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Introduction
This VAP's main goal is to produce information about the state of the atmosphere: is it clear? In this VAP, we want to determine whether the atmosphere is clear or not. Data from the various ceilometers, imagers, in-situ measurements, and passive sensors are gathered and then used to determine whether the column of sky directly above the facility is non-clear for the AERI skydwell time. 

A natural byproduct of this compilation of different data streams all matched to the same time interval is that it can be used to compare similar data streams easily. For instance, one can compare the cloud-base height as measured by the Vaisala ceilometer, the micropulse lidar, and a simple estimation derived from the Atmospheric Emitted Radiance Interferometer (AERI) using nearby radiosonde temperature profiles. One could also compare the integrated water vapor in the column as measured by the microwave radiometer to that of the radiosondes. A third possible comparison one can perform with data from this platform is between the IR thermometer and the AERI, where the AERI data has been integrated and a filter function applied to match the IRT's spectral response. 

Currently (09/09/03) this application uses data from the Micro pulse lidar (MPL), Vaisala Ceilometer and the microwave radiometer(MWR) to make the decisions of whether the sky is clear or not. The averages, standard deviation and the number of observations for each fields are computed based on the AERI dwell time. The critical platform for this VAP is the AERI data since all the averages are based on the AERI sample time. This VAP will not run if the AERI channel1, AERI channel2 or the AERI summary data are missing.

The primary field of the platform is the nonclear_flag. This flag is set if any of the following is true.

· The cloud1_mean from the Ceilometer is greater than 15.0 meters or 49.21 feet. 

· The mwr_liq_mean > .005 cm. 

· The mpl_cbh_mean > .270 kilometer. 

This application currently is being run at sgp.C1, B1, B4, B5 and B5 and at nsa.C1 and twp.C2. This application is designed to run from the date of the release and has not been tested for dates before 2003.

Input Data

The input data for this VAP are from standard Atmospheric Radiation Measurement (ARM) netCDF files.  The critical input data are as follows:
sgpaeri01ch1C1.b1 


CRITICAL data
sgpaeri01ch2C1.b1 


CRITICAL data
sgpaeri01summaryC1.b1 

CRITICAL data

Since October 13, 2003, the a1 datastream is not being produced by AERI.

sgpaeri01ch1C1.a1 


CRITICAL data
sgpaeri01ch2C1.a1 


CRITICAL data
sgpaeri01summaryC1.a1 

CRITICAL data

The following 4 datastreams must be present to have good indication of whether the day is clear or not?
sgpmwrlosC1.b1 


IMPORTANT


sgpblcC1.a1 



IMPORTANT – (replaced by Vaisala)
sgpvceil25kC1.b1 


IMPORTANT
sgpmplnor1campC1.c1 

IMPORTANT

sgpsondewnpnC1.b1


NON-CRITICAL
sgpsondewrpnC1.b1


NON-CRITICAL
sgpsondewrpnC1.a1


NON-CRITICAL
sgpsondewrpnC1.a1


NON-CRITICAL
sgpmplnor1campC1.c1 

NON-CRITICAL
sgpmplcbh1scottC1.c1 

NON-CRITICAL
sgpsirsE13.b1 



NON-CRITICAL - only for sgp.
sgpirtC1.a1 



NON-CRITICAL 
nsaskyrad60sC1.b1 


NON-CRITICAL - only for nsa and twp sites

Recommended (listed by site)

	sgp
	nsa
	twp

	sgpmplcbh1scottC1.c1
	 
	twpmplcbh1scottC2.c1

	sgpmplnor1campC1.c1
	 
	twpmplnor1campC2.c1

	sgpsirsE13.a2 
sgpsirsE13.a1
sgpsirsE13.b1 
	nsaskyrad60sC1.a1
nsaskyrad60sC1.b1
	twpskyrad60sC2.a1 twpskyrad60sC2.b1

	sgpblcC1.b1
sgpvceil25kC1.b1
sgpvceil25kC1.a1
	nsavceil25kC1.b1
nsavceil25kC1.a1
	twpvceil25kC2.b1
twpvceil25kC2.a1

	sgpmwrlosC1.b1
	nsamwrlosC1.b1
	twpmwrlosC2.b1

	sgpsondewnpnC1.b1 sgpsondewrpnC1.b1
sgpsondewnpnC1.a1
sgpsondewrpnC1.a1
	nsasondewnpnC1.b1
nsasondewrpnC1.b1
nsasondewnpnC1.a1
nsasondewrpnC1.a1
	twpsondewnpnC2.b1
twpsondewnpnC2.a1
twpsondewrpnC2.a1

	sgpaeri01ch1C1.a1
sgpaeri01ch1C1.b1
	nsaaerich1C1.a1
nsaaerich1C1.b1
	twpaerich1C2.a1 
twpaerich1C2.b1

	sgpaeri01ch2C1.a1 
sgpaeri01ch2C1.b1
	nsaaerich2C1.a1
nsaaerich2C1.b1
	twpaerich2C2.a1 
twpaerich2C2.b1

	sgpaeri01summaryC1.a1
sgpaeri01summaryC1.b1
	nsaaerisummaryC1.a1
nsaaerisummaryC1.b1
	twpaerisummaryC2.a1
twpaerisummaryC2.b1

	sgpirtC1.a1
sgpirtC1.b1
	nsaskyrad60sC1.a1
nsaskyrad60sC1.b1
	twpskyrad60sC2.a1 twpskyrad60sC2.b1


 

	sgp.B1
	sgp.B4
	sgp.B5
	sgp.B6

	sgpmwrlosB1.b1
	sgpmwrlosB4.b1
	sgpmwrlosB5.b1 
	sgpmwrlosB6.b1 

	sgpsondewnpnB1.b1
sgpsondewrpnB1.b1
sgpsondewnpnB1.a1
sgpsondewrpnB1.a1
	sgpsondewnpnB4.b1
sgpsondewrpnB4.b1
sgpsondewnpnB4.a1
sgpsondewrpnB4.a1
	sgpsondewnpnB5.b1
sgpsondewrpnB5.b1
sgpsondewnpnB5.a1
sgpsondewrpnB5.a1
	sgpsondewnpnB6.b1
sgpsondewrpnB6.b1
sgpsondewnpnB6.a1
sgpsondewrpnB6.a1

	sgpaerich1B1.a1
sgpaerich1B1.b1
	sgpaerich1B4.a1
sgpaerich1B4.b1
	sgpaerich1B5.a1
sgpaerich1B5.b1
	sgpaerich1B6.a1
sgpaerich1B6.b1

	sgpaerich2B1.a1
sgpaerich2B1.b1
	sgpaerich2B4.a1
sgpaerich2B4.b1
	sgpaerich2B5.a1
sgpaerich2B5.b1
	sgpaerich2B6.a1
sgpaerich2B6.b1

	sgpaerisummaryB1.a1
sgpaerisummaryB1.b1

	sgpaerisummaryB4.a1
sgpaerisummaryB4.b1

	sgpaerisummaryB5.a1
sgpaerisummaryB5.b1

	sgpaerisummaryB6.a1
sgpaerisummaryB6.b1



	sgpvceil25kB1.b1
sgpvceil25kB1.a1
	sgpvceil25kB4.b1
sgpvceil25kB4.a1
	sgpvceil25kB5.b1
sgpvceil25kB5.a1
	sgpvceil25kB6.b1
sgpvceil25kB6.a1


This VAP uses BW library, which standardizes input and output between automated procedures and the netCDF files.  It is a standard library used by developers in the ARM Experiment Center and External Data Center.  The desired fields from each input file are listed in the qmeaerilblclouds_retriever.infor file described in the next section.  All the above listed files can be ordered online from the ARM Archive Center (http://www.archive.arm.gov)
Configuration files

The following configuration files are used for this VAP.

1. qmeaerilblclouds_main.info

2. qmeaerilblclouds_retriever.info

3. qmeaerilblclouds_maker.info

 qmeaerilblclouds_main.info

For a VAP, the value included in main.info file is always “measurement”.

 qmeaerilblclouds_retriever.info


The qmeaerilblclouds_retriever.info file specifies what input platforms and fields are included in this VAP.  The following are the input platforms and the associated fields that are included in this VAP.
	Platform Names
	Fields

	sgpmplcbh1scottC1.c1
	Cbh

	sgpmplnor1campC1.c1
	cloud_base_height    

	
	cloud_mask_2height

	sgpsirsE13.a2
	down_short_hemisp   

	
	short_direct_normal

	sgpsirsE13.a1
	down_short_hemisp   

	
	short_direct_normal

	sgpsirsE13.B1
	down_short_hemisp   

	
	short_direct_normal

	sgpblcC1.a1 (not available anymore)
	cloud1 

	
	   Cloud2

	
	    Cloud3

	
	    status_flags

	sgpmwrlosC1.b1
	tbsky23   

	
	tbsky31 

	
	Vap 

	
	   Liq

	
	    wet_window

	
	sky_ir_temp 

	
	   qc_tbsky23 

	
	   qc_tbsky31

	sgpmwrlosC1.b1
	tbsky23

	
	    tbsky31

	
	    vap

	
	    liq

	
	    wet_window

	
	    ir_temp

	
	    qcmin1-24

	
	    Qcmax1-24

	sgpsondewnpnC1.b1
	Pres   

	
	Rh   

	
	Tdry    

	
	Alt    

	
	qc_pres    

	
	qc_rh    

	
	qc_tdry

	sgpsondewrpnC1.b1
	Pres   

	
	Rh   

	
	Tdry    

	
	Alt    

	
	qc_pres    

	
	qc_rh    

	sgpsondewnpnC1.a1
	Pres   

	
	Rh   

	
	Tdry    

	
	Alt    

	
	   qcmin1-24

	
	    qcmax1-24 

	
	    qcdelta1-24

	sgpsondewrpnC1.a1
	Pres   

	
	Rh   

	
	Tdry    

	
	Alt    

	
	   qcmin1-24

	
	    qcmax1-24 

	
	qcdelta1-24

	
	Rh   

	
	Tdry    

	
	Alt    

	
	   qcmin1-24

	
	    qcmax1-24 

	
	   qcdelta1-24

	sgpaeri01ch1C1.a1/sgpaeri01ch1C1.b1
	HBBtopTemp   

	
	Wnum    

	
	mean_rad

	sgpaeri01ch2C1.a1/ sgpaeri01ch2C1.b1
	HBBtopTemp   

	
	Wnum    

	
	mean_rad

	sgpaeri01summaryC1.a1/ sgpaeri01summaryC1.b1
	skyViewStdDevRadiance675_680

	
	    skyViewStdDevRadiance2295_2300

	
	    skyViewStdDevRadiance985_990

	
	    skyViewStdDevRadiance2510_2515

	
	    missingDataFlag

	sgpvceil25kC1.a1
	first_cbh

	
	    second_cbh

	
	    third_cbh  

	
	    status_string

	sgpvceil25kC1.b1
	first_cbh

	
	    second_cbh

	
	    third_cbh  

	
	    status_string

	sgpirtC1.a1
	sky_ir_temp

	
	    sky_ir_temp_max

	
	    sky_ir_temp_min

	sgpirtC1.b1
	sky_ir_temp

	
	    sky_ir_temp_max

	
	    sky_ir_temp_min

	nsaaerich2C1.a1/ nsaaerich2C1.b1
	calibrationHBBtemp

	
	    wnum

	
	    mean_rad

	nsaaerisummaryC1.a1/ nsaaerisummaryC1.b1
	skyViewStdDevRadiance675_680

	
	    skyViewStdDevRadiance2295_2300

	
	    skyViewStdDevRadiance985_990

	
	    skyViewStdDevRadiance2510_2515

	nsaskyrad60sC1.a1
	down_short_hemisp

	
	    short_direct_normal  

	
	    sky_ir_temp 

	
	   sky_ir_temp_max

	
	  sky_ir_temp_min

	nsaskyrad60sC1.b1
	down_short_hemisp

	
	    short_direct_normal  

	
	    sky_ir_temp 

	
	   sky_ir_temp_max

	
	  sky_ir_temp_min

	
	

	
	


· qmeaerilblclouds_maker.info

The qmeaerilblclouds_maker.info file specifies the output netCDF file names and the fields included in the output files.  It includes all the formatting information for the output netCDF files. 

The output fields and their units and description in the netCDF file are:

	Output Fields
	Units
	Long Name

	mean_cloud1_cbh
	M
	Ensemble average of first cloud base height from the Belfort ceilometer



	Sdev_cloud1_cbh
	M
	Standard Deviation of cloud1 ensemble

	Nobs_cloud1_cbh
	Unitless
	Number of cloudy observations in ensemble

	Nobs_cloud1_clear
	Unitless
	Number of clear observations in ensemble

	Mean_cloud2_cbh
	Meters above ground level
	Ensemble average of second cloud base height from the Belfort ceilometer



	Sdev_cloud2_cbh
	M
	Standard Deviation of cloud2 ensemble

	Nobs_cloud2_cbh
	Unitless
	Number of cloudy observations in ensemble

	Nobs_cloud2_clear
	Unitless
	Number of clear observations in ensemble

	Mean_cloud3_cbh
	Meters above ground level
	Ensemble average of third cloud base height from the Belfort ceilometer



	Sdev_cloud3_cbh
	M
	Standard Deviation of cloud3 ensemble

	Nobs_cloud3_cbh
	Unitless
	Number of cloudy observations in ensemble

	Nobs_cloud3_clear
	Unitless
	Number of clear observations in ensemble

	Cloud_cover_fraction
	Percent
	Calculated cloud cover fraction from the WSI(not available anymore)

	Wsi_offset_time
	Seconds
	AERI sample time minus WSI image time

	Mean_23tbsky
	K
	Ensemble average of 23.8 GHz sky brightness temperature from the MWR.

	Sdev_23tbsky
	K
	Standard deviation of 23 tbsky ensemble

	Mean_31tbsky
	K
	Ensemble average of 31.4 GHz sky brightness temperature from the MWR.

	Sdev_31tbsky
	K
	Standard Deviation of 31tbsky

	Mean_vap
	Cm
	Ensemble average of total water vapor along LOS path from the MWR

	Sdev_vap
	Cm
	Standard deviation of vap ensemble

	Mean_liq
	Cm
	Average total liquid water along LOS path from the MWR

	Sdev_liq
	Cm
	Standard deviation of liq ensemble

	Mean_irt
	K
	Average IR temperature from the IRT

	Sdev_irt
	K
	Standard Deviation of the IR Temp ensemble

	Nobs_mwr_ensembles
	Unitless
	Number of observations in each MWR ensemble

	Sdev_23tbsky_large
	K
	Standard deviation of 23tbsky ensemble

	Sdev_31tbsky_large
	K
	Standard deviation of 31tbsky ensemble

	Nobs_mwr_ensembles_large
	Unitless
	Number of observations in each large MWR ensemble (23tbsky and 31tbsky)

	Calculated_irt
	K
	IR temperature calculated from the AERI (spectral response function used to mimick the output from the IRT

	Integ_vap_sonde
	Cm
	Integrated precipitable water vapor using sonde thermodynamic profiles

	Sonde_offset_time
	S
	AERI sample time minus Sonde release time

	Sonde_serial_number
	Unitless
	Sonde serial number

	Mean_mpl_cbh
	Km
	Cloud base height from the MPL

	Sdev_mpl_cbh
	Km
	Standard deviation from the mpl_cbh_ensemble

	Nobs_mpl_cbh
	Unitless
	Number of cloudy observations in ensemble

	Nobs_mpl_clear
	Unitless
	Umber of clear observations in ensemble

	Nobs_mpl_foggy
	Unitless
	Number of foggy observations in ensemble

	Mpl_cbh_dq_flag
	Unitless
	Data quality flag for MPL cbh ensemble

	Aeri_dwell_atm_var_channel_1
	mW/(m2 sr cm-1)
	Standard deviation fo the average radiance in the 985-990 wavenumber window during the AERI dwell time

	Aeri_dwell_atm_var_channel_2
	mW/(m2 sr cm-1)
	Standard deviation of the average radiance in the 2510-2515 wavenumber window during the AERI dwell time

	Mean_AERI_BT_channel_1
	K
	Average of brightness temperature calculated from AERI radiances within spectral window for channel1

	Mean_AERI_BT_channel_2
	K
	Average of brightness temperature calculated from AERI radiances within spectral window for channel 2

	Cbh_AERI_chaneel_1
	M
	Cloud base height estimate from the field mean_AERI_BT_channel_1

	Cbh_AER_channel_2
	M
	Cloud base height estimate from the field mean_AERI_BT_channel_1

	Mean_dir_by_diff_ratio
	Unitless
	Ensemble averages of ratios of direct_norm_broadband divided by diffuse_hemisp_broadband from the SIROS

	Sdev_dir_by_diff_ratio
	Unitless
	Standard deviation of ratio ensemble about mean_dir_to_diff_ratio

	Nobs_dir_by_diff_ratio
	Unitless
	Number of ratios in ensemble

	Nonclear_flag
	Unitless
	Non_clear flag

	Nonclear_inputs
	Unitless
	Binary fields indicating which inputs are used to set the nonclear_flag


Algorithm
This VAP has several source files and a single header file. The purpose of the header file is to define all the input fields and the output fields in a central location.  This header file in included in the source file - qmeaerilblclouds.c which makes it easier to access all the fields defined in the header file.  The thresholds are also defined in the header file.  Similarly, all the external function and internal functions are centrally defined in the header file.  

The following steps are a brief description of the logic used in the qmeaerilblclouds VAP:

1. Read all the input data based on the retriever file.
2. If the AERI data is not available, the VAP will abort since the all the calculations are based on the AERI sample times.
3. Once the AERI dwell time is established, the SIROS and the MPL times are determined based the level of the AERI datastream.  For example, if the AERI datastream is a1 data, then the SIROS sample time is a 10 minute interval centered upon the SKYDWELL time.  ( 5 minutes before and 5 minutes after the AERI SKYDWELL time).  Similarly, the MPL ensemble is a 4 minute time interval centered on the SKYDWELL time.  If the data from AERI is a2 data, then the SIROS data is based on 6 minutes and 30 seconds before the AERI SKYDWELL time and 3 minutes and 30seconds after the AERI SKYDWELL time.  Similarly, the MPL ensemble is calculated 3 minutes 30 seconds before the AERI SKYDWELL time and 30 seconds after the AERI SKYDWELL time.
4. Calculate the AERI brightness temperatures. 
5. The IR temperature from the AERI channel one’s radiances are also calculated.  The above two calculations are done in the file aeri_stub.c
6. Next, the mean and standard deviation from the Ceilometer are calculated around each AERI sample.  This logic is done in the blc_stub.c.  If the cloud1_mean is greater than 15.0 meters, then the nonclear_flag is set to 1.
7. Following the Ceilometer calculations, the MWR mean and standard deviations are calculated.  If the mwr_liq_mean is greater than 50.0 microns, then the nonclear_flag is set to 1 indicating clouds in the atmosphere.  This logic is calculated in mwr_stub.c.
8. Since the IRT data is not part of the Ceilometer, the mean and standard deviations are calculated. This logic is done in irt_stub.c.
9. The WSI data is not available any more. 
10.  Next, based on the SIROS times and their availability, the mean and standard deviations of direct broadband by diffuse broadband ratio are calculated.  This logic is done in siros_stub.c
11.  The MPL mean and standard deviations calculations are done in mpl_stub.c.  If the cloud_base_height on MPL is greater than .270kilometers, the nonclear_flag is set to 1 indicating non-clear time.
12. The integrated vapor from the sonde reading is calculated if the sonde is available in the file qmeaerilblclouds.c.  
13. The logic where the brightness temperature from the AERI and brightness temperature from the SONDE has been disabled.
14. The next step is to write the data in the output file and generate the plots.

15. The plot is generated by calling the procedure qmeaerilblclouds.pro.  This procedure invokes an IDL code.  This procedure plots all four plots that is critical to this VAP.  If the atmosphere is cloudy, then the plots are marked in red indicating clouds at certain times.  Blue indicates clear times.
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Examples of Output Plot and Output Filename Structure

The qmeaerilblclouds VAP output files are named with the convention:
XXXaerilblcloudsSS.c1.YYYYMMDD.hhmmss.cdf

Where:

XXX is the name of the site either twp, sgp or nsa. 
SSS is the site designation, for example E13, C1 or B4, B5, B6 or C2.
YYYY is the year, MM is the month of the year, DD is the day of the month
hh is the hour of the day of data start, mm is the minute of the hour, ss is the seconds of the minute.

For example, the for the B6 site for the local day of September 1, 2003, with data starting at 10 minutes :46 seconds from midnight would be found in file:

sgpaerilblcloudsB6.c1.20030901.002523.cdf
This is an example of the png file generated by this VAP. Red indicates that the atmosphere is cloudy at that time of the day

Figure 1 is an example of the plot generated at the Boundary facility in SGP for September 01, 2003.
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Analysis

The above figure indicates that the atmosphere has been cloudy all the time on September 01, 2003.  The Mean_liq for this day has been above the threshold (indicated by the red markings as shown) in the 2nd plot.  The Cloud base height from the Ceilometer has been above the threshold all day and this is shown by the red markings.  There has been no data generated from the MPL.  Based on the above 2 conditions, the first plot shows that the atmosphere was not clear on September 01, 2003 at the boundary facility at SGP.

Figure2 is an example of the plot generated by this VAP on Oct 20, 2003 at SGP C1 facility.  In this plot, the data shows that part of the day the atmosphere has been clear indiated by the blue markings.  The cloud base height from MPL shows clouds for part of the day which is indicated by the red markings.
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Ordering Data from the archive.
ARM data can be ordered from the ARM Archive via Web browser through the ARM Archive User Interface.  Simply follow the directions on the page to enter your user name, or create a new user account. 

· To retrieve aerilblclouds data, click on the link "Request data using Catalog Interface". This link takes you to the page that lists the number of files in the archive by Year and Site. 

· Click on the year you want the data for any of the following sites -Southern Great Plains, Tropical Western Plains or the Northern Slope Alaska. This takes you to a page that lists the number of files in the archive for each instrument listed by facility. 

· Click on either Central Facility or Boundary facility for Cloud Observation Instrument or Radiometeric Insturments. The aerilblclouds data is available only for the Central Facility or the Boundary facility at Southern Great Plains, Central Facility at Tropical Western Plains Central Facility at Northern Slope of Alaksa and the for the follwing instrument categories - Cloud Observation Instruments and Radiometric Insturments.. 

· Now, click on the corresponding datalevel (c1). This link takes you to the page that lists the number of files in archive by Facility and Month. 

· Now you may choose the month you are interested in and order the data from archive. 

This page also features links to information about the ARM Archive, and understanding the Archive system. 

