
Analysis of the Effects of the Atmosphere
on SAR Interferometry

M. Al.BANH"I. G. SCIlIAVQN I' j, D. SQLlMINI ('j

S UMM .\ ~)·.• A ,,,,,,, ...,,,,,1 110111"" _ h<I, ",-" ,.,,,,oJ 00' IQ . " ,." I~ '"""" ""whir
I1tJO«'J I? <b.1.~, '" I~ ''''f'''fM''' ",J_,,~ "'1"".'" ," ....".,..,.,.." I,IISA~ .,jm,>nJ

clI't-WI"'" p,.,.J""""" b,",,, ",-" 'MW'M"'';' .....,.. ,,""';" Iix- ~""'" ."'"

l. In1todue' ion

SAR in,~rfeTomCl ry is b.",d on the combin"li"" of Iwo compkx SAR
im.ges, ocGuircd from diff.renl position' of ,he ,",,''If. 10 ol>loin Ih.
h.i~hl of Ih. pixd. frum ,h. rd ., iv. ph.... of ,he corre'ponding
b.ch• .u. rcd field Ill. The Ih"""'li",1 accuracy of ,he oI>loin.hl. di~il,1

d c,,,,I;on model (llEM J i, of 'he o r<k, of on. mcl,·'. while ch. nge, ;n Ih•
•hilude of ,he Eo rth ,,,,f.ce wi,h " ,h.",eli.. l r<soh"ion of ,he o"lec of
one mWimele, can be dcteC!ed ".j,h ,he differenlbI Icrhniq"".

2. T"'I"' . ph•..., . "d SAR i,,'c,fctom e1ry

Th. inciden, , ,,d b""k"'ll.",,1 u·" ..,. pmpw'e ,h1'O\I"" ,he ' '''1'0 '
. plle...,. llence llIe leng,h of rile elecln",,"gllClic I,",h ;" proportion ,1 10 IIIe
inregr~1 llf th, INpu>prn:riC ref"'. C1hit)· wIg 1M tUlal g<"<>fficlri~ p.lh. This
inrroduee< a 1''''I'''l:'', ion dcr,~ wilh ' ''''I''''' 10 ,·..'mlm. Ihu$ allering ,he
in'.,fen"'....,;e ph..., <1>.. which dcpcnd. "" ,he ",f""", i,.. ;n,kx prom..
c<"n':Sl'""cling 10 lhe O<"<jllisilioo rinK"S of , lie two in",llC". While the d f""r,
of • curl"o"t ,..rio,io" of <I> for .n pi"d, . ill principle. carl be climi".,«!.
cliff.""" ,". ria' ion, for djfferent pixel. moJify the in'erfemmetric ph. ", p'"
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tern and, in ' urn, the infom..tion on the rel.,i"" . hi'ude$ berw<.en pi x~,

mulling in on inc~ of ~ ekv>tiQr, erJ'Q' of til<: 8""""ued OEM.
Sin« the knglh of the ele<:lrornagnc1k path is I, roportional '" ,n., int<,­

8ral of the re.ol P"" of the ~r.Kt;,.., index, "'" P"'P"8"tion <klay rel.tive to
..eh pixd can be coosi<!<-ml as til<: .um of • """'" mem deay d"" to the
refractivity profdc a""r:og<d <>= ,"" im.Is< and .. ....rio.ble delay whKh de­
pends on tm, ' p..i2l AU<:lu.' ions of the ref"""ivity profile on • scak larg<1"
than ,he pixel Ii.., (for ERS. grellt., ,ha" 20 Of 40 m<1crs~ on the
imerferornelric process;,w and smolkr than the irn lg<!~ (of the .".de,
of 100 Ion). n.. twO cnn of~. and inhomogencow; atmosphere
h.ve ,herd"", I-n considered in tI>e perfOfTlled analysis.

J . Sirnub ' i<m H lup

Simulations h.,.., hem pcrfom'ed by u,ing • ' ui,.bly mooifl«l "" ....ion
of • romp u'., rook d""e1opal in 1991 .. the Wave Propagation Lobo,.·
lOry (W PL) of ilic N..ion al O<:<:.nie and Atmosp heric Adminin",ion
(NOAA) (2), which ""oJu. ' ''' by me.ns of an adjourned version of 'M
Millimtt e..wave Prop .g.tion Modd (MI'M) devdo~ by H. ~be 0), the
propag. tion & I.y from r. di""",nding d.,• . 0..". 7000 ....di"""'nding$ h. ve
bttn u""d for , IK, . Unul., ;"n•. They h. ve been .cq"iced ., ,he 1I.1i . n
me'eorologio. l ...,ion. of P"" ic. di M. re (Rome). Lin. te (Md:ro)• •nd
C. mpoformido IUdine) during ,ummer ...",n ijune-Sq"ember) in 1988
.nd 1990.•nd ., ,he De Bil, (NLJ oj'e during ,he ,h"", yeo r pe riod 1m·
1996. SUl1UI><t mo",h, p.,h del.y " .,i"i... for ,he four romide~d sites
(firs, four column, of T.b.l l . nd ...",n.l ...,is,k, for the De Bill si'e
(1.., four columns of T.b.1) h.ve been geneto.ted. Mo~er...., i" i",
~I.ti,'e '0 p.,h del.ys <cp.... ted by • 24 hours in'CTVlOl h. y<: bttn con, id·
ered. which .re useful '0 "h.ra"'eri"" the "t. ndem" mission. whe~ the
ER';.! . nd ERS·2 ••teUites. on the ,.me orbit. p." one 24 hours b,er
,h.n 'he o'her. Histogram, in Fig" 1 and 2. ~l.,ive 'u ,he lWO different
set. of resul" . 'ummer :rod four~ (I)e Bilt). respectively. show •
nco.r1y homogeneoul behaviour over the four sites. and the progressive
i n,,~..., of ,he del. y, passing from colder !O w.rmer mon,hs , It is inter·
e"ing to note lh.. ,he m.ximum " .nd",d devi.,ion i. ob..ined in . u'u mn.
while ,he mos, ...ble .itu . tion seem, '0 be lhe winter one. "h."''''en.ed
by tlK, .mall"" v. lue, of both del.y, . nd their st.ndard d~i ..ion, (due '0
the l....t \·.por content ot lhe lowest tempcrn,u"", l.

Resuhs of ' imul.'ion' hove been opplied '0 "",luote the po"ibl.
erf..,,, of ,he troposphere on the int.rfel'Ofl\ClnC ph.... by ."uming diff. ...
em refracti,,, index profiles in correspondence to ,h. ,wo .cqui,it ion,. For
• uniform \·.,i . , ion, """'. erf..,,, .re presen' only when the .urf.ce is not
n.1: in f"",. ,he p.,h length vones ove, ~li.fs. resulting in vori.ti"", of



""
the pha.. diffu C1l<fi rd.,ive to pixel. at different Mights. The ...u.h•
•how • mnimum vari.l;on in the 11,1"""" Y delays of 9 em ko~ponding

10 . bout l it in the inlerfeWm<1 rir ph..., . t C.band), ktwoen pixels a,
zero level and pixel• ., 2000 !II hright, The , imu).,ion of ,he effeas of
rtf...cti~ inhOnl"llcnri,ies. on its ' u rn , has been performed ill the hypotesis
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FIG. )

In<<rf<l<'l!,,,m of [RS ,.",km ;m.~,~ 1K",,;'cJ 00 II .00 12 Octo!><. 1m .
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th" the ' emporal va, i..ion, of the dday, (,d.,ive to consec uti ve
..diosounding, taken .t six hou, interval) on the ...me , ite, correspond '0
.p.tial v.ri.,ion. " 'ithin the seene. In this cxtreme " m.tion, resuh, . how •
m. ximum ""ri.don in ,he fWQ·w.y del.y of 34 em, corresponding to a
""ria'io n of ahou' I I " in ,he interfe"'metric C.band ph. se.

Table 1 Slatistics of performed . imul.tion..- ,~ ~ ~~- -;;;:iii"""-
N"" '" pro/iIto ~ ~ "' 110) ,~ '00 110)
"'- .loloJ (..J au 11l.J ll1.J n o.J 11loO "0 ltlJ
Von-. lnol) '" "' (i/.4 !J.O JI.J 1\.9 ••s....Ia.I oIt.io<ioo (..I ).;) HI '" ,. "'

,. J.JJ
!olcioo.. .loloJ (..J 1HJ 1ll.J ..U Jlll '''.1 W, ."II...... .loloJ (<IOJ m oO .... ." 1l0-1 ~ m.' m.

4. Compa, i""n wilh exper imentoJ r..uh.

An on.lysi. of "m""pherie . " if.cts has been corried nu' ., FSAI
ESRlN prcm'''' in Fr:oK1Iti (h oly), by processing a set of ERS imag.. of
the .rca of Rome, METEOSAT imagC$, acquired abou, six minm.. aher
the satelli,.. po.., have been used to . uppm1 the in' erpfClOlion of result. ,
Amoog the pairs of SAR image>, cnn, ide",ble a"ifa"" of likely atmoo·
pheric origin ha"" bttn det<'Cted in the tandem imog.. aeq"ired on II
and 12 Oe!obe, 1')97. The considered arco, 3~ km X 60 km, is cemered
on Rome and presem, • maxim"m height "f about 11)(10 m io ""respond.
ence of the Monte Cavo mountain. The METEOSAT im"lle acquired "n
October II, Marly at ,he ,arne rime of the ERS·( pa.. ,ho"," a few
sc""cred cloud., whilc that of October 12, colttSponding to ,he ERS·2
1'.....hows a heavy and irregular cloud co"",. Th" in'erferngram (Fig. 31
and the deri""d DEM (Fig. 4 1, as previously Slated, .how visible a"ifae,"
An area or " km x l ' km adjacem ro ,he G..nde Raccordo Anul...-e
bet""",n ,he Rnme.Naple. and ,he Rome.L·Aquila bigh.....y crms ings h...
bttn selc<:too '0 an. lyze the$<: effects in d.,.il. A"ifacts consis'ing in an
imenerom"'ric phase mod ifica'ion up to tWO and ",..,n ,h<et: fring.. (high.
ligh,ed by a" ow.) con be del<'C'cd by visual in'pec1ion (Fig. ' J. One of
,he a"ifact •. corresponding '0 a hdgh' vorio'k," of .bou, 85 m. is repre­
sent«l in detail in !,ig. 6. The DE/l-I ob'ai ned frorn ,he in1Orferogr.un of
Fig. , i< shown in Fig. 7, where ,he height of the d.rke, area. is be,ween
100 .nd 140 m lower ,han ,hOI of ,he ligh,er arcas. Since ,he considered
are. i, relatively flo,.•uch heigh, ""ria'ion con no' be con,ide",d rc.J .nd
ore I"Qbably due 10 bubbl.. of wOler vapo,. as i. indeed SUllllC$'ed by lhe
METEOSAT image.



j . Conclusions

The experien"" I"qui"'" ,ill nOW in ,he pro<:<:$Sing of in'e rferom"'ric
images seems '0 poin' ou' Iha' propaga,ion eff""" in ,he 'rop<l.phere em
set an upper ~mi' 10 'he «curacy of OEM, which can be gene""ed in
some oIima'k zones by r<:p<:;t l-pa.. in'erferomelry. h would be advis.bl" '0
devis< sui'able corrttlion 'echniques whkh, based on mclwrological info....
mo,ion, could po6Sihly reduce in' enemmetrk pha"" variotion. due 10 ,he
refrocrive variabili,y of Ihe 'ropoophere.
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