
JPL’s TOPEX/POSEIDON  STUDIES THE OCEAN

L (i (;afiad(i l’litl  ! ridge’s Jet
I’topl(lsiott  lalmr(it(~ry  (.11’1,) i.v best
ktlowtl  ,fbI cxp[oritlg platlcls itl our
.volat systcttt  hut14ite(is  of m iilims  or
cvctl l~iliiotls  of)tliic.vfrot}l  Eor[h.  I~ut
a Iil[io-kttowtl  joittl  Jl)I,/l~rctlch
s(ttciii[c  c(Ilic(i  7?~~)ex/1’o.vei{iotl, itl
orhil  aro[(tl(i  ol(r owtl pldtl  et, i s
l~r(~{il((itlgji4Lsl  (t,v c.rcilitig  inf(trttlalim
11h4i  hmil  Ihrlll 3 ctccans  lwkve, wlmt
l}lcir  cfjccli~  arc otl o14r  clittmlc,  atld
whal the Iotlg-lcrttl  it)yacl  of hutmn
activity otl o14r ])iancl  might  be. b.’vetl
(ho14g11  it iv sl14[iyitlg 014r  owtl  pi{4tlct
i}l,stcml  oJ (I ttly8vtcrio14s  di,v[lltll ont’, the
scictlcc jrom lbpcx/I)4tsci4iotl  i s
cxcilitlgr  [he (’ngit)ccritlg  that etlablcs
i t  (0 dctcc(  occ{4tl Ileig}lt  chaflge.v  of
otlc-eighth inch per year is
t[’\J[~114[i{)/l(it->J,  {4tl{i  tl]c pr[]clicfii
(’(Jtl.vt’i{14c’tl(.(’,v of il,v t“(’,v[4il.vfor14.v,  ot4r
(’llil{itct)  atl(i  ,qt”(ltl[ic’ltii[it(’tl  drc
ctlot”ttlo14L$.”

I) C(WCCI1  ])cccmher  1992 and
Scp[cmhcl  I 994, ‘1k)l)cx/l’osci( lol)” hm

dc(cc(cd  a onc-cigh(h  inch pcr year

incrmsc i]} average sca Icvcl  over [he

Cntiw plaIlcl. ‘1’t)is is cwnsistcnt  with
tide gauge tllc:lsll[c:]l]cllts  scientists
have brcl) In;lking  aroun(i  the world for
(he Ias(  ccll(ury,  “1’idc gauges, which
are subjc.c[  to inaccuracies cxiuscci by
their sparseness around the planet, by
land elevation changes, and by Ihc
constan[  shifting, of the Iluropcan  and
Nortl]  At]lcuican  land masses by as
much as an inch per year, show an
i ncrmsc in sea level of ().()4 to ().08 inch
pc.r year.

in addition,  ‘1’(>lJcx/l’(Jsci(l(J1~  has
dctcctcd  a “Kelvin Wave”, which is ail
indication of an “IH Niiio”  current of
warm tropical wa(cl across (he I’aciflc
occau. ‘1’hc 111 Niiio is (me of the fac(ors
which lm shiftcci  the l’acificjct  stream
souttl, [hcrchy  b r i n g i n g  r:iin (0

() l.fl [’ori<ldil  t’lil)[l id<yc Mag(fzitlc

color) of“Topex/Poseidon measurements of ocean heights show a “Kelvin Wave” (red
higher elevation across the tropical pacific last year, implying an “El Nirio” condition of
warmer water. ”

California instead of to [he l’acific 1993, and probably dissipated by
Northwest, and causing IIIC tcmpcratc January or Ficbruary  of this year.
winter of the IkslcrI)  Seahoar(i,  “1’his ‘1’(~]]cx/l’oseiclol~’s  dctcc(iol]  of
winter’s Iil Niiio  was dc[e.ctcd  l’ron~ [Ilc sca-level rise thus raises the
octoher  througl]  l)cccml)er  1994, i s qucs[ion  of whether this could be
stronger {ban thal of (IIC wiiltcr  of I 99?.- 1 c:tuscd by a warming Iiarth causing
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what nlakcs our lives on llarth  possible.
At our dis(ancc frcm the sun, a bare
planet would have a (cn]pcrature  of
about zero dcg I;, so i( would be a world
in deep freeze. l;arth’s average tcnl-
peraturc,  however, is just under 60 dcg
l;, and it is a grccnhousc effect, caused
by gases such as water vapor, carbon
clioxidc, nlcthanc (natural gas), and
clllorofll]ort)car[~(>[]s  (1 icon  refriger-
ants ancl propellants) that causes this
warnling  10 a life-pcrn]ittin.g tcnlpcra-
turc. Mos( of the grccnhousc effect is
caused by natural gases such as water
vapor fron] evaporation, carbon diox-

ide from plant and animal  rcs]jiration,
and nlcthanc  from nornlal  gr(~wth  and
decay. Just like the glass in a green-
house, these gases pcr-n]it lil:ht  near
0.00004 inch in wavcle.ngth to pcll--
etratc  to the llarth’s  surface slid warm
the planet. Rut heat radiated LO space
fron~ Ilar[h’s  warnl surface is blocked
by these sanlc gases because they ab
sorb the heat, which is radiated at much
lol]gcr  wavelengths: about 0.0(06 inch.
‘1’hc  absorbed heat  thus warn]s the a--
nlosphclc  i n which (be absorbi  [Ig gases
arc carried.

Although there is no disagrcc-
nlcnt  about the cxistcncc of ii grccw
}1OUSC effect, there is considcr;lblc dis-

pute about whether human activity can
influence it enough to cause danger-
ous consequences. Some of the ques-
tions being asked are:

c IIow, where, and how much
greenhouse gases are generated?

● How nmch of the greenhouse
gases are absorbed by plants and by
oceans?

● What effects do clouds have on
possil)]c  waruning, since they reflect the
SUII’S energy and could lower the
1 httlh’s tcn]pcraturc?

● I low fast will the oceans warnl
if the a(nlosphcrc  warnls gradually?

● w o n ’ t volcanic ash and
industrial dust partic]cs block some of
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the sun’s energy so that this adds to the
planet’s cooling?

● Will (hc polar  icc caps start to
melt, the  Icby exposing I] IOI-c dark

absorbing ground and causing even
nlorc heating?

● Wil l  thawed polal tumira an(i
warnlcr tcnlixratc  a n t i  troi)ical
wctlan(is  prcxiucc even nlorc nlc[ilanc,
(ilcrcby  c a u s i n g  a n  even  nlorc
accelcratcdwarn~i  rig?

Rcccllt  stLldicssL]ggcs[  that, over
very large geological tinlc pcrio(is,
grccnhousc gas concentrations have
varied with tcnli>cra(urc in ti~c way
scientists’ nlodcls  i>rcdict;  anti they
have cilangcd  in about the anmun(s that
thenlodclsprcdic(. l~tlrtl~cr]llotc,~ilcse
same analyses show tcnlilcra(ure
variations in both ciircctions;  timt is,
w h e n  Ilarth’s  (cnlpcra[urc has
incrcascd, grccni]ousc gas
concentrations have also incrcascci;  and
w h e n  [cn]pcratures ciccrcasc(i,
grccnhousc gases [iccrcascd.  ‘1’ilcsc
studies have been conductc(i  botil i a the
Crctaccous, about 100 n]iiiion  years
ago when dinosaurs livc(i, an(i in ti~c
n]ucil  nlorc rcccnt ias[  icc age., about
18,000  years ago. l)uring  the
Crctaccous,  tcnqwraturrs  were aimat
18 dcg 1; hotter tilan  tociay,  wi]ilc (iurin~
the last icc age tcn]pcraturcs  were son]c
5 dcg 1; to 9 (icg 1; col(icr,  an(i sca ICVCI
was sonic 330 feet below (hat of (oday.
These stuciics  don’t in(iicatc  whc[hcr
the change in grccnbousc gases causc<i
the change in tcnlpcraturc,  bu[ tilcy cio
account for nlosl  of the unccrtainlics
surround ingtoday’s n]odcls,  sinccti]e
data were generated from a ]-cal Ilar[il,
with real clouds, oceans and volcanos.

Data taken over (I1c iast century
indicate that carbon dioxi(ie  has in-
crcascd about 25% frcm prc-industrial
tin~cs:  fronl :ibout  295 i~arts  per nlil-
lio11t03701J:irts  l>cr111illic)11.  ‘i’ilis 25%
incrcasc iscxi~cctcd  to bcfoiiowc(i i)y
adoubling ovcrthc ncx(ccntury.  Com-
puter nloticls,  and [hccia[a fron] past
geologic times, imi>ly  that,  with [hat
doubling, ]iarth’s  avcvagc  tc]npcra(urc
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will increase by something from 5.4
deg F to 7.2 dcg F. This is about the
same increase that has occurred since
the last ice age, but human activities
are driving it a hundred times faster.

But how is lopcxfl’oseidon  able
to measure an increase in sea level of
one-eighth inch per year, or to see the
small change in elevation of an “E]
Nifio” ocean current, when everyone
knows that waves and breakers can
vary five to ten feet or more in eleva-
tion in just a fcw seconds. The answer
is that scientists average the data over
many orbits (many days or weeks) to
get a very accurate average elevation

at every point beneath the spacecraft.
To determine the oceans’ effects on
Earth’s climate, Topex/Poseidon  mea-
sures the sea level beneath the space-
craft with respect to the center of mass
of the planet. Its six sensors can pre-
dict ocean tides to about one inch ac-
curacy. The elevations of Earth’s
oceans vary by hundreds of feet due to
both variations in gravity over the sur-
face of the planet, and due to winds and
other forces acting on the large bodies
of water. The variation due [o gravity
alone is about 525 feet in elevation dif-
ference. Topcx/Poseidon  scientists
subtract this “gravitational topogra-

phy>’ from the total height of the sea
surface with respect to the center of
mass of the earth to get the “dynamic
topography”, or the amount of ocean
surface height change due to winds and
currents. This ocean height due to dy-
namic effects varies by about six feet
in elevation over the entire surface of
the planet, with high elevations in the
I’acific and Indian oceans, and lows
tlcar  the poles. For instance, these el-
evation changes permit scientists to see
the Ciulf  Stream circulating clockwise
alound the north Atlantic Ocean. They
can also infer how much heat is stored

JPI., page 42
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in the upper ocean and the
spccct  and direction of ocmn
currents by mcasur’ing  high
and low ocean lCVCIS,  just .:is
weather forecasters predict at-
mospheric  winds by sensing
high and low barometric pres-
sures.

Launcbcd on August 10,
1992 from Kouru, I;rench
Guiana in South America,
Topcx/Poseidon is a joint
project between NASA and
the French space agency,
Centrc National d’Etudes
Spatialcs  (CN13S). Part  of
NASA’s “Mission to Planet
Earth”, it has been
spectacularly successful in
meeting its original purpose of
ga the r ing  da ta  to  bclp
determine how ocean
circulation affects the Earth’s
climate. During its flight
Topcx/1’oscidon  is monitored
by JPL, and is in a circular
orbit around llarth at an
elevation of 830 miles and at an angle
of 66 dcgrccs  to the equator. It
complctcs  onc orbit about the planc[
every 1 I 2 minutes so that it is able [o
map 9596 of the icc-free oceans every
10 days, when it returns over the same
spot within an accuracy of about 1 (M)
yar(is  and starts the 1 ()-day  mapping
cycle once ag:iin.  Some 200 scientists
f rom 11 nat ions comprise the
international teams that analyze Topcx/
Poseidon’s data and develop tbc occ:in
maps showing changes in elevation,
ternpcraturc,  and currents.

Planning for Topex/Poseidon
started in 1983. The spacecraft was
build for J] ’I. by the Fairchild Space
Corpora t ion  o f  Germantown,
Maryland. The French space agency
provided two of the six instrumcn[s,
plus (11c Arianc launch rocket and al]
tbc launch facilities in ]:rcnch Guiana.
The spacecraft is about  nine feet on an
edge, cightccn feet long, and weighs
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“Artist’s conception of TopexlF’oseidon
Spacecraft measuring ocean heights”

5500” pounds. A single clcvcmloot-by  -
29-fo(Jt  solar pane] “v’ing” pro~idcs the
21 ()() watts it takes to opt] atc the
ins(rumcnts and comlnunica[c [bc data
to ground stations throug,h NASA’s
“’1’racking  and l)ata Relay Satellite
Systcm”. ‘1’opcx/l’oscidon  cat rics six
instruments: four from NASA and two
from the l~rcncb  CNI{S. ‘I-W() of the
ins[rumcn(s  do tbc aclual  mcasurcmcnt
of sca surface elevation, aicl~’d by a
[bird which mcasu]cs  atmospheric
watcl-  vapor to calibralc  the elcvation-
mcasuring instruments to within 0 . 4
inch. (Water vapor can interfere with
the elevation measurements by
affccling  tbc radar signals travclling
bc[wccn  the spacecraft and the ocean.)
‘1’hc tbrcc }>[)siliclrl-  ]llc:isllri[lg
instruments arc: ( 1 ) a set of NASA lasct
reflectors, plus IWCIVC  laser ground
transmitting an~i receiving stations
whicl)  permit locatin~,  the spacecraft to
an accuracy of 0.8 ilwh; (2) a NASA

dcmons[ration “ G l o b a l

}’ositioning Systcm” (G1’S)

rcccivcr which is an
cxpcrimcnt  in high accuracy
satellite location; and, (3) a
CN]iS  Ijopplcr  tracking
rcceivcr,  plus 40 to 50
ground transmitting stations, ,
which usc the change in radio
frequency caused by the
satellite’s motion with
respect to the ground stations
to dctcrminc i t s  ve loc i ty  and
position, and to calibrate the i
radar altimeters for effects
caused by transmitting ,
through the Earth’s !
ionosphere, which is full of
charged particles. The two
elevation measuring I
instruments arc two radar
a l t ime te r s :  a  two- f requency
a l t i m e t e r  f r o m  N A S A  ( t h e
two frcqucncics  also bclp
chlibratc  the instrument for
ionosphclic  charged par[iclc
effects) and a single -

frequency CNl~S altimeter.
‘1’(>j]cx/l’oscicloIl  is schcdulcd  t o

bc a [brcc-year mission, ending in
Septcnlbcr  1995, with the possibility
of an cxtcndcd mission for anotbcr
(hrcc years. ‘1’hc  spacecraft may have
cnougb  fuel (attitude control gas to
keep the solar panel pointed toward tbc
sun so that its electrical power needs
arc met) for tcn years. Because it will
take dccadcs to determine whether
human activities are altering tbc
planet’s climate in dangerous ways,
wl]at is really nccdcd is a series of
Topcx/Poseidon  spacecraft, launched
every fcw years, so that we have
continuous data, and can get an early
warning, like that provided by a
miner’s canary, of threatening changes
in 1 :arth’s  atmosphere and oceans that

m i g h t a f f e c t  (I1c l i v e s  o f  o u r

descendants and of all otbcr spccics.
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