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The .Modcrale Resolution Imaging Spectroradiometer (X1ODIS) is a key inswument scheduled for flight on the AM (1030 hours
equator crossing time) and t-hePM ( 1330 equator crossing time) pIatiorms of the Eanh Obs:ning System (EOS). It has a
considerable multispectral capabili~ for obsenations of land, ocean and atmospheric features. ‘H-K36 back sampling he
visible, near infmred and thermal infrared pordons of tk specuum along with 250 [o 1000 meter resolution wili offer very
powerful obsening advantages over heritage instruments such as tk A&anced V:ry High Resolution Padiome;er (AVHRR) on
the NOA4 emironmenti satellites. The engineering model of tie MODIS is under construction and so f= tie pmformance
being obsemed is genmlly meeting specfrcatiom. Prelinin&v =alj’ses of components of the engin:eting model indicate that it
\vill meet most cf the specwl spec~lcalions with some ~ari.aces relative 10Lhespeci15catiom being ~qukd md approved.
O\erall MODIS fabrication is on schedule for its first flight in 199S.

J. hmoDumo,. ?4

The f’irslflight of the hfODIS ~lill be on tie EOS AN-Ip!a”~orin(equator crossing souti.bo~nd at approximately 1030 local time)
in mid-l 99S. The 2vIODIS ~vill also be on the PLf platform (cqualor crossing northbound at approxima;:Iy 1330 local time)
scheduled for Iaunch in late 2000. Both spacecrdl will be ofiitir?g Zta 705 krr altitude with a 16day repeat period. Through
lhe launch of multiple spacec&t v.irk design life”tics of up 106 ye=, data-s:rs spanning as many as 1$ years ~-e to be
acqui~d.

Table 1 lists the general chmckrktics of MODIS. MODIS uses L$e hatcst iii Iec’hnology to get optimum perfcmna,nce. It is a
rclati~e large inswumem due {o the scanning capability (+/- 55 degre:s cross-uack} required to provide nea.dy daily covenge and
!he number of bards and focal planes necessag. The fribtication of MODIS is proceeding very well. Fi-me 1 show r.hc
engineering model under fabrication at the Santa Barbara Research Gnter in Goleta, California.

MODIS has 36 bands spanning the electromagnetic spectnxn from 400 nanornetem to 14 ticrometcrs (Table 2). Nineken(19)
of ~hebands wil I obs:ne reflected solar radiation and se~entcen (17) of the bands principally obsemx crnitkd thermal radiation
Two of the MODIS bmc!s bve a spatial resolution at nadir of 250 meters, five bands have a 500 meter resolutio~ and the
remaining bands h-e a 1000 mekr resolution The placement of the band center w-avelen=ti for bands 1-7 are derived from Lhe
heritage of& Landsat Thematic Nfapper (TIM). Bands 8-16 are bands for obsenirrg ocean color and for improved obscmations
~c!31iYe10the ~ffi~us co~-~] Zane color s~~er. Even though these NVOgroups of bands overlap spectnlly in many
ins[anees, the m-o groups of bands have ve~ different dynamic ranges. Bands 1-7 must obsene land features creating reflected
so!ar mdiation from vegctatio~ snow and clouds \vhile bands S-16 obseme ocean color where the combined ocean-atmosphere
mdiances are relatively srmll. Brmds 20 and 22-36 were selected to obseme features in the tmposphe~ and are derived from the
hcrhage of [he ?dO.4.4 High Resolution Infmcd Sounder (HIRS) unit. Band 26 was recently changed fmm bciiig a four micron
IMnd10one at 1.3S nicron)eters. It is expecled that this band will veg’ effectively obsem’c the e.went of cimus clouds. Bands 17-
19 ate s~cial bands for improved obsem~tions of atmospheric waler \-apor at relatively Iow altitudes comp c-d10 the capabili~

Tnormally possl%le with tienwd infrared bands (e.g., bands 27-32) as \vcll as some cloud properties. Ban<2~is a thermal band
u i!h a Isrge dynamic mnge (up IO400 degrees Kel\+in)p!accd ther: for obscn.ing Lheonset of~”o!canic erupfi~ns and arrendan[
Im’a flows plus the extent cf fires associated wi(h “slash and bum” deforcst~tiom Bands 31 and 32 also hmy a dyramic range
cslcnding IO400K. !,



!“lSure z proI”idcs 3 sketch cf hOJYN1OD1Sis imcndcd 10functio~ in a brood sense, ~}hcn the imwumcm fobncation is
~~ll~plcledb)”Ihc Hughcs:Sants Barbara Rcsc~ih Corpormion (SBRC) under contract to 14ASA’S Goddard Space Flight Center,
“TheInyout of the spcclrd b~ds in four diffcrcn[ focal planes, [~voof vhich arc rwliatively coolc~ is skekhcd in Figure 2.
These bands ~villbe r:gistcr:d [o w.ilhin 0.2 pixel uiLh a goJl of 0.1 pixel w’hc’re!”crpossible. hlODIS fabrication and operation
!}ill place a great deol of cmph~is on hm”ing an on-orbit capability 10monitor k cal]lration of the im.rrument and otier aspect
of its operalion as i[ .tifccts Lheintcrjyity and quality of the rcccivcd data. Calibration \vill use ~he moon (through a space view
and, possibly, through rmneuvcring the spaccc~ft) and the sun (using a diffiser plate) for calibmion of reflected solar radistion
bands (YZQabsolute and 2% relath-e to the sun) and a blackbody (goo~ed plalc) for checking t-heca.1.ibmtionof Lhethermal bands
(i% absolute). Besides offering anodw mew for radiometric calibmtiow another de~-ice in she insu-ument called the Spectral
Rdiome{ric Calibm\ion .4ssembly (SRCA) l~ill allo~v spectral calibration and Lheregisrnnion of the bands lo each other and
between focal planes to be monilored. Any shifis spectrally of the bandpass fillers will also be obsemcd IOan accumcy of 1
nnnorneter and a precision cf 0.5 nanomelcr. Registration bemeen bands will be obsened to an accuraq of 0.1 pixeL

The hfODIS design is highly modul~r]. The nuin irwmmem modules are: (1) the mainfiamc asscrnb!y including covers and
doors; (2) {he scan minor assembly; (3) the a.foca]telescope assembly; (4) lhe aft optics assembly including the dichroic
subassemblies, four objectil-e subassemblies and the }isible and near infmred focal plain ass:mbles (FP.A’s); (5) the radia!ive
cooler assembly ~vith the short+-avelmid-wve and Iongva\.e infrared FPA’s; (6) tie space-vie~ving analog elecL-onics module;
(~) the fo~~ard-~.ie~~ing ~n~og eleclmtic mod~c; (S) the main electronic moduk; (9) fie calibmtion modules including me SOI-A
cllffuscr assembly, the solar r!iffwr slabili~ monitor, k S.QC.4,and the blackbody assembly. The .N1ODISm.ainframc is a
l~c~llium bonded and boiled rigid assembly consisting of tie: primary bulkheads and suppon panels to Jvlich oLhermodules,
co~crs and mouminsj feet are arwhed. The scan mirror is a double-sided, continuously rotatig single piece of be~llium that is
ele:trodisch,arge machined for ~ght-~veighting, nickel-plale~ and silver-coaled It is 5S b: 21 centimei:m in size and roughly
clliplical in shape ~~eigh.ing2pproxima1ely 4.3 kilog,mrns. The telescope assembly con.sisong of t!!e l.a.rious m.i.rrorsuses an off-
oxis, a.focal GregoPlan telescope (17.S centimeter, mobscwe~ apt,mre). All LItisis mounted on a graphi~e epoxy optical bench

>. Nqc)DIS \fl’1 TlS?FC~,4L OR SER\’,4T10XS C)FL.AYil OCEAN A\D AllfOSP1-TERIC FEATL~ES

l%: power and uniqwmss cf >!ODJS lit principally in tie fact that con=-ent wd simultaneous obsen”ations can be obmin:d fo
boll] aumosphcric feawes = ivcl! as land and ocean fearures that are ofkn inlerdcpcndent and complem:ntaV both for remote
K rising and geophysic:d paa~:ie-r estimation purposes. Uncenaimies @t often e.sist ~vhcn muIr@ecLral obsematiom are mk:n
from different insmm:n!s locki n: lh~ough difftr:nr paiis cf [he elrnosphcre p.tdifferent angles and d~fe:~n[ ~~~:s are r:mo~ed
~hrough LhekfODIS czpabili~y-

For land suflacc studies L?e refleckd solar radia(ion bands wiI1be useful for o’osening the exlent of various land cover types and

[he condition of Ihese land covcrs2. It is ex~cted ti.at it should be possible to provide improved obs:n.atio,ns of the ex;ent of
icgetalion vpes. snow cover, c~c., tiough lhe bcner spatial resolution (250 and 500 meters) rela[i~e to she pre-snt NOAA
.4d!”anccd Ve~ High Resohrtion Radiometer (.4VHRR) and, for example, to obs:me the distribution of photo~ruhetic activity
or condition for ~“egelation cks:s using bands 1-7 2s i!’ell ?s the surface (:mpemrur: bands (e.g., 20, 2S, 31 a.rrd52). The pve
of MODIS is manifeswd in Ibis case as J1-ellas ofiers \vhen one applies tie built-in capability to correc~ for W effects of tie
mmosphere using tiose bands tia~ for example, hc]p 10conect for the presence of wzter vrpr in the a[m’csph:re (17-19, 27-29,
.; I nnd 32), ozone (30) and a: msols (bcsl over darker backgrounds using various bands, sce Table 1). As previously noted
N1ODISalso offers a neli capability for obsen.ing hot fcatu.ws us!rg specially placed bands niti much larger @namic range Lb

Ilcrelorore aIailabie.

Ch”cr Ik c)CCaT15‘DOL$Oc..- ‘.-l -- -. .. . . . .. . .~n<s:a su,rhcc t:rr,jxa~~-e ~willbe obsen.ed concurrency enabling flol~ ~“isuaJintion and
upwelling areas to be bcrrer obs:mcd as Jvell as estimates of ocean-arnosphere intemction. .4s in the case of cbscming surface
l:nd feature, The corrbir~tion C: LIKrrna?and reflected sokr radiation bands a!so tiows seveml Approaches to be employed or
used Iogclhcr 10 c.alcuIate and r:mo~”ed tie cffec;s of tie atmosphc re for oceim surface obs:mations. This is a panicular]y
imporwr[ point for obscm-ing ocean color in lh~t a VCT l.a.r~efnc[ion of lhc mdknce obsen.ed 2t satcllilc a!tiwk over Lheclear
ocean comes fro tic aunosphtre.



!-iIlomctcr Spatial rcwlu!ion capability. In this pan of hfODIS ~herough vertical distribution of tempeiarure and ~vater\apor uill
[w obscncd along II iti LIwpro)iding Iot.d column ozone amoun[s day and tight using band 30 a[ 9.73 micrometers. The
siwc[r:ll capnbil iv in bands 1-7 t~ill help [o obscme the exlcnt of clouds at 250-500 meters as \vell as pro~ide estimates of
cffccli~c droplc[ size, cloud ph~se (ice or \\”a!er)and optical depth As no[ed pre~iously, band 26 k= reccndy been added to
\lODIS for obseming the ex~en~of cirrus based upon \Yorkdone ~viththe AVJIUS aired’r insb_ument4. AS already noted bands
! 7.19 ~vi[lfunher add det?jl concerning atmospheric \vater vapor and relatively low altitudes.

4 N40!)1S SPECTR.AL SPECfFICATlONS A D EXPE~D RESULh TS

.NIODIShas ~“e~ s~’cflc and rtlati~ely tight speciflcatiom for the spectral bands4. Table 3 lists the locations of tie bands
sho~vnin Table 2 along ~~ir.hbe tolerance allo~~edon tie location of We center wavelength and the bandlridti Figure 3 offers
the terms used in describing the characteristics of the spectd bands. With tiese terms in rni.nd, as IIell 2s ofiers, some relevant
specifications and descnp[icns follo~vs.

a. Band edge: t!!? \\a\eleng-th at ~vhichthe respomceis h?Jf of Ihe peak response. This, of cou=e, refers to a lo~ver and
upper band edge.

b.

c.
as

d.

Cemer !l”a~”eltngh: the \va\elength m“dnq’ be[l!een the band edges.

Bax’pass (or bzndl]idth): tie \\a\elen~h inten-al b?il\een Lhelower and upper band edges. Ttis is also referred to
dle Full \Vid”AHalf Afaximm (F\VHM) respomc.

One-percen[ response pinu The u“av$len=~ nwest 10the center ~vavelen=~ at w%ich the rew-nse is one-percent of
Ihe peak-respom<e;~lere is a loner and rm”upperone-percent response poim E;ch one-percent res&rse point S-MIbe
~vithin 1.5 times L+ebandpass from the corresponding band edge.

c. Exlendccl b~dp~j: L& va~’e]ength intend bet~veend% lcnverand upper one-percen~ res~nse points.

f. Out-of-band resqxmt regiom: tie spectral regiom bej”ond the exlended bmdp.2ss.

g. Out-of-band rqonx: the ratio of the inte-gated out-f-band spectra-aresponse to the integrated emended bandpass
spcctm! respomt. ~Pjs ~tio inc\udes bo~+the upp?i ~~idlo\~ei \~ingj of the response. This shall be kss r-km j’%.

h. Out-of-band blocking: the im”erse of the ratio ddlned ~ Lheout-of-baiid response.

i. Edge m.nge: the n2\”tleng,h in!em”al,in rmcmek~, btr,veen 5°Aof d-it p2k respnse and 800/Gof L+epeak response.
The edge =nge shall not exceed 507. of ~hebardvid[h in zJnyspecLmlband.

j. Ripple: tis is Lhe reskwnse beti!’een LheSOYOof p!! points of the bandpass. This ripple sl-dl a.hvays exceed SOY.
of the peak respor~e: i.e. no response shall go below 80?40of the peak respor~- bettveen the SOO/Opeak response points
in the spscml band response.

Tnblc 3 also shol!s file e\Tec[td cerwr ]\”avelengths and bandu”idi.hsbased on measmrecior modeled results. Fi=wres 4-7 show
Ihc cxpccled s~slem specIr-A response for all the spectral bands on tie four focal planes of MODIS. The-se ~slem spectral
response tunes are prelimina~. A number of !Aecomponents con~tibuting to the ~stem specmd respor-se are modeled rather
Ih.?nnlcasurenlcri:s. In add;:i~ii k ru.ul~ presenkd herein hje not been analyzed fully by tie MODIS conuac[or-%nta Barbara
Research Corporation (SBRC). The fi-gures reflect piece part da~ for the detectors, visible and near in!rtared dichroics and
coating, and 20 of the 36 1711ers(bands 1-4, S-19, and 27-30 -- see Table 2). Modeled data are used for the optics, remaining
coa[ings, ernissive band die?-xoics, and the remaining filters. The &b used are for umorma.lized transrniuance (un.irless) 2s a

function of \\”al”elen=@. The profiles co~er tie range of piece-pz~ measwed data, \vhich me- ht the cut-off at tie edges of the
bmd}~idlh I\2s detemh-md by rk measurements. Out-of-band responses are incomplete for all bands.



\lODIS \vill pro! ide some ~ey interesting and pol!erful capabilities for multispecual obsema[ions of conditions in the
[roposphcrc and he cxlent and condilion of paramc]crs on tic kind surface and in the surface \vaters of ~heocean and large ~vater
bodies. The hfODIS fabrication is al [hc engineering model stage. On the basis of results seen so far from tie engineering
model and its compnen~u, hfiODIS appears 10be coming Iogether nicely and the spectral response is meeting specifications ~~’ith
minor exceptions. \fany of tie spectral response results shown here are based upon modeling. These resulu should be
corroborated in tie near fiture ?S .q’stem Ic\”el measurements become a~ailable from Lheengineering model and then the
protonight model. Excitement among tie MODIS Science Team members is building as the MODIS is coming together. There
is great promise for hfODIS realizing ik potential for providing very exciting measurements of Ea.nh-atmosphere ~stem
parameters through the use of state -of-the-rw technologies and fabrication techniques.
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T.IIJIc1: A gcncml summary of N1ODIS chmcletist.ics (a of hfarch 1995).

PARAMETERS DESIGN SPECIFICATIONS
QR E~ PFRFORMA \lCE

PLATFORM ALTITUDE 705 km
(10:3OAJM>1:30 PM-)

IFOV (no. of bands@ KFOV) 26: 29~1000m
5@500m
2@250m

s \vATH

SPECTRAL B.ANJS

110 DEG/2330 Klf

(20/0 .4-3.0 pm,
16/3-15yrn

SPECTRAL RESOLUTION

R.M310METRIC ACCUR4CY

10 run to 500 l-ml

50/oABSOLUTE, <3 mm
1% ABSOLUTE, >3 mm
@ossibIy -=0.3%)

..

2% REFLECTANCE

POLARIZATION SENSITIITIY 2 Yo Mu, <2.2 mjj

\lODULATION TRLKSFER FLh’CTIO?J 0.3 AT hWQUIST

Sm PERFORM.4NCE
(70 DEGREE SOL.AJR.zES]rfi/OCE.kNS)

S30:1 (4$3 r-m)
745:1 (520 run)
503:1 (S65 nm)

~’~C?TPERFOFWWNCE (THER\f.4L BANDS)
“@ sOI)DEG KAW?W)OIV E.+’13S

LESS THAN 0.05

SCAN EFFICLEh’CY 30 ‘?/0

fNTEGRATION TIME 83-333 11-sec

1.IX1.6X1.2M

\\ ’EIGHT

PO\\’ER <200 Iv (137 w)

PE.4K DATA R4TE -11 NIBS (daj~ime)

DUTY CYCLE 100 ?’0



T:lblc 2: A summary of N1ODIS b,wds and t.heir purposes.

CENTER “ IFOV (m) WIDTH PURPOSE

LAND .AND CLOUD BOUNDARIES BANDS
645 250 50

858 250 35

LAND A\~ CLOUD PROPERTIES BAYDS
469 500 20
---
>>> 500 20
1240 500 20
1640 500 20
2130 “ 500 50

OCEAN COLOR BANDS
412 1000 15
443 1000 10
4ss 1000 10
531 1000 10
551 1000 10
667 1000 10
67S 1000 10
748 1000 10
869 1000 15

ATMOSPHERE/CLOUD B.41WS
905 1000 30
936 1000 10
940 1000 50
1.375 1000 30

THEFUI.AL B.4.NDS
3.75 1000 0.1s
3.96 1000 0.0563
3.96 1000 0.0594
4.05 1000 0.0608
4.47 1000 0.065
4,52 1000 0.067
6.72 1000 0.36
7.33 1000 0.30
8.55 1000 0.30
9.73 1000 0.30
11.03 1000 0.50
12.02 1000 0.50
13.34 1000 0.30
13.64 1000 0,30
13.94 1000 0.30
14.24 1000 0.30

VEG Chlorophyll ABS
LAND COVER TRANSFORJIL<TION
CLOUD AND VEGETATION
L.41NDCOVERTRAYSFOR\f.\ TION

SOIL, VEGETATION DIFFERXCES
GREEN \EGETATiON
LE.4F/C.4NO?Y PROPERTIES
SNO\~/CLOIJD DIFFRNCEj
L.4.??D& CLOUD PROPERTIES

Chlorophyll 0BSERVATIOX5
Chlorophyll OBSERVATIOXS
Chlorophyll OBSERVATIONS
CHLOROPHYLL OBSERV.ATIOYS
SEDIMENTS
SED13fENTS, A~lOSPHEP.E
CHLOR ~~()~SCENCE
AEROSOL PROPERTIES
~ROSOL/.~~f pROpERT~j

CLOUD/AT130SPHER.E PROPERTIES
CLOUD/.4 TN~OSPHERE PROPERTIES
CLOIJD/4~~~OSpHE~S pRfJ?ERT~S
CDWUS CLOUDS

SE.4 SURFACE ‘IZMPEILATL.WS
FOiWSITiRES/VOLC.~.? OES
CLOLIDAURIACE TE?MPER4TURE
CLOUD/’SFCTEMPER.ATT-ii
TROPOSPHERETEh@/’CLOUD FRACTION
TROP T12vfP/CLFRkCTION
L~-3110POSP~M HUhfID1il’
UPPER-TROPOSPHERE HI_3fiDIT1’
SLWACE TEMI’ER4TURE
TOTAL OZONX
CLOUD /SUIWACE~kMPERATLRE
CLOLJD/SLRF.4CE TE\fPE.RATLRE
CLOUD I-EIGHT & FR4CTIOX
CLOUD HEIGHT & FRACTION
CLOLD HEIGHT& FRa.CTIOX
CLOUD HEIGHT & FR.ACiION

* B.ANT) CENTER AND B.\>T\VIDTH ARE IN hT.4.?.?’O\fETERSFOR B.4.IR73S1-19. 25 .A\D
hflCROMETERS FOR B.4XDS 20-25, 27-36



Toble 3: Prclirnimuy hleas.~rcd’lfodclcd MODIS Center \Va\’elengths and Band\vidths (as of 2/3/95)

B.nndNumber Spec”ficatiorl Specification Calculated BW
Cen[erW’a\”clcn=ti CW Tolerance (m)

(Cwl (~) (m)

1 645 4 644.4
2 85S 2.2 855.9
3 469 4 465.6
4

..-
>>> 4 553.3
l~~o 5 ]~~o,l

: 1640 7 1640.1
7 2130 8 2130.0
s ql~ ~ 411.3

9 443 1.1 ~~~.~

10 4ss 1.2 4s;.9
11 531 2 529.8
12 551 5 547.1
13 667 +1,-2 665.2
14 67S 1 676.7**
15 74s 2 746.3
16 S69 5 865.6
17 905 2.3 904.1
1s 936 2.3 955.4
19 9$0 2.4 935**
20 3750 19 3749.7
21 3959 20 3959.2
22 3959 ~() ;959.~
23 405(3 20 4050.1
24 $465 ~~ A4,C,4 ~-+-r. T.-

25 4515 22 4513.0
26 1375 6 1375.1
27 6715 54 6717.1
28 ‘7325 37 7;4S.8
29 8550 43 8549.2
:0 97:0 49 9760.7
31 11030

--
11017.2

32 l~o~() :; 1~04j.1
33 13335 67 13361,7
34 13635 6S 13675.9
35 13935 70 13913.9

r.: h> 14235 71 14194.1
**de\+a[ion approv~ by Goddard Space Flight Center MODIS project
=----’’”

Speci.fieation Specification
Bandwidth BW Tolerance
@w(nrn))

50
35
20
20
20

24.6
50
15
10
10
10
10
10
10
10
15
:0
10
50
1s0

59.4
59.4
60.S
65
67
30
360
300
300
300
5~(3

500
300
300
300
300

(nrn)

4
4.3
2.8
3.3
7.4
9.8
12.8
1.5
1.6
1.7
1.9
1.4
1.7
1.7
1,9
4.3
5.4
5.6
5.6
22.5
23.8
~~.s
~q.~
~6.3
27.1

8
40.3
44

51.4
5S.4
66.2
72.1

so
S1.8
83.6
S5.4

Calculated BW
(run)

49.7
37.2
19.2
19.7
20.0
24.6
50.1
14.8
11.0
10.8

12.0**
10.6
10.1
11.4
10.0
15.9
34.4
13.6
4s.2
1S1.6
59.8
59.8
612
63.8
65.8
30.0
363.4
321.4
311.6
314.4
49S.6
51s.0
310.2
329.6
318.0
318.3
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Figure 3: A sketch showting the vtious terms used in spectral bandpass specifications foi Lfie -MODIS

Spectral P;ofiie Curves (VIS)
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Figure 4: Specual profile curves for NfODIS bands 3, 4, 8-12 on Ihe “visible/VIS” focal plane,



Spectral Profile Curves (NIR)
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Figure 5: Spectra-1Piofile cuwes for NIODIS bands 1,2, 13-19 on the “near im’rzm@NR” focal plane.

Spectral Profile Curves (S/MWIR)

0.7

0.6

0.5

0.2

0.1

0

I
7

P

T
6

d ‘

26
-5

:41

1.2 1.7 2.2 2.7 3.2 3.7 4.2 4.7

Wavelcnglh (urn)

Figure 6: Sptcrr21 profile tunes for the NIODIS bands 5-7, 20-26 orI the cooled, “short-wa\’e infraie~mid-
wai’e in frared/SAIWIR” focal plme.



Spectral Profile Curves (LWIR)
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Figure 7: SpecUaJ profile curves for the MODIS bands 27-36 on the cooled, “long-wave infkam3LWIR”
focal pkme.


