensible heat fluxes between the ground and the lowest layers of the atmosphere. These fluxes contribute to the temperature and humidity structure of the atmospheric boundary layer and thus ultimately influence rainfall and other meteorological forecasts.

Satellite measurement of surface soil moisture is done using microwave sensors.  There is high variability in surface soil moisture both locally and over a larger spatial scale.

Integrated Global Observing Strategy (IGOS) seeks to improve observing capacity and deliver observations in a cost-effective and timely fashion. GCOS recognises soil moisture as an emerging climate variable.

	
	Remotely Sensed
	Surface Based
	Notes

	Type
	Soil moisture
	Soil moisture (5 cm)
	

	Platform
	ERS, JERS, RADARSAT

NASA Aqua AMSR-E, JAXA Aqua AMSR-E
	AWS
	

	Instrument
	Microwave
	Volumetric soil moisture

Time domain reflectometry (TDR)
	

	Spatial resolution
	0.25° x 0.25°
	<1 m2.
	Possible to have several sensors located at a single site (different depths or locations)

	Temporal resolution
	
	
	


4. Surface emissivity

It is important to know the emissivity of the Earth's surface if infrared satellite radiances recorded over land are to be used for weather prediction or climate studies. The emissivity defines how much of the upwelling radiance at the Earth's surface is due to thermal emission from the surface and how much is reflected radiance from the sky. Land surface emissivity is a highly variable quantity.

Terrestrial brightness temperatures measured from satellites have been used to determine the surface emissivity. The results not only depend on surface temperature and on atmospheric properties, but also on the type of surface scattering.

There is high variability in surface emissivity. This can be compensated to some extent by locating the instrument at a higher point above the station. The instrument should be located above an area of natural or representative vegetation.

	
	Remotely Sensed
	Surface Based
	Notes

	Type
	Surface emissivity
	Surface emissivity
	

	Platform
	?
	AWS
	

	Instrument
	ASTER, MODIS
	Radiation
	

	Spatial resolution
	1 km
	<1 m2.
	

	Temporal resolution
	Once per day
	
	


5. Land surface temperature

Land Surface Temperature (LST) is the radiative skin temperature over land. LST plays an important role in the physics of land surface as it is involved in the processes of energy and water exchange with the atmosphere. LST is useful for the scientific community, namely for those dealing with meteorological and climate models. Accurate values of LST are also of special interest in a wide range of areas related to land surface processes, including meteorology, hydrology, agrometeorology, climatology and environmental studies.

Satellite measurement of land surface temperature is done using radiometer operating in the 8-14 μm range.

	
	Remotely Sensed
	Surface Based
	Notes

	Type
	Land Surface Temperature
	Surface temperature
	

	Platform
	Terra, Aqua
	AWS
	

	Instrument
	MODIS
	Infrared Thermometer
	

	Spatial resolution
	
	
	

	Temporal resolution
	15 min
	
	


6. Albedo

Albedo is the fraction of incoming solar radiation at a surface (i.e. land, cloud top) that is effectively reflected by that surface. 

	
	Remotely Sensed
	Surface Based
	Notes

	Type
	Albedo
	Albedo
	

	Platform
	?
	AWS
	

	Instrument
	
	Radiometer
	

	Spatial resolution
	
	<1 m2.
	

	Temporal resolution
	Once per day
	
	


7. Actual Evapotranspiration

Evapotranspiration is the combined transfer of water into the air by evaporation and transpiration. Actual evapotranspiration is the amount of water delivered to the air from these two processes. 

Satellite measurement of evapotranspiration is done using ...

	
	Remotely Sensed
	Surface Based
	Notes

	Type
	Evapotranspiration
	Evapotranspiration
	

	Platform
	Meteosat, MODIS, AVHRR
	AWS

Flux tower (Flux net)
	

	Instrument
	
	Bowen ratio

Eddy correlation
	

	Spatial resolution
	
	<1 m2.
	

	Temporal resolution
	Once per day
	
	


CONCLUSION

Considering the range in satellite products to enhance global data collection and the large number of national AWS networks, opportunity exists to locate specific instruments on AWS platforms to provide ground truth observations for remotely sensed data.

