INTRODUCTION

Climate Analysis with the 21-yr HIRS Pathfinder radiance clear-sky data set

ORBIT STATISTICS SWATH DATA
The HIRS Pathfinder data contains one of the largest global set of temperature, water vapor and ozone . Darren L. Jackson and John J. Bates _ N1O 1989 Orbit T8 mean/max/min: Chn 4 NOAA-10 HIRS CHN 8 01July89 0Z-37
observations in the weather community. These observations have been collected from 11 NOAA polar-orbiting C I R E S NOAA/CIRES Environmental Technolo gy Laboratory, BOUId@I’, CO 80305-3328 e o . R 0
operational satellites since October of 1978. Since the original intent for these observations was for operational D L. Jack 2601 S | |
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weather analysis, climate analysis with these data must be done carefully so to maintain consistency through IN ENVIRONMEN TR G TS 10N
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out the data. Our first processing of all the HIRS 1b data attempts to remove clouds from these observations
since most HIRS channels are sensitive to the presence of clouds. Following cloud removal, we compare our

results with the NESDIS sounding retrievals and investigate the intersatellite bias observed in many channels. PATHFINDER/NESDIS COMPARISON
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Comparing the HIRS Pathfinder clear-sky results with the NESDIS
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operational sounding products exposes strengths and weaknesses from
both data. Both data sets were originally derived from from the TOVS 1b
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o on data. Global maps illustrate the differences seen between these data in 1 g 0 -
L s | e S This figure indicates the amount of HIRS 1b data E four HIRS channels. Zonal averages accompany each global map. A 20- 0 e : 405
L T e — processed and the origin of those data. g s yr time series for 30N-30S for each channel from both data sets 1s given 5 g i | | | | |
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_ ? 1. The total number of observations remains nearly o S T T T VA A o 120W 10W 100W SOW BOW 7T0W  GOW
E - steady after deployment of NOAA-10. NOAA-8 had PATHFINDER HIRS CHN2 : 1/83  afternoon e ez PATHFINDER HIRS CHNS : 1/83 : afternoon e —— PATHFINDER HIRS CHN12 : 1/83 : afternoon All—sky statistics for each orbit, satellite, channel .
: ? an early HIRS failure that contributed to a two year gap D Negative trends for channel 2 in both data sets indicate observed Qlear—sky .data at the resolution of HIRS
. in the morning satellites. . o stratospheric cooling. Channel 4 indicates good agreement between the ?8 GRID DATA ﬁeld,'Of'Vler Data record contains
: I two data sets. Jumps indicate bias caused by transitions between satellites. n longitude, latitude, solgr. zenith, altitude,
e 2. Satellites show increasingly longer life spans in Channel 8 reveals operational changes in the NESDIS operational | 0 | e reflectance, spot position, and angle-
|| e ’ more recent years. e ' e processing method. In 1984, changes made to the transmittance : : T Hedosed : : .. " | son dependent brightness temperatures.
o | T — e e o B ) o coefficients resulted in changes to the cloud detection method. In 1989, a —— ! o —— ! o §§§
> L o 78RR S TR R R e e i 3. Splkes are associated Wlth overlap periOdS between B . - " . b 70N215'0EZTHFIN[2)2I;2QI 22:4 tmoon.m0 o Change in the channel 10 central frequency resulted in Chaﬂges in the HIRS 70N232 NEATHFINDZI;ZR IKR 02: :31ftroon.331 mNZZiNE%EEZTHHNDZEA; HII%SCI?ISIlI12:1/832:52;ftemor]265 ?EE
S e ’ newly deployed and old satellites. oo T e T G T 8 temperature adjustment. Pathfinder shows NOAA-11 orbital drift to the — =%F 7 i % 3 b son 7 ' : ' e
?fZE morning orbit in the early 1990's. Channel 12 shows an unexplained bias o1 o RETRIEVED PRODUCTS
5 1 ox105E : 4. Clear-sky data is nearly a one order of magnitude between the two data sets. e §§§
é 5.0x107 | reduction 1n data. oo 0 60E 120E 180 120w 60W 0

Channel 2 Orbit=afternoon 30N—30S

220

1/79 1/81 1/83 1/85 1/87 1/89 1/91 1/93 1/95 1/97 1/99
230 236 242 248
K

cloc e b b S P b ba i I
-1.5-1.0-050.0 0.5 1.0 1.5
b (K) 0 60E 120E 180 120W 60W 0 b (K)

. I\J " ‘s h' |/ . |
| i M A

0
216 ~\ \ ) I HIRS Pathfinder Channel 12 July 1989
| 0. . ] ‘I ‘ ' . 5 ] ‘. ‘ . ' 70N

T (K)

-8.0 -4.8 -1.6 1.6 4.8 8.0 i

Channel 2 senses stratospheric Channel 4 senses upper tropospheric e e Channel 8 S enses  surface temp eratur.e. Channel 12 senses upper trop 05P heric E%
CLOUD DETECTION temperatures (30 hPa). The summer temperature (400 hPa). The summer : - Alternoon OI‘bltS. detect warm land masses in water vapor (3 OO.h.Pa).. Warm region ovet %gg
hemisphere 1s warmest particularly at hemisphere is warmer at high latitudes e a2 the summer hemisphere. the. central ,PaCIﬁC, indicates very dry cos
NOAA-12 08JAN92 03Z-09Z HIRS 8 high latitudes. North Pacific warm due to greater solar insolation. 5 S | | | region associated with seasonal cycle and o oo omr o w oo ;
o = -":3::'m'~":: _-‘“-’:d-"ﬁm ey region 1s caused by a sudden - Chg - I;(?;%eeittivclelfff ere?ocsss ch’zihflilrll di}e i;g;f;:i the strong El Nino event of 1982/83. 230 236 21 248 254 260 Upper tropospheric humidity (UTH)
HIRS channel 8 observations detect surface o - I, L _.:;- 5 stratospheric warming event. Largest differences occur near 70N as is we T SIOTS. . . , , K product is currently available. Retrieval
temperature in the absence of clouds. This figure i Rt shown for channel 2. A small bias exist - E colder values m these regions likely due to Differences are generally negative and at P d and hl lear-sky d |
P , . . g T . A , . . L HHe . . 2 soof E cloud detection differences with NESDIS. all latitudes. Zonal difference diaorams cntad and monthly mean clear-sky data used the HIRS Pathfinder clear-sky bias
shows three descending morning orbits over Western —1on— el T T Largest differences are detected in the in the mid-latitudes in all regions. The MMWWWMWMM Land how 1 diff h . ' : : S grids for each satellite and channel. corrected data.
Africa. Blue and grey regions over eastern Africa and : s B L _ zonal mean differences between 50N positive difference over the tropical 53179 T — and arcas Show latget di erences than occan indicate Fhe subtrop 1C.al reglons haV.e the
the Indian Ocean indicate cold high convective 9 ; . - : s and 70N. These differences are greatest central Pacific are related to cloud e i?;%sbfgdjusmfms lmaie the l?ﬁa?nel StH,lbﬂie lar.gest d1ff§:rences. Time SCTIES indicates
clouds. Green and blue regions over the deserts of over the North Pacific and North detection differences over deep tropical e Operational SCICe Hkely CONtHbute this 1 K difference to exist over the 20
Africa and Arabia indicate a relatively cold surface. R Atlantic where both data sets have very convection. Also note the significant : NESDIS to the land/sea differences. year record.
Land/sea contrast seen on the western coast of India . - few samples due to cloud cover. number of missing data areas between - | E
illustrate diurnal temperature differences between 50S and 70S in the Pathfinder data. S|
ocean and land. 30S o
0 0 0 0 0 - The next step in processing will involve further work in removing known biases. These biases
30N INTERSATELLITE BIAS include (1) noise generated from electronic crosstalk from the SSU instrument, (2) signal loss from
An ISCCP-type cloud removal approach was absorption at frequencies in the channel 10 band due to the coating on the mirror for the early
adopted for this study. Large variations, in time and  2on satellites, (3) errors in the 1b calibration coefficients for the early satellites. In addition to accounting
space, in the HIRS 8 observations were used to for these biases, a cloud retrieval method (Wylie and Menzel, 1999) will be introduced to our process
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T ; so that future data sets will include cloud information.

Channel 4 Tropical Intersatellite Bias

detect clouds. Brightness temperature thresholds '™
were established to detect clouds. White regions in
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Intersatellite bias has been shown to have large

The adjustment creates a lookup table shown in stage of processing.
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always explain the observed bias. Relative to e e . . evening overpasses for channel 4
NOAA-10, the intersatellite bias between model o O e MO/ Gl the bottom diagram so that all the observations anomalies. Intersatellite jumps occur in

tﬁls dllaggan; 1tndi9ate thglcleljr-sky re.g1do.nstfoll(l)W1(rilg 4 effects on time series of temperature channels. | An emplrlc.:al approach 1S us§d here to account of M Tl 50— NF 85001-85151 channel 2 |
Cle COE CHeCHot. ac dareail i .tlflae cou Sd 10S I | Temperature channels (3-7,13-15) are most E 1ntersate‘:111te. bias. This approach  uses O FATRIR ', : o2‘5WWWMMWWWWWW o
car-sky ZG%QOHS C(l)rcrlespl?tn we WlTh'Wzm e | 7 affected since these channels reside on the edge o E cumulatlye histograms of the anomaly. data frf)m N ol 20 An example of the SSU noise 1ntroduce.d
geglons tant ﬂf f(zic? eieﬂ rfgli{ns. 1S lagriln; 208 1 ) of a transmission line needed for profiling. . . . ] observations collected over the same time perlod o s into the HIRS data. Power spe(.:tra g.lnaly.sm
emonstrates that diurnal fluctuations are accounte . | Therefore, small changes in the filter response e fo.r ecach of four daily overpass times. 2 fening £ o was performed on each cold calibration line
for in the cloud detection scheme. 30 = | | and the central wavenumber can cause e : Histograms are shown here of the channel 4 data B e e osE for a 151-day period. The peak of each
0 NO/::AE\-'IZOSZ,T;N92 O;OZE-O9Z Igch:CP A\E;Els-llzRR S0E é Signiﬁcant Sensitivity in brightness temperature. 08 COH.CCth dU.I'lI.lg the NOAA-IO/NOAA-I] fime 79 80 81 B2 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 0 500 1000 1500 2000 power spectrum 1S given for all the
. . . . 30N T T T : e - S Modeled intersatellite bias indicates that na - per1od. The hlstograms for NOAA-10 indicate a 5 E RRO00T 8515 channel calibration lines as a time series. The peak
2 i ] : . 10 = .
Vah}iia(tllon of t(lile P(;lthf.mdeli1 c%gl(ljcé szt\e/;{tﬁ)ﬁ N : changes in the central wavenumber between ot i warmer median value than NOAA-II but a very The results of the adjustment are shown - frequency is near 2.4 cycles/sec and has
gnet ? Waﬁ conducte Hl,lsmi ;I?IRR e ol P satellites causes the largest bias between i . similar structure for the negative anomalies. above. The red and green lines show the g "'ﬂ significant power. Removal of this noise
< 0.2 — : : : . . 5 107k .
atal rsmt tehs?meusate ltti' - O etrst shet satellites. However, modeled bias does not f f Cumulative histograms show this even better. 20-yr time series of the afternoon and - from the HIRS data is one goal for the next
resolution that allows this instrument to see G 107

between clouds 1n partly cloud scenes not detected
by HIRS thus detecting more clear-sky regions.
Pathfinder cloud detection also uses a conservative
approach so to ensure no false detection of clear
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can be adjusted to the evening orbit. This
approach differs from a mean bias correction
since this form of adjustment accounts for

both time series particularly in the 1980s. o s 1000 1500 2000
The blue curve gives the empirically-

and observations can be of opposite sign :
(NOAA-14) or significantly different (NOAA-5 -
i | — TIROS'N). o.o:—
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: . : ) 2 . adjusted channel 4 result. ] .
regions. Only 2% of the clear regions in the s e o N nonlinearities between the histograms. These data are slated for use in programs such as GEWEX, CLIVAR, and GCOS. While the data are
Pathfinder results are located in cloudy ISCCP NOAA Polar Orbiter I currently available for the scientific community directly from ETL, our goal is to make them

available at a DAAC in the near future.

detected regions shown here. 308
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