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Description: NNHIRS is a time varying data product reporting the global variations of the vertical distributions of atmospheric temperature and relative humidity every 3 hours. The basic 1.0-degree product is used in the ISCCP L2 (pixel-level) processing and reported in the L3 (gridded) products. The 1.0-degree product is used by the Surface Radiation Budget project to calculate radiative fluxes, the SeaFlux project to calculate ocean surface turbulent fluxes of energy and water, and the LandFlux project to calculate land surface turbulent fluxes of energy and water and is reported in their L3 products. The 1.0-degree product is also used by GPCP to determine the phase of precipitation at the surface. The 1.0-degree version is also reported in the GEWEX Joint Energy and Water data product.

Format and Contents: The format is netCDF4.0. The product reports global maps every three hours of the vertical profiles from surface to “top” of atmosphere (defined as 10 mb) of the temperature and relative humidity under clear sky conditions. The temperature and relative humidity are reported at up to nineteen pressure levels, defined by sixteen standard pressures (if present above topography), at the surface (taken to be an estimate of the 2m values), at the tropopause and at the profile-maximum temperature level. The profile-maximum temperature level may either be at the surface or at another pressure level if a near-surface temperature inversion is present. The pressures of the latter three special levels are also reported. Flag values indicate origin codes of the profiles in each map grid cell and the average time of any original measurements. If the particular profile is an original observation, then both the surface skin temperature and the cloud check flags are also reported. Land area fraction is provided. The map grid is the ISCCP 1.0 degree-equivalent equal-area grid. The period covered is 1979 through 2014.

Quantities Reported in Map Grid Cell
Quantity						Units		Range		Fill Value
UTC Time (Hour) Original Observation		Hours		0–23		255
UTC Time (Minute) Original Observation		Minutes	0–59		255
HIRS Origin Code					N/A		0–43		255
SWOOSH Origin Code				N/A		100-101	N/A
HIRS Surface Skin Temperature			Counts		0-254		255
Most Frequent HIRS Cloud Flag			N/A		0-3		255
Number of Satellites for HIRS interpolation		N/A		1-8		0
HIRS Hour (previous) for time interpolation		N/A		1-143		0
HIRS Hour (next) for time interpolation		N/A		1-143		0
Land Fraction						Percent		0-100		N/A
Near-Surface (2m) Air Temperature			Counts		0-254		255
Temperature at 900 mb				Counts		0-254		255
Temperature at 800 mb				Counts		0-254		255
Temperature at 740 mb				Counts		0-254		255
Temperature at 680 mb				Counts		0-254		255
Temperature at 620 mb				Counts		0-254		255
Temperature at 560 mb				Counts		0-254		255
Temperature at 500 mb				Counts		0-254		255
Temperature at 440 mb				Counts		0-254		255
Temperature at 380 mb				Counts		0-254		255
Temperature at 320 mb				Counts		0-254		255
Temperature at 260 mb				Counts		0-254		255
Temperature at 200 mb				Counts		0-254		255
Temperature at 150 mb				Counts		0-254		255
Temperature at 100 mb				Counts		0-254		255
Temperature at 50 mb					Counts		0-254		255
Temperature at 10 mb					Counts		0-254		255
Maximum Temperature				Counts		0-254		255
Tropopause Temperature				Counts		0-254		255
Surface Pressure					Counts		0-254		255
Pressure at Maximum Temperature			Counts		0-254		255
Pressure at Tropopause				Counts		0-254		255
Relative Humidity Near Surface (2m)		Counts		0-254		255
Relative Humidity at 900 mb				Counts		0-254		255
Relative Humidity at 800 mb				Counts		0-254		255
Relative Humidity at 740 mb				Counts		0-254		255
Relative Humidity at 680 mb				Counts		0-254		255
Relative Humidity at 620 mb				Counts		0-254		255
Relative Humidity at 560 mb				Counts		0-254		255
Relative Humidity at 500 mb				Counts		0-254		255
Relative Humidity at 440 mb				Counts		0-254		255
Relative Humidity at 380 mb				Counts		0-254		255
Relative Humidity at 320 mb				Counts		0-254		255
Relative Humidity at 260 mb				Counts		0-254		255
Relative Humidity at 200 mb				Counts		0-254		255
Relative Humidity at 150 mb				Counts		0-254		255
Relative Humidity at 100 mb				Counts		0-254		255
Relative Humidity at 50 mb				Counts		0-254		255
Relative Humidity at 10 mb				Counts		0-254		255
Relative Humidity at Maximum Temperature	Counts		0-254		255
Relative Humidity at Tropopause			Counts		0-254		255
	
HIRS Origin Codes	Description
0		Original observations
30		PCA-based Diurnal with daily mean
31		PCA-based Diurnal with daily mean interpolated in 5-day interval
32		PCA-based Diurnal with 30-day-averaged daily mean
33		PCA-based Diurnal with 8-yr climatology daily mean (02/2001-01/2009)
40		Daily mean – No PCA
41		Linearly Interpolated in a 5-day interval
42		30-day-averaged daily mean
43		8-yr Climatology (02/2001-01/2009)

Incoming HIRS Cloud Flags
	0			Highly Likely Clear
	1			Likely Clear
	2			Likely Cloudy
	3			No matching PATMOS-x data

UTC Time (Hour, Minute) gives the average of the observation times of all original data in a particular map grid cell if Origin Code = 0. HIRS Surface Skin Temperature is reported from the original HIRS temperature retrievals if Origin Code = 0. Most Frequent HIRS Cloud Flag indicates the likelihood of cloud contamination if Origin Code = 0. Number of Satellites indicates how many different satellites are involved in any average of original values in each map grid cell. Codes 30-33 indicate use of the PCA model of diurnal variation over land that is based on the daily mean, the interpolated daily mean within a 5-day interval or the 30-day-averaged daily mean. If no daily mean value is available, the climatology of the daily mean is used based on the period from 02/2001 to 01/2009, which was also the basis period for the PCA model. This procedure is used only over land. At pressure levels < 500 mb over land, at all levels over ocean and poleward of 70 latitude at all levels, missing values are filled by linear interpolation in time in a 5-day interval (Code 41) or filled by the 30-day mean (Code 42) or the 8-yr climatology (Code 43). The SWOOSH Origin Codes (100, 101) indicate original data or climatological fill.

Input Data Sources: Tropospheric temperature-specific humidity (T-Q) profiles are obtained from a new analysis of the operational HIRS measurements on polar orbiting weather satellites. The radiances have been newly re-calibrated to remove biases between instruments (Shi and Bates 2011). Unlike previous analysis methods, a cloud algorithm is applied to each HIRS pixel (field-of-view), instead of employing a comparison between HIRS and a microwave sounder, and all clear pixels (17 km size at nadir) are processed to retrieve a T-Q profile instead of selecting the two “warmest” pixels in a larger grid cell (2.5 degrees in the past). Thus, in a region with no clouds, results are obtained at spatial intervals of about 15-20 km. The cloud detection algorithm is patterned after the ISCCP IR algorithm and applied to HIRS channel 8 at a wavelength near 10 μm (Jackson et al. 2003). An additional check for cloud contamination is performed by comparison to coincident and collocated PATMOS-x cloud cover results, if available. The T-Q profile retrieval method is a neural network trained by a radiative transfer model, RTTOV (Saunders et al. 1999) Version 9, to use all wavelengths measured by HIRS. The training is further refined by using GPS-based retrievals of mid-troposphere Q. This version is a further development of the method reported in Shi (2001). Unlike previous retrieval methods, surface skin temperature (using realistic surface emissivities, the ISCCP set IREMISS) is retrieved as a quantity separate from near-surface air temperature and variable topography is accounted for by training a different neural network for each surface pressure range. Surface pressure is estimated using ISCCP TOPO at 1.0-degree using the relation:

PS = 1013.25 − 9.81 x 1.275 x Z/100 mb,

where Z is topographic height in meters used as an estimate of geopotential height. All available satellites are analyzed, hence, observations are obtained from two satellites (four samples per day) for most of the time period. There are four short periods (1979-1980, 1985, 1997 and 2000) when only one satellite was available (two samples per day) and a 2-year period (2002-2004) when four satellites were available (eight samples per day). The 8-yr period, 02/2001 to 01/2009, had three or four satellites and is used to develop the diurnal temperature variation model over land and the climatology for filling missing observations.

Quantities Reported in Original HIRS Profiles (Daily Files)
Quantity						Units		Range		Fill Value
Cloud Check Flag					N/A		0-3		N/A	
UTC Seconds in Day					Seconds	0–86400	N/A
Latitude						Degrees	−90 to 90	N/A
Longitude						Degrees	−180 to 180	N/A
Surface Pressure					Millibars	0-1013		N/A
Surface Skin Temperature				Kelvins	165–345	999
Near-Surface (2m) Air Temperature			Kelvins	165-345	N/A
Temperature at 1000 mb				Kelvins	165-345	999
Temperature at 850 mb				Kelvins	165-345	999
Temperature at 700 mb				Kelvins	165-345	999
Temperature at 600 mb				Kelvins	165-345	999
Temperature at 500 mb				Kelvins	165-345	999
Temperature at 400 mb				Kelvins	165-345	999
Temperature at 300 mb				Kelvins	165-345	999
Temperature at 200 mb				Kelvins	165-345	999
Temperature at 100 mb				Kelvins	165-345	999
Temperature at 50 mb					Kelvins	165-345	999
Specific Humidity Near Surface (2m)		g/kg		0.01-26	N/A
Specific Humidity at 1000 mb			g/kg		0.01-26.6	999
Specific Humidity at 850 mb				g/kg		0-22		999
Specific Humidity at 700 mb				g/kg		0-15		999
Specific Humidity at 600 mb				g/kg		0-11.2		999
Specific Humidity at 500 mb				g/kg		0-7.17		999
Specific Humidity at 400 mb				g/kg		0-3.49		999
Specific Humidity at 300 mb				g/kg		0-1.22		999

Stratospheric specific humidities are obtained from a monthly mean climatology constructed from SAGE II and III measurements from 1984 through 2005 and extended by MLS measurements to current, called the Stratospheric Water and Ozone Satellite Homogenized data set (SWOOSH, http://www.esrl.noaa.gov/csd/groups/csd8/swoosh/189401-201312). The values are mapped in a 5-degree latitude by 20-degree longitude map grid. Specific humidity values are reported at 31 pressure levels (mb):

316.2278	82.540		21.54435	5.623413	1.467799
261.0157	68.1292	17.7827	4.641589	1.211528
215.4435	56.23413	14.67799	3.831187	1.0
177.8279	46.41589	12.11528	3.162278
146.7799	38.31187	10.0		2.610157
121.1528	31.62278	8.254042	2.154435
100.0		26.10157	6.812921	1.778279

Comparisons to Other Products/Evaluation: Near-surface air temperature (TA) and specific humidities (QA) were compared with the ISD collection of surface weather reports over land and the SeaFlux determinations over oceans. Comparisons of T-Q profiles were made with the ARSA  (Analyzed Radiosoundings Archive v2. , LMD: http://ara.abct.lmd.polytechnique.fr/index.php?page=arsa ) collection of radiosondes over land and with the AIRS (V6 L2 , JPL https://airs.jpl.nasa.gov/) product globally. All of these comparisons, except AIRS, were done with the original input HIRS analysis with filters applied. QA over land is the daily minimum value but the 900 mb values of NNHIRS are compared to ARSA since it does not provide surface measurements. The global comparison of NNHIRS with AIRS is done with the final product where filling has been performed. All results shown are (Other Product  NNHIRS). The tables below summarize the comparison results. At the end of the document are shown figures for some of the comparison results for January and July over the baseline 8 year period (labeled XX01/07), except for AIRS which is based on only on 2007: TA and QA, T at 500 and 320 mb (T500, T320), and Q at 500 and 320 mb (Q500, Q320). 

Table 1a.)  NNHIRS Comparisons  (Seaflux (SS), ISD,ARSA)
 
           Uncorrected data              	                         Corrected Data
	Dataset
	R
	Mean difference
	Standard Deviation
	R
	Mean Difference
	Standard
Deviation

	TA Ocean
	
	
	
	
	
	

	SS     TA       XX01
	0.99
	0.13
	1.6
	 
	
	

	SS     TA       XX07
	0.99
	0.40
	1.5
	
	
	

	TA Land
	
	
	
	
	
	

	ISD  TA         XX01
	0.97
	2.2
	4.5
	0.96
	0.96
	4.7

	ARSA TA      XX01
	0.96
	1.97
	5.12
	0.97
	0.73
	4.3

	 ISD TA         XX07
	0.90
	0.79
	3.5
	0.93
	0.02
	3.4

	ARSA TA      XX07
	0.92
	0.59
	3.7
	0.92
	-0.49
	3.3

	QA Ocean
	
	
	
	
	
	

	SS     QA        XX01
	0.98
	0.23
	1.3
	0.99
	-0.23
	0.76

	SS     QA        XX07
	0.98
	0.60
	1.3
	0.99
	0.13
	0.80

	QA Land
	
	
	
	
	
	

	ISD      QA     XX01
	0.90
	0.65
	2.3
	
	
	

	ARSA  Q900  XX01
	0.96
	0.78
	1.2
	
	
	

	ISD      QA     XX07
	0.79
	0.70
	2.6
	
	
	

	ARSA  Q900  XX07
	0.90
	0.73
	1.6
	
	
	

	T500 Land
	
	
	
	
	
	

	ARSAT500     XX01
	0.98
	-0.34
	2.3
	
	
	

	ARSA T500    XX07 
	0.96
	0.03
	1.8
	
	
	

	Q500 Land
	
	
	
	
	
	

	ARSA Q500    XX01
	0.88
	0.11
	0.34
	
	
	

	ARSA Q500    XX07 
	0.89
	0.23
	0.45
	
	
	

	T320 Land
	
	
	
	
	
	

	ARSA T320    XX01
	0.96
	0.17
	2.6
	
	
	

	ARSAT320     XX07
	0.95
	1.4
	2.0
	
	
	

	Q320 Land
	
	
	
	
	
	

	ARSA Q320    XX01
	0.93
	0.02
	0.06
	
	
	

	ARSA Q320    XX07
	 0.89
	0.03
	0.09
	
	
	




Table 1b.) NNHIRS Comparisons (AIRS)

           Uncorrected data              	                         Corrected Data
	Dataset
	R
	Mean difference
	Standard Deviation
	R
	Mean Difference
	Standard
Deviation

	TA Ocean
	
	
	
	
	
	

	AIRS TA         0701
	0.99
	-0.6
	1.8
	
	
	

	AIRS TA         0707   
	 0.99
	 -0.09
	 1.7
	
	
	

	TA Land
	
	
	
	
	
	

	AIRS  TA        0701
	0.99
	1.05
	3.6
	0.99
	0.22
	2.9

	AIRS TA         0707
	0.99
	-0.93
	3.4
	0.99
	-2.1
	3.3

	QA Ocean
	
	
	
	
	
	

	AIRS  QA       0701
	 0.98
	-0.61
	1.1
	0.98
	-0.99
	0.9

	AIRS QA        0707
	0.97
	0.10
	1.2
	0.98
	-0.29
	1.0

	QA Land
	
	
	
	
	
	

	AIRS   QA      0701
	0.95
	0.55
	1.8
	
	
	

	AIRS  QA       0707
	 0.91
	0.93
	1.9
	
	
	

	T500 Ocean
	
	
	
	
	
	

	AIRS T500     0701
	0.99
	0.75
	1.8
	
	
	

	AIRS T500    0707
	0.99
	0.56
	1.4
	
	
	

	T500 Land
	
	
	
	
	
	

	 AIRS T500   0701
	 0.99
	1.4
	1.4
	
	
	

	 AIRS T500   0707
	0.99
	0.88
	1.4
	
	
	

	Q500 Ocean 
	
	
	
	
	
	

	AIRS Q500   0701
	0.90
	0.25
	0.41
	
	
	

	AIRS Q500  0707
	0.94
	0.22
	0.35
	
	
	

	Q500 Land
	
	
	
	
	
	

	 AIRS Q500  0701
	0.88
	0.24
	0.61
	
	
	

	AIRS  Q500  0707
	0.91
	0.31
	0.53
	
	
	

	T320 Ocean
	
	
	
	
	
	

	AIRS T320    0701
	 0.98
	1.5
	1.7
	
	
	

	AIRS T320    0707
	0.99
	0.91
	1.1
	
	
	

	T320 Land
	
	
	
	
	
	

	AIRS T320   0701
	0.99
	1.1
	1.7
	
	
	

	AIRS T320   0707
	0.99
	1.1
	1.2
	
	
	

	Q320  ocean
	
	
	
	
	
	

	AIRS  Q320 0701
	0.89
	0.01
	0.07
	
	
	

	AIRS Q320 0707
	 0.92
	-0.003
	0.06
	
	
	

	Q320 Land
	
	
	
	
	
	

	AIRS Q320 0701
	0.85
	0.02
	0.1
	
	
	

	AIRS Q320 0707
	0.85
	0.01
	0.1
	
	
	




Processing Steps:

A. Modifications to Original Data:  All available profiles of temperature (T) and specific humidity (Q) are collected in monthly histograms in the 1.0-degree ISCCP grid. Simple additional cloud-clearing procedures were applied to eliminate some remaining cloud contamination in very cloudy locations. Most of the removed profiles are also indicated as probably cloud contaminated by the original cloud check flag. In addition a few unusually hot profiles were discovered so these were also removed. The tests to do this are applied to the near-surface air temperature (TA); the whole T-Q profile is removed if the tests are failed. For each 1.0-degree grid cell in each month, the 1st and 99th percentile values in the histograms are determined, called TA1 and TA99. All profiles for which either TA < (TA1  3K) or TA > (TA99 + 3K) are discarded. Over oceans the histogram of filtered TA values for each month is then examined to identify the mode value (TAmode) and the value on the larger (hot) side of TAmode with a frequency of occurrence that is half of the mode value, called TA50. Additional profiles are removed if either TA > TAmode + 2 (TA50  TAmode) or TA < TAmode  2 (TA50  TAmode). In some instances, there is no TA50 available on the hot side of the mode, in which case the value with a frequency of occurrence of 70% of the mode on the cold side is used and the cold-side test is TA < TAmode  3 (TAmode  TA70). Over land the histogram of filtered TA values for each month is also examined to identify TAmode and TA50. Profiles are removed if TA < TAmode  3 (TA50  TAmode).
	The filtered temperature profiles are averaged over each day and then over all samples of each of the 12 months in the year for the period 02/2001-01/2009 to provide a climatology to be used in the filling procedure. Limited filling in longitude is used to ensure the global completeness of the climatology.

B. Mapping and Vertical Interpolation/Extrapolation: All filtered profiles are labeled as being over land or over water using the 0.25-degree ISCCP land-water mask (TOPO) and mapped into 1.0-degree equal-area global grids at hourly time intervals (centered on the local hour) for each day, where the observation time UTC is converted to local standard time (LST, based on UTC and longitude) to the nearest hour. All profiles falling within a grid cell within one hour are averaged; original quantities in the profiles are averaged separately. If both land and water are present in the grid cell, profiles over each surface type are averaged and these two are then combined weighted by the fractional areal coverage of land and water. If the 1.0-degree grid cell is called land (land fraction > 65%), then at least one profile over land is required otherwise no data are reported. Likewise if the 1.0-degree grid cell is called water (land fraction < 35%), at least one profile over water is required. If the 1.0-degree grid cell is called coast (intermediate land fraction) then at least one profile over land and one over water are required. The available values of the surface specific humidity, QA, are examined for each day to determine the minimum value over land and the average value over ocean; the profile containing the minimum QA over land is replicated to all other hours for that day whereas the whole profile of Q is the daily average at each level over ocean.
Some profiles are missing values near the surface (because of small differences between the original surface pressure used in the HIRS retrieval and the value reported in this product. These are filled by interpolation as part of the re-projection of the profiles from the original to the NNHIRS standard pressure levels to the ISCCP standard pressure levels. Temperatures are first converted to ISCCP standard count values, which are approximately linear in radiometer-measured energy, and linearly interpolated in pressure (P). Each monotonic portion of the profile is interpolated separately and then joined smoothly. Specific humidities (Q) are filled by interpolation of log Q with log P. The temperature profile is extrapolated to the 10mb level and the specific humidity profile is extrapolated to the 260 mb level (if necessary). The surface pressure for each profile is adjusted slightly to account for the effects of varying atmospheric temperature using the relation:

PS (Z) = 1013.25 [(TA − 6.5 x Z) / TA]5.25

where PS is in millibars, Z in kilometers and TA in Kelvins is the monthly mean near-surface air temperature at each location over land. The profiles are truncated or extended slightly. In mixed land-water grid cells, the surface pressure is the weighted average of the land and water values (where Z = 0 over water). Inland lakes, where topographic information is available in TOPO, are treated as land areas for this purpose. The near-surface temperature and specific humidity values are retained from the original profiles with no adjustment. The tropopause pressure is identified by searching upwards in the temperature profile to the first level where the temperature increases by ≥ 1K, but this location is checked to determine if it represents the absolute minimum temperature of the whole profile. If no minimum is found, then a test for a lapse rate < 0.3 K/km is used to define the tropopause location. If both tests fail to identify a tropopause level, the tropopause pressure is set to 100 mb.
	The near-surface temperatures (over land) and specific humidities (over ocean) are slightly adjusted from the original profile values based on systematic differences found in the comparison to the ISD dataset (over land) and the SeaFlux dataset (over ocean). The original NNHIRS values of TA over land exhibited a systematic bias relative to ISD measurements representing over estimates for TA > 300 K and TA < 230 K and underestimates in between (Figure 1). 

FIGURE 1. Annual Mean TA difference between NNHIRS and ISD as a function of NNHIRS TA
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Using the baseline 8-yr climatology period, a three-part fit to the differences as a function of NNHIRS TA was obtained. This fit was done for each month of year to better represent the extremes. The table below gives the fit functions used to adjust the NNHIRS values of TA over land.

Table 2) ISD-based additive adjustments to NNHIRS land TA
	Month
	Temp<
	Formula (Ta+)
	Temp between
	Formula
	Temp >
	Formula

	January
	244
	0.3857002519*ta – 94.5032049617 
	>244 &<295
	-0.0054097694*(ta^2) +2.9125939259*ta -388.4916046312
	295
	-0.1518243949*ta +44.0305015119

	February
	239
	0.2904500663*ta-69.8797243893
	>239 &<293
	-0.0054506843*ta^2 +2.9003645951*ta  -381.7292974161
	293
	 -0.2036320737*ta +58.8812629801

	March
	228
	0.1929249606*ta -44.0568465378
	>228 & <294
	-0.0045889045*ta^2 +2.3972297270*ta -308.1724536587
	295
	-0.2166178463*ta +63.1033958409

	April
	210
	0.1324798470*ta -27.7097642834
	>210 &<299
	-0.0028239784*ta^2 +1.4352990071*ta -176.7596947726
	299
	-0.1807989857*ta +53.7622617563

	May
	217
	0.0981604904*ta-18.9647099343
	>217 & <296
	-0.0040166274*ta^2 +2.0625570246*ta -258.4956821271
	296
	-0.2415170461*ta +71.1131718104

	June 
	210
	0.1640082372*ta-33.8080845539
	>210 &< 298
	-0.0034019831*ta^2 +1.7291929471*ta-213.1600759454
	298
	-0.2153255282*ta+63.8890704900

	July
	207
	0.1419663098*ta -28.1787714486
	>207 & <298
	-0.0031408833*ta^2 +1.5864432206*ta -193.6949386353
	298
	-0.2038138199*ta +60.6835506916

	August
	204
	0.1961498547*ta-40.2241299299
	>204 &<299
	-0.0033120951*ta^2 +1.6648981584*ta -201.818862609
	299
	-0.1871380553*ta +55.8782944215

	September
	212
	0.1708540573*ta -34.9000070844
	>212 & <295
	-0.0045005593*ta^2 +2.2801804787*ta -28.0070266930
	295
	-0.2916077704*ta +85.2141076261

	October
	209
	0.1407779662*ta – 28.2261622686
	>209 & <294
	-0.0038523629*ta^2 +1.9387707020*ta -237.0246064576
	294
	-0.2376603006*ta +69.2794313298

	November
	228
	0.2364392082*ta -55.434758346
	>228 & <293
	-0.0040196954*ta^2 +2.0959372357*ta -268.9476735128
	293
	-0.1976990939*ta +57.2210979996

	December
	241
	0.3266645793*ta – 79.49309416
	>241 & <293
	-0.0053380406*ta^2 +2.8535980471*ta -377.746669059
	293
	-0.1747278096*ta +50.4574170153



	Likewise the NNHIRS values of QA exhibited systematic geographic biases relative to the SeaFlux dataset representing overestimates for 8 g/kg < QA < 14 g/kg and underestimates for QA > 14 g/kg (Figure 2). 


FIGURE 2.  Annual Mean QA difference between NNHIRS and SeaFlux as a function of NNHIRS  QA
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This bias did not exhibit significant seasonal dependence, so the additive adjustment made with a single empirical curve fit based on the 8-yr climatology period:

QA = QA + ( 0.0000954413 * QA5 + 0.0044154760 * QA4  0.0693240329 * QA3 + 0.4368326825* QA2  1.0513608055 * QA + 0.8696176721)

	The SWOOSH monthly mean stratospheric Q profiles are re-mapped to the ISCCP 1.0-degree equal area grid by replicating values from the original lower resolution grid and then interpolated to the NNHIRS standard pressure levels by log Q versus log P. A monthly climatology based on the whole original dataset is produced.

C. Filling Method: When four satellites are operating, the original observations cover about 6-34% (19% average) of the earth for each 3-hr interval during the day. The more usual situation is that observations are available from two satellites. To achieve the goal of adequate diurnal resolution and to compensate for the inhomogeneous time-of-day sampling over the whole time record, the temperature values from the 8-yr period (02/2001-01/2009) with three-to-four satellite coverage (six to eight samples per day) were fit by an analysis of the diurnal variations for each month of the year at each geographic location at each pressure level. The analysis has two steps. First, the monthly mean diurnal anomalies (deviations from the average over all times of day for each satellite separately) at local hour intervals are combined for all satellites and fit with a cubic spline (unless the temperature range is < 2 K or > 5 K over ocean or > 40 K over land, in which case a Piecewise Cubic Hermite Interpolation, PCHIP, method is used). As part of the evaluation of the fits, the standard deviation of the monthly-hour average values for each grid cell and each month of the year are used to discard the one value farthest from the daily mean if it is more than two standard deviations from the mean and if its removal reduces the standard deviation by more than 20%. Second, PCA is performed on the hourly anomalies from the daily mean temperature for each grid cell at each pressure level over the whole period 02/2001-01/2009. The final diurnal variation model uses only the first three PCs to smooth out the variations, which explains about 55% of the variance over oceans (but this procedure is not used over oceans) and about 94% over land (cf. Aires et al 2002). The rms differences between the 3-term and the all-term PCA representations were found to increase as the diurnal amplitude decreases so the PCA model was restricted to locations where the diurnal range is  2 K: over all land areas at pressure levels  500 mb. Generally diurnal variations over ocean and in the upper atmosphere were smaller than this cutoff. The PCA model is also used to determine bias corrections for determining the daily mean temperatures from a limited diurnal sample.
Time filling: Daily mean T profiles are determined for all days that have at least one daytime and one nighttime sample; the PCA-based bias corrections are applied to correct for the specific time-of-day sample available. The Q profiles are retained only for days with an existing daily mean T profile. Monthly averages of these T and Q profiles are also calculated.
For a 2-satellite period, over land for a 3 hour time period, there is on average 10% original data, so the T profile filling procedure starts with the daily mean value for each location (an average of about 40% of the cases). If a daily mean value is not available on a particular day, the daily mean is obtained by interpolating from nearby daily mean values in a 5-day interval (about 25% of the cases). If the interpolation fails because data are not available, the monthly averaged daily mean value is used (about 25% of the cases); if there is no monthly mean, then the climatology for the appropriate month is used (< 1% of the cases). The PCA model is then applied to the daily mean T profiles from the surface up to the 500 mb level. Values aloft are filled through linear interpolation in time (24 hours +/-5 days), if data are not available then daily mean or climatology mean is used. Over ocean there is about 3% original data, 64% is filled through linear interpolation between the closest available times regardless of time of day (over an interval +/- 5 days), 21% is filled by the monthly mean, and 11% by the climatological mean. 
Humidity values for all hours on days with a daily mean T profile are already filled with the daily minimum value over land and the daily average over ocean. If the daily mean T profile is missing, the Q profile is replaced by linear interpolation of daily minimum (mean) values over a 5-day interval; if this interpolation fails, the monthly mean daily minimum Q profile is used. If the monthly mean Q profile is missing, the climatology from 02/2001-01/2009 of daily minimum (mean) Q values for the appropriate month is used.
The available stratospheric specific humidities are much sparser in the earliest years of the SWOOSH record; these are filled using a climatology based on the SWOOSH record from 2005-2014. The resulting monthly mean maps in 1° by 1° equivalent equal-area grid are replicated to each local hour of each day.

D. Reconciliation: The monthly mean stratospheric specific humidity values from SWOOSH were compared at the overlapping NNHIRS pressure levels (316 versus 320 and 261 versus 260 mb for SWOOSH and NNHIRS, respectively). In addition distributions of the differences in specific humidity between different pairs of pressure levels were examined to find those that showed (almost entirely) positive differences between an NNHIRS value at a higher pressure (only NNHIRS levels that actually report non-zero values are used in this comparison) and the SWOOSH values at a lower pressure. The NNHIRS values at 260 mb or 320 mb (almost) always exceed those in the stratosphere at 100 mb. Since the documentation of the stratospheric product recommends using humidity values for pressures ≤ 100 mb, the two water vapor profiles were joined by interpolating log Q versus log P between the 100 mb level and the last level with non-zero values in the NNHIRS product, generally the 320 mb level.

E. Merging:  The SWOOSH profiles are merged with NNHIRS for each 1-hour local time for each 1.0-degree grid cell. In this fashion, the synoptic variations in the troposphere are weakly reflected into the lower stratosphere below the 100 mb level by the interpolation procedure. 

F. Final Modifications: Subsequent evaluations of the NNHIRS results over ocean by comparison with 8 years of time-location matched SeaFlux values of TA and QA based on other satellite products showed good agreement for TA values but a systematic pattern of underestimates at the largest values in the tropics and overestimates of intermediate values in the subtropics. Lower values at higher latitudes agreed well (Figure 2). Based on the systematic nature of this difference, the final NNHIRS values of QA over ocean were adjusted by applying a change that is a function of the original NNHIRS value based on the 8-yr-averaged (climatology period) differences with the SeaFlux values. Evaluation of the NNHIRS results over land by comparison with 8 years (climatology period) of time-location matched values of TA and QA from the ISD collection of surface weather station reports showed good agreement (slight dry bias) for the QA values (which are the daily minimum from the HIRS retrievals) but a systematic bias in TA values as a function of the HIRS value. These differences are very regular but do exhibit a small seasonal variation at the extremes. Generally, the HIRS TA values appear to be too low by  5 K between about 230 K and 290 K and too high by up to 5 K outside that range (Figure 1). A fit to the 8-yr-averaged (climatology period) differences as a function of HIRS TA values for each month of the year is used to adjust the NNHIRS values of TA.
	The profiles of T and Q were also compared with results from AIRS over ocean and the ARSA collection of radiosondes over land; no significant systematic differences were found.
	To preserve precision over the whole range of specific humidity values, Q, they are converted to relative humidity, RH = Q/Qs at each location and local hour using the hourly temperature values in formulae for es from Murphy and Koop (2005):

es,l = e0 exp [ (  1) e6 + d2 (T0  T) / TT0 + d3 ln (T/T0) + d4 (T  T0)],

where es,l is the saturation vapor pressure over liquid water for T ≥ T0, T0 = 273.15 K, e0 = exp (e1 + e6) = 6.091888 mb,  = tanh [e5 (T  218.8 K)], di = (ei +  ei+5) and the values of ei are:

				e1	=	  6.564725
				e2	=	6763.22 K
				e3	=	4.210
				e4	=	  0.000367 K1
				e5	=	  0.0415 K1
				e6	=	0.1525967
				e7	=	1331.22 K
				e8	=	9.44523
				e9	=	  0.014025 K1

and

es,i = B exp [b1 (T0  T) / T0T + b2 ln (T/T0) + b3 (T  T0)]
 
where es,i is the saturation vapor pressure over ice for T < T0, b0 = 9.550426, b1 = 5723.265 K, b2 = 3.53068, b3 = 0.00728332 K1 and

B = (105) exp [b0 + b1/T0 + b2 ln (T0) + b3T0] = 6.111536 mb

The vapor pressures are converted to saturation specific humidity using

Qs = 0.622 es / (P  0.378 es)

	Thus RH is determined with respect to liquid phase at and above freezing temperature (273.15 K) and with respect to ice phase below freezing. If the NNHIRS value of RH = Q/Qs < 0.5% at any temperature, it is reset to 0.5%. If RH > 110% at T  273.15 K, then it is re-set to 110%. If RH > 150% at T < 273.15 K, it is reset to 150%. The larger upper limit at lower temperatures is consistent with upper air humidity measurements indicating very large vapor supersaturations are required to initiate ice condensation.
	The now globally complete profiles of T and RH at 1-hr intervals in local time are finally reduced to a 3-hr UTC version by taking the hourly value closest to the center of the 3-hr time window based on the longitude of each grid cell. This approach produces a better-behaved diurnal temperature cycle over land but can mean that some original observations are dropped. However, the values reported are based on all the original observations through the daily mean value.

EVALUATION
 
	The following figures all take the form of three panels to illustrate the monthly mean differences as (Other minus NNHIRS), where Other is SeaFlux (SS), land surface weather station data collection (ISD), radiosonde collection (ARSA) and AIRS. The upper left panel is a scatterplot of differences over the globe with the one-to-one line shown. The upper right panel is a histogram of the differences. The lower panel shows the map of difference that are used in the other two panels, where red-yellow colors are used for negative difference to indicate that NNHIRS values are larger and blue-magenta colors indicate that NNHIRS values are smaller.  The minimum, maximum and standard deviation of the mapped differences are shown above each map.


FIGURE  3) Near Surface Temperature over Ocean Comparisons
Figure 3a) TA over Ocean January  SeaFlux

[image: figureSS9MeanTAir_XXXX01.jpeg]

Figure 3b) TA over ocean  July SeaFlux
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FIGURE 4)  TA Comparisons over Land
Figure 4a) TA over land January - before fix  ISD
[image: figureISD01MeanTAir_XXXX01.jpeg]
Figure 4b. TA over Land January - before fix ARSA
[image: figureARSA01MeanTAir_XXXX01.jpeg]
Figure 4C) TA over land July - before fix ISD
 
[image: figureISD01MeanTAir_XXXX07.jpeg]

Figure 4d) TA over land July  before fix  ARSA
[image: figureARSA01MeanTAir_XXXX07.jpeg]



Figure 4e) TA over land January - after Fix ISD

[image: figureISD09MeanTAir_XXXX01.jpeg]

Figure 4F) TA over land January - after Fix ARSA
[image: figureARSA09MeanTAir_XXXX01.jpeg]



		Figure 4g) TA over land July - after fix ISD 
[image: figureISD09MeanTAir_XXXX07.jpeg]

Figure 4h) TA over land July - after fix ARSA 
[image: figureARSA09MeanTAir_XXXX07.jpeg]




  FIGURE 5) Near surface Specific humidity over Ocean
Figure 5a) QA over Ocean January - Before fix SeaFlux

[image: figureSS1MeanQair_XXXX01.jpeg]

Figure 5b) QA over Ocean January -  after fix SeaFlux
[image: figureSS9MeanQair_XXXX01.jpeg]


		Figure 5c) QA over Ocean July - before fix SeaFlux

[image: figureSS1MeanQair_XXXX07.jpeg]


Figure 5d) QA over Ocean July - after fix SeaFlux

 [image: figureSS9MeanQair_XXXX07.jpeg]
 
FIGURE 6) Near Surface Specific Humidity Over Land 		
Figure 6a) QA over Land January  ISD

[image: figureISD09MeanQair_XXXX01.jpeg]


Figure 6b) Q900 over Land January ARSA
[image: figureARSA90009MeanQair_XXXX01.jpeg]

Figure 6c) QA over Land July ISD
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Figure 6d) Q900 over Land July ARSA
[image: figureARSA90009MeanQair_XXXX07.jpeg]


FIGURE 7) Temperature and Specific Humidity at 500 mb
Figure 7a) Temperature over land at 500mb January ARSA

[image: figureARSA50009MeanTAir_XXXX01.jpeg]


Figure 7b)Specific Humidity over land at 500mb January ARSA

[image: figureARSA50009MeanQair_XXXX01.jpeg]
Figure 7c)Temperature over land at 500mb July ARSA
[image: figureARSA50001MeanTAir_XXXX07.jpeg]



Figure 7d)Specific Humidity over land at 500mb July ARSA

[image: figureARSA50009MeanQair_XXXX07.jpeg]

FIGURE 8) Temperature and Specific Humidity  at 320 mb
 	Figure 8a)Temperature over land at 320 mb January ARSA

[image: figureARSA32001MeanTAir_XXXX01.jpeg]


Figure 8b)Specific Humidity over land at 320 mb January ARSA

[image: figureARSA32009MeanQair_XXXX01.jpeg]

Figure 8c)Temperature over land at 320 mb July ARSA
[image: figureARSA32009MeanTAir_XXXX07.jpeg]



Figure 8d)Specific Humidity over land at 320 mb July ARSA
[image: figureARSA32009MeanQair_XXXX07.jpeg]


FIGURE 9) AIRS Surface Comparisons
Figure 9a)Near Surface Temperature over ocean January AIRS
[image: figureAIRSOCEAN09MeanTAir_200701.jpeg]
Figure 9b)Near Surface Temperature over Ocean July AIRS
[image: figureAIRSOCEAN09MeanTAir_200707.jpeg]




Figure 9c) Near Surface Temperature over Land before correction January AIRS

[image: figureAIRSLAND01MeanTAir_200701.jpeg]
Figure 9d) Near Surface Temperature over Land before correction July AIRS
[image: figureAIRSLAND01MeanTAir_200707.jpeg]


Figure 9e) Near Surface Temperature over Land after correction January AIRS
[image: figureAIRSLAND09MeanTAir_200701.jpeg]
 
Figure 9f) Near Surface Temperature over Land after correction July AIRS

[image: figureAIRSLAND09MeanTAir_200707.jpeg]



Figure 9g) Near Surface Specific Humidity over Ocean before correction January AIRS
[image: figureAIRSOCEAN01MeanQair_200701.jpeg]



Figure 9h) Near Surface Specific Humidity over Ocean before correction July AIRS
[image: figureAIRSOCEAN01MeanQair_200707.jpeg]


	Figure 9i) Near Surface Specific Humidity over Ocean after correction January AIRS
[image: figureAIRSOCEAN09MeanQair_200701.jpeg]

Figure 9j) Near Surface Specific Humidity over Ocean after correction July AIRS
[image: figureAIRSOCEAN09MeanQair_200707.jpeg]




FIGURE10) Temperature and Specific Humidity aloft AIRS
Figure 10a) Temperature over Ocean 500mb January AIRS
[image: figureAIRSOCEAN50009MeanTAir_200701.jpeg]



Figure 10b) Temperature over Ocean 500mb July AIRS
[image: figureAIRSOCEAN50009MeanTAir_200707.jpeg]

Figure 10c) Temperature over Land 500mb January AIRS
[image: figureAIRSLAND50009MeanTAir_200701.jpeg]



Figure 10d) Temperature over Land 500mb July AIRS
[image: figureAIRSLAND50001MeanTAir_200707.jpeg]



Figure 10e) Specific Humidity over Ocean 500mb January AIRS

[image: figureAIRSOCEAN50009MeanQair_200701.jpeg]


Figure 10f) Specific Humidity over Ocean 500mb July AIRS

[image: figureAIRSOCEAN50009MeanQair_200707.jpeg]

Figure 10g) Specific Humidity over Land 500mb January AIRS

[image: figureAIRSLAND50009MeanQair_200701.jpeg]
Figure 10h) Specific Humidity over Land 500mb July AIRS
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Figure 10i) Temperature over Ocean 320mb January AIRS
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Figure 10j) Temperature over Ocean 320mb July AIRS
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Figure 10k) Temperature over land 320mb January AIRS
[image: figureAIRSLAND32009MeanTAir_200701.jpeg]


Figure 10l) Temperature over land 320mb July AIRS
[image: figureAIRSLAND32009MeanTAir_200707.jpeg]


Figure 10m) Specific Humidity over ocean 320mb January AIRS
[image: figureAIRSOCEAN32009MeanQair_200701.jpeg]


Figure 10n) Specific Humidity over ocean 320mb July AIRS
[image: figureAIRSOCEAN32001MeanQair_200707.jpeg]



	Figure 10o) Specific Humidity over Land 320mb January AIRS
[image: figureAIRSLAND32009MeanQair_200701.jpeg]

Figure 10p) Specific Humidity over Land 320mb July AIRS
[image: figureAIRSLAND32001MeanQair_200707.jpeg]




Figure 11)  Specific Humidity Percent difference NNHIRS - SWOOSH  at 320 MB
[image: MacintoshHD:Users:cindy:NNhirs:swoosh:diff3202007115.jpeg]
					


The whole time record of the final NNHIRS product is illustrated by plots of monthly mean values over ocean and land, separately, at the surface, 500 mb and tropopause – both as the actual values and as the deseasonalized anomalies. Shown are the temperatures (values and anomalies) and the temperature range over each month (values only), the specific and relative humidities (values and anomalies) and the pressure (values only).


















(11) Long term statistics
Figure 11a) Monthly mean Temperature over Ocean
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Figure 11b) Monthly mean Temperature over Land
[image: checklevmeansTFFD7Land.jpeg]


Figure 11c) Deseasonalized Temperature over Ocean
[image: float7:nnhirsd7out:evaluate:jpegs:checklevmeansTanomFFD7Ocean.jpeg]

Figure 11d) Deseasonalized Temperature over Land
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Figure 11e) Temperature Range over Ocean
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Figure 11F) Temperature Range over Land
[image: checklevrangesTFFD7Land.jpeg]





Figure 11g) Monthly means Specific Humidity Ocean

[image: checklevmeansQFFD7Ocean.jpeg]


Figure 11h) Monthly means Specific Humidity Land
[image: checklevmeansQFFD7Land.jpeg]

Figure 11i) Deseasonalized anomaly Specific Humidity Ocean
[image: float7:nnhirsd7out:evaluate:jpegs:0915:checklevmeansQanomFFD7anomOcean.jpeg]


Figure 11j) Deseasonalized anomaly Specific Humidity Land
[image: float7:nnhirsd7out:evaluate:jpegs:0915:checklevmeansQanomFFD7anomLand.jpeg]



Figure 11k) Monthly means Relative Humidity Ocean
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Figure 11l) Monthly means Relative Humidity Land
[image: checklevmeansRHFFD7Land.jpeg]


Figure 11m) Deseasonalized anomaly Relative Humidity Ocean
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Figure 11n) Deseasonalized anomaly Relative Humidity Land
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		Figure 11o) Monthly means Pressure Ocean
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Figure 11p) Monthly means Pressure Land
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