9.  Operational Data

This section contains descriptions of possible operational data streams that are available to IHOP.  Some of the data are available in real (or near real) time, while others would only become available after the completion of the field phase of IHOP.  The networks from Oklahoma, Kansas, the Texas panhandle, and each of the surrounding states are included.  The data are separated into surface meteorological, precipitation and radar, fluxes, land and soils, upper air, and satellite.

+++Important Note+++ This is a description of what CAN BE available.  The IHOP Science Team needs to discuss and set priorities of what must be collected.

9.1 Surface Meteorological Data

Table 9.1 provides information on the networks including the operating or overseeing agency, the temporal resolution, real time availability, the number of stations within Kansas, Oklahoma, and the Texas panhandle, the number of stations within the larger IHOP region (here taken to be 32-42N and 91-106W), and on which of the figures a map of the sites can be found.

9.2 Precipitation, Radar, and Streamflow Data

9.2.1 Precipitation Data

In addition to many of the surface meteorological networks in Table 9.1 also providing precipitation data, there are several precipitation only networks in the IHOP region.  The National Weather Service (NWS) operates the Cooperative Observer 15 Minute, Hourly, and Daily Precipitation Networks.  These are nationwide networks whose data are processed and archived by the National Climatic Data Center (NCDC).  Within Kansas and Oklahoma there are 740 of the daily sites and 143 of the 15 minute and hourly sites.  The National Centers for Environmental Prediction (NCEP) as part of the development of its National Precipitation Analysis (NPA or Stage IV) products gathers precipitation data collected by the River Forecast Centers into a single data set.  Sites within this data set provide observations at various temporal resolutions (from 15 minute to hourly to no set schedule).  Within Kansas and Oklahoma there are approximately 350 stations.  Figure 9.3 contains a map of these networks.  The NPA also provides 4km gridded hourly and daily rain gage products.  Also, the ALERT networks (Table 9.1) have a large number of precipitation gages, within Kansas and Oklahoma ALERT has 83 precipitation gages and within the larger IHOP region there are about 450 precipitation gages.

9.2.2 Radar Data

The NWS operates the Weather Service Radar – 1988 Doppler (WSR-88D) network over the United States.  There are 8 of these radars in OK and KS and 27 of them in the larger IHOP region.  A number of these stations will have data archived by NOAA/FSL during 

Table 9.1  Surface Meteorological Networks in IHOP Region

	Network
	Operating or Overseeing Agency
	Temporal Resolution
	Real Time Availability
	Number of Stations within KS, OK, and TX Panhandle
	Number of Stations within larger IHOP Region
	Map

	Automated Surface Observing System (ASOS)
	NWS, FAA, DOD
	1 minute to hourly
	Yes for hourly
	47
	132
	Fig.  9.1

	Automated Weather Observing System (AWOS)
	FAA and Various State Agencies
	20 minute (limited 5 minute)
	Yes for 20 minute
	35
	62
	Fig.  9.1

	Remote Automatic Weather Station
	USFS
	Hourly
	Yes via web
	6
	53
	Fig.  9.1

	TV/School Networks
	Various TV stations and schools in the region
	Variable
	Yes via various web pages
	127
	~300
	Fig.  9.1

	NOAA Profiler Network
	NOAA
	6 minute or hourly
	Via FSL MADIS web page
	7
	10
	Fig.  9.1

	Soil Climate Analysis Network
	USDA/NRCS
	Hourly
	Yes via web
	3
	8
	Fig.  9.1

	APRSWXNET
	NOAA/FSL
	Variable
	Via FSL MADIS web page
	10
	43
	Fig.  9.2

	Automated Weather Data Network
	High Plains Climate Center
	Hourly
	No
	17
	75
	Fig.  9.2

	ARM SMOS
	ARM
	1 minute
	Yes for IHOP?
	15
	15
	Fig.  9.2

	ABLE AWS
	Argonne National Lab
	
	Yes via web
	5
	5
	Fig.  9.2

	KS DOT RWIS
	KS DOT
	Variable
	Via FSL MADIS web page
	41
	41
	Fig.  9.2

	Goodland NWS
	Goodland NWS
	Unknown
	Via FSL MADIS web page
	4
	7
	Fig.  9.2

	Kansas Ground Water Management District Networks
	Various Kansas Ground Water  Management District
	Hourly
	No
	22
	22
	Fig.  9.2

	Oklahoma Mesonet
	Oklahoma Climate Survey
	5 minute
	Yes for IHOP?
	114
	114
	Fig.  9.2

	Washita Micronet
	USDA/ARS
	5 minute
	No
	42
	42
	Fig.  9.2

	West Texas Mesonet
	Texas Tech
	5 minute
	Yes via web
	27
	27
	Fig.  9.2

	Texas ET Network
	USDA/ARS
	Hourly
	No
	11
	16
	Fig.  9.2

	New Mexico State University
	NMSU
	Hourly
	No
	0
	7
	Fig.  9.2

	Colorado Agriculture Meteorology (CoAgMet)
	Colorado Climate Center
	Hourly
	No
	0
	19
	Fig.  9.2

	Northern Colorado Water Conservancy District
	NCWCD
	Hourly
	No
	0
	16
	None

	Commercial Agriculture Weather Station
	Missouri Extension
	Hourly
	Yes via web
	0
	21
	Fig.  9.2

	Missouri Department of Conservation
	MO DoC
	Hourly
	No
	0
	8
	Fig.  9.2

	ALERT
	Various local agencies
	Up to 1 minute
	Yes via web for most
	8
	148
	None

	Long Term Ecological Research
	LTER
	Hourly
	No
	1
	2
	None

	Cooperative Observer Network
	NWS
	Daily
	No
	740
	> 1000
	Fig.  9.3

	US Army Corps of Engineers
	USACE
	Hourly
	No
	?
	?
	None

	EPA
	EPA
	Hourly
	No
	13
	~70
	None
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Figure 9.1 ASOS, RAWS, AWOS, Television/School, NPN, and SCAN locations in the IHOP Region (see Table 9.1). 
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Figure 9.2  Map of the state and regional surface meteorological networks in the IHOP region (see Table 9.1).
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Figure 9.3  Map of precipitation stations in the IHOP region.

IHOP (see Fig. 9.4).  There are multiple levels of data available from these radars.  Level II data are archived at NCDC and can be obtained in real time with special efforts.  The NEXRAD Information and Dissemination Service (NIDS) products include reflectivity and radial velocity at the first four tilt angles, composite reflectivity, echo tops, vertically integrated liquid water, surface rainfall accumulation (1 and 3 hour), storm total rainfall, velocity azimuth display, layer composite reflectivity, and hourly digital precipitation array.  The Weather Services International (WSI) routinely produces a national mosaic of reflectivity from all NWS radars in the United States.  These are available at up to 2km

resolution and every 15 minutes.  The National Precipitation Analysis in addition to the raw observations mentioned above, also provides 4km gridded radar estimated  precipitation (both with and without bias removal) and 4km gridded multi-sensor precipitation (hourly, 6-hourly, and daily) which is derived from gage data and unbiased radar data.  Another radar product available in the IHOP region is Stage III.  Stage III is an hourly 4km resolution composite derived precipitation product produced by each of the River Forecast Centers from all of the WSR-88D radars in their region.  Most RFC’s have Stage III imagery available on their web pages and some also provide the data in GRIB.
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Figure 9.4 Map of WSR-88D radars in the IHOP region.  Also indicated is which stations will have Level II data archived by NOAA/FSL.

9.2.3 Streamflow Data

The United States Geological Survey in cooperation with other agencies operates a network of streamflow gauges throughout the US.  Within the KS, OK, and TX panhandle there are approximately 270 of these gauges.  The coverage of this network can be seen in Figure 9.5, within this figure there are 859 gauges.

9.3 Flux Data

The flux data networks are summarized in Table 9.2.  The coverage of the flux data networks detailed in this table can be seen in Figure 9.6.
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Figure 9.5 USGS streamflow gauging stations in the IHOP region.

Table  9.2  Flux networks in the IHOP Region.  ARM is the Atmospheric Radiation Measurement Project, EBBR is Energy Balance Bowen Ratio, ECOR is Eddy Correlation, ABLE is the Atmospheric Boundary Layer Experiment, SH is sensible heat, LH is latent heat, and GH is ground heat.

	Network
	Temporal Resolution
	Fluxes Measured
	Number of Sites in IHOP Region
	Notes

	ARM EBBR
	30 minute
	SH, LH, GH
	14
	

	ARM ECOR
	30 minute
	SH, LH, Momentum
	9
	Undergoing upgrade.

	ABLE EBBR
	30 minute
	SH, LH, GH
	1
	

	ABLE ECOR
	30 minute
	SH, LH, CO2
	1
	

	Ameriflux
	30 minute
	SH, LH, GH, CO2
	5
	

	Oklahoma Atmospheric Surface-layer Instrumentation System (OASIS)
	5 minute
	SH, LH, GH (all estimated)
	79
	

	OASIS Super Sites
	5 minute
	SH, LH
	10
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Figure 9.6  Map of flux stations in the IHOP region.

9.4 Soil Temperature and Soil Moisture Data

The soil moisture and soil temperature networks are summarized in Table 9.3.  The coverage of the soil moisture networks can be seen in Figure 9.7.

Table 9.3  Soil temperature and moisture networks in the IHOP region.

	Network
	Temporal Resolution
	Depths
	Number of Sites KS, OK, and TX Panhandle

	ARM SWATS
	Hourly
	5, 15, 25, 35, 60, 85, 125, and 175 cm
	21

	USDA/ARS Washita
	Hourly
	5, 10, 15, 20, 25, and 60 cm
	10

	SCAN
	Hourly
	2, 4, 8, 20, 40, and 80 in
	3

	Oklahoma Mesonet
	30 minute
	5, 25, 60, and 75 cm
	85

	ABLE
	30 minute
	
	2
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Figure 9.7  Map of soil temperature and moisture sites in the IHOP region

9.5 Upper Air Data

The upper air networks in the IHOP region are summarized in Table 9.4.  The coverage of the upper air networks can be seen in Figures 9.8 and 9.9.

9.6 Composite Data Sets

The University Corporation for Atmospheric Research/Joint Office for Science Support (UCAR/JOSS) has the capability to develop composites of surface meteorological data at 5 min, 20 min, and hourly resolutions.  These composites are developed by collecting data from a number of sources, converting all data to a common format, combining all the data into a single data set, and then conducting a common quality control.  UCAR/JOSS can also develop precipitation composite data sets in a similar manner, these are typically at 15 min, hourly, and/or daily resolutions.  UCAR/JOSS also has developed composites of upper air soundings utilizing data from large numbers and varieties of upper air datasets.  Additionally UCAR/JOSS has also developed flux and radiation composites although no quality control were conducted on these data sets.

Table 9.4  Upper air networks in the IHOP region.

	Network
	Parameters
	Temporal Resolution
	Vertical Resolution
	Number in KS, OK, and TX Panhandle
	Notes

	NWS Radiosonde
	PTH and winds
	12 hourly and special releases
	Man/sig in real time

6 second later
	4
	6 second data requires special UCAR/JOSS processing to derive winds

	ARM Radiosonde
	PTH and winds
	Variable
	Man/sig in real time

2 second ?
	5
	

	NOAA Profiler Network and RASS
	Winds and virtual temperature
	6 minute and hourly
	Variable
	7/6
	

	ARM 915MHz Profiler and RASS
	Winds and virtual temperature
	Hourly
	Variable
	4
	

	ARM 50MHz Profiler and RASS
	Winds and virtual temperature
	Hourly
	Variable
	1
	

	ABLE 915MHz Profiler/RASS/SODAR
	Winds and virtual temperature
	Hourly
	Variable
	3
	

	ARM Microwave Radiometer
	Temperature and water vapor density
	Hourly
	250 m
	5
	

	ARM Atmospheric Emitted Radiation Interferometer
	Temperature, Dew Point, Water vapor mixing ratio
	8 minute
	10-20 hPa
	5
	

	ARM Raman Lidar
	Water vapor mixing ratio
	5 minute
	Variable
	1
	

	ARM MicroPulse Lidar
	Cloud base height
	30 minute
	N/A
	1
	

	FSL GPS-IPW
	Integrated water vapor
	Hourly
	N/A
	8
	

	SuomiNet
	Precipitable water vapor
	Hourly
	N/A
	15
	

	ACARS
	Altitude, temperature, winds
	~ 5 minute
	N/A
	Variable
	A few aircraft also have experimental dew point.
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Figure 9.8  Map of radiosonde, profiler, and RASS sites in the IHOP region.
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Figure 9.9 Map of  GPS, MWR, and AERI sites in the IHOP region.

9.7 Satellite Data

Table 9.5 lists the satellite products that will be provided for IHOP over the IHOP study area and surrounding regions (34-39 N, 95-102 W), the respective producer/provider, and the recipients who will need to receive the products in real time.  All data would be archived and available for post-analysis by all IHOP participants via the Web.

9.7.1 Geostationary Operational Environmental Satellite (GOES)

There are currently four full-functioning 3-axis stabilized GOES satellites in orbit. The current satellites supporting National Weather Service operations are GOES-8 (East) positioned at 75.11W, and GOES-10 (West) at 134.94W.  Two newer satellites are being held in a reserve storage mode at geostationary orbit ready for use upon short notice when needed (i.e., when a current operating satellite fails).  These satellites are GOES-11 and GOES-12; they are stationed at 101.66W and 89.58W respectively. The GOES satellites each have two independent scanning instruments, consisting of an imager and a sounder package.  
The imager instrument uses 5 channels, one in the visible, one in the near infrared (IR), and three IR channels for cloud imaging, fog and hydrometeor phase determination, water vapor imaging, and thermal sensing respectively.  The imager typically scans the CONUS-size domain every 15 minutes under its nominal operating schedule; every third hour it performs a “full disk” image scan in support of WMO requirements.  Rapid-scan image operation produces pictures every 5-10 minutes and super rapid-scan mode can image a meso-beta sector every minute.  Imager data have 10-bit precision which allow special enhancements for typical 8-bit display imagery in which different parts of the enhancement curve can be exploited to render more detailed imagery in regions of meteorological significance.  The higher-precision data also allow the image data to be useful for limited quantitative as well as qualitative application.  The visible channel has 1 km pixels while the IR channels have 4km pixels, except for the one water vapor band (channel 3) which is a coarser 8km resolution.

The GOES satellites also have a separate sounding instrument that operates independent of the imager.  It is used primarily for vertical quantitative application such as thermal profiling and special channels sense trace gasses such as ozone that are significant in the radiation budget and radiometric calculations.  Sounder data have 13-bit precision providing enough measurement detail to compute thermal and moisture profiles for quantitative application.   The 18 infrared channels primarily include absorption bands in the CO2 (thermal), there are also 3 bands devoted to water vapor and one to ozone.  The sounder operates fast enough to cover the CONUS-size domain hourly with a horizontal resolution of about 10km. 

In addition to the nominal data and data products from the operational satellites, NESDIS is supporting IHOP with special products.  Two single field of view products of cloud top pressure and total and layer precipitable water are now available.  These products are available with a nominal 25-minute latency that may be shortened further as we near the IHOP operations time frame.  Currently these products are generated from GOES 8; there is a chance that GOES 11 may be activated for IHOP support (this may not be known until after April 22).  If GOES 11 is activated, these special products will be created from its sounder radiance data.  It is also anticipated that the product frequency would increase from once per hour to twice per hour.  This would nicely augment some of the high frequency data assimilation and model initialization schemes that are being prepared for IHOP.

9.7.2 Polar Orbiting Environmental Satellite (POES)

There are currently four POES satellites in orbit providing data (NOAA-12, 14, 15, and 16).  Each satellite carries the Advanced Very High Resolution Radiometer (AVHRR) which has five channels in the visible, near infrared, and infrared.  AVHRR data include the 1km resolution High Resolution Picture Transmission (HRPT) or Local Area Coverage (LAC) and the 4km resolution Global Area Coverage (GAC).  The data are collected along a 1600 km swath during the morning and evening ascending and descending passes.  AVHRR data are routinely collected by the NOAA Satellite Active 

Archive (SAA).  The NOAA-12 and 14 satellites also have the Television and Infrared Observation Satellite (TIROS) Operational Vertical Sounder (TOVS).  The TOVS system consists of the High Resolution Infrared Radiation Sounder (HIRS/2), the Microwave Sounding Unit (MSU), and the Stratospheric Sounding Unit (SSU).  The NOAA-15 and 16 satellites have the Advanced TOVS (ATOVS).  The ATOVS system consists of the High Resolution Infrared Radiation Sounder (HIRS/2), the Microwave Sounding Unit (MSU), and the Stratospheric Sounding Unit (SSU).  The NOAA-15 and 16 satellites have the Advanced TOVS (ATOVS).  The ATOVS system consists of the HIRS/3, Advanced Microwave Sounding Unit-A (AMSU-A), and AMSU-B.  These data are also routinely collected by the NOAA SAA.

9.7.3 Defense Meteorological Satellite Program (DMSP)

DMSP is a system of polar orbiting satellite that provide global microwave data.  The DMSP satellites carry the Special Sensor Microwave/Imager (SSM/I), the Special Sensor 

Microwave/Temperature Sounder (SSM/T-1), and the SSM/Water Vapor Profiler (SSM/T-2).  These data are routinely collected by the NOAA/SAA.

 SEQ CHAPTER \h \r 1Table 9.5  The satellite products that will be provided for IHOP over the IHOP study area and surrounding regions (34-39 N, 95-102 W), the respective producer/provider, and the recipients who will need to receive the products in real time.  All data would be archived and available for post-analysis by all IHOP participants via the Web.

	Product
	Format
	Producer / Provider
	Real-time recipient

	GOES Imager/Sounder raw data
	RAMSDIS? (NOC)

netCDF (FSL)
	CSU (NOC)

GVAR (FSL)
	NOC, FSL

	Single-FOV Sounder products

	· Convective Available Potential Energy
	.gifs / applets at http://cimss.ssec.wisc.edu/goes/realtime
	CIMSS
	NOC via Web



	· Lifted Index
	
	
	

	· Single-layer PW
	
	
	

	$ 
Cloud-top pressure


	.gifs / applets
	CIMSS
	NOC via Web

	$ 
	ASCII
	#
	FSL via ftp

	$ 
3-layer PW


	ASCII
	#
	FSL via ftp

	$ 
Surface skin temperature


	
	
	

	GOES imager cloud-drift winds / water vapor-drift winds
	ASCII
	FPDT
	FSL via ftp

	1-km AVHRR products

	· Surface Skin Temperature
	AVHRR level 1b format
	CRAD
	NOC

	· NDVI
	
	
	

	· Total PW
	
	
	

	· Cloud LWP/IWP
	
	
	

	MODIS Surface Skin Temperature (archive only)
	.gifs?
	CIMSS
	<none>

	AVHRR Land Use / Vegetation Index
	?
	?
	NOC

	ALEXI surface energy flux products:

	$ 
Sensible Heat
	.gifs / applets
	CIMSS
	NOC

	$ 
Latent Heat
	
	
	

	$ 
Soil Heat
	
	
	

	$ 
Net Radiation
	
	
	


9.7.4 Terra/Aqua

The National Aeronautics and Space Administration (NASA) Terra satellite consists of the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER), the Clouds and the Earth’s Radiant Energy System (CERES), the Multi-angle Imaging Spectroradiometer (MISR), the Moderate Resolution Spectroradiometer (MODIS), and the Measurements of Pollution in the Troposphere (MOPITT) instruments.   Data from Terra are available from the Earth Resources Observation Systems (EROS) Data Center, NASA Langley, and NASA Goddard.  The NASA Aqua satellite is currently scheduled to be launched on 20 December 2001.  The instruments on-board Aqua include MODIS, AMSU, Advanced Microwave Scanning Radiometer (AMSR), and Atmospheric Infrared Sounder (AIRS).

9.7.5 NESDIS/ARAD

The NOAA National Environmental Satellite, Data, and Information Service (NESDIS) Atmospheric Research and Applications Division (ARAD) develops a number of products from the GOES and POES satellites.  These include atmospheric soundings, high density winds, skin temperature, precipitable water, insolation, among others.

