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Satellite
TIROS-N
NOAA-6

NOAA-B
NOAA-7
NOAA-8

NOAA-9
NOAA-10
NOAA-11
NOAA-12
NOAA-13
NOAA-14

NOAA-15
NOAA-16
NOAA-17
NOAA-18
NOAA-19
MeTop-A

MeTop-B

Launch Date
October 13, 1978
June 27, 1979

May 29, 1980
June 23, 1981
March 28, 1983

December 12, 1984
September 17, 1986
September 24, 1988
May 14, 1991
August 9, 1993
December 30, 1994

May 13, 1998
September 21, 2000
June 24, 2002
May 20, 2005
February 06, 2009
October 19, 2006

September 17, 2012

Operational Dates - Orbit
Oct 19, 1978-Jan 30, 1980

Jun 27,1979-Mar 5, 1983 AM
Jul 3, 1984-Nov 16, 1986

Failed to achieve orbit
Aug 19, 1981-Jun 7, 1986 PM

Jun 20, 1983-Jun 12,1984 AM
Jul 1, 1985-Oct 31, 1985

Feb 25, 1985-Nov 7,1988 PM
Nov 17, 1986-Sep 16, 1991 AM
Nov 8, 1988-Apr 11,1995 PM
May 14, 1991- Dec 14,1998 AM
Aug 9, 1993-Aug 21, 1993

Apr 11, 1995-Mar 19, 2001 PM

Dec 15, 1998-0Oct 15, 2002 AM
Mar 20, 2001-Aug 29, 2005 PM
Oct 16, 2002- May 21, 2007 AM
Aug 30, 2005-Jun 01, 2009 PM
Jun 02, 2009- July 2013 PM
May 21, 2007-Apr 23 2013 AM

Apr 24, 2013 AM




16 HIRS sensors used for 35+ year moisture study

morning (8 am Desc Node) night (2 am Desc Node)
NOAA 6 HIRS/2 — 6/1979 NOAAS5 HIRS - 10/1978
NOAA 8 HIRS/2 — 3/1983 NOAA 7 HIRS/2 — 6/1981
NOAA 10 HIRS/2 — 9/1986 NOAA 9 HIRS/2 —12/1984
NOAA 12 HIRS/2 —5/1991 NOAA 11 HIRS/21* - 9/1988
NOAA 15 HIRS/3 - 5/1998 NOAA 14 HIRS/21* - 12/1994
NOAA 17 HIRS/3 - 6/2002 NOAA 16 HIRS/3 - 9/2000
METOP-A HIRS/4 - 10/2006 NOAA 18 HIRS/4 - 5/2005
METOP-B HIRS/4 — 9/2012 NOAA 19 HIRS/4 — 2/2009

Split window change: HIRS & HIRS/2 ch 10 is 8.6 um and HIRS/2I, /3, & /415 12.5 um .
Orbit Drift: Asterisk (*) indicates drift from 14 to 18 UTC over 5 years of operational use.
S/N improved in HIRS/3. FOV improved to 10 km FOV for HIRS/4 (previously 20 km FOV).
HIRS coverage: More than 100 satellite years in HIRS data set.
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Uncertainty of Observable Trend

Climate System Energy Balance
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Relative Response

Relative Response
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NOAA-14 HIRS/2 SRFs and Calculated HIS Brightness Temperature Spectrum

1300
. .
I 1
T M‘ﬁ‘—“;l;‘”‘rr—“““ o P
=J| |r I'| | IIl I!i'i :Ilﬂl ﬂl 1280
|' I | :l T 1
," ; i ’ :
! '. 1',14H "Rl 260
. "™, | |
| ; | |
| : | ; -
| Ii | i j
f i / ﬁ 220
| | I | 1
_|'I |I 4 I'l_ 1
. L b e e ._|200
860 00 950 1000 1080 1100
Wavenumber (cm')
r 300
1. D IH'I.I-I- Illﬁ IrE IIF IE
o gl ) | —fra ofrofipeons
T N VT e
Uﬂﬁ. 1]':.:| ffﬁ ! : ; | Z
[ |h L LT i [ ' |
! | i i |
- Iiﬁ | I | I 260
0.5 ||".u’| | | | || - ' E _
| ll In :I : I | | . i 1
' | | P : 1240
4 : | ay rﬁﬂ.: R i |
| o | | i |
' ' ':! M- | S S ! :
0z (1 B . 20
_ .|:1 I L T |
| | | |I ] L |
RS AN Ao .. |200
2100 .E‘EDD 2300 2400 2500 2600 2700 2800

Erightness Temperature (K)

Brightness Temperature (K)



SRFs of CO2 channels for NOAA/Metop satellites
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Adjusting the HIRS SRF

D: Clear sky :
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* Bandwidth ~ 15 cm-1

* If shift of 2.5 cm-1, ATb ~ +5 K, AR ~6 mW/m2/ster/cm-1

* Then calculation of clear sky radiance obs would be off by AR
which would affect determination of Pc

* Warmer clear sky calculation introduces higher CTH estimation



SRF of water vapor channel

for NOAA/MetOp satellites
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e SRF of HIRS ch12 for NOAA/MetOp satellites (left axis), an IASI spectra (right axis)
e Differences can be seen between HIRS/2, HIRS/3, and HIRS/4
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BT Bias Change with SRF shift

METOP-B 08/01/2013

Ch4 —14.2um Ch5—13.9um
HIRS BT
minus
|ASI BT
After optimal SRF shifting Original BT difference
Ch7 —13.3um Ch12-6.5um  QOptimal shift

not clear

Scan line number
Color represents different wavenumber shifting



Orbital Variance as a function of SRF shift

METOP-B 08/01/2013

Ch4 — 700 cm™? Ch5 -720cm? Ch7 — 750 cm™?

-1.16 cm™? -0.48 cm1 -0.52 cm

Ch12 — 1530 cm

<1\ Between -5 and 5 wavenumber shifting, the orbital variance
-2 cm’ does not decrease significantly for channel 12.
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Corrected of blackbody bias (0.14 K), SRFs (shifted -0.13, 0.09, -0.15 cm-1 for Ch 4, 5, and 7), and
calibration non-linearity term.

Validated with 16 months sampled MetOp data (the fifth orbit of each day)
Both mean bias and bias variation (both T- and non T-dependent) are significantly reduced ( < 0.1K)



Toward an Integrated System for Intersatellite Calibration
of POES using the SNO Method

N15 & N16 (+) and

N16 & N17 (X) SNO: Simultaneous Nadir Overpass
SNO locations

from 2000 to 2003


http://www.orbit.nesdis.noaa.gov/smcd/spb/calibration/sno

Using Metop-A IASI-HIRS data to estimate SRF
shifts implied by HIRS-HIRS SNOs

Impact of spectral shift on inter-satellite radiance (or BT)
difference depends on atmospheric state at time of
measurements

|ASI-simulated HIRS data are used to develop linear
models to estimate impacts of SRF shifts (and
differences) on inter-satellite radiance differences for
various atmospheric conditions;

For channel i and satellite m a shift of ASRF will produce a
radiance change AR, = ASRF [5; a;;,, R;,, +C;p,,]

where j sums the HIRS CO2 channels 2 — 7, IRW channel
8, and H20 channel 12 (these are used to estimate the
atmospheric state for a given SNO)
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CO, and H,O HIRS spectral shifts

Ch4(14.2) Ch5(13.9) Ch7(13.3) Ch12(6.7)

Hirs2n06V  0.31 0.7 0.7 1.1
Hirs2n07V -0.18 0.1 1.2 -0.46
Hirs2n0O9 H 0.43 2.66 -0.48 1.1
Hirs2nl0 H 0.95 1.56 -0.93 3.0
Hirs2n1l H 1.72 2.05 0.15 4.2
Hirs2n12 H 0.47 2.23 -2.06 4.1
Hirs2n14 H 1.97 3.13 1.22 4.1
Hirs3n151 -0.21 0.27 1.01 0.6
Hirs3nl61 0.22 0.62 0.47 0.8
Hirs3n171 0.54 0.72 0.44 -0.3
Hirs4n181 -0.71 -0.37 -0.49 3.3
Hirs4n191 -0.00 -0.12 0.10 0.7
Hirsdmoa |l -0.15 0.10 -0.15 2.2
Hirsdmob | -1.21 -0.43 -0.54 0.0

V indicates intercal with VAS, H with later HIRS, and | with IASI directly
(Chen et al, 2013)



Mitigating effects of Orbit Drift

Confining trend analysis to operational dates for each POES

Dividing the day into four segments

(with sunlight before and after noon; without sunlight before and after midnight)



Equatorial Crossing Times / Operational Transfer Dates for NOAA

Equatarial Crossing Time of NOAA Polar Satellites
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Dividing the Day into 4 Time Periods

Morning SZA <= 85° and Local Time Before Noon

Afternoon SZA <= 85° and Local Time After Noon

Evening SZA > 85° and Local Time Before Midnight
Night SZA > 85° and Local Time After Midnight

Accounting for and taking advantage of orbit drift



NOAA CDR of monthly mean TPW; 2009 January, morning (0-12h)

R T P T

Total Precipitable Water [mm

0.0 14.0 28.0 42.0 56.0 70.0

Data Min = 0.1, Max = 75.3, Mean = 23.0




NOAA CDR of monthly mean TPW; 2009 January, afternoon (12-24h)

Total Precipitable Water [mm

0.0 14.0 28.0 42.0 56.0 70.0

Data Min = 0.2, Max = 109.7, Mean = 24.9




NOAA CDR of monthly mean TPW; 2009 January, evening (12-24h)

Total Precipitable Water [mm

0.0 28.0 42.0 70.0

Data Min = 0.1, Max = 72.0, Mean = 21.5




NOAA CDR of monthly mean TPW; 2009 January, night (0-12h)

Bz

=

Total Precipitable Water [mm

0.0 14.0 28.0 42.0 56.0 70.0

Data Min = 0.0, Max = 103.9, Mean = 23.2




HIRS TPW and UTH Trends

Comparing with Aqua MODIS



HIRS TPW and UTH

HIRS TPW and UTH Is a statistical regression developed
from the SeeBor data base (Borbas et al. 2005) that
consists of geographically and seasonally distributed
radiosonde, ozonesonde, and ECMWF ReAnalysis data.
TPW & UTH are determined for clear sky radiances
measured by HIRS over land and ocean both day and
night. The retrieval approach is borrowed from MODIS
(Seemann et al. 2003, Seemann et al. 2008). There Is
strong reliance on radiances from 6.5, 11, 12 um. The
AVHRR based PATMOS-x cloud mask Is used to
characterize HIRS sub-pixel cloud cover.



NOAA Climate Data Record: Monthly Mean Total Precipitable Water
NOAA-06/HIRS2 August 1980

Data Min = 0. B, Maw = 7E.5, Mean = 24.7




NOAA Climate Data Record; Monthly Mean Total Precipitable Water - Morning
METOP-B/HIRS4_March 2015
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Monthl Mean TPW [mm]
< :# . >
0.1 16.1 32.1 48.0 64.0 80.0

Data Min = 0.1, Max = 71.5, Mean = 23.1



Time series of N17/HIRS IWV high, middle and low over Daytime
HIRS WY high over Daytime
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Time series of MYDO7 IWV high, middle and low over Daytime
FAYDOT WY high over Daytime
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Time Series of TPW at afternoon for 30N-60N Latitude for year 1980-2016
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g‘ime Series of TPW anomaly at night over 305-30N Latitude for ',rear 1_'—'13[} 2016
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METOP-A/HIRS4 TPW (mm) compared to
NASA NVAP Product for 2009
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Time Series of TPW at night for 0-60N Latitude for year 1980-2016
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2Tinu! Series of TPW anomaly at night over 0-60N Latitude for year 1980-2016
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HIRS High Cloud Detection



Radiance from a
partly cloudy FOV

clear air, a cloudy, c
R=[1- |\Ie]Rclear air T Ne Ropq cld (Pc)

Two unknowns, Ne and P¢,
require two measurements



Different ratios reveal
cloud properties
at different levels

hi -14.2/13.9
mid - 13.9/13.6
low - 13.6/13.3
Meas Calc E
P,
(a2 Mgy J T)1 0By E
Ps
Pc
(Lo 1) ney, J Ty, dB;,
Ps
if (1,F7-1,) <A

then IRW is used

CTPs using CO2 Slicing

10 T T Y T ~ T
Central
Channel  Wavelength (um)
{ 32 12.020
! 33 13.335
34 13.635
35 13.935
36 14.235
N
100 | ;
o0 !
u’
35
33 )
m:z_'
1000 . i . "
0.0 0.2 0.4 0.6 0.8 1.0

Weighting Function dfv.p)/d [n p
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Cirrus detection has been elusive in the visible bands
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Depending on view angle GOES sees or misses Texas cirrus



IR window sees cirrus but cannot place height correctly

_innn“ 1DUﬁ

000F T 1000 1000 s ) s 11000 1000

10005 1000 e 000
jilta [ . A

1000

'iDUU : 1000 1000 1000 1hnn

 1__|:|'|:1|]. o #1000 10000 1000

1000
1000

" 000




Irrus

ts for semi-transparency of c

Icing correc

CO2 sl

Z=

S =) =
- ) i
=] o
DR
R
B
S
A

o

PR
G
e e e

50

=]
]

=[]

e
i e
i e e
i She ek
G s e
s
S
S
S
.
i
i
i B

B
S o -
i L : % : i | i
i ; oo b5 Gl wR o ]
1 e i 3 i
i GEe W o e F :
o o s e 2 e = o
: e SR R a.&.tmnw«.w i 5
; e e R : : Ci
e : ik 3 v i
o AR Bl . & A
e R S i B 5 \
L i : =
S R SR R e =1
i S e S J =
S e R
e e e SR e e, P £
o R S e, i
e R e 2 5
s b &
P S i R e G i d
R S R i
i e i
e et
R et
wa.mww. i i




HIRS

High Clouds

HIRS high clouds are determined using CO2 slicing to

estimate cloud top p

ressure for HIRS FOVs within 32

deg of nadir over land and ocean both day and night. The

retrieval approach is

porrowed from MODIS (Menzel et

al., 2008). High, mid
thin, thick, and op

, and low clouds are separated into
ague categories. There Is strong

reliance on radiances from 13.3 to 14.2 um. The
AVHRR based PATMOS-x cloud mask Is used to
characterize HIRS sub-pixel cloud cover.



Thin Thick Opaque Total
(ef<0.5) (ef>0.95)
High (CTP<440 hPa) | 19.7+1.2 | 13.3+1.0 | 2.8+0.4 35.8
Mid 4.0£0.3 5.5%+0.6 1.9+0.3 11.4
Low (CTP>660 hPa) 6.8+0.7 6.4£0.5 | 13.9+1.2 27.1

Percentage of all near nadir (view angle < 32 deg) HIRS
observations that found clouds from 60°N to 60°S (24.7%
found clear skies) for Dec-Jan-Feb 2009. Scatter (rms) about

mean values is also indicated.
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High Cloud Frequencies (%)
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High Cloud Frequencies (%)
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Frequency (%)
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Percent of Total HIRS FOVs
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El Nino events seem correlated with decreased high cloud detection
in Tropical Western Pacific region (23N-23S, 100-160E).



Decadal Changes — 1990s minus 2000s
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UWHIRS 0-60N Nighttime High Cloud Frequency (%)
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Continuing HIRS Products
with IASI & CrlS



Using IASI & CrIS
to continue HIRS products

e Builds on HIRS CO2 slicing cloud work and moisture
regression algorithm

 High spectral resolution CrlIS and IASI data are averaged to
resemble HIRS broad band spectral coverage and to
estimate cloud and moisture properties

e Co-located HIRS and IASI data are used initially to provide
proof of concept. AVHRR PATMOS-x cloud mask is used to
identify clear from cloudy HIRS measurements. NCEP
ReAnalysis is used to establish clear sky radiance biases.



Relative Response

Relative Response
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HIRS (H) & HIRS/IASI (H/I) Cloud Comparison 19 Jan 2009

H HRS 021920 CTOP ighand H/| HESIAS Q026110208 TP ighet IASI has higher sampling density
:&‘;@;*ﬂﬂ!‘ﬁm\ > with larger footprint causing

HIRS/4 to find fewer clouds than
HIRS-IASI (especially non-opaque
clouds)

T

On Metop, IASI samples four

12 km FOVs every 50 km while
HIRS samples one 10 km FOV every
20 km cross-track and 40 km along

— [“'%" R e track.
H-H/I = mmm Distribution (% of all observations) of HIRS (H) & HIRS-IASI (H-1)
W et cloud determinations 60N-60S
Thin Thick Opaque Total

H  HI | H Hl | H | H-l H | H-l

High 17 | 23 | 13 | 14 | 3 2 33 | 40

Mid s s 6] 532 12 1

s —— Low 4 6 7|9 18|10 29 25

HIRS/IASI results indicate that continuing the HIRS cloud record can be done with IASI and CrIS
(CTPs within 25 hPa).



UT/LS Clouds



UT/LS Cloud identified when BT13.9>BT13.3

XXX XXX co, BT13.9

X X X X X above cloud <
BT13.3

-l Cloud <

Can also use
WYV above cloud when
BTWV>BTIRW




Height Difference (km)

August 2008 NOAA-18 HIRS [BTD(14.0-13.3)>0] values (x-axis in deg K) versus CALIOP
cloud top height minus tropopause height (y-axis in km). In 80% of HIRS FOVs where CO?2
test indicated UT/LS cloud, CALIOP found cloud within 1.5 km of tropopause.



UT/LS Cloud ldentification

UT/LS and High Clds for Jan 2000

il
b ¥ . g
o S - e
e ; ¥
E s "
o -
L
Lo

5 o T e L, = S
" - _.r:- X [ L '.. . BT B w
) : : ._ 1 . At - o
. L 1 - 5 - I . | i L ol
TR . e = - LT i : by TN
h! W . e - B | r I 5
[ el , . Er - -, . . . .
1 - . - a : - . 1
. . T . . . .1 .

Detection of near stratospheric cloud from BT14>BT13.3 test

0.6

10.4




Upper Tropospheric/Lower Stratospheric (UTLS) Cloud Frequency

NOAA—17 and NOAA—18 HIRS Morning UTLS 200808 v5.3:

=135 —a0 —45 o] 45 g0 135

UTLS Frequency in Percent
Morning June 2006
SZA <= 85° and Local Time Before Noon
Spatial Resolution is 0.5° Equal Angle



Upper Tropospheric/Lower Stratospheric (UTLS) Cloud Frequency

NOAA—17 and NOAA—18 HIRS Afternaon UTLS ZADBOE v5.3:

=135 —a0 —45 o] 45 g0 135

UTLS Frequency in Percent
Afternoon June 2006
SZA <= 85° and Local Time After Noon
Spatial Resolution is 0.5° Equal Angle



Upper Tropospheric/Lower Stratospheric (UTLS) Cloud Frequency

NOAA—17 and NOAA—18 HIES Evening UTLS 200806 v5.3:
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UTLS Frequency in Percent
Evening June 2006
SZA > 85° and Local Time Before Midnight
Spatial Resolution is 0.5° Equal Angle



Upper Tropospheric/Lower Stratospheric (UTLS) Cloud Frequency

MOAA—17 and NOAA—18 HIES Night UTLS 200806 v5.3:
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UTLS Frequency in Percent
Night June 2006
SZA > 85° and Local Time After Midnight
Spatial Resolution is 0.5° Equal Angle



UW HIRS 50S-50N Night Upper Tropospheric/Lower Stratospheric Cloud Frequency (%)
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El Nino
Year
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| . Conclusions
Regarding Recalibration

* Metop HIRS recalibration using IASI offers best HIRS reference

* Recalibration against reference HIRS mitigates but does not eliminate sensor to
sensor differences

* Dividing day into 4 time periods mitigates effects of orbit drift somewhat

Regarding High Cloud Trends

* HIRS radiance data is being processed with MODIS CO2-slicing algorithm

* Afternoon cloud trends are affected by orbit drift

* Frequency of night time cloud is greater than that in day time (cloud mask??)

*10 km FOV (HIRS4) sees fewer clouds than 20 km FOV (HIRS3 & HIRS2)

* Clouds are found in ~75% of HIRS observations over 60N-60S; hi clouds in ~35%

* NH and SH seasonal high clouds exactly out of phase (min-max matchup);
seasonal fluctuation greater in SH than NH

* EPB UT/LS clouds show correlation with El Nino3.4 SSTs

Regarding H20 Trends

* HIRS radiance data is being processed with MODIS TPW / UTH algorithm

* Seasonal TPW cycle is strongest in northern mid-latitudes, weakest in tropics,
stronger in the afternoon than at night

* NH and SH seasonal TPW exactly out of phase (min-max matchup)

* Hemispheric seasonal TPW and high clouds in phase

* Decrease in tropical TPW is evident during La Nina events

* Recalibrating IR split window needed to mitigate sensor to sensor TPW issues

Overall
* HIRS data from 1978 onwards offers unique global cloud and moisture record



Timeline
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