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¢ Temperature Monitoring with Satellite Microwave Measurements:

- two anellites with ranges from 0.2°C in the tropics to 0.4°C in middle latitudes
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ABSTRACT

A methed for measuring global atmespheric temperature anomalies to 3 high levei of propeis
is demoustrated. Global data fram the Microwave Soonding Units {(MSUs), Bying an NOAA satellitcs since
late 1978, have been analyzed 1o determine the extent (o which these data can reveal atmdgpheric temperatune
anpmalies on bidaity and longer time scafes for regional and lacger space sles. The glokyd sampling provided
by the M3Us isan important asset, with most of the carth sampled tidaily from ezch of (typichily ) two instruments.
flying cancurrensly on separaic satellites at different solar times. The primary source of Wopaspheric thermal
information i from the MSU $3.74 GHz channel. This chanoel is primarily sensiave to 4l emission from
molecular oxygen in the middle iroposphere, with relatively Tittle sensitivity to water vapof, the earth’s surface,
and cloud (especially cirrus) variatiens. The long-term stability of the oxygen mixing rato in the atmosphere
makes it an ideal tracer for climate monitariag purpos=t. Lawer stratospheric temperature nomalies are derived
from the M3UJ 57.95 GHz channel. : .

Comparisons betwesa monthly MSL temperacure anomalics and coneponding thdrmometer-mextured
anomaliet for the United States reveal a high (0.9) correfation, but hemispheric anomalies shaw much lower
comelmions. This results from some combination of poor thermometer saampling of remgte regions and weak
coupling of surface and deep-tropaspheric (eroperature anomalies in tropical areas,

Analytis of datz from twa of the MSUs (on NOAA-6 and NOAA-T}, whose operationd] periods overtapped
by two vears, reveals that hemispheric temperature anomalies measured by (he scparate jostrments e very
sitnitar (10 about 0.01°C) on monthly time scalet. Their corphined time secics of unfilteredjtwo-day hemispheric
averages show standard deviations of their mean of 0.15*=0.20°C and sandard deviatlons of their average
difference of 0.027-0.03*C, indicating a signal-to-noise rtio of 40 for the Southern Hemijphere and 45 for the
Northern Hemisphere. The intocompurison period sl reveals no evidence of calibration ¢ ift between satellites
at the 0.01°C level. This was submantiated by twe 13-month comparisons of WOAA-H dith mwinsonde data
from 45 stations in the eastern United States, which reveaicd 0.013°C aet difference aver five years. Monthiy
averaged comparisons between individual rawinsonde and NOAA-6 daia from 1980 tHrough 1982 revenl a
monthly sandard deviation of their difference of 0.04°C. The matistical and peophysical portions of this noise

are found 1o be about equal in magniude, 0.03*C, The siagle-stellite noise duc 1o imper{ect sampling for ten-

day, 2.5 gridpoint temperaiures was calculuted by measyring the standard deviation of the difference batween

The period of aralysis { 1979-84} roveals that Northern and Southern hemispheric wrop pepheric tomiperature
anomalies { from the six-ycar mean ) are pogitivety correiated on multiseasona] ime sczles negatively commelated
on shorter time scales. The 1983 ENSO domiuates the record, with eardy 1983 zonally aged tropical tom-
peratures up to 0.6°C warmer than the averigs of the remaining years, These matural variguons are much Luger
than that expected of greenbouse enhancements, and 5o it is likety that 2 considerably logger period of sateilite
record must accumulate for any longer-term rends 10 be revealed,
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1o anthropogenic greenhause enhancements have cap-
. Unfortunately, the poten-
aphical distibution of ther-
mometers has resulted in[much uncertainty (and thus
controversy) about whether temperature anomalies on

SRanding qwhwﬂddrm: Dv. Roy W. Spencer. ES43, NASA a hem:snhenc basis can g#ven be mnﬁdently inferred
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either pooriy measured or not mmsumd at afl. Changes
in thermometer exposure due to urbanization are
knovwn to reselt in apparent warming of well populated
locations (Karl et al. 1988%; Balling and Idso 1989).
Unfnrmnately, correction for this urbanization effect
is difficult since the majority of land station locations
have likely experienced some sort of local increase in
exposure- {0 man-made stctures. Of course, most
oceanic areas go unmeasured. Thus, we are faced with
the task of understanding what portion of climate
change i5 1o be attributed to man versus “natural™
variations, when we cannot even quantify with conifi-
dence what the background natural variability is.

b, Sarallites 1o monitor climare?

In contrast to conventional measuremenis, satellites

¢an provide the global coverage that is needed to mon-
itor the carth’s atmosphere. Unfortunately, the issue
of satellits instrument calibration has typically been a
saurce of great concemn and uncertainty. However,
possibly the best calibrated instruments in carth orbit
to date have direct application to the global atmo-
spheric temperature monitoring issue, These are the
Microwave Sounding Units (M30s}, built by the Jet
Propuision Laboratory (JPL) for the Mational Ocsan-
ographic and Atmospheric Administration’s {NOAA)
operational weather monitoring needs. Because these
instruments measure a vertically avéraged atmospheric
temperature, we feel that they have the potential for
significantly augmenting the surface-based thermom-
eter record by providing 2 measursment representing
a significant depth of the troposphere, rather than just
a thin near-surface layer sensitive 1o variable surface
effects (wrbanization, desertification, etc.). This paper
_ provides detailed technical aspects of the MSUs utility
* as a climate monitoring device. A related paper {Spen-
cer and Christy 1990) summarizes the global temper-
ature anomalies observed during 1979-88.

¢. Theory

The MSUsg are desipned to measure the thermal
' emission by molecular oxygen in the atmosphere at
different spectral intervals in the oxygen absorption
complex near 60-GHz (Meeks and Lilley 1963). Be-
cause the oxygen abundance in the atmosphere is very
'stable in both space and time (Warnek 1988 ) it makes
an ideal tracer for radiometric atmaospheric temperatune
monitoring. As Machta and Hughes ( 1970) state, “ail
relizble oxygen data since {910 fall in the range of
20,945%—20.952% by volume,” with the instrumental
accuracy of in situ measurements beiog £0.006% by
volume. In coutrast, infrared {emperature monitoring
methods depend epon thermal emission from COy,
the mixing mtio of which is much more vanabie in
space and time.
Al microwave frequencies, radiznce is directly pro-
portional to the temperature of the emitting body. The
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radiometar putp 'isumﬂymnvmndm
temperatuns (Tb)-Thﬂ‘.ﬂm b“gl' 1tness

- acknowledges that the measurement is be

diative brightness that equals a thermon
ature only when the measured object is r;
black body {unit exissivity, and thus zero'
‘While T3/is measured directly by the saté]
tive transfer|theory can be used to cvaluate

‘radiation emgission and scattering processes

to the meagured 7,. Conceptually, the ;
diatton Jead ngtnthe:meiht:mcasur:mm
frequencies involves thoee “sources™: 1) a d
direct (upward } thermal emission by the af
and smaller contributions from 2) an
(downward) atmospheric emission refl
surface back up to the sateilite and 3)a
sion shining through the { mostly opaque )
Bas=d uponjthe theory for nonscattering at
the T, at a|given frequency, Ts(v), dependsX
vertically integrated atmospheric tempera
betweenth satdhmandthecanhssmfam,

1) = [ To)d7 o) dpld 10 ¥

is written in pressure mordma

ace prmun:ﬂnd T; is the s
temperature, For conciseness, an “effective t
tarce function™ is defined which is virtually me
dent of temperature
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where T.(p,] = 7,{7,)""¢, represents the
sion term in Eq. 1, & is the surface emissi
is the Earth|incidence angle,

Equation|2 contains the atmospheric
function, [ p}, which is the ¢xponential”
along the vertical path between the satel]
arbitrary pressure level, As a satellite ins
away from padic (verticat), the increased
due to longet path lengths is accounted for by t
terms. Also, the contribution due to the ref
diation by the surface is contained in the
the factor ( | — ;). As discussed below, a con
surface effect is contained in the surface emi
r{pY*"e I}, in (1)

In (1), Ty is expressed as a verucauy(
wughwd ats omhmc: temperature, where the!
ing function is defined as ~dr,{ p)/dInp (20K
In typical applications of the four chaan
data, (1) is javerted to retrieve the atmosg
perature [ ifile 7(p). We depant from this &
by interpreting the MSU channel 2 and 4 T, fot
nearly what they are, a vertically averaged tex
measurement of the atmosphere. Howavcr.

The integr:
Pe is the






