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20. Abstract (c'lntinued) 

low-level wind direction en illustrated and described . 

·The meaning of anomalous f70'f shade patterns appearing in DMSP Very High Resolution (VHR) visual data is th<-roughly explored with examples of each specific c:ouM and suggestions for tactical uM . ... 
,• 

Island and land barrier effects on sea state ond atmospheric moisture are illustrated In a variety of different sunglint relationshi.-. 
-­. 

Section, in Volume I may be expanded at a later date with additional caM studie1 dev loped through on-going ,.March and contract efforts. 
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Foreword 

In 1971 USS CONSTELLATION (CV-64) wu dcployrd to the Wntm1 Pacific with prototype equipment which pve "CONNIE" the unique on board capacity to read-out and proceu high resolution imastty directly from the Defense Meteorological Satellite Prav•m (DMSP) utellitn; th111 providing a new dimmaion to meteorological 1upport of tactical opc:-ationa. Since 1971, and based on the 1uccc11 of the CONSTELLATION 1y1tem, a conaid~le invcstmmt hu been made, and i1 being made, to provide 1imilar capabilities aboard key Navy ahipa and ,elected aitn uhore. Maximum ~nefit from the DMSP 
data now ~ing made available to the Navy, however, rcqwrn aophisticatrd approaches to imaac interpretation. 

The DMSP hu advancrd the at.ate-of-the-art in meteorological utcllitc picture rnolution, quality, and automatic rectification. At the aanw time ambiguitics have b«n introduced for the unprepared 1y1tem 
111ft, The DMSP viaible mode KNor umpln a broader range of the apcctnuu than other aatellitc 1y1tcma, and pvcs a peak rcsporue in ncar-infru~d wavelength, u oppoacd to the normal peak rcsponac in 
the viaiblf' 1pcctrum ran~. Anomalous gray ahade pattm11 ~come 
evident which arc generally not detected or well delineated by other 1yatemL It i1 one of the major purpoacs ot Volume I of the Navy Tactical Application, Guide to dncribc thnc anomalies, and to diac1111 their implication, and application, in the Navy tactical environmmt. Volume II, now in preparation, ahift1 the emphui1 from buic image anaJy1i1 to a detailed dncription of aignificant cnviro:·,,nmtal p11momcna and effect,, and includes an important acction dcvotrd to oceanographic phcnomma and air-sea interactions. 

Thia volume ii bucd on the research dforta of Mr. Robcn W. Fett, Head_ Tactical Applicationa Dcpartmmt, NEPRF. A contribution wu 
alao made by LCDR Walttt F. Mitchell, Fleet Weather Facility, Suitland, Maryland (~ction IA and IC). 

The following publicatiorw m11y ~ rcfnTCCI io for buic information on meteorological aatcllitc data interpretation: (I) Guide for Interpretation of Satellite Ph tography and Ncpharwyai1, Project 
FAMOS Rncarch Report (4-67) , Auguat 1967, (2) Guide forObHTVing the Environmmt with Satellite lnfrattd lmagny, Project fAMOS 
Rncarch Report (NWRF F-0970,158), and (') ApplirJlt'on of Meteorological Satellite Data in AnaJyai1 and Forccuting, ESSA Technical Report NF.sC 51, March 1974. 

Thia pidc hu been pttparrd to fulfill the nit I of Navy mctcorologi1ta' for DMSP data interpretation tcchniqun for Fleet operational applicationL Commmta on thi, Guide arc aolicitcd for CONidcration in future volumes in thi1 lffics. 

iii 

P.A. PE'ffl 
Captain, U.S. Navy 
Commandins Offic:u 
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Introduction 
The participation of the U.S. Navy in the Joint Sffvices Defense 

Meteoru;ogical Satellite Program (DMSP), formerly known u the Data 
Acquisition and Procn1in1 Program (DAPP), hu whered in new 
opportunitin for the uac of satellite data to support tactical oper.itiona. 
The timelinna, rcaolution, and quality o' these data coupled with 
unique display capabilitin conatitutn a significant advancemerat i" the 
"atate-of,the-art" of meteorological aatellitn. 

Fottcutcn 0£ the U.S. Navy muat be pttpattd to optimize their uac 
of data from thia 1y1tem. Previous nunuala, notably Project FAMOS' 
Guide for lntcrptttation of Satellite Photo,vaphy and Nephanaly1i1 
(August 1967) and Guide for Obacrvin1 the Environment with Satellite 
lnfrattd lmat1tty (September 1970) atresscd douJ pattern ttcognition 
u an aid in ayn,,ptic or larse-scale analyaia. Thia pide features new 
techniqun ,f image analy1i1 bucd on interpretation, of aunglint and 
anomalous ar-y•ihade pattern• uniquely depicted in DMSP data. 

The Navy Tactical Application• Guide ia intended to be a practiw 
pide for the shipboard foreaattt and for forccuttt'J in Forccut 
Centers posacllling a DMSP capability. The Gui~e will be a continuing 
ICrin of volumes with looac-leaf acctiona. Sections will be published 
individually and di1tributed immediately upon completion for rapid 
diucmination of new DMSP iffiaFry interpretation conccpta. Some 
acctiona will be supplemented by 16mm sound film, to emphuiac 
nolvin1 qualities of weather situation, u viewed by FO■yncllronoua 
ll..ttellitn in compari10n to the polar-orbitin1 utellitn. 

A■ the DMSP sy1tem i, incorporated on board ■hips and in Fofffalt 
Ccnttt1 of the U.S. Navy, it i1 recognized that individual fottcuters will 
find documentation for many of the unu■ual phmomma occurrin1 in 
various arcu of the world. It ia dcsittd to incorporate u many •. thac 
u att uacful within the Guide for the benefit of Navy metcorologiau in 
yean to coaM. Forccuters and Fotteaat Centers arc mcouraccd to 
■ubmit thar 01ntribution1 to the Tactical Application, Department, 
Na,,.J Environmental Prediction Rncarch Facility, Montctty, California 
95940. For significant contribution,, propn rccosnition will be given 
to the individual, or individual,, and ■talion■ conamcd. 
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Fit, I. ESSA S Mol&ic. p..,., 611 and 619. 20 Nowmbn 1966. 

Fig. l is an example or an ESSA , mosaic used to iliustratc a jct stream over the Atlantic an~ the eastern United St.ates in th~ Project FAMOS' Guide or 1967. The current NOAA/GOES series or meteorological satellius provide improved resoluti n and contrast in comparison to this example. Note that the r.ontrut be: wcm land and water in this picture is very poor. Coastal rr-gion outlines arc not visible. Only the prc1encc or the superimposed grid showing geographical outlines permits one to deduce approximate land-water coutal boundaries. 

Fig. 2 show, a DMSP vi1iblc mode product (o., !\m resolution) over the same area. und-watcr contrast, made possible by an enlarged spectra.I interval (0.4 - 1.1 ,im) extending into the near infrared, i1 excellent. Lun, bay1, streams, tributaries, etc., arc z.11 readily visible maltin pouiblc precise gridding and landmark identification. Fig. , illu1tratcs the tfP" or cnlugemcnt capabilities built intn the di1play which Cacilitatca the dctcn.1ination or 'ocation and the interpretation or dau, down to very 1ma1J cumulus d o• d clements. Accompanying infrared imagery for the same area and to th~ same sea.le, available in a varic:ty or modes, permits deduction or cloud height and 1urracc temperatures or the land and or the KL 
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fi1 . 2. fT\' -28 . DMSP \'i1ible Da1a: \'II R. Normal Enhancrment Mode. 1709 GMT. 31 Ma) • ~ 73 . 
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fie, :, , OMSP \'isiblr Da1.11 : VH R. t: nla'l!rmrnt of Gulf o Mrxico• t·loriJa Arra. 

f iK, 3 also illus1r.11r, somr J11di1ion.1I <111.1li1i1·s of l>:\ISP dJIJ whil'h 
providl' inform.Ilion 1h.11 m.,y bt· of \'Jlur to the IJctical fur1·c1sta. 
Notl' thl' ,1pprar,1111"<' of <IJrk Kray -shade Jrea, m•t·r 1h1· op1·n water in 
the Gulf of .\kxirn Jncl ;1ltl"rnJh" clJrk/li~ht ~rJy -sh.ulc- Jrc.1s off the: 1·ast 
Florida c:-oai,t. lfow ,in· thnr lo ht· in1t·rprt·1t·d ? Do tht·y n·prt·scnl 
d,ani,ics of i;l'a sl,11t·? ,\rt· somt· of 1h1· ~ray sh.uks produn·tl hy pa1 ch1·s 
of small u1ucsolwd cl11u1h? Arl' tht·y rrprt·s1·n1.1tiw of rh.m~t·s in 
watl',·-vapor c:-nntt·n1 of th•· Jtmosphnc? :\1 .,jor st·r tioru of lhl' ;\; ,ivy 
Tactical App,i1·atiuns (;ui1k will ht· d1·\ot1·d lo discussions of these 
anomalous w-ar-shJ<lc pJllcrns .incl 1h1·ir us1· in imJ~c .,n.dysis. O:her 
volume, will us.: 1hi, material as basic h.1ck):round for 1hr devclopml'nt 
of regional ml'tcorolc~y and air -sl'a interaction sludil', fur LacticaJ 
opl'rat ions. 
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The primary senson used to obtain DMSP Data are contained in a 
ae111or package. The sensor package is mounted on the DMSP so that 
with nominal spacecraft attiLude cc.-ntrol the sensor11 are always oriented 
toward the earth. These sensors are scanning radiometer, which respond 
to radiation within specific spectral ranges, Two type, of data are 
obtained: visible: mode data, which is a measure of reOectc:d solar 
radiation; and infrared mode data, which is a measure of emittc:d earth 
and cloud radiation. 
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IA•l, N--U.ed -­
rapoue for a limlllated 
IOlar radiation IOlll'CC, 

The spectral interval used for obtaining visible data is 0.4 • 1. 1 
micrometers (,.im). Fig. lA-1 depicts the sensor's norml&liud response 
curve for this spectr:il range. It shows that the sensor responds u 
though there were minus violet, blue and green filters blocking moat or 
the energy in the shorter wave length portion of the spectral range. This 
minimizes the blue light backscattering of the atmosphere and aJlows 
good contrast between dark objects in the earth scene, such u terr.un 
anJ water boundaries. 

The response at the ot.her end of the spectral range is a ttault or the 
type of detector used. A silicon detector is used in order to sense small 
amounts of radiation in the visible spectrum. Its natural response 
provides sensing into the near infrared. However, the radiation sensed 
primarily is still reflected solar radiation. Two benefits arc derived from 
this rnponse. First, vegetation ia more reflective at wave lengths longer 
than 0. 7 µm than it ia for shorter visible wavelengths, which provides 
sood vegetation, soil, or water contrasts. Second, it allows good sensor 
response to lunar illumination. The lunar radiation curve approximates 
the cmiuion from a 4000K blackbody. This emiuion peau inside the 
KNOr's response range . The earth sc.:ne under lunar illumination ia 
therefor.: more perceptible than it would be for a smsor whose 
rapon,c approximates the human 's eye. The sensor's half-power 
rnponse points are ,t 0.57 µm and 0.97 µm. 

ln order to sense infrared radiation, a thermistor bolometer, 
comuincd with filtering, is used to respond in the 8 • U µm spectral 
range. The sensor response curve approximates that in Fig. lA-1 except 
the abscissa would be labelled 8 • 14 µm rather than 0.4 • 1.2 µm. The 8 
• U ,.im range is used primarily because it contains the peak ,adiations 
emitted by the earth and its atmosphere. The broad spectral range wu 
aclcctcd so that the field of view of the detector could be nanowed to 
obtain good spatia! resolution while still maintaining a good 
lipal-to-noisc ratio at the detector. A fortunate by-product of this 
spectral interval is that nearly all cirrus, even that just barely visible to a 
ground baaed observer, is detected by the sen1 or. 
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The sensor package consists of two scanning radiometers. One is a two-chann l scanner for high resolution (HR) visible and infrart"d (Ml) d.ata; the oth<"r scanner is a two-ch.anncl device for V<"ry high resolution visible (VHR) and very high resolution infrared (WHR) data. Each radiometer consists of .a mirror mounted on a sh.aft which rotates such that the mirror (which is mounted 45° tu the direction of motion) scans th~ earth scene from horizon to horizon (Fig. IA-2). The VHR/WHR shaft revolves at 5.34 Hertz (Hz). The mirror on the shaft is double-faced so that for each shaft revolution two scans .ire made of the earth scene. This scan rate combined with a 0. 766 milliradian field of view from 450 nm, gives a spatial resolulion of 0.33 nm at subpoint. 

The HR/Ml scanner is driven by :i 3: 1 reduction gc.ar from the VHR/WHR shaft and revolves at I. 78 Hz. Since this mirror is single-faced a:,d rotates at one-third the speed of the VHR/WHR mirror, only one-sixth the number of scan lines arc produced. This scan rate, combined with " 4.56 milliradian field of view, provides 2.0 nm resolution v:siblc o ,ta at subpoint. The Ml detector has a 5.33 milliradian field of view which yields 2.4 nm resolution infrared data. For citi1tt radiometer the incoming scene radiation is reflected from the scanning mirror to a parabolic mirror which, in turn, fo uses that radiation onto a dichroic beam splitttt. The: beam splitter allows visible spectrum radiation to pass without reflection, while: .at the same time reflecting infrared radiation. The visible: radiation is collected at the respective: HR and VHR detectors, and the infrared radiation is collected at the MI and WHR detectors. 
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In order to obtain the propn spatial resolution the detectors for VHR and WHR arc physically smaller than their countnpart1 for HR 
and Ml radiation. ConKqucntly. for visible radiation, the VHR data arc 
only available during the daytime where there i, sufficient reflected 
solar illumination of the earth scene to provide an adequate 
aignal,to-noise ratio ,.t the detector. (The light level under full sunlight 
is bctwttn five and six order, of magnitude great~ than full 
moonlight). For infrared data there i, little difference between the total 
1A111ount of radiation emitted from the earth during day Of night. 
Howcvn, due to the fact that a different type of detector is used and 
that the WHR detector area i1 approxim"tcly l/56th that of the Ml 
detector, a greater signal-to-noise ratio problem exists than with the 
other scnaon. In order to accurately discern the small amounts of 
infrared energy available to the WHR detector• it is passively cooled 
Uling a radiational cooling patch so that the thermal noise of the 
detector i, reduced and docs not obscure the KfflC radiation. 

Fig. lA-5 11 a photograph of the Defense Mctcorologial Satellite 
Program (DMSP), Block 5C, satellite with the seniors mounted near the 
bottom of the spacecraft (right). The white face o,, the spacecraft i, 
earth oriented and therefore the sensors on the right arc earth oriented. 
The top of the ,pacccraft (left) always is oriented toward the sun. The 
panels on the left form a sun slaadc which shields the sensor package 
when th,: spacecraft is in an early morning orbit. In this orbit, near the 
poleward portion of each revolution, there is a possibility of direct 
sunlight impi11gi1111 un the sensors. 

The shiny bo~•likc structure in the lower right contains the radi.itivc 
cooler for the WHR detector. The cooler is pointed to the light, away 
rom the sun. Above the cooler is a narrow aperture in which the 

VHR/WHR wedge-shaped mirror rotates. Jwt ab"ve the narTow 
aperture is the larger opening for the HR/Ml scanning mirror. Of 
interest is the fact that these mirrors arc precisely weighted and rotate 
in opposite directions 10 that there is no net momentum transfer to the 
spacecraft from their operation. The circular area on the white face to 
the left of the sensors. contain, the antenna for the data transmitter. 

Not 1ttn in the picture, but extremely important to data 
production. is a unique feature in this system. A zero-resolution. 1upn 
htt!liaphcric radiometer is mounted 180° away from the sensor packaic 
nadir. Thia radiometer measures the amount of sunlight incident on the 
spacecraft, and. with the earth-oriented sc:nsor system. essentially 
measures the solar illur.tination of the earth scene at the data 1ubpoint 
(Fig. lA-4). The output from this radiometer, in conjunction with a 
programmable gain memory unit, controls the signal level output for 
the vi1iblc data. In other words, the vi1iblc data received at tactical sites 
arc normalized on the spacecraft for solar illumination. The data appear 
to have the ume brightness whether from near the solar 1ubpoint or 
near the terminator. Crotaing .he terminator, however, caUICI additional problems. 

lA,6 

I 
( 

[ 

l. 

I 
I . 

I • 

11 



K'

lA-S. Ccfcm 
Mctrocolofical SauUiu 
rrofna (DMSP). Ilock 
SC. aulUtc and maon.

G

Do(c Subpoint

Earth

Porollol Solar 
lodiotion

lA-7

lA-4. RcUtiondia 
batwaan aar»- 
raaohiuon tcnaor and 
dau tttfapoinl. 
Incadani tolw 
radiation al aacO 
piaca ia attaatially 
idantkaL



Fig. lA-5 show* the orientation of a lun-iynchronouf orbit to the 
terminator for an 0600 equator crowing at equinox. Notice how the 
lenaor will have to scan from horizon to horizon through full brightness 
in the Southern Hemisphere progressing to full darkness in the 
Northern Hemisphere. Cnee the spacecraft reaches line Aa' (Fig. lA-6) 
the scene on the left begins to get progressively darker and the area of 
darkness expands. When the data subpoint reaches the terminator, half 
of the tensor scan is in the dark aiea and half in the light. At this point 
scantling from horizon to horizon, the brightness change from far left 
to far right it spread over 26.8* of longitude at the equator. This it a 
brightness change of six orders of magnitude. In order to receive 
meaningful data across the terminator, one must have more than the 
along-track gain control provided by the zero-resolution tensor, one 
must also have along-tcan gain control. In other words, as the sensor 
(HR) scans from dark to light, the gain for each scan line must change 
as the scanner moves into increasing briglitness. As the spacecraft moves 
further into darkness, the along-tcan gain must occur at a different 
location along the scan line. This compensation alto will occur as the 
spacecraft leaves darkness on the other side of the earth. Additionally, 
the along-tcan gain control mutt vary sccsonally at the orientation of 
the terminator to the nrbit changes.

There are four supplementary tensors which go on the UMSP 
spacecraft. Normally each DMSP carries two supplementary tensors, the 
exact complement differing according to the time period the orbit is 
planned for, and the condition of the various supplementary sensors on 
older spacecraft.

Supplementary Sensor E (SSE) is a vertical temperature profile 
radiometer. It is an eight channel instrument with six channels (668.5, 
677, 695, 708, 725, and 747 cm '•) in the carbon dioxide l5 pm 
absorption region; one channel (535 cm '*) in a water vapor absorption 
band; and one channel (835 cm '*) in the 11 pm atmospheric window. 
A scanning mirror steps across the subtrack of the satellite, allowing the 
SSE to view 25 separate columns of the atmosphere every 32 seconds 
over a cross-track ground swath of 100 nm. While the scanning mirror is 
stopped at a scene station, the channel filters are rotated through the
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field-or-view. The detected radiation is measured by a tri-glycinc. 
pyro<lcctric detector. Surfal.-e resolution at nariir for the SSE 
hal(-powff points ia approximately 20 nm. 

Supplement~ry ~nsor J (SSJ) ia an electron spectrograph with one 
fixed channel and one stepping channel. l'hc channels detect CllftlCtic 
electrons over ranges or energies UIOClatC"d with visible aurora. The 
fixed channel ia 6 KcV and the stepping channel cycles thro agh eight 
energy t."-resholds: 54. 98. 219. 600. 1400. ,540. 8200. and i 970 cV. 
The data sample ia bkcn approximately cvrry second. The field-of-view 
ia , degrcn by 12 dqrces. 

SSJ hu been improved. The second generation is called SSJ/2. It 
consists or a single stepping channel with six energy ranges. Nominal 
energy steps arc o.,. 0.68. 1.6. ,.5. 7.9. and 18 KeV. The sampling rate 
ia 0.0922 scconds per energy step and the field-of-view is a ,o dqrce 
anti<arth cone. 

Supplementary Sensor L (SSL) is a lightning detector. It operates 
only at night to detect lightning flashes in the 0.4 - 1.1 ,im range. Peak 
tttponsc ia neat 0.8 ,im. Twelve silicon photodiodes arc used to detect 
the fluhes, each photodiode viewing a diHermt nominal 400 x 400 nm 
field on the earth•• surface. The photodiodcs arc aligned in a , x 4 array 
such that the SSL's field-of-view is 1200 x 1600 nm. The SSL storca the 
value of the wgest pulse <>bscrved by r.ach photodiode during :i one 
sccond sampling interval. The peak pulse and total number or counts 
per second for each detector makes up the information in the SSL data 
1trcam. 

The data from all supplementary sensors an low volume. on the 
order of 100 bits per second. The data arc multiplexed into the primary 
sensor data stream and recorded on board the spacecraft. No real-time 
readout ia made to tactical 1ites since some computer proceuing i1 
necnury for all supplementary sensor data. 

1A·9 
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Primary Sensors. Block 5D

Th« Block 5D satellite it illustrated in Fig. lA-7. The Operational 
Linescan System (OLS) is the primary dau acquisition system on the 
Block 3D satellite and is the system of primary importance to Navy 
UcticaJ sites. p»e system is designed to gather and output in real-time 
or store multi-orbit day and nif^t, visible and infrared spectrum data 
from earth scenes, and provide such data, together with appropriate 
calibration, indexing, and other auxiliary signals, to the spacecraft for 
transmission to ground stations. The data is collected, stored and 
transmitted in fine (K-data) or smoothed (S-data) resolution.

The OLS provides a near-constant image resolution system with 
optical compensation for image motion. On-board preprocessing of the 
daU provides for the various modes of data output. Global coverage is 
provided, including complete terminator coverage in both visible 
(L-data) and thermal (Tdau) modes.

IA-7. Block 5D Satellite.
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inc resolution data is collected continuously, day and night, by the 
Kfmcntd infrMrd detector (T•'-data), .md cont. 1uou1ly during 
d. ytimc only by the segmented, silicon diode detector tF-data). Fine 
resolution data has a nominal linear resolution of 0.3 nm. Tape recorder 
storage capacity al"ld transmi11ion ,:onstraints limit the q,aantity of fine 
rcsc lution data which cm be provided to a tot;J of 40 nainutcs of data 
p.:r groi.nd station readout. 

Data smoothing pcrtnits global coverage in botti the infr:.rcd 0S) 
and visible (LS) spectrum to be stored on the tape recorders. 
Smoothing is accomplished by electric.lily reducing the sensor 
rnolutk '\ to 1.5 nm in the along-scan direction, then Jigitally averaging 
five such 0. • x l.~ nm samples in the along-•rack direction. A nominal 
linear ~ J&Ution of 1.5 nm results. 400 minutes of LS and TS data ma , 
be transmitted in a single ground st.ition readout. 

Additionally, a photomultiplier tube allows collection of visible (LS) 
data under quarter-moon or brighter nighttime conditions at 1.5 nrn 
nominal linear resolution. 

A combination of one type of fine r~ol..uion data and the 
complementary smoothed resolution data lLf and TS or TF and LS) is 
available in the real-time data transmission (RTD) mode. Either 
encrypted or clear data can be transmitted simultaneously with two 
channels of stored data. Ir: addition, the OLS can simultaneously 
transmit two r.hanncls of RTD data, with each channel having 
encrypted or clear selectivity. 

The OLS data proccning sub1yst.:m provides the dnta management 
functions to proccu, record, arid output daa for as many as si,; 'IJ)Cc:al 
scnson. 

The OLS utilizes a scanning optical telescope driven in .a ,inusoidal 
motion by counter-reacting coiled springs and a pulsed motor. This 
motion moves the instantaneous ficld-of-vicv, of the detectors a .. To11 
the satellite subtr,ck, with a Maximum scanning velocity at n~ir. The 
scanning velocity slows as the telescope g~s to e<lgc of scan (:u:tive 
data swatla) and rcvcncs direction durinir the ovcncan period. The 
apcrtUtt size is dynamically changed to reduce .nb-ular instantaneo, .s 
field-of-view as it nears the edge of sea,, thereby maintaining an 
approximately constant scan !'l)Ot on the earth. The swat"i width is 
1600 nm from a nominal altitude of 450 nm. 

The optks consist of a Casv.grainian telescope whQtc clements arc 
l.'Omffll},1 iv both visible and infrared imagery, and a set of 1clay optics 
that ,q,. '"ates the wavelengths a'ld ficldt"'lf-view for the difrcrent 
detectors, 

In the fine mode visible (LF) c.wmcl , a three-segment silicon diode 
detector i, switched at t 4-00 nm from subtrack, wing either of two 
sqmcnu from that point to end of scan. All three scgmcnt1 arc wed 
and summed t~thcr within 400 nm of subpoint. Detector ~omctry 
and segment switching compensate for the optical rotation of the 
field-of-view, as a function of scan angle. A mirror in the telescope 
aucmbly ii dynamically driven to accomplish image motion 
compensation by removing the satellite's along-track moti"n 
compoumt from the motion of the instantancou, field-of-view to 
pre,nvc scan line contiguity. 

In the photomultiplier tube (PMT), electro-magnetic deflection of 
the electron beam over an aperture muk ch mgcs the angular 
ir,tan~cous field-of-view to provide approximate constant rnolution 
and image dcrotation. 
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The infrared detector, consisting 01 two qmenta, i1 switched at 
nadir to provide approximately ,.orutMt sround rcan-■pot siu and 
image deroution. 

Th«- fmtumC) of oscillation of the ■canning '-Ptia of fine rc10lution 
visible data i· designed to provide 0.3 nm x 0.3 nn rc■olution. 

The visible daytime response of the OLS is in the spectral range of 
0.4 • 1.0 ,im, chosen so u to provide maximum contrut between earth, 
sea and cloud clements of the image field . The vi11ible fine mode i1 
available for day scene, only. 

The qnooth resolution visible (LS) data channel (1.5 nm x 1.5 nm) 
provides visible data acro11 a dynamic range from full sunlight 
(10-J w/cm2 sr) to quarter-moonlight (10 -• w/cm2 sr). The smooth 
rnolution visible data at night is provided from a photomultiplier tube 
operated in the same spectral range. For fall terminator coverage, the . 
photomultiplier tube is energized autor.iatically u the radiance 
dcacasn. In response to various gain controls for the photomultiplier 
tube, visible data in the terminator region arc collected with minimal 
light-Incl variations. In daytime, smooth resolution data is derived 
from the fine mode visible data by analog and digital data processing in 
the OLS. Five fine mode resolution cells arc averaged along a scan line 
to produce a single intermediate resolution (0.5 nm x 1.5 nm) cell. Five 
such cell, arc digitally avcragtd along track to produce a single smooth 
mode cell. The smoothed m,-,dc data maintains the constant resolution 
of the fine mode data. ':hi: averaging or v,siblc data •o lower rc■olution 
allows storage on each OLS prim.vy recorder of 1. p to four orbit, of 
both visible and infrared data. 

Fine rnolution infrared (TF) data arc provided by the OLS infrared 
detector, a KgMented tri-mctal (HgCdTc) detector operating at 
approximately 105 K. The OLS infrared spectral response of 8.0 • U.0 
,im wu chosen to optimize detection or both water anc1 ice crystal 
clouds. The ,msor output i1 normaliud in term■ of the equivalent 
blackbody temperature of the radiating object; that i1, a ahapin1 
network ii employed to change the fourth-power-of-temperature 
response of the detector, 1uch that ■cn■or output voltage i1 a 1imple, 
linear function of accne temperature. Thi, detector i1 pa11ivcly cooled 
by a radiative coolt viewing frtt ■pace. The tri-metal detector i1 
accurate within 1 K rms across the (equivalent blackbody) temperature 
range 210 K to 510 K. The noise equivalent temperature diC£ercnce of 
the infrared system is 1 K across the ■amc range. 

The smooth resolution infrared (TS) data i1 obtained by on-board 
processing or the fine mode infrared data, u deacribcd for the vi■ible 
channcl1. It should be noted that fine mode visible and infrared data att 
pthttf"d through the wne (coherent) optia and arc digitally identified. 
Thu,, correspondin~ vi1ible and infrared data cclll maintain their 
unique one-to-one !ocation corre■pondencc throughout the data 
processing chain. 

The OLS on-board data procc11ing 1ub1ystem performs command, 
control, data manipulation, storage, and management function1. 
Commands are received from the ground through the spaceaa£t 
command system, stored, and proceucd according to time codes. The 
OLS data processing subsystem also eucutes commands, accomplishes 
the smoothing of fine resolution data, ckrive, pin comm&nds from 
orbital parameters for normalization of visible data a'"ld dynamic signal 
control, and outputs the data to the spaccaaft communication■ system. 
All data arc processed, stored and transmitted in digital format . 
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'fhc OLS data processing subsystem also accepts Jata from the special acnso, .. , and inputs this data into the smooth data stored format for tranamiuion. 

S-band transmittcn att provided on the Block 50 spacccrah for data trammission. Two of thcac may be operated simultaneously for stored data playback. A third S-band transmitter is used for direct digital tranamiuion (DDT) to tactical sites around the world. 

DDT consists or either u· and TS or LS and TF data, transmitted ir, digital format at 1.024 Mbps. DDT data will normally be encrypted. 

There are five special acnson on the Block 50 spaccaart. 

Special Sensor D (SSD) is the Atmospheric Density Sensor which will provide a measure of major atmospheric constituents (Nitrogen, OxYlcn, and Ozone) in the earth': thcrmosphcrc (100 • 250 km in altitude) by making earth-li1nb o acrvations or the ultraviolet radiation from thit atmospheric region. The SSD is currently undcr development. The sensor will measure the radiation emitted in the ultraviolet spet:tral region from cxcitadon or molecular nitrot.en by impinginx solar radiation. The intensity of the emitted radiation is proportional to the excitation rate and the num.,cr or mol~cules at any given altitude. Funncltrons and a photomultiplier tube will detect the radiation aher it pusct through a collimato whid, .,rovicie1 a 0.1 x 4.0 degree field-of-view. The SSD will be mechanically driven to scan vntica1ly through the earth's limb in ;about 30 ac~onds. The instrument will provide approximately 50 sets or density prolilcs on t~ daylight portion or each orbit. 

Special Sensor J (SSJ) is the Precipitating Electron Spectrometer. A amaU, lightweight (5 Ii>) sensor, the SS., counts ambient electrons with mcrgin ranging from 50 cV • 0 KeV. Utilizing a time-sequenced variable electrostatic field to dcncct the particles toward a channehron dcttctor, the sensor deterrnines the number of electrons having energies within cntain sub-ranges or the 60 eV • 20 KeV spectrum. 

Specw Sensor H (SSH) is the Temperature/Water Vapor/Ot.one Radiometer. The SSH, a scannini infrared radiometer, will provide global data which yields vertical temp,;rature profiles, vertical water vapor profiles, and total ozone concentration. 

Special Sensor B (SSB) is a gamma radiation me.uuremmt sensor provided to OMSP by an Air Force Agency (AFTAC). 

Special Sensor M (~SM), the pasaive microwave temperature sounder, will be a 7-channcl scanning radiometer which will measure rattiation in the 5 • 6 mm w,velength region (50 • 60 GHz) to pro\idc data for profiling .Jn a ilobal basis atmospheric temperatures from the earth's sur ace to altitudes above 50 km. It is being designed to scan in synchronization wit.'I the infrared tcmperature and water vapor sounder (SSH) alrrviy developed. Th~ microwave rounder complements the infr.ucd ~,under by providing temperature sour.dings over previously inacccsaible cloudy regions or the glo.~ and at higher altitudes than arc at.:ainablc with the infrared 1en1or. The SSM will occupy the SSB location on ac!ectcd satellites. 
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1B Data Modes for Image A nafysis
System Description

Hardcopy (nim transparency) output it a product of the data 
display system (DDS). llie function of this system is to accurately 
reproduce the image scenes as recorded by the spacecraft’s primary 
sensors. The Navy system uses an integrated hardware/software concept 
combining the flexibilities of a minicomputer with automatic functions 
of a hardcopy generator, permitting several varieties of dau output to 
meet the needs of the user. For example, dau enhancement and 
infrared “slicing- techniques are computer controlled as opposed to 
being "hard-wired” thereby permitting a wide range of variations in the 
output imagery. The system also permiu copy annotation which may 
mdude full documenution for important parameters of each specific 
pass, in addition to a gray scale for the particular visible enhancement 
or infrared enhancement mode selected.

The DDS consists of three basic units, the data processor, the 
computer, and the hardcopy generator. A teletype unit and a digital 
magnetic tape unit arc associated as peripheral units. A typical 
shipboard unit, is illustrated in Fig. lB-1.
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The data pr.Kasor 1ub1y1tem includes a decommutator, a time-code reader, and a computer interface. . ~ il 1 
The data procnaing hardware and software aynchronizn and decommutates the input pulse-code mcdulated (PCM) data, makes neceaaary parameter corrections/manipulations, and converts the r<aultant to digit \J picture information. • 

T.,e decommutator provides frame and lin aynchr~nization for downlink data and transfer, video, calibration, and Greenwich Meridian Time (GMT) data into the computer core memory via the computer interface unit. The time-code reader (housed in the dccommutator chuais) converts the timing pulse to a computer code so th ; the GMT annotation of selected scan lines is included in the hardcopy output along the edge of the imagery. 

Prcmiuion parameter-option selection for tht: DDS is acco1npliahed b~ opaat(.'lr communicatior,s through the teletype unit with the software. Premiuion, real-time, and postmiaaion software program, for proceaaing data arc permanently stored in the computer mainframe ancl expansion memories. These programs are "nitially loaded from recorded tape cauettea durin11 system setup. A digital magnetic tape unit is contained as an integral part of the data processing subsystem. Because it it a cauette unit, operator handling is held to a minimum, and tape ato,. requires very little space. 

Data processing subsystem functions can be summarized u follows: 

• De'--omn,utatc and synchronize input imagery data. 
• Correlate GMT to imagery data. 
• Digitally correct, calibrate, and project the imagery data. 
• Format sr-odiftcd imag"!ry data for hardcopy generator transfer. • Store/verify satellite parameter files. 
• Provide operator• central proceaaing unit (CPU) communications. Accept prcmiuion input data. I Gcnc:atc system setup checklist. 

Provide output data option selections. 
Generate po1tmi11ion summary. l ' • Generate outpu imagery copy annotation,. 

• Format and print out special teletype mc111~. 
• Handle power and equipment interrupts. 

The hardcopy generator (HCG) accepts the modified, conditioned computer generated imagery data in increments of a single line. The display buffer (DB) provides temporary storage for this informatio11 in r1_"1dom-acccu, solid-state memories. The DB also pr'-'vides the control to the computer output channel. Upon the receipt of a complete line of data, the DB unloads its memory into a demultiplexer, which divides the 24-bit computer words into four discrete 6-bit bytes. The mulling data arc input to the display control logic (DCL). The 6-bit word, arc 
then UICd to acce11 any one of 64 discrete onc-ahot multivibrator circuits. The pulse-width duration of the one-shot outputs incrcuct with rnpcct to inettuing gray-shade ln-cla. Thia information is then transferred in a aerial format to the cathode ray tube (CRT) modulation circuits. CRT IWttJ> and retrace arc synchronized to the beginning and end of each line of data. The resulting light output from the CRT travcla through a folded optical usembly and is foaucd onto photographic film which i, stepped sequentially u each new scan line is added. 

W..,cn data transmiuion is completed, the computer iauca a command to the HCG, which cawa the film to be cut and transferred 
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to the proceaaor. Once there, it i, automatically routed through the 
d~loper, fix and wuh tank,, dried in the film dryer, 11nd deposited in 
a film catch box. 

The total HCG operation i1 controlled by a modularized 
microproauor contained within the DCL. The microproce11or control• 
the incoming data, the film po1itioning, monitors pouible HCG 
malfunctions, and identifies problem conditions to the computer, Thia 
future provides maximum fluihility for interfa~ redefinition in the 
cvet1t that the HCG should be used in a different 1y1tem. 

A visual light emitting diode (LEO) display i1 provided at the DCL 
for operator convenience to verify the 1tatu1 or the internal HCG 
operation. 

In summary, thnc arc the (unction• or the HCG: 

• Decode CPU data and communications. 
• Control all CRT and film procc11ing function,. 
• Convert imagery data to CRT beam pulse-width modulation. 
• Generate film image• Crom line scan CRT. 
• Provide back-to-back imaging. 
• Dc-,clop, fix, and dry the output film image. 
• Test pattern generation for selC-te1t (unction. 
• Provide control p1.nel and CPU status or HCG function,. 

Included in the DDS sohwa1e i1 a 24-bit word central proccuing 
unit (CPU) with 64K <>f memory to e1t:ahlillh & centralized operator 
control point and to allow maximum flexibility in the data procc11ing 
algorithm, via software. 

During the cquirment setup phase, the operator eatablillhes display 
requirements for the image. The CPU converts operator requests into 
device commands to the system hardware components. All 1y1tc:m 
dcvicn have been designed to be programmable from the CPU to allow 
a centralized control point of operation. 

The software approach to the implementation or the data proce11ing 
algorithms allows for sophisticated data proccning techniques with 
maximum flexibility for custom-tailored changes to meet specialized 
requirements. 

The 1y1tcm software allow• operator selection Crom a set of fixed 
data enhancement curves in addition to ,the general capability for the 
opcntor to define any data modification mapping conuponding to hi• 
imaging requirements. The act of fixed mapping cunes i■ readily 
expandable through 10itwarc and any data enhanc:maent (unction can 
be implemented. C1UTcntly provided arc low, high, r,ormal, and 
loprithmic enhancement for vi■ible data. Temperature expan■ion and 
thrnholdin1 techniques arc provided for infrared data. 

The 1y1tcm ■oftwarc UICI a Tran■vcnc Mercator Projection in the 
aaou-tnck dimension to accurately map input ciata sample■ for 
imaging. Thi■ technique eliminates the undc■irable vi1ual effects created 
by the earth'• curvature (foreshortening) on the product. 

The 10ftware approach allow• virtually unlimited flexibility in the 
.election of map scales and selection of 1maller aqmenta of the input 
data .et for ■ale cxpamion. For scale c:xpan1ion, the operator may 
select any point in the image u the center point by specifying iu 
location in two dimcn1ion1. The CPU then produce■ an expanded image 
about the opcntor•spccified center point. The CWTfflt 10ft~ 
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provides a normal (XI) (I: UM scale), a double (X2) (I: 7 .5M sale), 
and quadruple (X4) (l:5.75M scale) expansion rapability. 

The system software provides character annotation in the .,,_argina or 
the imaged data. (The data time ia lagged with a GMT annotation in 
real-time in the right margin.) All informat:on pertinent to the im..&ge ia 
annotated on the top margin. Thia information includes date, satellite, 
orbit, direction (NE or SW) of upper, right corner of data, and display 
variables such as aatellit«- identification number, rise time, fade time, 
altitude, roll, data type, data enhancement, image center point, and 
acale. An additional cap .. bility ia provided for the operator to transmit 
lines of annotarion, containing any information, from the operator 
communications device to the image via the c-cntral proce11in1 unit 
aoftware. 

DMSP Data Typa arul Enleancemel'•t Curva 

Four types of data are produced by the spacecraft'• primary acnaon; 
however, it ia not pouible for a tactical readout site to receive all of 
them. The OMSP transmitter O!)ffates at 512 kilobits per second (kba) 
(5C) or 1024 kilobits per second (50). Thia allows transmission of a 
multiplexed data stream consisting of HR, Ml and either VHR or WHR 
for the Block 5C spacecraft and LF (fS or LS(fF in the cue of the 
Block 5D spacecraft. The data rates of VHR (LF) and WHR (TF) arc ~o 
massive that both cannot fit into a 512 kba data stream. The normal 
opcrai; ,g mode is Cur VHR (LF) transmission on the ascending portion 
of an orbit and WHR (TF) on the descending orbit. Both HR and Ml 
data arc transmitted to all receiving sites for Block 5C while either LS 
or TS data arc transmitted for Block 5D. If the spacecraft ia placed in 
an early morning ascending (early evening descending) orbit where 
there is an earth terminator problem in the visible scene, the VHR (LF) 
data are transmitted on the ascending portion of the orbit near the 
equator where there is sufficient daylight illumination for visible 
imagery (along-scan automatic gain control for visible imagery through 
the terminator region exists only for the HR (LS) sensor). When the 
spacecraft proarcsscs poleward far enough 10 that the edge of the VHR 
(LF) scan line entcn the terminator, the transminion is switched to 
WHR(TS). 

The two types of visible data, VHR and HR for Block 5C spacecraft, 
complement each other for several meteorological application,. The 
VHR and equivalent LF arc designed to examine weather sy1tcn11 in 
detail, with a 0.5 nm resolution, such that not only i1 the ovua.11 
synoptic pattern readily identifiable, but the details of the cloud 
patterns and their structure arc observed. As such, VHR and LF arc the 
primary visible products used for ~ircct readout during daylight. These 
are supplemented by the 2.4 nu Ml and 1.5 nm TS infrared data for 
thermal comparisons. The HR (2 nm resolution) ia used u a backup to 
the VHR during daytime orciationa at direct readout locations. At 
nighttime the low-light capabilities of the HR and LS acn,on provide 
useful products of 2 nm resolution and l.!S nm respectively (under 
quarter-moon conditions) which areatly improva the analyst'• 
capability to correctly interpret nighttime infrared data in modes WHR 
for Block 5C and TF for the Block 50 spacecraft. 

. Sensor resolution for both Block 5C and Block 50 degrade, 
aomewhat u di1tancc from the satellite subpoint increues toward the 
eutcrn and wcatern horizon,. Fig. 18-2 is a graphical illuatration which 
summarize■ 1urfacc resolution dependence on di1tance from satellite 
subpoint for each of the Block 5D am10ra. 
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Contrut enhanttmcnt is used to vary the distribution of gray shades in these data. Fig. 1B,! illustratea the set of 4 fixed mapping curves (Mods O through ! ) devised for the system. Mud & is a special enhancement devised by the San Diego site location ~ ins the expandable software capability uf the Navy System. 
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I. 
Vi.rib/• Mod• Data: VHR' 
Mod 0. Nonna/ En/tanc•mast Mod• 

Fig. 18-4 is an example (78" of original siu) of VHR (YffY high I_ ttsolution, 0.5 nm) data in the Mod 0, or normal enhancement mode, and normal map scale ( 1: U million). In this mode the data arc presented wing a linear scale of gray shades, from dark tones to light l tones, over the signal range (sec gray sea.le at top of figure). Note that -terrain features (dark toncs/Jow reflectivity) arc somewhat subdued and normally bright cloud muses (light tones/higher reflectivity) arc also f somewhat subdued in appearance. This presentation is characteristic or the linear gray-ecalc mode. 

The best separation (contrast) between gray shades steps is apparent [ ~ in the mid-scale range. The mid-scale gray shades ( middle tones/average reflectivity) arc excellent for bringing out the structural details or cloud system, of gnat Vfflical development such u thunder1torm1 and squall lines. Although contrast in low-level (and Ina , . ttflcctivc) cloud form,, 1uch as 1tratw and stratocumulus, and lesser dnclopcd ~onvcctivc cloudinna over land areas is not optimum, it i. adequate. 
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IB-4. Visible Data: VHR. Mod 0 . Normal Enhan~ment Mode. 
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Vi.rib/, Mod, Data: VHR 
Mod l.LowEnhanc,mmtMod, 

In order to provide more definition in the dark ton: areu of the 
imagery, Mod 1, a low enhancement mode wu devised (Fig. 18-5, right 
figure). The gray-shade sale in this mode shows a distinct separation in 
the tonal 1tep1 at the low end of the scale, in comparison to the Mod C 
mode. Thia provides for better definition in the darker tone areu of the 
imagery. An improvement in terrain detail is apparent in Fig. 18-5 
when compared to FiR. 18-4 (left figure). More detail can be obsened 
not only over land but also over water areu (u gny-shade patterns not 
identifiable u cloud forms), such u in the aunglint area south of 
Mexico and in the stratocumulw cloudinesa area welt of Baja. These 
gray-shade pattern, are often important indicaton of sea state, low-level 
wind direction, aerosols and atmospheric moisture, and other 
panmeten. u will be discwsed in later aectiona of the Guide. 

Note, however, that the details ~ middle tones) in the bright doud 
muse, att degraded in comparison to the normal enhancement mode 
(Fi1. 18-4). In particular, compare the lack of cloud detail in Hurricane 
Jewel, south of Baja, in the low enhancement and the normal 
enhancement modes. On the other hand, obserw how small, low-level 
cloud elcmenu in the cloud patte~i, sunounding Hurricane je'ffl are 
emphui&ed in the low enhancement mode. These cloud form, appear .. 
with better definition in this prncotation than in any other 
enhancement mode. The low enhancement mode i, therefore well 
auited for dmving low-level winds base~ on cloud alignment. 

\ 
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Yuibl• Mod• Data: VHR 
Mod 3. Loi Enltanccmtnt Mod• 

Mod 5, the log enhancement mode, is illustrated in Fig. 18-7. In this 
mode, the contrast between gray-shade steps in areu of lower 
reflectivity is increucd at a sacrifice of contrast in the average and high 
reflective areu. In the dark tone area of the gray scale above the legend, 
note that there is a distinct difference (contrast) between adjacent 
gray-shade steps. The log enhancement mode is the only mode that 
provides such sharp contrut steps between gray shades at the low end 
of the gray scale. S mething remarkable comes out of this u can be 
aem by referring lo the area to the south of Hurricane Jewel. Note the 
dark area appearing between HWTicane Jewel and the strong convective 
doud band to the southeut. This anomalous gray-shade am occun in 
an area of anticyclonically turning low-level cloud lines, suggesting high 
prnsure and subsidence in advance of an approaching storm, Tropical 
Storm Katrina (off the picture to the 10utheut of the bright convective 
cloud band). The VHR smsor, u will be diKUUCd in following sections, 
ia sensitive to changes in reflectivity due to atmospheric scattering. The 
f!'Vaporation of haze droplets in an area due to subsidence multi in ln1 
light bcin1 reflected to the spaacnft sensor from the area in 
comparison to that reflected from a surroundin1 more moist &reL 
Hence mcuurcd brightnn1 would be reduced. The 101 mode 
prnmtation cmphuizn such differences in reflectivity. Si,nilar 
appcarin1 dark areu which may be related to dry condition• can be 
obeavcd off the west coast of BajL 
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Vuihl• Mod, Data: VHR 
Mod$. Special Enllancffllmt Mod, 

A final enhancement mode, called MOD 5 SPL, was developed at the 
San Diego site location. Th11 mode increases contrast in the middle 
gray-shade tones at mid-sale, as shown in Fig. 1B-8. It will be noted 
chat this mode delineate, more clearly, thiU\ many of the olhen, the 
complete range of cloud details; from the squall line embcddc:d in the 
frontal system; to details in the mid-lalitude field or stratocwnulw; to 
delineation or thunderstorm structure; and, finally, in enhancing details 
or hu1Tiane and conwctive cloud band structure. 
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Visible Mode Data: VHRIHR Comparison 
Mod 1. Low Enhanctmtnt Mode 

HR (visible, high resolution, 2 nm) data arc acquired 1imuhancou1ly 
with the VHR direct readout transmissions. Fig. 18-9 (right figure) 
shows HR data in the low enhancement mode for this particular series. 
The gray-shade presentation utilizes the same enhancement curve u 
that for low enhancement in the \1-IR data (Fig. 18-~, left figure). A 
close examination of these two figures reveals the obvious lcucr 
resolution of the HR (2 nm as opposed to 0.5 nm) data in comparison 
to the VHR, especially along the eastern and western edges of the HR 
data where resolution decreases from 2 nm at the center to 12 nm at 
the data edge. Nevertheless, the buic clement• for mctcorolQKical 
interpretation arc largely present and HR data must be considered as 
excellent backup data for the VHR. 

HR data can be proccucd using all the mode, that arc available for 
VHR data. l lormally, expanded scale is not used for HR data due lo the 
wider spacini of its scan lines compared with VHR. There is one HR 
scan line pr , uced for every six VHR scan lines. (Sec Section lA-1.) 
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Vuible Mode Data: HR Wi1httime) 
Mod 1. Low Enhancement Mode 

HR data from the descending (nighuime) portion of the spacecraft's 
orbit has sevttal IIK't, depending on the amount or lunar illumination. 
When the lunar phase i1 one-half moon or greater, vi1ible mode images 
have the same clarity u iinages obtained in sunlight. An nample of 
low-light HR data over the Gulf of Mexico and the eutem United 
States i1 shown in fig. 1B-10. Note that the imagery orientation 
annotation, SW (Southwest), appears in the lower ldt comer, with the 
legend upside down, in this nighttime presentation. The appearance of [ 
city lights and lighted highway systems is a ,triking characteristic of 
thew data. The images of city lights have two uses. Fint, they serve to 
more accurately locate (or grid) the Ml (infrared) data. Second, when [ 
the city lights appear diffuse, they give information about the optical 
thickness and particle sizes in the clouds between the light sowce and 
the satellite sensor. Close examination of HR data hu also revealed that [ 
lighl.s are occuionally visible from well-lighted fishing ,1essels, oil rigs, 
oil fires, forest fires, rice patty fires, and vokanoes. The aurora glow is 
vilible in data acquired by this sensor u well as cloud areu illuminated 
by lightning flashes. 

Meteorologically, the usefulness of the HR data is well illustrated in 
thi■ example. Clear skies over the eutem United States suggests high 
preuure with cut wind11 over the northern Gdf of Mexico and 
aouthwest winds over the Great Lakes area in adnnce of the sql!all line 
extending NE to SW through the central United States. The NMC 
surface analysis for 0000 GMT shows a t:enter of high preuure just off 
the Carolinu and a surface ridge line extending from this area 
west-southwestward to southern Texas. From the HR data we infer an 
euterly wave over the Gulf of Mexico with a vorticity center just NW 
of the Yucatan Peninsub,. The NMC analysis verifies the existence of a 
wave perturbation over the Gulf with a dosed 1006-mb preuure center 
due west of Yucatan. 

By 1uperimposing a negative transparency of the Ml data over the 
corresponding HR data, a unique S-dimen■ional depiction of the 
atmo1phere at night i■ obtained which is truly striking and very useful 
u an operational briefing aid. 
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VHR•Ezpanded Mode Dau, 
Mod S. Special Enhancement Mode 

The VHR can also be expanded to a scale of 1: 7 .5 million (X2) (800 
nm horizontal swath) or 1:5.75 million (X4) (400 nm horizontal swath) 
with the complete range of mhanccmmt modes available for nonnal 
aca1c (1 :15 million) datL When VHR data arc expanded no new 
information ia created; it ia simply an enlargement or the imagery which 
aids in visual identification of the amall-scale fcatwa alttady prcacnt in 
the normal acalc imagery. Expanded data can be proc:nscd directly [ 
from the spacecraft'• transmission signal or replayed from a tape 
recording. Fig. 18-11 ia an example of a (X4) VHR Expand Offf _J 
Hurricane Jewel tum from the same data u earlier cxampla (Fip. 
18_. through 18-9). This prncntation hu been proc:cacd in the MOD 5 [ 
special enhancement mode. The uscfulncu of an expand capability is 
demonstrated in thi, example which shows a aeries of concentric bright 
ara near the probable center of circulation. By noting the arc of 
smallest diameter, the center of circulation is defined. Thnc ara can 
alto be scm in the normal scale data but arc not obvioua without a keen 
eye or magnifying glau. 

Similar small-scale features of importance for operational applica­
tions are often mealed by choosing an expanded VHR depiction, in 
the appropriate enhancement mode, owr the prime am of tactical 
intcrnt. 
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lnfra,wJ Mode Data 
Block SC and Bloclc SD 

The two types of infrared data for the Block 5C spacecraft are MI and WHR (2.4 and o., nm rnolution, respectively). The co~sponding inframl amson for Block 50 are TS and TF (1.5 and 0.3 nm resolution, respectively). 

The infrared mode senson arc co-located with the visible mode 
aenson. Common optia insure that the areu covered by the visible and infrared sensors are viewed simultaneously and in the same perspective. This arrangement allows direct comparison of the visible and infrared data, and permits the meteorologist to envision the three-dimensional aspects of the cloud acme generated by atmospheric motion,. 

The MI and TS, WHR and TF smson were developed to serve teveral different purposes for the meteorological analyst. MI and TS data are used u the primary infrared data for comparison with VHR and LF visible data. They are also the more accurate infrattd data for we in qUMttitative thermal determination, of cloud top or land/sea surface temperatures. MI and TS data are transmitted to tactical sites on both ucending (day) and descending (night) orbital puses. WHR and TF data are only available when VHR and LF data are not being 
sensed. Thus, WHR and TF data are the primary very high rnolution imagery data available during nighttime orbital puses. They are used 
much u VHR and LF are: to identify the overall synoptic pattern and observe the details of cloud patterns and structure. 

Infrared data may be processed in any of three separate modes: T-Nor.nal, T-Threshold, and T-Expand. T-Nomw is used to show the diatribution of cloud top temperatures through the ~tmosphere and is 
displayed in up to 64 shades of gray in the range from 210 K • , 10 K. 
T-Thmhold is used for thermal contouring and hu not more than four shades of gray. In this mode, the operator, through the teletype and computer interface units, telects three temperatures (T 

1 
, T 

2
, and 

T,) in the range between 210 Kand 510 K. As an example, if the temperatures selected are: T 1 • ,oo K, T 2 • 280 K and T, • 260 K, the _hardcopy generator will produce a temperature contoured 
transparency showing four shades of gray. The darkest gray shade will rq,reamt terr peratures of 500 K or higher. The next lighter gray shade will rq,resent temperatures of 280 K to approximately 298.4 K. The lightest gray shade correspondingly will rq,rnmt temperatures in the 
range 260 K to about 278.4 K. Finally, temperatures in the range 258.4 K or lower will appear white. If a negative venion of this output is desired the operator simply nipt the negative/positive switch on the display to the negative position. In this configuration gray shades are 
rewned such that colder temperatures appear black inatead of white. This mode of display is very useful for overlay pwpoen rince the IR 
can be Nperimposed over the visible mode positive data without blocking out details of low cloud structure. An impreuive and very 111eful S-dimmaional depiction of the atm01phere is thus obtllined. 

In the T-Expand display mode two temperatures, T I and T 
2

, in the 
ranF bet~m 210 Kand 510 Kare telected. The full dynamic ranF of gray shades from white at the low-end of the gray aca.le to black at the upper<nd of the gray scale will then be devoted to dq,ictin1 temperature variations within that temperature interval. For example, in the positive mode of data processing, if T 1 • 500 K and T 

2 • 275 K, 
all temperatures 500 K and warmer will appear black. Similarly, all temperatwu of 275 K and colder will appear white. 15 dila"ete gray-shade tones from light gray to dark gray d~ict intermediate temperatwu in 1.5625 degree intervala. 
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lnfrartd Mod, Dato.: Ml (Positi11e/N11ativ, Mod, Comparilon) 
T•Nonnol Enhanc,m,nt Mode 

Fi1. 18-12 is an example of Ml infrared da~ processed in the 
positive T-Normal mode, where 64 gray &hadn depict the range of 
temperzturrs from 210 K • 310 K. The negative mode T-Nonna1 
prnmtation i1 &hown in Fig. 18-13. In comparing the two depictions, 
note the reversal of gray shade tones in the corresponding gray scales 
and the gradual merger from light to dark gray tones over the length of 
the gray 1ale. 
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l,af,and Mode Data: Ml 
T·bptUUI £,aluutcemf'llt Mode. RMI• 215 K•J()() K 

P« a detailed examination or the low-lewl thmnal field, to obtain 
eea eurface temperature dif(ercnca, etc., a T-Expancl mode may be 
aclccted u ahown in Fit, 18-14. Thu example allows rcatura of the 
earth and atmOlphcric thermal field in the temperature interval 
275 K • SOO K. Note the grater detail and contrast Off!' land and water 
made pouible through thil mode tclection u oppoacd to the T-Nonnal 
mode (Fis. 18-12). 
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111,/Nrwl Mode Data: Ml 
T·Ezpo11d E111uutceme11t Mode. Ra,e1e 210 K·23SK 

A T-Eapand designed to show reatwu or high cloudineu in the 
tempaature ran1e 210 K • 255 K is shown in Fig. 1B-15. Here the 
lighter sh~~ or vay depict cloud topography senerally at the 500-mb 
level and higher. Such a de iction is userul for mroute flight forecasts 
or cloud distribution at various altitudes; for locating thundentonn1 or 
llf'eatnt vutical extent; for analysis of tropi.cal cyclone centers, etc. 
Note that much of the thin cimu surrounding Hurricane Jewel and 
other arcu is not rendered visible by this mod~ or presentation (see Fig. 
18-12). The emitting temper:iturc or thin ci.ru1 is contaminated by 
warmer temperatures radiatin11 through the cirrus from the underlying 
1urrace so that the sensed radiation in thin cirrw areas is warm~ than 
actual doud temperature:. Hence, thin cirrua will not appear in a 
T-Eapand mode selected to display high cloud topography. 
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Infrared Data: Ml. T-Expand Mode. Temperature Ran1e ::10 K . 23SK. US14t14a 
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11-16. lnfrlftd Data: MI.T-Tlvnhold Modc.Low-1.net Cloud Topol!l'Aphy Dq,iction. T-Thrahold:Tl -300/T2-275( U -250. 
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lnfraNd. Mod~ Ml. T-Tltnshold Enhanc,m,nt Mod, 
(.Low/Hi11t Cloud Topography D,piction) 
Low Cloud D,piction: T· Tltnsltold: Tl-300KIT2-21SKIT3-2S0K 
Hi1h CloMd D,piction: T·Thnsltold: Tl-250Km-230KIT3-2I0K 

Eumpln or the T-Threr.hold mode or depiction MC shown in Fip. 
18-16 and 18-17 for delineation or low and high-level cloud 

• toposraphy, rnpc:ctivdy. Thi1 mode or display i1 especially useful for 
enhancing 1ignificant features of high and low-level wind circulation,. 
For example the existence or a mid-tropo1pheric cyclonic circulation 
cmftt is sugcsted by cyclonica.lly curving gray shades southeut of the 
frontal 1ystem approaching the West Cout. The vorticity pauem i1 
made more apparent in Fig. 18-17 than in Fig. 18-16 by the 
elimination or filtering out or underlying lower-level cloudine11, not 
connected with the circulation. The vorticity in thi1 area, 1uggc . .ted by 
the satellite dau, is substantiated by conventional reportl and analyses 
which show a weak low-pressure center over the area. 
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Infrared Mod.: WHR 
T-Ezpand Enhancement Mode. Range 235 K-310 K 

A final type or in£rarcd data ia the WHR (0.3 nm rcaolutiun, for 
Block 5C) and the TF (0.3 nm resolution for Block 51>). As with the 
lower-resolution infrared it ia often desirable to produce these data in 
the T-Exp.md mode for enhancement or low level or upper level details. 
Figs. 18·18 and 18·19 show WHR T-Expand (T1 • 235 K, T2 • 310 K) 
data over the western United States area in the positive and negative 
mode or presentation, rcsvcctivcly. The high resolution capability of 
this sensor is immediately apparent. Note especially wave cloud details 
over the western mountain areas and delineation or dcndritic snow 
patterns in the Sir ..-a Nevada mountains, in Figs. 18-20 and 1B-21, 
enlarged views or the positive and negative mode data. 

Thi■ completes the general discussion of DMSP data output. lt 
should be understood that the computer software associated with the 
Navy system provides for an evolution of data output which may vary 
significantly from those general examples presented in this section. 
Various enhancement modes arc being developed for visiole mode and 
infrared mode display which may ultimately become standard products 
of the ruture. 
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1B,20. Politfrc T-Expand Mode. (Enlarscd View), 1B-21. Nq1tiff T-1 ,apand Mode (Enl,.,..cd View). 
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1 C Data Accuracy 
Ruo/r,tion 

The DMSP ,enson and Data Display System (DDS) were designed to provide high quality meteorologiaJ data and have it in the hands of the forecaster within five minutes aih:r data tranamiuion terminates. The system approach wu taken to ensure that the resolution inherent in the buic sensor electronic signal would be faithfully preacrvcd through amplification. recording. transmiuaon. and display. Following deploy• mcnt of both the ground equipment and the spacecraft. an evaluation .u performed to ace if. indeed. the imagery available to the forec:uter met the engineering specification,. The results of th .. se evaluation, plw operational experience provide the buia for the matt:rial to follow. 

The spatial resolution of each sensor wu diacwsed in Section lA. The scnson were engineered ~o provide subpoint spatial resolution of 0.5 nm for VHR and WHR data. 2 nm for HR data. and 2.4 nm for Ml data. However, the resolution which ia apparent in the film available to the forecaster ia a function of: 

L Sensor Ima/mirror aberrations. 
b. Detector characteristics. 
c. Frequency response of sensor electronics. 
d. Smear due to image motion. 
e. Tape recorder characteristics (if not direct readout). f. Communication,. 
I· Ground station•, characteristics/maintenance. h. Height or satellite. 
i. Relative contrast betwee11 object and the background. j. Alignment of object to the scan line. 
k. Othen. 

The spatial resolution and thermal accuracy of the DMSP system wen evaluated under two Air Force projects. These evaluations showed that the 1msor design resolution and achieved film imagery resolution WffC nearly equal. GcographiaJ features apparent in VHR imagery Wffe examined and compared with their known ,izes indicated on aeronautical charts. Targets u amaJI u one-half nm were visible. Smaller gcographiaJ target, were not present in the area for evaluation. HR data were examined, but not in u great a detail u VHR data. For HR it wu found that 2 nm targets were visible in the data at auhpoint. Due to fornhortcning the 2 nm resolution degraded to approximately 12 • 14 nm at data edge. The variability wu due to changing spacecraft altitudes, and the rectification or the imagery by the DDS to a constant scaJc. equal area projection. 450 nm nominal dtitude. The spatial resolution does not degrade to Ina than 12 . 14 nm at dau edge bccaUK the full scanning radiometer line sweep is truncated before the line reaches the "edge of the earth." Generally. for 1: 15 million acale HR data. the spatial resolution averages 8 • 10 nm in the extreme right• and ldt•hand inch of data. 

Nighttime Hit data spatial rc10lution ia much more dependent on light level and contrut than daytime HR datL It wu not examined in ,rcat detail; however. cx?Jcricnce hu shown that nighttime HR imagery hu the same spatial resolution u daytime data for high contrut ~ti during full-moon conditions. Slow degradation of resolution t,rogrcucs to the half-moon iUumination point. thereafter rapidly detcrioraling to the quarter-moon point where objects lighted by moonlipt arc. for the m01t part, non-rnolvablc. The spatial resolution for light cmittins objccu (e.g .• cities) remains the nominal rnolution for any phase or moonlight. 
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One or the Air Force projccu wu a much more exhauative effort to cktcmunc resolution. High altitude aircraft photographed doud1 in the vicinity or the Hawaiian lllanda. The dimcnlion1 or low doucb and land Ccatwa Crom known altitude, wme compared with VHR imagery from 1atcllite pauc, within 15 minutn or the airaart photop-aph1. The raulta are lhown in the followin1 table: 

Oltject 
...... , __ ...._ ... ,_) laVHJl 

SK 
40 

0.2 
o.s 
0.4 
0.5 
o., 
0.7 

51 
71 
tt 
ts 

Pac.tap of object, Yilible la 
VHll data from difrcmu lbe l"O..,._ 

c-
2
' 20 

11 
H 
12 
14 

It ii internting to note: that a significant perc:enugc or object, only 0.2 nm in size were dc:tc:ctc:d by the VHR 1ystc:m; however, not all object, u large u 0. 7 nm wc:-rc detected. ThCTC are at leut two important racton bearing on thnc mults: 

1. The land and cloud feature cues selected from the airaaft photograph, were not restricted to the satellite subpoint region. The c:un were di1tributed throughout the area viewed by the satellite; therefore, forelhortening effects would limit the number or unall object, detectable by the VHR lffllOr. 

2. The spectral range of the photographic film wu different from the VHR sensor's. The photographic film wu a conventional Kodak black and white emulsion which rnponds primarily to visible wavelengths. Very little blue and near-infrared respon,e wu prnent. Since the VHR sensor responds to con1iclerable quantitin of reflected near-infrared radiation, the VHR ICftlOr pictures and aircraft photographs are not directly comparable:. This is the probable reason why leWTaJ bright doud1, dearly vilible in the airaaft photop-aph1, WffC uncxpcctcd.ly miuin1 in VHR imagery. 

A, a lffleral rule of thumb, VHR imaguy diiplayed in a 1: 15 million Kale hu a IJ)atial resolution or one-third to one-half nm within the fint inch or data either side of subpoint. From one inch to two and one-hair inchn either 1ide or the subpoiitt the IJ>atial rnolution dqndn from one-half to one nm. From the two and one-half inch point to data edte the spatial resolution further degndn to two nm. Thnc degradation, are due to foreshortmin1. 

Spatial raolution ii more d!fficult to quantitatiYcly determine for infrared ICNOn than it i1 for visible 1enson. In the infrared the IJ)&tial raolvin1 power or the lffllOr can be mulled by the thermal accuncy of the 1enlin11y1tem. A target within view of an infrared lffllOr may have 111ffic:icnt me to be detected by the 1ensor; however, if tha.t target d<>ct not thermally contrut with the bacqrouncl by at lcut one lhade of py thmnal difference; the target ii not identifiable. 9Pcrational cxpcricnc:c hu lhown that if an infrared target i1 at leut 8°C different from ill background, then the IJ)&tial rnolution for MI data ii 2.4 nm at lubpoint desradin1 to 14 • 17 nm at data edte, WHR data hu the aamc IJ)&tial resolution u VHR data; 0.1 nm at Nbpoint dqradin1 to 2 nm at the data edae. For a nominaJ orbit the data edte ii 801 nm away from the Nbpoint. 
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Thermal Accuracy 

The thermal accuracy of the Ml sensor is better than 1 •c for the temperature range from 210 K • 510 K. Current WHR scnson have the same range, but the accuracy degrades from 1•c at 510 K to s•c at 210 K. These arc engineering v.uucs for the sensors derived from tests in a thermal vacuum chamber. The determination of absolute cmi11ion temperatures of the surface and clouds is further degraded due to contamination by atmospheric ozone, carbon dioxide, and water vapor. /di of these ma'or contaminants (there arc some minor ones also) tend to decrease the emission received by the sensor when compared to the original target emission. 

Fig. lC-1 shows the absorption spec•~ for ozone, carbon dioxide, water vapor, and the solar spectrum. The interval from 8 • 15 µm, is outlined to indicate the spectral range tor the MI and WHR scnron. Nowhere within this interval is th atmosphere totally transparent to infrared radiation. Carbon dioxide is considered to be .- well mixed c->mponent of the atmosphere, and its absorption between 8 • 15 µm i1 small. Ozone, except for the peak near 9.6 µm, has relatively small absorption. Even though ozone i1 known to undergo variations in concentration within the troposphere, it is usually treated as a constant. The distribution of ozone and carbon dioxide concentr.Ations within the atmosphere is difficult to measure, particularly on , synoptic basis. Their quasi-constant effect i1 treated as an add-on to water vapor absorption. The largest effect on the absolute thermal accuracy of infrattd sensors comes from water vapor absorption. The quantity of water vapor varies horizontally, vertically, and with time. It hu the least amount of absorption between 9.5 µm and 10.5 µm, and progrnsivcly increases in other intervals within the sensor range. The solar spectrum curve shows the total effect of all major and minor absorbcn within the sensor range. It is clear that the atm01phcric window i1 not clean. Even without the ozone absorption spike the atmospheric window is considerably smudged at the edges by other absorbers, primarily water vapor. The net attenuation effect must be considered when seeking absolute temperature values from infrared 1n110n 

o, 

COz 

HzO 

• 7 I • 10 " 1Z 13 ,. (15µ•) lC-1. Coapariloa of nc•-iafrattd eolar ~trum with laboratory apectn of nriou atm~ ..-.. 
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lC-2. Attenuation poinetry. 

An examination of data collected during Air Force experiments has 
shown that the Ml senaor detected the sea surface temperature in 
doudinna and relatiftly dry atta1 of subtropical highs 1 • 2•c too cold. 
t'or colder waters, near 70N, the sea surface tempcratUff! wu 1Cnscd 
,•c too cold. Other experiments haft examined the attenuation 
problem in greater detail. It hu bttn shown that a moist tropical 
oceanic atmosphere hu a considerably largff effect on the abaolute 
thermal accuracy of the Ml senaor. It hu been determined that sea 
surface temperature has been sensed u much u 12•c too cold with 
llfflaor scan angles(') greater than !1.1• u illustrated in Fig. lC-2. This 
results from the sensor scanning through dc:c:pcr layers of atmosphere. 
It has ben found that u the sensor ages, further -:legradation occurs. 

Similar temperature disaepancies have been determined for cloud 
tops sensed by the Ml sensor, thus causing an anal~•sis of cloud top 
altitude: of !,000 • 5,000 feet too high for both cumulus and thick. 
cirrus type clouds. 

The: fint WHR sensor wu not nown until November 1972. An 
c:valuation wu performed on ita response charactcristia by U.S. Air 
Force: personnel. The: result is shown in Fig. IC-!. In general, the 
c:valuation showed that cold objects were: being detected 20"C too cold, 
and that warm objects were: being detected u•c too cold. Coincident 
Ml data were much more: accurate, showing the: emitted temperature to 
be 5•c colder than the: observed temperature over a range from 230 K • 
500 K. As the: WHR sensor ages in space and contamination collects on 
the: radiative: cooler, its thermal response degrades further. For these 
reasons WHR data are used for imagery rather than quantitative: 
temperature determination. The: Ml acnsor is much better suited to 
determine: accurate: emiuivc: temperatures. 

Tlleomical AttmMation Cornctio,u 
It is apparent from experiments that atmospheric attenuation 

facton arc: different for each site: dc:pcnding on its location and acuon. 
Many sites haft a continuing evaluation program so th at accurate 
temperatures (cloud heights) can be obtained for miasion ;upport. To 
assist those who do not have acceas to site: pcculiar calibration data, 
theoretical atmotphnc attenuation curves for a standard atmosphere: 
wcrc developed for the: Ml ac:naor. Fig. lC-2 shows the geometry of the: 
attenuation problem and cont3ins the: symbols uaed in the: theoretical 
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correction facton. The first step is to determine the effective radiating 
tempnaturc (ERT) of the target from the Ml data. This can be done by 
visually matching gray shade, or using a densitometer. Nut. detennine 
the zenith angle (Z) for the target. This can be done by producing a 
tran~arency copy of Fig. IC--4 with 6.l inches between#• 50• and Z 
• 60. Fig. lC--4 is for 1: 15 million scale data. The Y-v~ue (increased 
atmospheric depth) correction is determined by using Fig. lC-5. Enter 
Fig. lC-5 with the ERT and zenith angle. The resulting correction can 
be read as either temperature or the approximate height error if the 
radiating target is a cloud. The X-value (atmo,pheric depth) correction 
is determined by wing Fig. lC-6. This figure provides an ERT 
correction due to t.he moisture present in a standard atmosphere. As in 
Fig. lC-5, the correction can be read as either temperature or 
approximate cloud height error. 

For both Fig. IC-5 and Fig. lC-6, the temperature corrections are 
added to the ERT, and the cloud height corrections are sµbtractrd fr m 
the cloud height detennined by using the ERT and radiosor:!~ 
temperature vs altitude information. 
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VHR Nr1ativr Mode Procrssing [ 
The bit-frame 1tructurc i1 1imilar for both VHR and WHR data, 

Because of this it is poniblc to proce11 VHR data u i( it were WHR. In / J this manner aJI of ,.he enhancement choices available to WHR 
(temperature expand and threlholding) arc also available for VHR data. 
In the normal VHR. diaplay solar energy incident on the earth 1ttnc is 
reOected to th~ sensor and di1played u a po1itivc image (dark objects J appear dark, light objccu appear light). When u1ing the VHR Negative 
mode the image i1 inverted (dark objeC"ts appear light, light object, 
appear dark). Since vi1ible data arc prc- cc11ed u i( they were infrared, 
and the infrared proce11ing i1 accomp,iahed in term, of temperature, 
then it i1 nccnwy to determine the correspondcntt between albedo and temperature. 

In order to convert from 'k!ffperaturc to albedo the calibration o( 
the VHR sensor must be known. 'fhis sensor i1 calibrated to give a fixed 
voltage when viewing a 10°" albedo' urgct at 1ubpoint. The Cull range 
response of the V ffR senaor i1 0 • 4.0 volt1. On pacecraft FTV i 524 
and FTV 2525 the calibration voltage wu 2., volts. For FTV 5526 it 
wu 2.59 volts. Holding the calibration voltage at these low lcvela 
permitted the sensor to respond to higher illumin.ation values from 
targets well removed from the subpoint. However, experience 1howed 
that thi1 condition seldom occurred near noon. Therefore, on later 
apacccraft the calibration ha1 been different for morning and noon 
aatellitea, Morning aatellites (e.g., FTV 7529) have the calibration 
voltage act at 2.5 volts. Noon aatellites (e.g., FTV 5528) have the 
calibration voltage set at 4.575 volts. Thia means that a 10~ albedo 
1ubpoint target will overaaturate the 1cnsor; however, thi1 rarely occura 
and it proved advantageou1 to expand the dynamic range of the sensor over a alightly amaller range of albedo,. 

It is possible to represent albedo values u equivalent temperature 
settings (ETS) if two u1umptions arc reasonably valid. (I) Asaumc the 
illumination field i1 uniform throughout the acan of the earth acenc. 
Thia i1 a good approximation for a 1pacecraft near a noon orbit. It i1 
not u good for a momin1 orbit, so VHR negative mode i1 seldom utcd 
for a morning orbit aatellite. (2) Assume the scn10r control of 
along-track gain setting, maintain• a constant voltage output u a 
function of albedo input (c., .. at both 20N and 60N a loo,f. albedo 
target would sl.uw the aamc voltage). Barring a sensor malfunction, thi1 
i1 a good uaumption. The following table lists the convcnion1 between albedo and ET for FTV 5528. 
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The arth•ICffle alkdo for any 1iVffl ETS may be determined by Equation,_., 

AIL-I • ETS-210 
aucuO f.094 

For nample, ua !TS of 250 K corrnpond, to an alkdo of 56.6,r., 

With infrared data a bue temperature i, ■elected and the ■hadc, of any are di1tributed over a temperature range colder than the bue tcmP-Tature. For example, with a normal mode temperature of 510 K ■elected the temperature, in the field-of-view between 510 Kand 210 K will be di1tributed over 64 ahadc, of gray. However, the VHR negative mode ■elected buc ETS reprc■ent1 the lowest albedo to be displayed and the ■hadn of sray arc distributed over an albedo range toward hipcr alkdo va.lues. For example, the ■election of 510 K ETS will produce VHR negative mode output with the 64 ■hadc, of gray di1tributed from 91.4"- • 0. The range in thi, cue i1 not 100"- becawe of the 4.0 volt limit on the output of the VHR ■ensor. Due to this voltage limit albedo, higher than 91.4"- cannot be displayed. If i■ important to remember that high albedo object, will appear dark. 

Many UICI can be made o( VHR negative mode products. Some of them arc: cloud albedo studies; terrain mhanccmmta; precipitation intensity/quantity va cloud albedo determination; albedo o( river flood plain, for river/flood forecastin1; larae scale land we study and change, in land UM. 
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Section 2 
Image Analysis/ 
Basic Concepts of DMSP Data I ntepretation 

24 Sung/int 
Swialint Patterns • • • . . . . . . . . . . . . . . . . . . . . . 2A-l 
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Satellite D.ata • . . . . . . . . . . . . . . . . . . . . . . . 2A-S 
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10 High humidity areu in aunglint rqiona ...... . 
11 Cimu cloudineu effecu 
12 Cimu doudineu dfecu 
15 Cirrus doudinna effects 
14 Cimu cloudiness errecu . . 
15 Muddy (aedimmt) and turbid water errectt 
16 Anomalous gray shades due to dwt .. 
17 Blowing and and dust erfecta . . . . . . 
11 Smoke dfecu from large fires ..... 
19 Airaaft condmaation trails (contrails) 

2C Barrier Effects 

28-16 
28-18 
28-20 
2B-22 
2B-24 
2D-26 
2B-21 
2B-50 
2B-52 
2B-55 
2B-54 
2B-55 

Barrier Erfect Pattern, . . . . . . . . . . . . . . . . . . . . . 2Cl 
Ca.s• Studiu 

1 Mesoacale cloud eddies and cloud plumes . . . . . . . 2C-~ 
2 Low-level flow, under stable atmospheric conditions 

diverting around an island barrier . 2C-4 
5 Atmospheric gravity waves in a lo·N•lcwl 

tnnperaturoe inversion layer . . . . . . . . 2C-6 4 Clear wake area. in downstr .:am airflow around 
island barrim remote from sunglint . . . . . . 2C-8 5 Sunglint erfects in arcu downatrc.un 
from island, . . . . . . . . . . . . . . . . . 2C-10 

6 Sunglint erfects in areas between and downstream 
from ialand chains . . . . . . . . . . . . . 2C-12 

7 Appearance or moisture patterns delineating 
"comer cffffls" in airflow around islands 2C•l-' 

I Appearance of moisture produced anomalous gray 
1hades in airflow around islands and aunglint 
in arcu down1tream from i1lands 2C,l5 9 Shallow water areu around island, and 
island comer errects . . . . . . . . . . . . . 2C-1E 10 Large-1cale, low-level flow pattern, baaed on 
island barrier effects . . . . . . . . . . . . . 2Cll 

11 Variable 1unglint erfectt in the lee or islands . . 2C,20 
12 Synoptic analysi1 dcriV\:d from barrier effects and 

interpretation of 1unglint patterns . . . . . . . . 2C-22 
15 S)noptic analysis derived from barrier effects and 

interpretation of sunglint patterns . . . . . . . . 2C-26 14 Synoptic analysis derived from barrier effecu and 
interpretation of 1unglint patterns . . . . . . 2C-21 

15 MoWttain-pp wind effecu revealed by aunglint 
pattern variations . . . . . . . . . . . . 2C-50 

16 Wind Dow analysis and mountain-pp wind 
effects bued on interpretation, of 
aunglint patterns • • . . . . . . . . . . . . . . 2C-52 17 Wind now analysis and mountain-pp wind effects 
bued on interpretations of 
•Wtglint patterns . . . . . . . . . . . . . . . . . . . . 2C-S4. 18 Wind flow analysis and mountain-pp wind effects 
bued on interpretations of 
aunglint patterns • . . . . . . . . . . . . . . . . 2C-56 19 Mountain-pp wind, sea 1tate and atmospheric 
moisture catimates from sunglint pattern analysis 2C-58 
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24 Sung/int 
S11111/int Pattenu 

Sunglint or "sun-glitter" is observed whenever the sun's rays are 
reflected off of a water surface (ocean, lake, river, delta, swamp, etc.). Sun1lint patterns are regularly observed in the visible ima,cry obtained 
from 1e01tationary and polar-orbitin1 satellites. The pattmu vary in liu, shape, and intensity of reflection depmdin11 on (1) the aeometry of the sc:me (relative positions of the satellite subpoint, the area 
viewed, and the solar subpoint), (2) the characteriatia of the image formin1 system), (3) sea state (smoothness or roughncu of the water 
surface, and (4) the low-levd distribution of atmospheric lftosols and moisture. 
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Sung/int Patterns in Geostationary Satellite Data 
An cxamp:.. of ATS-1 (geostationary orbit) imagery showing 

sunglint is reproduced in Fig. 2A-l. On th is hy, the sun's image 
appears as a large, diffuse, near circular reflection. -he numerous short, 
bright streaks arc a combination of cirrus Jtrcan .. n from convective 
activity to the south and low-lc• ·cl cloud lines. For reference purposes, 
the satellite subpoint is locatr at 2N and 149W and the solar subpoint 
at 8S and 160W. otc that the sunglint area falls between these points. 

The sunglint area always falls in the region between the satellite sub­
point and the solar subpoint, except when these two points coincide. 
Then the sunglint is centered over the points. When a water surface is 
smooth (glassy or only small wavelets arc present) the sunglint area will 
be small and intensely brilliant; the most brilliant reflection will occur 
at the location of the specular point. The specular point is the point on 
the great circle arc passing through the satellite subpoint and the solar 
sub point where the angle of incidence of the sun's rays on a horizontal 
plane (measured from the local zenith) is equal to the angle of reflec­
tion of the sun's rays to the satellite in space (Sec Fig. 2A-4). 

From geostationary orbit satcllitrs, sunglint can only be observed 
over the tropics. These satellites arc launched in an equatorial orbit 
ar01.and the earth and, in general, the satellite subpoint remains above a 
given equatorial geographical area for long time periods. The solar 
subFoint, on the other hand, moves slowly north and south according 
to thr season within lhc limits of 23.5N and 23.5S latitude. Since 
sunglinl always falls in the region between the satellite subpoint and the 
solar subpoint, sunglint is observed only over the tropics from 
geostationary orbit satellites. During the time interval of a picture 
taking sequence (about 25 minutes) the satellite subpoint and solar 
subpoint positions can, for all practical purposes, be consiacrcd as fixed 
in location. Thw the hapc of the sunglint area over the open ocean will 
vary from circular when the satellite/solar subpoints coincide to oval 
shaped when they arc relatively far apart . 

2A-2 



2.\-2. DMSP viaible mode data. Typical aunglint pattern . 18H GMT. 8 April 1974. 

Sung/int Patterns in Line-Scan. Po/a,-.Orbiting Satellite Data 

Sunglint patterns appear uniquely different in the DMSP 
polar-orbiting satellite data and other polar-orbiting satellites having 
line-sc=tn radiometer sensor systems. The reason for this is that the 
spacecraft is moving rapid!} relative to the earth during the image 
recording sequence and the sv1 versus satellite geometry, as a result, is 
not fixed as m a picture taking sequence from a geostationary orbit 
satellite. 

Fig. 2A-2 shows a typical TJMSP sunglint pattern obtained in a direct 
readout mode at San U1ego . California. The sunglint pattern stretches 
from the bottom to tl,c top in the central portion of the picture. The 
satelJitc subpoint track (d uhcd line) panes just to the left of an axis 
which would separate the ungPr. t pattern into two nearly symmetrical 
halves. In this example, the primary specular point (6.3 , 109W) and 
the solar sub point (7 AN, I 03\ ) arc located off of the imagery to the 
southeast of the satellite subp,,:~ r track (Sec Fig. 2 -3). 
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Fu,ulamntal S11n1lint Geomdrlcal R•lntioluhip,;,. DMSP Data [ _I 
Sunglint acometrical relationships in DMSP data arc Ulustrated in 

the IChematic of Fig. 2A-5. A■ the apacccraft travel■ northward, ,

1 

J 
orbitin1 at about 85' km (450 nm), it arrives at point A. At thia point, 
If the aatellite acnsor could scan the ocean 1wfacc along a line 
connectin1 the satellite subpoint and the IOlar 1ubpoint, it would detect 
sp«ulAr reflection at point X. where the horizontal or zero-slope 
reflection occ:un. The circle around point X rcprcscnts the 1un'1 image 
reflected off of the water (not shown in true shape or size). 

However, the DMSP satellite hu a scanning radiometer imagin1 
system that sweeps from horizon to horizon, perpendicular to the 
satellite subpoint track. At point A, therefore, the imagin1 acnaor docs 
not vi.:w the specular point X but other points along the scan line well 
to the south of the specular poinL Since the ocean is rarely glauy, 
except over very limited areas, the sloping 1urfac:cs of small waves act 
like thousands of small mirron. As the waves change size and shape 
IOffle of the sun's ray• will be reflected toward the satellite imaging 
ICI\IOn. This non1pecular light can produc .; a relatively large diffuse 
1unglint area surrouiading the specular point X that can be recorded by 
the satellite acnson. 

The image of the sun's disk is not a point but coven a finite area on 
the earth's (ocean) surface. Thus, under relatively uniform, low aca 
states, brilliant reflections can be recorded along scan lines prior to the 
time a spacecraft acnsor scan line intenects the specular poinL 

Upon arrival at point B, the satellite sanncr views directly acrou 
the specular point X. Thia is the primary specular point (PSP). The PSP 
and the solar aubpoint lie on the great circle arc perpendicular to the 
aatellite subpoint track at point B. 

When the aca is calm, a brilliant reflection ia ob1CrVed at the PSP. In 
the caac studies which follow, the location of the PSP ia of fundamental 
importance in the interpretation of DMSP aunglint patterns. 

A. the satellite continues northward, 1unglint with decreased 
intctUity will be scanned until the distance between th~ aatellite 
1ubpoint and solar subpoint becomes 10 large that even nonspecular 
reflection by surface waves ia not directed toward the spacecraft and 
the 1w1glint can no longer be detected. 

The above comments on the appearance of sungliat in DMSP 
imagery refer specifically to what ia observed along the scan lines at the 
points A, B, C, and D on the satellite 1ubpoint track in Fig. 2A-5. Since 
DMSP imagery consists of a series of contiguous scan lines, the 1un'1 
image in Fig. 2A-5, will appear along all scan lines between A to slightly 
beyond C. At point D, 1unglint cannot be detected. The net effect ia to 
produce a bandtd 1unglint pattern u shown in Fig. 2A-2. Thia example 
clearly illustrates the effect of increuing distance between the aatellite 
1ubpoint and the solar 1ubpoint; resulting in the reduced 1unglint in• 
tensity to the north of the primary specular point ( or to the south, in 
DMSP imagery extending to the south of the primary specular point). 

Sunglint pattema arc obacrved in moat daytime DMSP puses. The 
effect will be manimizcd for a direct readout site in the Northern 
Hemisphere at winter solstice and maximized u the sun progresses to a 
summer 10l1tice position, depending on the northern latitude of the 
dittct readout location. 
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OM can calculate the location or :he PSP in an anticipated DMSP 
1unglint pattern by use of the nomogram in Fig. 2A-4. A gnomonic 
pro~ction must be used £or calculating great circle diltanc:a and the 
latitude/longitude intencctiou angles. For gmcral interpretation, 
however, it may suffice to note that 1unglint patterns should appear on 
the cutern aide of data acquittd with morning uccnding nodes; in the 
cmtcr portion of data acquired with near-noon ucmding nodes; and on 
the western side "' data acquired with late afternoon ucmding nodes. 

Sea state and atmospheric ac- 010b and moisture can modify the 
normal pattern 10 that sunglint may not be detected or, if detected, it 
appcan asymmetrical or 0H1et from the normally anticipated pattern. 

Some rather complicated studies, requiring computer Kl'\lices, have 
indicated that wind speed and direction can be determined grossly from 
the 1unglint pattern (Kornfield, 1974). These studies have been 
conducted applying statistical relationships to data from geostationary 
satellites. Similar relationships, further complicated by the geometry of 
polar-orbiting satcllitct, should eventually be developed. With wind 
direction assumed constant, to a certain limit, sunglint pattern, over 
regions of increased wave height arc enlarged in comparison to sunglint 
patterns over calmer seas. Similarly, total reflected brightness ptt unit 
area is reduced over areas of increased wave height. Reduction i1 such 
that little sunglint can be detected in extremely rough sea areas. Calmer 
seas reflect intensely over a small area. 

Other important principles arc suggested but require verification . 
For example, changct in sea state affecting height, period, and 
direction, separately or in a combined manner, definitely influence 
total reflectivity measured from a given area. A symmetrical 1unglint 
pattern, as shown in Fig. 2A-2, implies relatively uniform moisture and 
sea state conditions. By the same reasoning, :asymmetrical patterns 
sugcst variable conditions. In some instances a (cw ship reports 
concerning sea state may provide the clue for interpreting the pattern 
observed. 

Procedure for uac of nomogram (Fig. 2A-4) £or calculating the 
location of the primary specular point (PSP). 

1. Plot the satellite 1ubpoint track on gnomonic projection base chart. 

2. Locate position of solar subpoint on base chart. 

5. From the solar subpoint draw a line perpendicular to the satellite 
aubpoint track. 

4. Mcuurc the distance from the solar subpoint to the intcracction of 
the perpendicular line to the satellite subpoint track in n mL 
Convert to degrees of latitude (1 dcgrcc latitude • 60 n mi) t~ 
obtain 8 . 

5. Enter 8 in the nomogram (Fig. 2A-4) and find 8'. 

6. Use formul x • h Tan 8' 
to calculate the distance of the PSP from the satcUi c 1ubpoint along 
the perpendicular line to the solar 1ubpoinL 

llefffftlce 
llomfield, J.I., 1974: On the cktennlnation of ,ea ,wface wind or nraa from 

wnclint o'-"ed by an eart.'i synchrono111 aatellite. Meuuttmentt from Satellite 
Syttema, 1-60, Space Science and Enp,eerinc Cmter, UniY. of Wilconain. 
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ZA-5. TIMontical IICHUrfac• 
...U-t few a COl!IPOlite 
pattn'II; 5 a IK-I Wind 
bacqrouad and a calm wind in 
- Hit•-• ,wath (ahaded) 
tluoup the .-aalar point. 
leopletlu an rclatiw rcfl«ted 
illtauity per 104 atmidian 
iDcldeat nu..; .... m,. 
11abpolnt, 2US, 65.!E; aolar 
aabpoillt, 5.IS, 55.6£; uteWte 
hcipt, 722 km. (Courtoy 
Mc:Clailll ucl Suo .. , 19H). 
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Case 1 Sung/int 

Calm wind zone intersecting the primary specular point 
The reflected brightnc:11 in sunglint on the: sc:a surface is rc:latc:d to 

the ac:a atatc: and variationa in sea state in the: aunglint arc:a. A 
thc:orc:tical ac:a-aurface sunglint rc:flc:ctcd brightnc:u pattern that would 
be: obtained in an instantanc:oua satellite: photograph whc:rc a pc:rfc:ctly 
calm wind zone: overlies the: specular point is illustrated in Fig. 2A-5. 
The pattc:m usumn a 5 m sc:c-• (10 kt) wind background and a calm 
wind awath through the shaded arc:a. Note: that the intensity of 
reflection is strongest, attaining a value: of over 5,000 units, at the: 
specular point. The: reflected intensity dc:creuc:s rapidly in the: calm 
wind arc:u immediately adjacent to the: cut and to the: west. The: 
pattern for acanning radiometer data, u in DMSP, ia elongated to the: 
north and south and highly elliptical in comparison to Fig. 2A-5, since: 
the: DMSP aatcllitc: is continuously movina northward and the: pattern i1 
continually 1hiftin1 u the: data arc: acquired. Because: of this the: 
aunglint data extend acrou a f:u greater range: of latitude:. In tum the: 
area where rather brilliant reflection can be: mc:uurcd is not confined to 
one: point but extends several degrees north and south of the: primary 
specular point ( sec Fig. 2A-3). The reflectance cut and west of this 
point under calm wind conditions dccreuc:s rapidly however, 
approximately u shown in Fig. 2A-5. 

In Fig. 2A-6 a DMSP example of sunglint at the: PSP is shown. 
Theorc:tica!ly, for calm sc:u, the: reflection of the: sun's image off of the 
water would be much 1mallcr than shown in this example 
(approximately 32 nm in diameter) . Hence, scu cannot be calm and 

1~-------...--------+---------t 
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M torn* diffuse reflection is received from wavelets and surface ripples 

which nevertheless saturates the spacecraft sensor. Calm conditioiu 
apparently extend into the black areas east and west of the PSP as 
reflected intensity drops to near zero in a manner analogous to the 
theoretical presentation of Fig. 2A-5.

Sunglint patterru such as this have been found, in many instances, to 
delineate the position of the surface ridge line (Anderson, 1974).

Important Conclusions
1. Brilliant reflection off of the water or ocean surfaces indicates an 

area of calm winds and calm seas (long-period swell neglected).

2. Dark areas adjacent to the brilliant reflection also indicate calm 
wind zones adjacent to the PSP.

S. The diffuse sunglint areas indicate non-calm conditions.

r]

Rate
Anderson. R.K., et si., 1974: Applications of mcteoroloficai satellite date in 

analysis and forecastinc. £SSA Ttchn. Ktport SESC 31 (intludint SyppUmtnt, 
Nov., 1971, ond Svfiplemont N,\ 2, March 1973), National Eavironiaemal 
SatelliU Scnrtcc, NOAA, Waahii^on, D.C, 350 pp.

McClain. P.E., and A.E. Strong, 1969: On anomalous dark patches in 
satellite-viewed sungUat areas. Mon. Wn. Rn. 97, 875-884.

2A-6. FTV-26. DMSP VHR Low Enhancement. 2105 GMT. 14 July 1972.
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2A-7, FTV-29. DMSP VHR 
Low f.nl!.ancnnmt, 2252 GMT. 
17 July 1974. 
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Case 2 Sung/int 

ldtntijication of surfact ridgt lines 

In this example (Fig. 2A-7) brilliant sunglint is observed at the 
primary specular point (PSP) near 23N, 147E. The notched or indented 
border in the sunglint pattern just to the west or this point is an 
indication or calm seu in that area. The low-level ridge line ideally 
would be expected to cross the two areu, A streamline analysis (Fig. 
2A-8) of surface winds verifies the presence or a sharp ridge through the 
two areu and extending westward. 

Note that the ridge line in its western extremity overlies a clear area 
that is a darker shade or gray than most or the surrounding area. Since 
strong subsidence is found along a ridge line, air should be dryer in this 
zone. Hence there should bt, less scattering or light due to the prcscnCt' 
or condensation particles. Since seu arc also slight in this area less light 
is reflected to the spacecraft sensor and the area appean darker aa 
shown. Similar dark r1.:gions have been frequently noted in arcu of 
suspected 1trc.mg subsidence in advance or frontal bands, squall lines 
(Sec Fig. 1B-7), etc. 
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Fif. 2A-9 it the Fleet Numerica] Weather Central (FNWC), Op m 
Ship Routing (OTSR) wave-height anaiytit, tuperimpoMd o\. ir 
DMSP data, which veririet the slight teas in the ridge line arcj. le 
tunglint pattern broadens east and west, to the north of the PSI‘ . ,u 
broadening correlates with rougher sea conditions indicated b> ji 
greater than 6 fu to the north.

Important Conclusions
1. Low-level ridge lines can be located from DMSP sunglint data. The 

ridge line connects the area of brilliant specular reflection uiih 
indented dark areas west and/or east of the specular zone and may 
continue to be defined in the dark shade of gray further west or cast 
of the point of indentation.

2. Sunglint patterns broadening to north or south of the PSP normally 
relate to rougher seas.

2A-9

JA4. nV-29. DMSP VHR Low Cnliaiiccmeiic. 22S2CMT. ITJuly 1974. 
Surface Streamline Analysia. 0000 GMT. 18 July 1974.
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JA-9. FTV-2«. DMSP VHR Low tnhuicement. 2252 GMT. 17 July 1974.
neet Numerical Weather Central (OTSR) Wave*etghl Analysu (feet). 0000 GMT. 18 July 1974.
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Cas~ J Sung/int 

Surfac• chort hi1I, prnsun am, rHM/yJu 
ld•ntificotio,, of co/m wind orwu nmot1"1 from ti,• primory iptteu/ar pou,t 

Brilliant specular reflection appean in this DMSP imagery (Fig. 
2A· l 0) near 25N, 171 E. The pattern suggeJts a ridge line intersecting 
the dark (c.Alm) areas frequently found in advance of frontal systems. 

An operational surface pressure analysis superimposed on the 
picture, however, gives no indic.Ation of a ridge in the area and, in fact, 
shows a high pressure center over 1,000 nm to the northwest. Sparsity 

%A-IO. FTV-%9. DMSP VHR Low Enhancmient. 2116 GP.,:'. SOJunc 1974. 
S..raa "-nAnalylia. 1100 GMT. SOJUM 1974. 
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or conventional reports undoubtedly led to this error in analysis. In Fig. 
2A , 11. the streamline a."lalysis shows that a ridge line through the 
brilliant sunglint area can be accommodated without violating any o{ 
the existing surface wind reports. The pttsaure analysis could have been 
similarly adjusted. This case demonstrates the value of using satellite 
data to assist in drawing surface pressure contours or streamlines for a 
more realistic analysis. 

Note the additional multiple dark areas along l 75E longitude to the 
southeast of the brilliant sunglint area. Such areas frequently suggest 
slight sea areas away from the primary specular point (PSP). This may 
not always be the case since thin cirrus cloudiness and aerosols can also 
reduce reflection in a sunglint area and cause the appearance of dark 
areas. Infrared data can often .usist in resolving such ambiguities. 

2A-ll. nv-29. DMSP VHR Low Enhancement. 2116CMT. 50June l'.J74. 
Surface Stnamlinc Analym. 1800 GMT. 50 June 19~4. 
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If multiple dark. areu derming alight aeu in aunglint pattema can be 
found, one might anticipate that multiple brilliant arcu cxtcndin1 
north and aouth of the PSP indicatin1 slight 1u arcu might alto be 
found. An example of thi1 i1 1hown in Fis, 2A-12, where brilliant 
1unglint over calm scu i1 located wnt of the Phi!ippincs, 10uthwcst of 
Taiwan and ju1t off the 1outhcut China co.uL The PSP is located to the 
wnt of the Philippines. Thi1 depiction cmphuizu the relative 
irucnsitivity of the CMSP aen10r in detecting ra<.': ~vn intcruity 
changes from arcu near the PSP in a north or 10uth direction. lntcn1ity 
of radiation received under calm aca condition, dccrcuc1 rapidly cut 
and west of the PSP u 1hown earlier in Fig. 2A-5 and Fig. 2A-6. 
However, it i1 not unusual to have brilliant reflection, u in this 
cumplc, several degrees north or 1outh of the PSP. One reason for this 
may be that the spacecraft aensor saturates rapidly and doa not 
distinguish between variation, of intense reflcctioru. One mu,t alway• 
realize that whenever strong sunglint appean at a point other than the 
PSP that the 1cu cannot be perfectly calm and that tome wave motion 
is neceuary to reflc'-t the 1un'1 ray1 toward the 1pacccraft ICntor. 

Important Conclusion, 
1. Calm ICU are indicated by brilliant reflection at the PSP and in 

adjacent dark. areu extending to the cut and \ll'ctt. 

2. Calm ICU in a sunglint •·.,ttem can be UICd to define the position of 
swface ridge line,. 

5. Additional brilliant p:?'tcrn, near the center of sunglint and dark. 
areu at the edge of • ;,~glint may define other alight aa or calm 
attu and rid1e lines. 
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2A -12. FTV-29 . DMSP VHR Low Enhanccmcni. 00!14 GMT. 28July 1974. 
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fil, 2A·lS, T1Montical 
---'ace ___.Int for • 
coapcNi .. pattflll; I 91 --• 
(10 kt) wind bacqrowacl and a 
calm wiad la U CUI·-• 
1Wath •• apecular point 
(.._.), leaplctha an 
reflected intnuity pa 1 o• 
awndiu incident nua; atclli .. 
.a.point, 21.SS, 61.1!; aolar 
aubpoiat, I.IS, SS.6!; atcllitc 
11,ript, 722 ka. (CO\lrtny of 
Md:laia and Stronc, 1969). 
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Cum wuul zone not Ultff'l«WII tM pri""''11pecull,r poJ,,t 
Identification of ltr'Ollf wuul .,.., ,..,,. tM pri,,uuy 1pecull,r poJ,,t 

When a c:alm wind zone ii wdl to the north or to the aouth or the 
primary specular point (PSP) reflectivity in the calm zone ia minimized. 
The calm zone will appcu u a black area or strip intcrruptin1 the more 
homoSffieoua l\d\glint pattern. Fis. 2A· U shows the theoretical 
aun11int pattern that would result for an instantaneous satellite 
phot<>l'aph of sunglint usuming a 5 m ,cc-• (10 kt) wind background 
and a calm wind (shaded uca) in an cut-west swath north of the PSP. 
In DMSP data, u in the prec.:din1 example, brilliant arcu uc observed 
at some distance to the north or south of the PSP. At diatancn of 
about 10 degrees of latitude, or more, to the north or south of the PSP, 
dark 1wath1 extending acrou the aunglint pattern an oblCl'Vcd. 

In Fig. 2A, l 4 a black swath is apparent extending acrou the sunglint 
pattern centered near longitude U 7E. The PSP i1 well to the north. The 
presence of such a black strip frequently correlates with the pc>' .ttion of 
a surface ridge line. Fig. 2A-U shows surface wind reports and 
streamlines superimposed on the DMSP data which substantiate light 
winds and the presence of a ridge u indicated. Note that in the area of 
the PSP, where winds have quite a long fetch from the southwest, 
reflectivity per unit area ia reduced indicating rougher scu in 
comparison to the calmer seas further to the south. 
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2A-14. FTV-29. DMSP VHR Low Enhancffllent. 2H7 GMT. l0July 1974. 

Important Conclu1ion1 

I. Black swaths across sunglint areas, to the north or south of the PSP, 
usually correlate with surface ridge lines over areas of low winds and 
low-sea state. 

lldanttt 
McClain, P.E., and A.E. Stron1, 1969: On anomalo1&1 dark p1tche1 in 

tateUite--vwwed 111nglint areu. ,',fo11, ra. Rn., 97, 87~-884. 
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, or south of the PSP, 
·r.u of low winds ,md 

Jow dark. patchr1 in 
:84. 

2A-U. FTV-29. DMSP VHR Low Enhancrmrnt. 2357 GMT. 10 July 1974. 
Surfacr Wind Rrport1 and Strrunlinr Analyli1. 0000 GMT. 11 July 1974. 



1aent,pcat1on of surface ridge lines and calm sea a~'" nmoved from tire primary specular point 

A sequel to the preceding case (C.ue 4) is shown in this DMSP image over the Eutem P .. dfic (t' ig. 2A-16). Sunglint is appuent in this noontime pa11 extending northw.ard neu longitude 135W. The patt~rn again is interrupted by a dark strip extending through .an area of maximum ,unglint return ne.tr 30N, 135W. Since the primary specular point (PSP) is well to the south, near 19N (Sol r subpoint, 2 IN), the pattern .&jlain suggests a calm wind and c.tlm se.a condition which should define high pressure and a ridge line axis oriented along the dark strip. Fig. 2A-l 7 shows surface reports and streamline analy is which verify th~ auumptions. 

Note that as in the previous cue:, highest reflectivity is a11oci.tted l with the implied area of lowest sea state. In fact the gray shade 

i 

L 

1. 

I -

2A-16. FlV-SI. DMSP VHR Low tnhancmimt. 20U GMT. 2S May 1974. 

2A-16 



[ j 

fl 

contours of highest ttflectivity auggnt a '"B'-'ll's~e" pattern O¥er the 
dark strip area. Thia 1un1lint pattern hl&I special significance. Under 
conditions of uniform sea state, one would anticipate a decrciuing 
intffllity sunglint tttum the pnter the distance north or south of the 
PSP. A briptncu maximum removed from the PSP implies low sea 
atate conditions over that area. U a dark strip, in addition, rum through 
the atta, positive identification o( calm seu and ridse line axis ia 
normally obtained. 

Important Conclusion• 

1. A dark strip interruptin1 a 1unglint pattern, with the PSP well to the 
north or south, usually implies calm wu with a surface ridse line 
axis cxtmdin1 through the area. 

2. Brisht areu at any location, north or south of the PSP, in a 1unglint 
pattern imply slight sea conditions in the area. Conversely, broad, 
intervming areu of reduced brightness att asaociated with areu of 
incraad sea heighu. 

2A•l 7. rrY-51. DMSP VHR L,,w Enhancement. 201' GMT. 25 May 1974. 
Smface Wind llepon, and Streaa,llnc Analyai,. 1200 GMT. 25 May 1974. 

2A-17 



1 • 

' 

. . . 
-, -: ~ I ' ~• 

'\"';'I- • 

ldenti.ficorion of shallow ocean areas in sung/int areas 

This DMSP image (Fig. 2A•l8) shows a , .mglint pattern stretching 
from Borneo across the South China Sea to the southern coast of 
Jndo.China. The interruption of the sunglint pattern by the black strip 
crossing it just north of Borneo is indicative of a probable low-sea state 
strip due to caJm winds over the area. In this instance the primary 
specular point (PSP) is located over China near 25N. Under such a 
condition solar reflection to the spacecraft sensor is minimized in the 
calm area to the south. 
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2A-19. tnlutcd View. 
nv-29. DMSP VHR Low 
lnhancnuint. 0128 GMT. 
UJwy 1974. 

!A-20. Qeosraphic:al 
Map. South China Sea 
Area. 
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2A-21. ttV-29. DMSP VHR Low Enha.nct'mt'nt . 0 I 10 GMT. 16 July 1974 
Surface Wind Reporu and Streamline Ana.ly1i1. 0000 GMT. 16 July 1974 

This cast' is esprcially intcrrsting since thr black arr a ( rig. 2A-l 9) 
ovrrlies a portion of a notorious shallow bank in thr South China Sea 
marked "Dangerous Ground" { Fig. 2.\ -20) . Ocean swrll could be rather 
drastically reduced b) such a barrier. Vnder conditions of light winds it 
wnuld srem probabk that this arra and other similar shoal areas would 
be favorrd for calm or slight sea conditions. 

This provrd to br the case on the following day ( Fig. 2A-2 l) where 
again the sungli11t pattern is intrrruptrd by a dark strip vrry nrar the 
same arra. On this datt' surface wind reports and a strramline analysis 
verify calm to vrry light winds over the area with a ridge line axis 
suggested by the streamlines in the "black strip" area. 

Important Conclusions 

I. Sunglint patterns interruptrd by a dark strip running through the 
sunglint area frequently define an area of calm winds and calm seas 
correlated with a surface ridge line axis. 

2. Shallow banks or shoals under conditions of light winds may be 
favored arr.as for relatively calm seas and therefore may appear 
frequently as dark or very bright areas in satellite data depending 
upon satelli e/sun angle relationships. 

.}-
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Cae 7 Sun1lint 

ldntljfNtiol, of moM11toht·1op whtds ht a111lhtt Ot'H.1 

Whm colder air builda up on one aide or a mountain ranae under 
atablc condition• it will have a tendency to spill through and, in fact, 
acceluatc, in jet-like faahion, through mountain gaps toward lower 
prnaure. Scorer ( 1952) documented such effects in the Strait of 
Gibraltar and outlined some or the basic principles involved. 

He found, for example, that the cfCcct is moat pronounced in those 
1ituation1 having a marked low-level inversion or iaotherml&l layer just 
below mountain top level. In those instances the height of the inversion 
waa 1ttatnt on the cold air or upwind aide of the mountain gap and 
lower to the Ice. A prc11urc gradient through the pass toward lower 
prnaure is thua maintained for some time (a matter of many houn) 
pcrmittin1 an extreme acceleration of the wind to 1p«ds up to 100 kt1 
in the lower or cold ilir portion of the atmosphere. Vertical shear is also 
extreme 10 that above the invcrsiun, undu the same circumstance, light 
winds of variable direction may be found. 1.arKe st.anding eddies arc 
frequently found on the side of the emerging jct. Scorer detected the 
eddies in the surface isobaric pattern. These high-speed wind patterns 
can now also be seen in satellite data. 

Fi1, 2A-22 is a DMSP image of the Iberian Peninsula-North African 
area. A 1unglint pattern appears over this area. The pattern is interrupted 
by a dark, elongated elliptical swath extending to the west of the Strait 
of Gibraltar. Normal interpretation of sunglint interruption by a dark 
gray shade is to attribute the effect to calm winds and calm seas at some 

~-22. &alup:I Vn. FTV-29. DMSP VHR Low !.nhanc:emcnt. 0907 GMT. 2Jllly 197&. 
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di 1 , l' from the primary specular point (PSP). (See Fig. 2A-l 4 ). Since tht .':-.P for this example was calculated to l c near 25.5N and 5.5W, 
wt·II , ., the south, over Africa (Fig. 2A-23) such a conclusion sc~ms ~r11 11t:nt to this namplc. Calm sea state in this case, however, don not ~cm logical since the Strait of Gibraltar .and other straits arc known pw.Juccn of strong winds, not calm winds. An alternate argument may 
be proposed which attributes such an effect to rough seas rather than calm seas. Assume a sunglint pattern of diffuse rcncction at some: rather large disl-mcc from the PSP. Theory holds that the larger the area of diffuse rcncction the stronger the winds and the weaker the rcncction 
~r unit area. If a local wind, such as the Gibraltar jct, were blowing 1hrough such an area the rcncction per unit area under the jct would be even more reduced than the rcnection from the surrounding areas. Hence chis area would appear black or darker than the surrounding areas. This appean to be the most logical cx;,lanation for the pattern shown in this example. 

Surface reports for 0900 GP.IT, within a few minutes of the time of this pass, indicate a general easterly flow over France, Spain and North Africa which chaniccs to northerly over the eastern Atlantk. Note that despit,. relatively light winds, in general, a 40 kt easterly wind ia rc:porl• d within the Strait of Gibraltar! An obvious conclusion is that the me,unta;n•gap Strait of Gibraltar low-level jct is occurring and that its presence and extent is uniquely rcveaJ,-d by the DMSP interrupted sunglint patt-:rn. The dark notch in the sunglint pattern west of the elliptical shaped area, normally taken as an effect of calm seas, in this case is an indication that seas in that area arc also rougher than seas to the north and south. The: rough sea area caused by the jct thus appears to extend to at least 35N, 9W, or :nore than 150 nm west of the entrance to the Strait. P.mallel cloud lines between 30-35N, 10-15\V may be gravity waves formed on the inversion interface as a result of impulses received from the low-level Gibraltar jct. If this hypothesis is correct, the existence of such lines may be another indication of strong winds blowing through the Strait of Gibraltar. 

Important Conclusions 

I. A Strait of Gibraltar low-level jct, can often be detected in DMSP sunglint data. 

2. The appearance of a dark elliptical-shaped area within a sunglint 
pattern to the cut or west of the Strait is often an indic.Ation of stron1, low-lcnl wintfs and rough seas in that uca. Note that the 
revctK of this, nan- .:ly calm seas, may sorr,etimes pvc a similar indicacion. However, in this cue the dark a.·•u would exlcnd to 
both lhc cast and west of the Straits. Ambiguities must be resolved 
by considcrin1 the satc:Uitc data in context with other available observations. 

3. Panllcl, low-level cloud lines west of the Strait of Gibraltar may be 
an indication of gravity waves formed u the result of impulses 
received fro:n the low-level Gibraltar jct. They may also be UKful u indie.Alon of the existence of such a wind. 

4. Principles of analysis pertinent to this case arc equally valid when 
applied to other mountain-gap winds such u the mistral, bora and SantaAnL 

Rdtftllca 
Sc:onr, R.S., 1952: Moutun-Gap Wlnda; A Study of Surface Wind at Gibraltar, Qlaa-t.J.R. Mtt~. Soc., 61 : U-61. 

/ 

' ... 



• · · - , "'C' .... - , 
- - - .. ·- •-

~ ' . , -~ 

2A-25 . FTV-29. OMSP VHR Low Enhancement. 0907 GMT. 2 July 1975. 
Surface Wind Reporu and Streamline Analy1ia. 0900 GM r. 2 July 1975. 
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Case 8 Sung/int 

ldentijication of riven, lakes, and flooded ngio,u :., sung/int arecu 
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2A-2S. Enwrect Vi-. 
FTV-S I. DMSP VHR Low 
Enhanum.,u. 0'29 CMT. 
27 July 1974. 

2A-26. FTV-Sl. DMSP VHR 
Low Enhancemmt. 0'29 CMT. 
27 July 1974. 
Ship Surface Wind Reporu. 
0000 GMT. 27 July 1974. 
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unglint over riven, lakes, and Ooodcd areas is frequently detected 

11 ' •~ISP VHR depictions. Fig. 2A-24 is a DMSP image showing sunglint 
p .illd to the satellite subpoint track over Taiwan and the Philippine 
1,1111d1. Brilliintly outlined near the primary specular point (PSP) is the 
C.11(Jyan River with major tributaries and Ooodcd areas app.rcnt 
~mtchin1 toward Manila (Fig. 2A-25) . 

U a plot were made of all specular points as the satellite moved from 
south to north, a smooth, large radiut curve would be generated just 
ust of the satellite subpoint (sec Fig. 2A-3). Black or non-rcOcctivc 
areas to the cut and west of this curve normally denote calm seas. The 
ana just cut of the southern tip of Taiwan is such an area (Fig. 
2A-26). 

Ship reports (Fig. 2A-26) confirm the calm to very light winds 
existing ov~r the area. It is notable in this instance that the sunglint 
pattern is quite narrow, indicative of low-sea state conditions. Had 
stronger winds and rougher se.u prevailed, diHuac reflection would have 
caused the sunglint pattern to broaden. 

Sunglint reveals the probable position of the land breeze front 
stretching southward just off the cut coast of Luzon from Uigan Point 
(extreme northeast Luzon) to Palanan Bay and then again in a small 
section further south. This image was obtained at approximately 1130 
I.ST, when a rcvc:nal from the land breeze circulation to a sea breeze 
circulation would be expected to commence. Under such circumstances 
wind speeds in-shore from the dissipating land breeze front would be 
essentially calm and sea sutc reduced. Such a condition is implied by 
the greater reOcctancc measured in this arc by the DMSP sensor. 

Important Conclusion, 

l. Sunglint is useful in detecting riven and flooded areas over land. 

2. The position of the land breeze front may sometimes be detected in 
the sunglint patterns occurring along coastal areas. 

S. A narrow sunglint band is an indication of light winds and slight acu 
within the sunglint arc._ 



' 
Case 9 Sung/int 

False identification of thundentorm lines in sung/int arras 

2A-27. M"V-21. DMSP VHR Low Enhancmlcnt. 0514 CMT. 7 AUII\Ht 1975. 

2A-24 



Sw,glint appcarina over a land area in cmtral Thailand ( 'ig. 2A-27) 
might inadvertently be mistaken for a line ur thundcnturms unlcu 
d<>Kly cumincd. Inspection \•·ig. 2A-28) will reveal that portions or 
the pattern arc dendritic, revealing the branching n.&turc or river inlet, 
and tributaries highlighted by sunglint. The PSP is luated directly over 
thi• pattern. 

"Over-shoot,. or the sensor system, in attempting to adjust from the 
brilliant sunglint pattern tu the far Ins rcOective surroundings, results 
in horizontal, black strc.aks cast and west or the sunglint area (Fig. 
2A-27). 

2A-21. I~ View. FlV-21. DMSP VHR Low Enllancm1~nt. 0!14 CMT. 7 Allf'Ul 1975. 
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2B Anomalous Gray Shades 

Anomolou1 G,uy Sltade Pattenu. 

Anomalous gray shades i1 a term applied to the light-tone and 
oc uional dark-tone gray shade pattern, observed over water (occ:aru) 
and land are;u in cluuJ.free ur nearly clouc:f.frtt rcgiont in DMSP VIIR 
(Vi,iblt') imag(ry. For tht' Navy t cticaJ weather f"reca1tt'T', the analysis 
and interpttlation of .an•1malm.11 gray h Jc pallerr.1 for operational 
purposn it impnnant bt'caUK' the pattt'rnt provide inaighu into 
atmo1pht'ric and 1>eeancwaphk pro t·ssn occurring in tht' area. 

Tht' obKrvation of anumalou1 ,crav shadn can ohcn bt' rclatt'd to the 
prncnct' or .&bKncc of atmospheric moisture in cloud•frtt areu, or to 
the prt'lt'nce of broken tidd1 of cumulus, 1tratocumulu1, or 
.Jto/cirTocumulus cloud clements, each of which .&re too small to be 
ttSOlved with· n the I /3n mi resolution limit of the DMSP VIIR sensor. 
In addition, "num.aluus "ray shadn arc also found (I) in arcu of 
incipient dc•ud dn·dopment, (2) alon11 t'dgn of increasing (or 
diuipatin") ,ayen of stratus or stratocumulu1 doudinns, (3) in neu o( 
dndopin,1 or diuip tinK fUK, (,.) in hazt' areu over lznd, open ocean, or 
alon1 coa•tal r~ons and, (5) in cirrus cloudinru areu. 

Areas of blowing sand and dwt, smoke from r ,rest fires, oil rip, etc., 
and air pollution may also show light-tone or dark-tone '.l"•Y shade 
pattnnL Gray 1hade patterns in shallow water arc related to bottom 
fol)Ollfaphy. The outflow of muddy water or sediment from riVffl into 
t~1e ocun and turbid water arcu in bays or alon1 cout.J rcgiont also 
appear u light-tone arns in D" SP VIIR imagery. 



Ca~ I A.nomalou, Gray S/rade, 
Hi11t l,umidityllow l,umidity a~a., nmot~from 111111/'nt n1ion' 

Thr ap~arancr or anom.aluua lt"ilY ,hadra in DMSP imaKrry ia di.r to thr up.andrd •~ctral intrrvaJ of the VIIR Knaor which extends roughly from 0.4 to 1.1 ,im. Anom.alous l(T'ay sh.adc, arc often produced by the rc fleet ion and K.attcrinic or lil(ht off of condensation (hur) dmplrta in this •~ctr.al interv.al. 
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2M-1. Siu of col'ICknaalio11 particl~ in ttlation to ttllltin humidity. 

Thr graph in f'ig. 28-1 shows rela tivr humidity as a function of condensation p.articlr sizc-. h c.an br Ken 1tsa1 the relativr humidity incrrasn rapidly as 1hr condrnsation particl• diametrr size incrrasn from 0.06 lo 0.14 ,im. Al 0.08 µm p.articlc diamctrr, altering is r((rctivr for the- DMSP sensor. This p . .rticlr uzr •ccurdinR lo thr graph, indicitn rclativr humiditic, of about 80%. In grnrraJ, relativr humiditin of thcsr valun would br found .along thC' cdgrs of fields of dc-vrlopina or dissipating status or slr.atncumulua clouds. 

According lo Byrn ( 19H ), condenution ia a continuous procna bf-xinning at low humiditin. Aa thr relativr humidity risn, condrnaation p.article sizr incrrasn and hazy conditions ap~ar. Aa thr hur brcomn thii:krr .ind visibilitin drcrrasr, thr size of thr condensation particlrs continur lo incrrasr in diametrr, until visiblr cloud or ft~ is produced. Thus, according to Bym, hazy condi:l~~• should br thr forrrunncr, and also, 1hr md product of cloud, ~d Cog. 

Thr ability or thr DMSP arnsor to detrct haze droplets as auggntrd abovr, is ~latrd to :he ,izr of thr droplrts (diamctrr) rdativr to thr wavrlrngth of thr incidrnt radiation. It is aJao rrlatcd to thr background brightnrss Wldrrlying the h•ze layrr Uohnson, 1954). 

In Fig. ?B-2 a narrow, briRftt marinr stratus/fog band ntrnda from thr coa,1aJ a~a ovrr thr Pacific and southward whrrr it broadma into a widr brokrn pattern. At this timr, thr primary •~cuJar point and thr solar subpoint arr well lo thr south so that this Atta is ttmotr from 1unglin1. Fig. 28-3 r~aJ, lightrr-tonr striJ>I on rithrr aide of the bright stratus/fas off of Pt. Arxucllo and to thr south. The atript show the distinctiff a~annce of nomaJous gray shadn in DMSP VH!t imagn-y. In addition, note the uniformity and .areal extent of the gray shade pattern fur ther to the south, in contr.ut to the atriatc:d cloud formation tr, the llrt'lt. This is aJao a distinguishing characteristic brtwttn de uda and anomalous gray shades. In the :,nomaJoua gray shade attu, the dat ur tonn indiate amaJlrr condensation panicle aizn and Ina dmse hue conditions, and the lightest tonn indicate the areas or higher humidity and mo~ dense haze conditions. Red1.1ttd low-1~1 visibilities thettfott can be upcctcd in the attas or the lightnt tones. 

I. ,h - ,,,,..,. fror11 • ,..,,,t;,., ~°" i, tkfi,.nl ., .,. - ""'"' ""'"""' fro• ,._ OCftfll nvfu• CO,t ,.. lo,.,.-r ·- "·••clH, rrrnu,u o/ ,._ , .. , .. ,. i1 1M -.. (S•• Tif. ZA.J). 
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On • D~ISP p.i)s (Fi~. :?H •-4) .ih11ut tw11 h11ur l.itt·r, thl· )lr.itu /fo)I, off of Pt. A~udlo h.i di)"PJtl'II ; huwr,<'r, .i ,m.tll .inom.i.lous 1er.1,· shad<" band r<"m.iins in th<' .arc."J. Thu chnn,I(, · is a pn11t11•r 1·, ·riJfratwn that tlu anomalnus pay shad,• ba11cl 1s th,• h,:l{h hum1d1t~· ,-,1t/ product vj th,· stratus/fox band disnpation, cons,st«•nt 1,·1th B,as ( 19-U) 11bs,·11'tltwn. To th<' south, a l.ay<'r of bri)(ht str.itol·umulus h.a, dt"\t'loprd m th<' Jrr.a or th<' bro.ad anom.alous )(rJy sh.ad<" p.itt<"m ob l'l'\rd m hit , 211-3 . Dark-ton<' gray shadt"s .irt' Jpp.ar<"nt b<'tWr<'n this douclinn .and th<' Wnt Co.ut, The appt".ar.anl·<' of .a d.ul..-ton<' .art'J .alon)( th<' co.i,t to Pt. Argudlo in pl.act" of th<' l11tht -ton<' .ar<".u m Fi)t. :?ll -3 m,lic.at<'s ,1 r.ipid drying out of th<' ,11r with .a corr<' pondin)( rrcluc11on m th<' siz<' .ind numbt'r of condt'ns.ation p.irt1clt's. In this Jr<'J, rc.-mot<' from sun)(lint, th<' rc.-duction in h.izc p.arllclc size rt'sults in J corrc.-~pondm)( clt'cr<'JS<' 1n non-spt"cul.ar rcncct1on of liitht to th<" SJl<"ll11c .and th<' .irc.i .appt"Jn dark in th<" imagery. Low-level vis1biliti<"s should bt' )(rc.-.atly impro,t'd m tht's<' at<'as. 

Important Conclusion, 
I. Anomalous )l,fJ) sh.Irle b.inds arc often the 111)1,h humidity end produ ts of str.llu)/roK b.1nd dis ip.allon, 

2. Li)l,hHonr. g:ay sh.Kie: arc.-.as, rc.-motc from )Un)(lint p.1t1t'ms , .it the t'dgcs or stratus/fog nr tr.atocumulus are rc1e111ns of hi1eh hum1ci1ty associated with a concentration of 1.tr)(<'•sizc c11ndcns.atmn p.irllcks and h.azc. Low-Ind vi,ibilitit'S arc generally reduced in these .arc..s , 

3. Dark-tone gray shade areas .. dj.accnt to lighter-ton<' gray sh.idc areas, remote from ,unghnt, .arc regions or lower humidity and less hazy conditions. Low-levt'I ,·is1bili1ics .ire ),,<'ncr.ally higher in these areas. 
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Rrfnnicn 
Byrtl'I, H.R., 194-4: Gnt,.,., Mrttrot"Olor,, New York, McGr-•HilJ Book Co., 494 
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John Wiloty It Sona, New York and Chapman It Hall Ltd., London, S9S pp. 

28 -S. t"TV-29. f.nlarlft'd 
V11tw. O~ISP \'Ilk Low 
t:nhanu·mm1 . 1613 GMT. 
22 May 1974. 

21-4. FTV-SI. Enla.!1t'(I 
View. DMSP VHR Low 
lnhancrmml. 1850 GMT. 
22 May 1974. 
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1a.1. 

Cas~ 2 Anomaloru Gray Shad~, 

a,.., '"""· ptltt•nu produc.d by milt """lpt"lly UI """ lftl 
•rw,1 owr M 0~11 ocn,e 

In Fi1- 28-S, the light-tone, cone sh~d 11ray ahade patttt'II off of 
the nonhwnt cout of the United Statn mi,cht euily ~ misintttpretcd 
u a aunglint p•tt<'m aimiL.r to that aho""'1 in Fi,1. 2A·2 on page 2A-,. 
Hownin, thi, i1 •n anomalou, gray 1h.ull' pattl'm produced by thr ,un•, 
ttn<'ction off of mi1t and 1pr•y di1pntt"d by 1tron11 wind, in an aru of 
heavy ttu, Th<' li,cht•tonl' arl'u vr •Jurply ddincd (Fis, 28-6) and the 
owraJI palt<'m ml'rlfC'• with thr 1tratocumulu1 cloudinna to the ,outh 
and the frontal band doudinc-u to th<' northwnt. 

In Fi,c. 28-7, DMSP Ml ima,cny (hnc-aftn rdttml to u JR 
(inf med) I show, th<' hi,ch-lc-wl doudinna in the frontal band; 
hown-l'r, the atratocumulu, doudinn1 i1 battly rnn'cd in the 
dark-tone ar«-aa. In addition, note that the 1nomalou1 gray ahadc 
patt«-m i1 not ob1t'n'cd in tl,i, imaic«-ry, ind1catinJC that the trmpnaturc 
dil fl'rmcn produc<'d by thi1 p•t tl'm ar«- too 1maJI to ~ detected by 
thr IR Kn1or. 

The ,urfacr analy1i1 (Fig. 28-8) rl"Vula that thr light-tone gray 
ahadl'1 •re in a tight prl'uur«- J(radil'tlt uu, with wind, up to 26 ,n«-ten 
per cond (~O kt1) orr of the Orqcnn cout . ir tem~raturn arc 
l('n«-rally warmn ovc:r thl' li,cht-tone gray •h•dc Jrea in compari1on to 
the lt'a surf.ace tem~aturn, 10 that the hw-kvd flow i1 thermally 
atabk and conv«-ctivr noudinn, i, inhibitl'd, 
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28-11. t·n· .211. UMSP\'IIR I.ow t:nh1nn-mrn1 . 2017 GMT. IS July 197'. 
Surfacr ~uurt .\n1ly111. 0000 G~n. 14 July 197' ( rtdl , 
Su lll'icht An&lytit. 1800 GMT. IS July 197' (blul'). 

The Flttt Sumerical Wea1hcr Cl'ntral (f;\;\\'C) sea-height analy1i1 
1upnimposc.-d on lht' ll~ISP ima,cl'f)", in t'i)I. 28,g, show, se.a heighu 
ro1nJ,1in)l from 6 111 15 fl. in 1he li,ch1t·r arl'a1 of the an11maJou1 gr.ay shade 
p.iurm. Sun)llin1 from the on·.1n ~urfal·r can be rull'd ,1ut ill .a caulC' fur 
this anum.J11u1 itray shade pattl'm ~inl'I' rou)lh «-JS in thl' arra would 
rffrl·linly disrupt any sun,clint p,Otl'rn. In addition, it ia ,·rr,· unlikely 
that .a 1ymm'"tril·al pall rm sul·h as this could be icrnt1 ·1ttd in 1ra1 

1huwi11,c thr lar,cr w.a,·t hci,cht ,·ariation obsl"r\'td in lhl' an11m.Jou1 gray 
~h.adc .art.a. llowntr, ~pray from the hta\')' St'JJ, disptnrd by strong 
winds, can nr.att mi~• and hi,ch humidit~· rnn,litions .,t low ln·da which 
would n-nt•,·t non-~pnul.ar li,cht to thr utdlitr to produce: the 
.anum"111u1 ,era~· shadr p.attrm. 

Ship rrpom (t'i,c. :?U-8) indi,·a1l' hi,ch humiditin in the- al't'a with 
numrrou~ l<'mprr.11urt··dt'wpoi111 difft·n·ntn r,mi.:in,c from ;.f';o to 2°F 
.and ,·isihilitits ,how occ.t~iun.tl rrdunions to 2 nm or ie11. In the 
dark -lone ,cra)' sh.ult' arr.a, where sra hri,ch11 al't' le.a 1han 3 ft, 
trmpc-ralul't'-tlrwpuint 1liffl'renl·rs inneaK' to -4 "F .1nd vi~ibili1ie1 of up 
111 25 nm an- reportrd. 

Important Com:lusin111 
I. Anomalous !(ray shadr pal h:m1 l·an be pwducrd by mist and haze 

)lrnrratrd by hiw,h winds over the open c..:r,m under conditions of 
thermally slablr low-levd nuw. 

:?. Such J(r.ay shade's m.ay br misin1erprr1c-d .as sun,clint anociatrd with 
uniform K'.I st:ite conditions ovrr 1he opc-n ocean. 

3. Thr liJ,Cht-tone gray 1l1adn in such drcum1tance1 denote ,U't'U of 
hi~h winds, incrt:.a.srd sn ~late, moist air and poor low-ll'\lel 
visibilitin. Dark !(Tay shade arru adjacent to such lighter art>u Vt' 

indicative: of lower wind spred~, dec:rnsed ll'il state, drier air and 
inlTeaK"d ,·isibili1ie1. 



-,---------- ----C-a-,,-J--A-n_o_m_a_lo_u_s_G_ra_,_S_lt_a_d_ts-------------7,. 

Hi1le 1,0 ,tat, Or'H pmducttl by 1tron1 offil,or, mo1111tai11• 1ap 
wi11dJ: rrmot, from 1111t1li11t rr1io11 

M;,1.rint' miat/h.-i&t' rrlalt'd •numaloua KfJY 1h..rlt' p•ttt'ml can bt' 
producnl by 1tron,c wind dri\'m apray from mount•in-,cap wanJc 
1trt'amin11 1crn11 co.utal w.att'n. 

Fiic, 28-9 ia a UMSP VIIR imal(t' or tht' Mt'ditc-rrannn-Southt'rn 
~uropt: 11tta wht'n a 11ronrc mi1tral wind 1y1trm wa1 11b1t'fVt"'.I 011t'r tht' 
Gulf or Lion. Tht' miairal i1 a north wind which blow. down tht' Rhone 
Vallt'y into the Gulr of [.ion (Rt'ittt, 197~). Off1hurt' wind, often 
ucttd 60 kt1, At timn l(,alt' furct' winci1 may Utt'nd acro11 tht' 
Mt'ditt'rrant'an to tht' Al1tt'ri11n coast, 

... 

21-9. n'V-29. DMSP VHR Low £nhancanmL OIU GMT. 11 October 197S. 
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For this C.tlt'. th«- primuy •p«-cul.ar point is located wdl to th«-'°'" h in the South«-rn 11«-mupht'r«', 10 th.at IUnj(lint c-ffccta rrom th«- o<.ran 1urr•c«- c.an not M dt't«-ct«'d ovn tht' Mt'ditnr;an n. 

Tht' anomalou1 ,cray shadt" p.attt'm (Fi,c. :.Cb•IO) in the GuJr or Llon ia pruduc«'d by the marin«- mist/haze conJi1ion1 cr«-at«'d by 11ron,c miatraJ winds blowin,c apray orr or I t' top, or wav~ in the lt'.aa orr horr. In th«- anom.aJous 1(1' y 1h.ade .arra, the concmtr.ation of miat/hazt" droplrt1 rt•n«-ct mort' n11n•1p«-cular lil(ht 10 the 1.a1rlli1e th.an tht' 1urroundin1 cloud-rrtt lt'a r«-gion1 (•re C.ue 2). 

lldfffta 
llritn, !.It,, ltU: Handb,,oli for Forttultn 111 tlit Mtdltt1Tant1111, !.NVPllll'llSCIO'AC Ttduucal P.lf>ff !-7:\, Naval £11vvo11mmul Ptcdictlon l .. ardl Fldllty, Montn.y, Call/., PV S7 . . .. .. 

~ .,,,t 
"'t• • r. 

11-10, rTV-H. lnllrpd View. DMSP VHJl Low £nhan«mmL OllS CMT. ll Octolltr 197S. 
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Case 4 Anomalous Gray Shades 

Hi1J, llumidity anai ov~, land 

Ll,tht-tonc gray 1hadc1 observed adjacent to stratw or 1tratocwnuJus 
cloud, over the ocean arc related to moist atmo phcnc conditions at low levels. Similar anomalous gray shade p<Attcm1 arc observed adjacent to fog or 1tr.atu1 arc s over land. 

Fig. 28-11 is a DMSP VHR im gc over the southern United States thowinR a tropical depression which has jull moved inland from th: 
Gutr or Mexico. Sunglint a.n be observed to the 1outh or the 1torm. The elongated bright band to the north is an area or fog and anomalot.11 
gray 1hades which lies in the peripheral subsidence area ahead or the storm (Fett, 1964). 

21-11. FTV-29. tnlarpd Vi«w. DMSP VHR Low Enhancnnent. l42S CMT. 29 July 1975. 
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In an rnl.11')(C'd virw (•'ii(, 2U-1 ::?), 1hc bril(hlrsl .ue.u ,m: 1hic.:k p.atchc1 

of f1'1(, Note how dl·.trly the b.a111lt·d lil(ht-tonc itr.ty h.adc step .arr 

di plJyl-d in thr .anom.alou icrJy hJ<lc pJttern 1urround1111( the fol( 

arr.11. Thrsc al"C' hi,th humidity JrtJ1 or Jrc.as or smoke .in<l other l.trl(C 

p.artidc size .air pollutJnt1 rellec.:tm,t 111111- pec.:ulJr lil(hl lo 1hc 1.1trlli1c. 

The n.arrow dJrk-111nl·d bJnd .around the edicr of the torm as Jn JttJ of 

pronounn·d ubsidenc.:r where reflt·c.:uon from I.trice pJrtidc haie 

droplets is minimizl'<I. llo"ever, hum :d11y is hil(h .and water vapor 

.ab1orp1i11n effct"ls in tl,e neJr infr.ared rl·duc.:l' tr.an millJIIC.:C' ( c-e C.asc.: 

!>). SurfJc.:C' observ,llions indicate low visihilitie in the fol( and in the 

liicht-toncd .anomalous l(fay hJdr .art'J . 

Important Conclusions 
I. Anomalous icrJy ,h.adc pJllcrns .arc observed over land a1 well JI 

occ:.an arc:u. 

2. Low-lc:vd visibilitiC'I Jrc: reduced in the anomalm:s Kray shade 

p.attrrns aa ociatcd with fol( over IJnd. 

llcf ffftlff 

Fett. R.W., 1964: Aap«ta of hwTicanc atructure: N- model con1iderationa 
1ugnted by TlROS incl Project l.ttteury obacr¥1tlona. Mort. Wr._ Ro., 92, 
U-60. 
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2B-12. F1 'f,'>9, DMSP VHR Low Enhancement. 142' GMT. 29 July 1975. 
Surface Ol>Krvationa. 1200 GMT. 29 July 1975. 
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Case S Anomalous Gray Shades 

High l,umidity area.s ot1•r land; rrmot• from sung/int region 

Fig. 28-1 ! is a OMSP VHR image over the Mediterranean 1howing 
atta.a of fog and anomalow gray shade patterns over the Po River 
Valley and the Adriatic Sc.a. 

~ .... y 
~ -f:'~y·..., 

, ::i::-; •-. 

____ ,. 
21-1!. ITV-29. DMSP VHR Low Enhancmimt. 0755 GMT. SO Octoba 1975. 
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In the .. nlar,.;ro view (~"ig. 28-1-6), the fog arcai apprar ;u bright, white 
patches. A ne.!rly uniform middle-tone: anomalous ){ray shade pattrm is 
associatrd wi1h thinner foK areas in thr Po Ri\'er Valley. Surface reports 
sub:nantiatc 1hr foKKY conditions and poor visibilities ~uggc,ted by the 
Dl\lSP dat.i over that area and cxtl·nclin" in&o the Adriatic Sra. 

. ., 
28-14. FTV-29. EnW'f('d View. DMSP VHR Low EnhancemenL 0755 GMT. SO October 1975. 
Surface Obteffatloru. 0600 GMT. SO October 1975. 
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Ctue 6 A.nomalouJ Gray ShadeJ 

Coatal offil,on flow (land bnezt) tffectJ 

Anomalow gray shade patterns paralleling coas,linca arc frequmtJy 
obscrwd in DMSP VHR data. The gray shades sometimes conform to 
th~ outlines or shallow water areas where there is sufficient bottom 
rcflccti\ity. In these areas the same bottom rcatures arc generally visible 
from day to day depending on satellite penpectivc, and oceanographic 
and atmospheric conditions. Sometimes anomalow gray shades 
paralleling coast!incs arc visible on one orbit and arc not apparent on a 
aucettding orbit on the same day over the same area. 

Expanded mode imagery (Fig. 28-15) shows a light-tone anomalous 
l\'aY shade strip parallrling most or the west coastline of the Baja 
Pminsula. The pattern docs not conform to shallow water contours and 
ia not observed every day. With the solar aubpoint near 22°S, in the 
Southern Hemi~phcrc, sunglint is not" fa.:tor in this case. 

lt is a matter of common obscrvati.>n that inversion dominated west 
coastal areas arc ohm unusually misty becawc of the action of 
breaking surf and the consequent ejection or l.u-gc numbers of 
condensation particles (primarily salt nuclei) into the atmosphere. Such 
particles have a chemical affinity for water vapor even when the air is 
not saturated. 

On cloudless winter nights, such as prevailed in this example, the 
land cools quite rapidly and a strong thermal gradient i1 produced 
!>et~en the cold land and much warm~ water. The land brccu it 
produced because or this gradimt and c1nphasi:icd bccawc of the 
mountainous terrain orf the Baja Peninsula. As soon as the cold air 
movn off the coast and over the warmer water it is rapidly modified 
due to w:atcr evaporation. The salt nuclei grow in size and the air under 
the inversion becomes very hazy. Such a condition is extended by the 
land breeze to the seaward limit or the land breeze circulation and may 
persist until late morning houn and a countcr-currmt sea brccu it 
established. 

The imagery, acquired at about 1100 Local Standard Time, shows 
land-brcuc dfccu near its maximum extent o,·er the ocean. 

The anomalow gray shade strip it made visible by non-specular 
reflection of light off of heavy con«ntrations of marine hue. 
Low-level visibilities will generally be reduced in these areas. If, later in 
the day, a counter-current sea brec:ic does not blow directly on shore, 
but parallel to the shore, as i1 frequently the caK (Sutton, 1953), the 
anomalous gray shade strip will penist into mid-afternoon. 

Important C.Onclmio111 
1. Anomalous gray shade patterns paralleling coastlines appear when a 

land brec:ic carries heavy concmtrationa of haze droplets •~award. 

2. Low.tevcl visibilities tend to be reduced in the anomalous gray 
ahaJc area. 

..,_ 
Suttoft, O.C., IHS: Micro,_,,-tor,. Ntw York. Mc:Craw-Hat Book C..., SSS pp. 
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21-U. nv.21. DMSP VHR Low t:nhancnnmt Expanded. lHJ GMT. I December 197S. 
Su.rfacc Obeenatiom. 1800GMT. I D«mtbff 1975, 
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CtUe 7 Anomalous Gray Shades 
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Surf nlat~d ~ffecu alon1 COtUtlin~s 

Two succrssive DMSP VIIR passn, about ,-houn apart (previously 
l&ICd in Case I), iUustr.a,e the persistence of anom.&lous gray shades due to the concentration of haze along coastlines. 

The fint pass (Fig. 2B-16i is an enl.argcd ac:ction of Fig. 28-2 showing an anom.&lous gr.ay shade pattern associated with a stratus/fog band off of Pt. Arguello. Note that a uniform miJdlc-tone gray shade is 
oburvcd over the cloud-free ocean betw~en the coast1ine and the 
stratocumulus I.ayer to the west, exccpt fo the d.ark-t~i,c: area to the 
northwest. The uniform middle-tone gray shadc area is marine: haze over the ocean. 

, 

FTV-29. f.nlarted View. DMSP VHR Low En.hancmwnt. l61S CMT. 22 May 1974. 
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Thrtt how-s later (Fig. 28-17) a pronounc:c-d change hu occurred in 
the uniform middle-tone gray shade pattern. Notice that the area 
midway between the coastline and the stratocumuJu1 cloudineu h&1 
acquired a dark tone. Howevn-, a na1Tow anomalow gray shade ■trip 
remains along the coastline. 

The chan~ in the p.1ttem OVff the ocean may be rt>lated to 
incN!ued wnical mixin1 due to late-morning conv«tive hnting at low 
levels in the cloud-fr~e areas. The persistence of the anomalous gray 
ah...de ■trip aJona tht• coastline may be attributed to the action of 
breakin1 1urf which concentrates large numbers of condensation 
particln (primarily salt nuclei) into the atmosphere over this area. Such 
particln h·.ve a chemical affinity for water vapor even whm the air is 
not saturated. As the panicln grow in size a hue layer i1 dcvtfoped and 
revealed in DMSP ima~ry u an anomalous gray ahade strip. 

1' · c,rJ •. 
21-17. rTV-11. EDJarsed View, DMSP VHR Low tn.hanccmmt. 1U0 GMT. 22 May 1974. 
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Gftainl XII phototnph 
of the lalwna l1Llnd UCL 

, I 

Cae 8 Anoma/ou1 Gra_v Shade1 

Bottom topography in 1/,al/ow wat,r arm, 

t'ig. 28-18 it a spcciaJ enhancffllfflt mode DMSP VII R image. It wu 
rq,rocased u though it were: high •n:,lution infrared (WHR) data to 
enhance and emphasiu the anomaJous gray ahade p .. trcms over shallow 
water in the Bahama lsl.nd1 area. These data were prepared by Keesler 
Air f'orce Bue DMSP training personnei on Air Force ground 1t1tion 
equipment. The,= effects ca., also be produced on Nary r•~p gro,n1d 
equipment by Kfay shade m,mipulation or th~ enhancement curves uK'd 
in processing VHR data. 

Exceptional detail ol ocean water depth variations over the Baham?. 
ltlands and other similar island chains can sometimes be obtained. The 
ability or the MSP imagery to reveal shallow water areu it dependent 
upon the rcOectivity or the ocean bottom and the clarity or the 
overlying water. Sea state and atmospherk conditions alto affect 
shallow water views. In thi, eumple the gray shade conto n defining 
the Bahama Banks v'\"\u;;lly coincide with the 5 fathom bottom iaopleth 
(not ahown). Other lignHone gray shades occurring adjacent to cloudy 
areu consist or haze di'Oplets or are the high-humidity debris or earlier 
cloud dissipation. 

A G~mini .'<// photograph or the same area is shown for compariton. 
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Ca• 9 Anontaloau Gray Sluulu 

n,,,. l,umidityllow l,umidity tlfelU :,. 11,,.,1;,., n1iolt 

In 1unglint areu over the open ocean many anomaJoua ~y ahade patterns appearing in DMSP VHR imagery can be related to low-level atmotpheric moiature. n.e difficulty of definitive intC'l'J)retationa ttprding theae ant.maloua gray ahadca mwt be appreciated. The hcto1~. which innuence renectance include ( 1) aea state, (2) background! brightneu of th,: underlying surra~ (water or land), and (5) atmospheric mois(ure. ~a atate can be smooth or rough, background brightneu can b,: dark or light; atmospheric moiatun: dtccu are even more complicat,d and arc innucnccd by particle size (large or amalJ) and dfttta of water vapor absorption within the atmosphere. Large moisture particles scatter or rcncct sunlight directionally which increua reflection to the spacccraf't aenaor. SmalJ paniclca scatter light in all dircctiona and 10 lcsa light ia reflected to the a.tdlitc. 

The DMSP spcc:traJ interval (0.4 • 1.1 ,.m) cxtmda into the near IR where water vapor absorption Mcornn a significant factor. Fig. 28-19 shows absorptivity curvn for the atmosphere and for water vapor alone. Notice that there are scvcr:u sipificant wavelength, where water vapor absorptior, in the near IR (0.7 • 1.0 ,.m) ia pronounced. Aa an example, atmospheric transmittance is reduced about 25% for one a.ir mau thickness anJ about 46% for two a.ir mua thickncun in the 0.94 ,.m absorplion band. Aa a rnult of the double path length of solar radiation reaching t"c satellite, water vapor can reduce the amount o( 1unglint reflected to the satellite (AWS, 1974). 

Fig. 28-20 is an enlarged section o( a DMSP VHR ima~ showing gray shade vwtiona within a sunglint pattern off of the west cout o( the United States. Huy area, showing the dark gray ahades may M interpreted u the rnult of the combined effect of atm01phcric acattcring and water vapor absorption. Lighter gray ahadn similarly may result from the diffuse reflection of sunlight by IUJff d.iamettT hue particlca and cloud debris (neglecting possible sea state effects). 

ATMOSPHERE 

0.1 0.1 1 U 2 3 4 I I I 10 20 30 WAVELENGTH<,,) 

2l•lt. AbeorptMty C\lffa ror ataOlphere and watn YapOr. 
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211-20. n"V -29. DMSP VHR Low Enhanc,mrnt Expandrd. 16S2 GMT. 21 May 1974. 
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Cae 10 Anomalou.r Gray Shadu 

Ht,la l11,midity arrtU ill 111n1/int n1io,u. 

Fi11, 28-21 i1 a DMSP VIIR image or anomaloua gray shade pattema under conditions or intense aun,cl int. The bright area or aunglint in the GuJf or California i, coincident with near c.Jm winds and 1eu. In a close•'-.l view ( f' i,c. 28 -22), nut ice 1ha1 some or the visible clouds appear u cl.uk-tone ,cray 1h.ades in the 1unitlint area. Thia i1 an excellent uample or the rew-nal or gray shade ton.Jity where clouds appear u dark tonn again,~ the lighter sunglint b.ackground or the 1ea. 

Some of the dirficultin in defining anomalous gray shades u moisture errec11 in 1un~lint areas i1 brou,cht out by this example. Note the dark-lone gray shade p,lllcm in the rough sea region just orr or the southern lip of the Baj.a Peninsula. This dark-•ore gray shade area i1 similar in lone lo the .adj.accnt moi1t, doudy arta lo the rut. However, the moist, clou,ly are.a ha1 a distinct mollled, lcxlured appearance which identifan it as a cloud pattrrn rather th n a sea 1tate condition. 

a.21. rfV-29. DMSP VHR Low Enhanttmmt. 160S GMT. 17 May 1974. 
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Tiw ttw-n.&I 11( duud ,cr.ay 1h..dr ton.&lity ia l'mph.&1izrd whrr, 1hr 
1tra1ucumulu1 p,All<'m in 1un.:lin1 (d.&rk doucl1 .&l(.ain11 li1eh1 1un,cli II r.a 
b.ad,1(1'11und) ia comp.arrd with 1hr .&rr• 11( 11r.atucumulu1 d11uJ i,1n1 111 
1hr nurthwl'at, out 1dr 11( th<' aunl(lint .&It'.&, whrrr douc.la .&ppt'~r whitr 
.a1•in11 • d.&rk It'.& b.&ckl(1'11und. 
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Cae I I Anoma/ou.r Gray Shade.r 

Cimu cloudine.u ~ff~cu 

It hu long been noted that much of the cirrua-typc cloudine11 is not always appolttnt in visible imagery from meteorological satellites. This is related to the fact that maximum reflection and scattering of incident solar radiation from cloud layen is in the forward direction, with only a small secondary baclucattcring maximum (Rao, 1975). In other words, the auellite is in an optimum position to sense thin cirrus doudineu (and other thin laym of moisture particles or aerosols) when it scaru in the dirct.tion of the sun, and may not be able to sense thin cirrua, etc., when scannin1 in th~ direction away from the sun. 

To illustrate this ~•l1cnomcna, Fig. 28-25 shows a DMSP VHR 
depiction of Tropic.ii Storm Wendy (September, 1974) just south of the China cout. Note that in the area southeast of the storm there is little or no indication of upper-level cloudiness. However, in the 
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corrnponding IR im cry (Fig. 2U-24), banded streaks or colder 
trmpcraturn in the area, implying upper-level doudinn1, are clearly 
mdmt. 

The typial DMSP 1unglint pattern can be ob1erved (Fig. 28,25) 
extending northw,U'd through the middle of the imagery, indicating a 
noon-time pass. A11 a rnuJt, the satellite, at this location, can sense only 
backscattered radiation in the directions from below and to the e.ut 
and wnt. An obvious conclusion is that spacecraft with noon ascending 
nodes arc poorly suited for detecting thin cirrus in all directions. 
Spacecraft with an early momin1 ascending node arc better suited for 
detectin cirrus to the cut. Spaccaart with afternoon ascending nodn 
att better suited for detectin1 cirrua to the wnt. 

Thia example emphasizes the importance of usin1 corresponding JR 
&malCfY in conjunction with vi1ible imagery in arriving at an estimate or 
cirrua doudincsa over a given area. 

28-24. FTV-!l. DMSP IR Low Enhanc~mmL 0!14 GMT. 26 Septmlbff 1974. 
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Case 12 Anomalous Gmy Shades 

C1'ml1 cloudine11 effects 

Anomalous gray shade patterns arc observed with ut,pcr•lcvcl 
cloudiness u well as with low-level cloudiness. At upper levels, 
anomalous gray shades arc found in c:irTus areas. Fig. 28-25 i1 an 
enlarged DMSP VHR view of c:irTus cloudincn emanating from a large 
thunderstorm cluster over the P,1c:ific: and extending across the Baja 
Peninsula and the Gulf of California. 

Between this thunderstorm cluster and Baja, identifiable ~right, 
white patches and bands of cirTw cloudiness can be seen. Similarly, 
cil'TUI cloud streaks cover the northern portion of the Gulf of 

2B-25. FTV-28. DMSP VHR Low Enhancement. 1914 GMT. 6 November 197S. 
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California. A bright, white ciJTW cloud band also extends from central 
Baja over the GuJC or California md Mexico. 

A clou examination or the VHR imagery reveals that anomalous 
gray sh:ide patterns surround the cirrus patches and bands between the 
thunderstorm clustCT and Baja. The gray shade cirrus patterns have a 
distinctive ragged outline in contrast to the smooth outline gray shade 
pattern associated with the low-level clouds to the south 0£ the 
thunderstorm duster. 

Fig. 2B-26 is a corresponding IR view of the area. The anomalou1 
gr:ay shades in the VHR data appear in the IR data as bright white areas 
indicative of cirrus cloudiness, while gray shades associated with the 
low-level cloudiness cannot be detected. 

.... 
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2B-26. f"TV-28. DMSP IR Low Enhanccmmt. ,914 GMT. 6 No•cmi,cr 197!. 
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Case 13 Anomalou.s Gray Shade.s 

Cirrus c/011dintsi t/fecu. 

In th11 DMSP VHR depiction ( Fig. 28,27), a dark gray shade pattern 
interrupted by light gray streaks is apparent off the coast of North 
Vietnam. In the Gulf of Tonkir,, during the southwest monsoon, 
downslope motion from the Annam Mountains, exerts a profound 
drying influence on air flowing over the Gulf. A scattering of light fr"m 
haze droplets, the number of which arc reduced significantly in the 
downslope process, is also reduced. This reduced reflectivity in areas on 
the edge of a sunglint pattern will create an area which appears darker 
than normal. The light gray streaks extending uut over the water along 
the coastline under these sunglint conditions arc often found to 
correspond to rough water areas, whi~ produces a brighter sunglint 
return and arc caused by .,,ountain-~p winds blowing out over the 
water (Sec Section 3, Barrier Effects). 

21-27. FTV-29, f.niarred View. DMSP VHR Low Enhancement. 0126 GMT. 2S Aup,t 1974. 
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However, the gray atrcaks arc not aligned with mountain passes, so 
mountain-g-.10 winds cannot be the cause. Again the corrnponding IR 
data ( Fig. !? U-28), reveals that cirru, bands arc the cause for the light 
gr .. y shades. H the IR data were 1uperimpo1ed on the VHR data, it 
would be found that each band or patch or cirrus in the IR match the 
loation of the light gray streaks over the iark area in the VHR data. 

In addition, notice the appreciable cirrw over the brighter sunglint 
area cast of Hainan Island as indicated in the IR data. These clouds arc 
not apparent in the VHR data due to lack of contrast between the 
bright clouds .&nd the corresponding bright sunglint background. 

21-21. FlV-29. Enl.upd View. DMSP IR Low Enhancement. 0126 GMT. 2S A11p1t 1974. 
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Cas• 14 Anomalous Gray Shades 

Cim,1 cloudinu, effects 

I ----

DMSP nighttime visible or "H" data, arc ortcn surprisingly 
in111:nsiuvc to radiation from cirrus cloudiness while the corresponding 
IR data over the same area gives a strong response. Fig. 28-29 is a 
DMSP nighttime visible mode view over the South China Sea, showing 
some anomalous gray shades to the west or Luzon. These gray shades 
wouJd suggest very little significant cloudiness over this area. Thie 

28-29. F'fV.!J. DMSP HR Low EnhancmimL 1622 CMT. SO September 1974. 
.,_• 
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con-esponding IR depiction (Fig. 28-50), however, indicates that dense 
cirrus cloudinc:11 is present over thi1 area which could be a matter or 
importance for certain tactical operations. This e again re-cmphasius 
the importance or relating vi1ible to IR data to gain an accunte 
auasment of total doudincu. 

.. 
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21-SO. f'IV-51. DMSP IR Low Enhancciamt. 1622 GMT. SO Sq,tm1bcr 1974. 
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CaJe JS Anomalous Gray Shada 

Muddy (sedimmt) and turbid water •ffecu 

Anomalous gray shade patterns may appear u a result or the 
outflow or muddy or turbid water from major river systems into the 
sea.a and oceans. In Fig. 28-31, a DMSP VUR depiction reveals fa.int, 
light-tone gray shades in the area of the Yellow Sea between China and 
Korea. In an c-nlarged view or this area (1-'ill, 28-32) the gray shades can 
be seen extending offshore from the mouth~ of the Yangtze and Yangki 

2B-Sl. nv-21. DMSP VHR Low EnhancemmL 040S GMT. SO January 197S. 
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21..92. FTV-21. 
!nlupd View, DMSP 
VHli. Low Enhanc:emntL 
CMO&CMT. 
SOJ......,1975. 

2B-51 

Riven camed by muddy water sediment, or silt carried SU\\ ,, An 
edge or tht' lightn-tont' gray ahadt" area scpanting turbid w,,111 . , om 
dt'arer water (dark-tone) to the north can be detected e~tendinl.\ ross 
the Yt'llow Sn £rom China to juat south or Chtju Do hland. 

Landsat data (Fig. 28-5') Wffe available over the samt' are-,,1. al ,,bout 
tht' time of the DMSP pw. The tamt' V-ahaped cloud art'a t 111 bf.' 
detectt'd in both the DMSP and the Lanchat imagery. The anon1.1l,1us 
gray ahade apparent in the DMSP view appears u a aeries or swirls and 
eddie1 in the much higher rnolution Lanchat data. The ,cpar.uion of 
turbid water to the south from clearer water to the north also appcan 
in both views. The position of this boundary correlates very well with 
the position or the South Korean coastal oce-,,1.nographic front 
frequently found in that area (Huh, 1974). 

Water coloration i1 afftcted not only by silt but also by chlorophyll 
Blue water is associated with the absence of chlorophyll, while grttn 
water contain• a vast amount of chlorophyll. Such differences in 
coloration translate into reflectivity and p«>uible temperature 
differences. Therefore, it i1 possible, though not yet documt'ntc.d, that 
current 1)'1tem1 of the open ocean may contribute to anomalous gray 
ahadn that can bl' detected by the DMSP 1pacecraft, and yieW clua 
concerning the location of O(;eanographic Crone,. 

...,_ 
Hllh, 0.K .• 1974: Coutal ocellftOll'llPhk 11M of die U.S. Air Force Dlftn111 

Mctcon,iosical Sattllhe ,.,..._ (DMSP). Nani Oceanopaphic Office. 
W1shlncton, D.C .• !6 pp. 
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Ctu• 16 Anomalou1 Gray Shad•1 

21,S4. n'V,Sl. DMSP 
VHR. Low Enhancftllmt. 
10S2GMT. 
%% October 1975. 

21.s,. nv.,1. tnbrpd vi-. 
DMSP VHR Low Enhancftllmt. 
10'2 GMT. 22 October 1975. 

An alou.s l"'Y 1/aJd I du• I du.st 

Ir hue droplets can 1catter incident 10lar radiation, thereby changin 
the reflectivity or the area and rendering the hue visible, the same 
ahowd hold true for atm01pheric aerosols including dust, smoke, and 
other atmosphcric pollutant1. The DMSP VHR depiction (Fig. 2B,34) 
ahow1 an example or the outbreak or a sirocco moving off the coast or 
Libya. No1·th Africa. The rnl gf'd vi- n( thi " (Fig. 28,35) sh wt 
that the anom.&Jous gray shade awed by dust and blowinK sand is 
clearly visible ag:ainst the d,uker waten or the Mediterranean. P01itive 
verification or the sirocco is shown by the supcrimp01cd wind repon 
l'lOO GMT, 22 Oct 1975 from station HLGN (063) or fony knot 
10utherly (190•) winds and blowing sand. The winds at this time had 
incrn.acd in velocity from an earlier 0600 G~IT rcpon or 
10uth-1outhc-.utcrly ( 160•) at twenty knots. 
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Cme 11 A.noma/011.r Gray Shad~.r 

Blowin1 sand and duit effects 

21,!!6. FTV-21. tn•arpct View. 
OMSP VHR Low £nhanc:nnmt. 
19061..MT, 4 April 197S. 

Santa Ana conditions bring very warm, dry air from the desert out 
over the Loa Angeles bight. When winds arc strong, sand and dust fill the air causing serious restrictions to visibility. 

An exampl, of a Santa Ana in DMSP VHR imagery is shown in Fig. 28-56. Sunglint is acattered and renected by dust and sand particln 
anting an ,.nomaJous ahade of gray. Superimposed wind reporta confirm atrong lower-level now. Although 1wface wind rcporta in the 
area were not u strong u shown by the wind rcporu at 1,000 mb and 850 mb, a downward transport of momentum in the area is sufficient 
to cause gusty wind conditions, giving riae to the sand and dust blown out to sea u indicated in the im;,agcry . 



21.J7. n'V-29. 
EIWll'f'd View. DMSP 
VHll Low Enhancmimt. 
UJOCMT. 
24 Noffmbcr 197!. 

Cae 18 Anomalow Gray Shade, 

Smale• •.ffecu from lar,• Jira 

One or the largnt firn in the United Statn occurred in the Lo, 
An~ln, California area in late Novernbcr 1975. Strong Santa Ana 
winda ranned a bnuh fire into major proportion,, destroying more than 
45,000 acrn. The DMSP VHR image of the fire area i1 shown in Fig. 
2B-57. An anomalous gray shade plume extends westward from the Lo, 
Angdn area and obscurn Sant.& Catalina and other or the Channel 
blanda. A pronounced low-level temperature invenion wu located over 
the area. The low-lcvd invenion undoubtedly contributed to the 
opacity of the smoke which eventually becomn Ina reflective and more 
transparent to the wnt. The (urther development of the 1moke on the 
following day is shown in FiR- 2B-58. Note that the smoke appcan Ina 
dense and more transparent in thi1 view than on the preceding day-an 
indication that the fire wa, decreasing in intensity. Note that the 
anomalous gray ,hades con1pletely obscure coutal land reaturn in the area of the fire. 

21.,a. FTV-29. 
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lntar,ed View. [ 
DMSP VHll Low Enhancaamt. 
1511 CMT. 25 Nowmbff 1975. 
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Case 19 Anomalous Gray Shades 

21-!9. rrv-21. 
lnlarrcd View. DMSP 
VHR Low £nhanc:tmoent. 
2015 GMT. 17 Aupat 197!. 

21...0. rrv-21. 
E.nlarpd View. DMSP IR 
Low E.nhanctmmt. 2015 GMT. 
17 Auptt 197!. 

tfflib±m, iiiiii¥¥ zaw· 

Aircraft condensation trails (contrails) 

Contrails arc frequently noted ht DMSP data, both in the VHR and 
in the IR depictions. Contrails, a, noted from ground observations, are 
easily distinguishable from other cloud form:1tions. They abo appca1 
clistinc.ivc in satellite data. 

Fig. 2B-39 is a DMSP image of a contrail formation extending from 
the Miuoula Omni Range, south of Flathead Lake, Montana, on a 
direct counc to Lakeview Omni Range west-southwest of Lake Albert. 
Lou of the contrail northeast of Lake Albert suggests that the aircrah 
had initiated descent procedures for letdown into the Klamath Falls, 
Oregon area. The corresponding IR vir.w is shown in Fig. 2B-40. 
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Another example of contrail formation observed as anom:tlous gray 

shades is shown in Fig. 20-41 extending 10 the south of the Seattle 
VORT AC. Fig. 2B-42 is the corresponding IR depiction, As previously 
noted with cirrus cloudinen, the IR is much more responsive in the 
delineation of contrails than is the VHR. In fact, as with cirrus 
doudincs1, contrails in the VHR may degenerate from visible cloud, like 
features to anomalous gray shade pattmu, or be apparently invisible in 
the VHR, but still readily detectable in the IR. 1'he two contrails over 
the mouth of the Columbia River appear to have been generated along 
airways route Victor 27-East. This route structure implies a night at 
18,000 feet MSL or lower. The longer contrail extending south 
10uthwest is along the high altitude route 1tructurc J 1, implying a flight 
at altitudes above 18,000 feet MSL. The Navy forecaster aware of 
incoming air traffic may be able to link a specific airaaft and flight 
level to teU-tale contrail ;sppearing in the DMSP data. Since co11trail 
formation is dependent on s1.,all temperature - dcwi>oint spreads at the 
aircraft's flight level, this type of information yields additional, 
import.ult dues to the structure of the atmosphere, at the time of the 
observation. 

21-t1. rrv. 
lnla.rpd Vin 
DMSP VHll 
Low t:nhancll!I 
1917 GMT. 
4 September I 

2B-42. FTV-2 
Enwaed Virw 
DMSP IR 
Low Enhance• 
1917 GMT. 
4 September I' 
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2C Barner Effects 
B"1ffn-EjJect Pattmu 

Topographic features can act u barrien to atmospheric flow, For c:umple, a mountain range can act in varyifta degrees u a barrier, md air may be forced over the range, around the range, or channeled through ppa or valleys in the range. Similarly-ialanda, island cha.ina, peninaulu, and projectins comen of coutlinea provide barrien to atm01pheric flow; and in addition provide barrien to swell and sea waves, producing wave refraction effect, and reduced aea heights in their lees. 

When clouds are preaent in the flow approaching an island barrier, lee clearing effects, cloud plumes.and cloud eddies (Kmnm vortices) can be produced. Under cloud-free conditions, topographic barrien can induce c:hanp in ~e aer01ol and moisture content of the air puam, over or aro.and the barrien. With the expanded viail,le spectral range into the near infrared (0.4 to 1.1,.m), the DMSP VHR aenson can detect aeroaol/moiature variationa in the atmosphere, pania:larty at low levels and over the open ocean. These aeroaol/moisture variations are revealed u the anomalous gray shades described in Section 2B. The tonality of the barrier induced aeroaol/moiature effecu can vary from dark tones to light tones, depending upon the presence or absence of aunglint over the area. 
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Ca• 1 Barrier Effecu 

Me1o.1cal• cloud ~ddiu and cloud plumu 

Fig. 2C•l it DMSP VHR Ex nded mode imagery illwtrating the 
imponan~ of topogtaphy in influencing d1. wnstream cloud pattcma. 
The area of interest is shown within the area outlined. An enlargement 
of this area ( Fig. 2C-2) shows the isb.nds of Socorro a.'ld San Benedicto. 
Socorro has a 120(1 m mountain which disrupts the northerly flow 
1ufficicntly to produce lhc intricate pattern of mcsoacale cloud 
eddies downstream. Previoua studies have established that the " ... 
conditions necessary for devcloi,mcnt of these cloud eddia arc a strong 
low-Ind inversion which caps the atratoc:vmulus fidd, an island barrier 
that pierca the invenion, :Ind a pcniatcnt low•l~l wind flow in the 5 
to Um sec -t ranee" (Andeno11, 1974). 

Thia same study indicates .that the eddies tend to bttak down if the 
wind speed exceeds 13 m sec -1 and that they will not form if the wind 
1pttd1 are less than 5 m sec -t . San Benedicto Isw,d docs not have 
sufficient size or elevation to produce the eddy cloud pattern but 
instead, through turbulent vertical motion, a long, narrow cloud plume 
is formed which extends well to the south of the island. 

r·,. 2C-5 is another example of a long cloud plume, extending to 
the south of Guadalupe Island. The 0000 GMT 11 April 1974 RAOB 
for Guadalupe reveals a low-level invenion beginning near 700 m 
altitude. Wind speeds were strong on this day, preventing the formation 
of Von Karman vortices. The 200 m level winds were report~ to be 18 
mace"' from a direction of 530•, in good agreement with the alignment 
of the cloud plume. Wave-like cloud formations superimposed on 
downatrcam cloudincu auggcsu a gravity wan perturb•tion on the 
invcnion induced by the island barrier which extends to a height of 
1402 m. The gravity wave formation implies un■tablc low-level lapse 
rates, with stability concentrated at the invcnion interface. Such a 
condition wu actually verified by the Guadalupe RAOB, giving rise to a 
typical Kelvin ship wave (see Cuc 5). The alternate diuipation and 
pncration of low-level cloud forms emphuizcs the aenaitivity of the 
marine layer air to the cffecu of vertical motion in producin1 
doudincu . 

...,....,. 
Allde,-. It.It., et aL. 9741 Applicatt-. of acteorolotkll aatellite date la 

...ay• ud lo~ •su T•a\11. If.-, N•sc s, (ute1w1a,. s-,,,r-,.a. 
NH., 1111, -4 ,.,._.,_, Ne. J, Awcl 1913). Natlioal £~ 
ludll• lcmce, NOAA, W•biftoa, D.C., HO pp. 

2C-2 



,,. 

l 

l 
l 
l 

I . 
l . 
l . 
[ : 
[~ 

L 
[ 

C 
D 
[j 

l l 
r -

I;;, rt 

I 

I' 

l 
~.t .. 
\• 

. 
~ 

:~~-
·•. . . .,, -~ • 

it-, ... ;..,_~ 
2C· I. FTV-28. DMSP VHR Low Enhancement Expanch:d. 1920 GMT. 8 May 197:J. 
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2C-2. FTV-2 . Enlarged View. 
DMSP VHR Low Enhancement 
Expanded. 1920 GMT. 
8 May 1973 . 

2C.S. FTV-28. Enlused v,-. DMSP VHJl Low tnhancemmt. 1816 GMT. !O April 1974. 



2C-4. Schematic of theon'1ical 
diatribudon of ,atkal ._lion 
(climcnaionl- 1111lta) 
ID airflow paat a barrier. 
100 --damaional wnlcal 
wlodty unlta .. equal 
tlO fS. 7 CID/ICC, 
(Alter Wertele, 19&7). 

Ccue 2 Barria EJfecu 

Low-lnel flow, undff' 1table otmo,p/anic conditiou, divemn1 around Git uland barriff' 

The importance of specific atmospheric condition• in determining environmental effects of an ialand barrier hu been the subject of many atudics, but very few of them incorporate evidence from meteorological satellites. 

Edinger and Wurtele (1972) were among the fint to point out some Important aspects which they related to satellite observations. Wurtele (1957) computed the theoretical distribution of vertical motion, usuming airflow put a barrier in which the stability of the air is continually distributed in a stable stratification, i.e., a lapse rate less 
than adiabatic. Fig. 2C-4 shows the results which indicate a acscent-shapcd area of descendi'lg motion downstream to the left and 
right of the barrier. The descending motion in this eumple is the fint 
such uca in a series of alternate rising and desC"ending motions associated with a standing 3-dimensionaJ internal gravity wave, formed u a result of the barrier effect. Satellite examples in the referenced article show clear areas adjacent to the islands in only the first descending branches of vertical motion. The authors concluded that the gravity wave was not strong enough to produce the secondary areas of descending motion implied by the schematic of Fig. 2C-4. 

lbfCftMa 
Edi"lff, J.G., and M.G. Wwtde, 1972: lntnpretation of aome phenomena ~ In Southern Califomia etntua. Mort. Wn. R,1a., &, SH-SH. 
Wurtele, M.O., 19&7: The three dimffllional lee wave. anH,• tur Play11·1t dw At1110.,U,., 29, 242-2&2. 
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Fig. 2C•5 i1 a DMSP VHR enlargement showing pronounced clear 
arcu on either 1idc or Guadalupe Island that relatca well to the 
1uggcated model (Fig. 2C-4). At 0000 GMT 16 June 1973, Guadalupe 
reported a surface wind Crom the north-northwest at 10 rta sec ·• (20 
Ii.ts). Again, secondary clear areu arc not observed downstream; 
however, more complicated features or the low-level northerly now are 
apparent retulting in the generation of a Ice cloud plume and Karman 
voruces downstream Crom the island barrier. The appearance of 
crescent-shaped clear .areas, a cloud plume, and Karman vorticn, 
down1tream from the island arc wdul indicaton of the direction or the 
low-level now past the island. 

Important Conclulions 

I. Strong low-lcvcl now, under stable stratific.ation, around an island 
banier produces descending motion patterns giving rise to 
aaccnt-ahapcd clear arcu downstream Crom the island. 

2. The appearance or crescent-shaped clear arcu in a cloudy region 
around an island can be uscd to deduce the direction of the low-level 
now past the island. 

tc-5. nv.za. !nJqcd View. DMSP VHR Low Enhancnncnt. 2011 GMT. U JIIDI 197'. 
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Ccu, 3 Barrier Effecu 

IC"'- l:umple of a 
t-pcratuN inftnioD 
pcof"ale c:onduciY, to 0 putty waft fonudoo. 
Teaptnll&N (eolid CIIIW) . 
Relatiw hwaidlty (duhed CIIIW). 
(After ldincn ud Wertelt, 1972). 
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Atmo,plstric 1ravity wava ill a low-lnel ttmpnahlr, illvtrsio11 
laytr 

When the atmosphere at low level, d~es not poucu continuous static 
stability, u described in the preceding case study (Section 2C, Case 2), 
but is characterized by stability aloft at a temperature inversion 
interface (Fig. 2C-6), Edinger and Wurtele ( 1972) suggest that a 
classical gravity wave (Kelvin ship w•ve) flow pattern should occur 
downstream from an island barrier. 

The cloud pattern in the area outlined in Fig. 2C-7 ii an excellent 
example of this type of gravity wave phenomena. The cloud pattern ii 
loc.,.ted in the lee of the Faeroes 111.andJ, about !00 km north-northwest 
of Scotland. 

Fig. 2C-8 shows a schematic drawing of a theoretical configuration of 
the clusicaJ Kelvin ship wave. An enlargemmt of the DMSP imagery 
(Fig. 2C-9) reveals the close correspondence between the model and the 
atmospheric analogy. Some gravity wave interference pattern, are 
obsr.rved along the southern branch due to the fact tha\, in this 
particular case, the gravity waves arc produced by an island group 
(Facr'lft) instead of a single island barrier. 

Rdcrnca 
ldl.npr, J.G., .and M.G. Wurlelc, 1912; lnterprctatioa of eome phenomena 

obeerwd In Southem Califomia atrauu. Mo11. w~ .. Rn., 5, 519-591. 
Hoper,!., 1922: A co11trib11t.lo11 to die theory of llilp Wff& Ar/tu, fVr MatfflNlil, 

A,,.,_,111i ocl T7u, 17, 1-50. 
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Important Conclu1ion1 
1. In all cue, or :.lir flowing p.ut i1l.and1 under an invrrsion, downatrcam 

turbulent drccta and cfrccta due to upward and downward vertical 
motion arc appa~n,. 

2. Cloud plumes in the Ice or i1land1 appc.ar to be logically auociatcd 
with upward vertical motion and incrcaacd inversion heights. In the 
cue or an extremely low inversion such vcnical motion may produce 
~ dry, Ice plume through turbulent mixing. 

S. Gravity wavn indicate a very sharp inversion since such wavn can 
only form under conditions or a density discontinuity at the 
inversion interface. This is analogous to ocean waves which form at 
the density discontinuity intcrr.a \.'. between the sea ..u,d atmoaphe~. 

2C-7. f'TV-H . nMSP VHlt Low Enh:ui«m.:nt. 0129 GMT. 2S Jun~ 197! . 
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Cae 4 Barrier Ejfecu 

Clear wake areas in downstrw!am airflow around uland barrl•n 
Nmot• from sunglinr 

Clear waka in the Ice or isolated i1l:ind1 under condition, or a 
low-level ii.11n1ion were the subject or a study by Lyons and Fujita 
(1968). They noted that ~uch wakes could result from any of three 
mechanism, occurring tingly or in combination: ( l) Flow and low 
clouds could be diverted around the edge of the island leaving the lee 
area clear for a ccnain distance. (2) For air Oowing over an island 
barrier, vntical mixing or low-level moist with dry afr above the 
invmion could be induced by intense turbulent terrain effects. The 
modified drier air would be advected downstream producing a clear 
wake. (S) Air flowing over an island could also become dry due to 
evaporation or liquid water through heating, as a direct result of 
contact with the land ::urfacc. 

ue drying cffccu arc very apparent in the DMSP VHR data. The 
appearance of such cffc.: s varies depending upon whether the 1.rca 
viewed is illuminated by • nglint or loated in a region remote fr,<>ffl 
sunglint. 

Fig. 2C-10 is a DMSP VHR depicticn of the eutCTn Pacific, in an 
area remote from ,unglint, with a clcu view of Guadalupe Island on 8 
April 1974. The low-level wind flow on thil day was from the 
nor,hwest at about 7 to 12 m sec • (14•24 kts). A close examination or 
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this .area ( Fig. 2C-l 1) rc-veals that a Ice effect is distinctly apparent, 
conaisti ~g or a clear, ~ark, oval-shaped area outlined by a uni form shade 
of gray which merges into stratocumuJus doudincss. The lighter gray 
shades arc interpreted to be low-lc-vcl, high humidity areas due to the 
higher reflectivi~) expected from a heavy concentration or haze 
droplets. The oval-shaped dark tone is therefore interpreted to be a Ice 
dry area where light-scattrring effe ts arc reduced and a minimum or light is renected toward the spacecraft sensor. 

Fig. 2C-12 provides important support for this hypothesis. In this 
figure, Guadalupe Island is set'n on a different day (20 June 1973) 
under almost identical conditions of low-level wind now and lack of 
illumination by sunglint. Again the oval-shaped dark area is visible, this 
time surrounded by a cloudy area indicative of moister atmospheric 
conditions th.in existed in the anomalow gray shade area of the prc-vious example. 

In Fig. 2C-13, a long cloud plume extends south from San 
Benedicto through a mixture of clouds and a heavy concentration of 
haze dr .>plets, to an elliptically shaped dark area. This dark area has 
apparently been produced by a drying ::ifluence which extends 
downstream from Socurro Island. Note that the cloud plume from San 
Benl'dicto t nds to dissipatt' over the dark art'a and appe.irs r 
redevelop and ml'f e wi :h a trail of Karman-type cloud vortices devt'loping in the now to the south of Socorro Island. 

2C-ll. FTV-Sl. Enlar~ View. 
DMSPVHR Low 
Enhancement. 
1854 CMT. I April 1974, 

2C-9 

2C-l2. FTV-21. Enl~d View. 
DMSPVHR Low 
£nhancmimt. 
1905 CMT. 20 June 197S, 
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For Navy cnvironmcnt..11 forcc..1st1, the lil!ht gr..1y h..1<lc ..1<lj..1lcnt to 
• w vi iblc ,1r..1t11cumulus clouJinl'S imply arca of high, luw•k\'d 
,111midity with .attendant poor, low-lcvd ,i ibility. In .«.l<lition im:rc,m·<l 
'"" -lcvd vi ihiliti\.'I and low~r moisturc content c.an bc praumcd to 
, ~i t in the dark ,ucas ovcr most of 1hc castl'rn h..1lf of thc im..1~cry, .md 
111 .a sm..111 .arc.a wuth of the islan<l of Socorro. 

lldtn11tt 
l.yon1, W.A.., and T.T. Fujita, 1968: Mt101calt motions in octanic 1trat1u u 

revealed by aattllitt datL ,\lo,t, w .. ._ R,.,,, 96, S04-'14. 

%C-U. rTV-SJ. Enbrgrd View. DMSP VtlR I.ow Enhancrment. 1758 GMT. 11 April 1974 . 
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Ca.re 5 Barrier Effects 

2C-14. DMSP VHR Low Enhancement. 
1017 GMT. l '! Au,uat 1972. 

Sung/int effects in arras downstnam from islands 

The reduced 1ca state in the Ice of islands ha1 an impact on the 
reflectivity measured by the DMSP VHR sensor in sunglint areas. Fig. 
2C-14 displays island barrier cHecu in the Ice of the Hawaiian bbnds at 
1017 GMf on 17 August 1972. In this example, Hurricane Celeste can 
be seen southeast of the islands. An enlarged view of the Hawaiian 
lsla.nd arca(Fig. :?8-15) clearly 1hoW1 the Ice reflectance pattffl\1. 

In a sunglint area the sun's rays will ,·eflect most brilliantly into tt-e 
spacecraft sensor in areas where sea state is calm (referring primarily to 
short period wave and capillary action and 11'.glccting long period 
swell). Reflectance will decrease as sea state (wave height) is increased. 
The Ice drying effect in a sunglint area will, similarly, rend to increase 
reflectance because of reduced scatterin11 and reduced absorption of 
solar rays by water vapor infrared wave lr-ngths. The result of these 
combined effects arc the turbulent wake patterns shown in Fig. 2C-15. 
Note the 15 knot wind reported by a ship in the Ice of OJhu which was 
also reporting wave heights of 3 rt. This suggests that the Ice drying 
effect accounts for a major portion of the reflectance pattern observed. 
Convergent airflow around the sides of the islands can be detected from 
cloud patterns forming at the termination of some of the reflective 
island wakes. (Note analogous formations in Fig. 2C-l land 2C-l?..) 
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A schematic of a typical wave refraction lee effect is illustrated in 
Fig. 2Cl6. The main effect to be noted is the refraction of swell on 
both sides of the island resulting in Ice intcrfcrt>ncc pattcrns called 
"shadow of turbulence". Some distance further to the Ice (left side of 
the figure) undisturbed wave forms of the open u•a ag1.in arc dominant. 
A numerical model was applied at NEPRF to the task of predicting sea 
sutc in the lee of islands under var,·:ng wind conditions to gain an 
incrcased understanding of this topic (1-'ctt and Rabe, 1975). Key 
results of this study show that, under all wind conditions, seas arc 
essentially calm in the immcciatc Ice of the island and that heights 
rapidly increase downstream attaining hcighu similar to that of the 
open sea at varying distances up to 200-300 km . 

Note that the direction of low-level flow cs,cntially ;,arallcls the 
direction of the Ice reflectance patterns as shown in Fig. 2Cl5. These 
patterns arc useful in determining the direction of the low level flow 
and in resolving aberrant isla., J w;nd reports, which may be rcspor:ding 
1trictly to local effects and not be giving a true indication of the general 
direction of the low level f1 ow. 

llefemace 
Pett., R.W., and K. Rabe, 197!f: i1b.nd barrier effecu on 1ca state Uld atmotpberic: 

moiltuft u detected by a numerical wave model 1111d lffllOrt of the DefenH 
Meteorological Satellite Program (OMSP). NAVENVl'!'.EDRSCHFAC Tcda. 
Paper No. 18-75. Naval Enviroru11entaJ Prullction Raean:.h Facility, Monterey, 
Calif .• 6 7 pp. 

2C-ll 

2C-l!l. Enlarged Vic-w. 
DMSP VHR Low Enhancement. 
1017 CMT. 17 Aupll 1972. 
Surface Wind Reporu 
1800 CMT. 17 Aup1t 1972. 

2C-l6. Schematic of a 
typical wa~c refraction 
lee effect. 
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Ccue 6 Barrier EffectJ 

2C-17. FTV-29. DMSP VHR 
Low Enh&nccmmt. 
OCMI CMT. 14 Aupat 1974. 

S11n1lint effecu in amu bdwttn and dowrutmzna from island dain, 

Fig. 2Cl 7 is an example of drying effects in the lee of a mountain 
ch:ain in the area or Borneo and Cdebn. A large light-tone gray shade 
plume extends north from the Minahaua PeninsulL The primary 
specwar point i1 located north of thi, area. Normally, inaeascd 
reflectivity within a sunglint pattern some distance north or south of 
the primary specular p.>int, and especially in the lee or an island or 
peninswa. is taken II an indication of reduced sea height in that area. 
As shown in the numerical model results of Fett and Rabi (1975), 
however, such reduction is p:imarily in the immcdiatr lee of the barrier 
(1cc Section 2C. Case 5). Pr11gtcuivcly higher seu are found furthe,· downstream. 

In Fig. 2C-18, an enlarged view, it can be seen that the area of 
increas..-d reflectivity extends well to the north of the Cclebes barrier 
and doc, not diminish in reflectivity. It aopears to be illogical, 
therefore, that sea height can bt' the only cause for this gray shade, and 
auggrsts that tmospheric moisture changes may be exerting a dominant 
influence. Southerly wind Jirection is rndily inferred from the 
alignment of the plume and thr ob1«-rvation that clouds han built up 
along the mountains on the 110uthcm coast of the peninsula. Mountain 
peau on the peninsula extend to heights of about 2000 m so that air 
flowing over these mo•Jntains from the south would be subject to 
extreme turbulence effects that could, under inversion oonditions, 
cawe the ir to be thor-,u hly mixed and "dried-out" in the process. 

2C-12 
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2C-11. FTV-29. Enlarre:d Vle:w. 
DMSP VHR Low Enhance:mml. 
0048 GMT. 14 August 1974. 
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Drier ;air in the centr.u portion of the sunglint area scatters I. light 
and water vapor absorption is also reduced. Hence, the 1atcllit,· nsor 
receiving the reflcct~d solar rays from this area rt'Cords a ,.i :.;lan­
intensity as shown in thi, example. 

Tht' long, n.1rrow dark-tone area adjacent to the light-tone arc:J is in 
th«' lee or a major valley in the Minahassa Peninsula. Wind flowm6 
through the valley between mountain rangc:1 is often funneled in 
.. Venturi" fashion, giving rise to m'-lch stronger southerly now than in 
existence in the Ice of the mountain range. Such a condition results in a 
roughening of the sea surface 10 that little solar rcOcction can be 
den«tcd to"·ard the spacecraft sensor. Additionally, the valley air is 
not lifted to any :appreciable extent so that linle mixing occurs. Hcnc.:, 
atmospheric S<"..altcring and water vapor absorption become important 
facton in recJucing transmittance. Th~e factors arc considered to be 
the cause o( the long, narrow dark-tone area. • 

The island of Sanwhe exhibits lee effects similar to that discussed in 
the G'-ladalupe Island example (sec Section 2C, Case 4), however, 
with the gTay shade tonc..'1 rcvcncd, due to a different satellite/sun 
geometry. In the Guadalupe example, the scanning radionaetcr was 
tensing rcnc:ctivity in a direction away from the sun and the 
oval-sh.iped Ice areas appeared Jark, because the sun's r.&ys were 
dc:Oectcd .&way from tht' satellite. In the cast of Sangihe, as the 
sc;mning r.1diomcter passed over the .&rca, it w .. s pointing tnw:uds the 
sun, resulting in a light gray shade depiction. In both instances w, infer 
ii Ice of the island induced dryini:: effect. Note that while Guadalupe 
produced a visible cloud eddy in its Ice, Sangihe also produced a 
similarly shaped eddy which extends northward from the northern tip 
of the i,land aJ1 a darker shade of gray. The presence is most reasonably 
auributed, as in the former case, to h.&Zc droplets wllich in this case 
diminish the reflectivity of the area. 
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\ simil;•f valley wind depiction under slightly changed satellite versus 
, • 1 Jngle confiK1Jration is ~:1own in Fig, 2C- l 9, in the area of Celcbet. 
I 1,1 t•ctinn nf the low-level wind flow can be determined by close 
t'\ ,1mination of tcrr.iin induced blocking rffects on cloud patterns and 
~,·.1 st;ate. Southerly flow is implied by sunglint effects on the northern 
~i,lt· of the Minaha,,sa Peninsula. Brilliant specular reflection implies 
l',ilm seas in the Ice of the mountains on the western portion of the 
pt•nimula while further cast a dark plume indicates rougher seas in the 
ll'c.- of a major valley. 

Ne;ar the t.-t!ge of sunglint, calm areas appear as dark gray shade areas. 
Such indications may be used to deduce castcrly flow blocked by a 
mountain ncar the snuthwcstl'm extremity of Cclebcs. Such flow und..:r 
SC.able conditions, below an inversion, is indicated by the wave clouds in 
that area oriented basically north-south, pcrpcndicular to the now. The 
difrlurncc implied by winds over the nortl-.-.vcsl portion of Cclcbcs 
su~ests subsidence and low-level divcrgcnc,.. In this rcspcct, it is 
interest in,; t:i note that this area is remarkably doud-frce in comparison 
to other loc,llions. 

2C-19. FTV-29. £nlal'lcd Vitw. OMSP VHlt. Low_Enhancement. OOU CMT. 21 Aucwt 197'. 
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2C-20. FTV• I. talarpd View. 
DMSP VHR Low Enh.anc:ffllmt. 
1921 GMT. S Nowmber 197S. 

Case 7 Barrier Effect, 

Appnranu of moisture f>IIII•"" delinHtbt1 .. com.,. •ffecu" in 
airflow around ultuuh 

Whm a atrons inVfflion. aq,arating an upper dry la er from a lower 
moist layn, ia very low 10 that an island projects well above the 
buc nf the invcnion, airflow will tend to divert around the ed or 
Cllfflffl or the island, rather .ban now over L"e island. Al indicated by 
Reiter (1975), under these conditions "stations on the windward and 
lttWard aides or an island might experience lower wind speeds than 
stations on the two aides or the uland around which the airflow is 
diverted. The vmturi effect of this air can be expected to c:ause 
ayatematic mcsosc:ale disturbance, in the surface prcuure distribution, 
with lower pressure likely to i,revail on the high-wind aides of the 
island." In this manner .. comer effects" are produced. 

The DMSP VHR mlarged view (Fig. 2C-20) provides an ex,mple 
where comer effects rather than Ice effects arc illustrated. The figure 
shows lighter tone anomalous gray shades (against a dark background) 
extending cut-west from the edge and, in a broken pattern, far to the 
lee of Socorro Island. A uiip report just north of Socorro (21.2N, 
11 l.l W) reported clear skies with a northerly wind and a 5 ft. awf'II 
from 560•. A: 0000 G~rr 6 November 1973, the So~rro surface 
report also indicated clear skies and a 15 kt wind from O 1 o• . Note that 
the gray shade tonality in the lee of Socorro, excluding the lijhter 
anomalous gray shades, is dark and of the same tunality u the rougher 
seas to the north in the area of the ship report. 

Sunglint relationships for this ex mple show the primary specular 
point to be located well to the south. Under these conditions, 1unglint 
cannot be detected at Socorro. In other words, conaiatmt with the 
above observations, calm aeu cannot be differentiated from rough aeu 
in the area of Socorro. Therefore, the anomalous gray shades shown in 
this cue must represent an atmospheric rather than an oceanographic 
effect. Assuming conditions conducive to comer effects exist, the 
following hypothesis ia suggested: Air, diverted in a quaai~orizontal 
fashion around the island, converges, with resultant uplirtinM and 
moisture condensation. Thia condensation ia visible to the DMSP sensor 
through the process of atmospheric scattering and/or ttflection. Under 
stable atmospheric conditions the formation of condenution particles 
in this manner ia a continuous prott11 cawing them to spread out under 
the inversion and be advcctcd long distances downstream. 

In this manner, the bfolten gray ahade pattern ahown in Fig. 2C-20 
could be produced. The moisture hypothesis in thia example seems 
especially plausible since ponion, or the gray ahade pattrm merge with 
vuibic (white) doudineu in small patches near the southern ntmnity. 
The close auociation of the gray ah.de with the visible cloudineu 
auggcata that the gray ahade is the prttunor to the visible cloud 
formation, u hu bttn ahown in cumpla of anomaloua gray ahadea 
(Section 28). Variations or this effect could be expected to occur 
dependin, upon the precise height or the inversion, the atrmgth or the 
wind flow, moisture content of the air, vutical wind lhcar, and other 
related atmospheric racton. 

Rdneo..-e 
adtn, I.R., 1975: Hudbook for fOftCMtcn ID die MedltftnMa. 

NAVINVPRf.DRSCHFAC Tedl. Piper 5-71, Naftl &awlroWlltal Pndktioa 
llnardl FadUty, Moateny, Calif., '74 pp. 
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2C-2l. FTV-29. DMSP VHll 
Low Enhanc~mmt. 
16'2 GMT. 21 \fay 1974. 
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Cme 8 Barrier Effecu 

Ap~arance of moisture produced anoma/ouJ 1,ay 1hade: in ai,: flow around islandJ and 1un1lint in area1 dowrutram from uhuu/J 

Fig. 2C21 is an example showing lee and comer effect, in the same imagery, around the four isl.ands: Santa Cruz, San Nicolu, San Clemente, and Cedros. These islanda are in a sunglint area; however the primary specular point is out of the imagery area, south of Cedro, wand. 

In Fig. 2C-22 and Fig. 2C-25 (enlvged views of Fig. 2C·21) notice the apparent comer effects visible u darker gray shade,, extending ldt to right, from the sides of Santa Cruz, San Nicolas, San Clemente, and Cedro, Islands. Also vb ble are lighter gray shade tones in the lee o( these islands. The lee I hades can be reaaona~ly attributed to reduced seu and possibly decreased mci,ture resulting in increased reflectivity. The darker gray shades associated "ith the comer effects may be a combined effect. In Section 2C, Case 7, an example in an area remote from ,ungf int, a moisture hypothesis with ,unglint scattering, or reflecting, off of condensation p.1rticles seemed most plausible. This produce, a light-xr.y shade against a dark background. In this example, comer effects appear reversed in tonality a, would be anticipated in a aunglint area. The cause could be threefold: ( 1) Increased wind, along the edge of the island causes increased sea height, which reduces reflecti\ity. (2) Scattering o( light by moisture particles reduces reflectance from the moist area in comparison to the background sunglint <>f calmer surrounding seas in drier air. (5) Increased water vapcr absorption of light in moist areas causes reduced reflectivit~•. 

2C-22. FTV-29. 
Enq~d Vin.. DMSP VHll 
Low Enhanc~m~nt. 
16'2 GMT. 21 May 1974. 

2C-2S. FTV-29. 
f.nJarset View. DMSP VHI. 
Low f.MancetamL 
16!2 CMT. 21 May 1974. 
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532 GMT. 21 May 1974. 

. u. nv-29. 
larpd View. DMSP VHll 
W tnhancemcnL 
H GMT. 21 May 1974. 

r II( L .:• 11 a rare Ul\~l' VHR example showing corner effects and 
Ice el l,,,~ in the Baja Peninsula area. The solar subpoint .and the 
prim.u, ,pecular point arc located south or the imagery limits. With the 
solJr ,uhpoint and the primary spccuw point in the Southern 
Hcmi\phi:rc, sunglint effects from water surfaces caMot be detected at 
north l.1litudcs. Thus, calm K:U in these data should appear no different 
in rclklli\·ity than rough seas, assuming identical moisture content 
above: the two areas. Any barrier effects visible in these data then must, 
of nccc. ity, be due to changes in atmospheric moisture (ruling out 
such rauscs as aerosol production, white-caps, and turbid or shallow 
water cffccu). 

Two different effects arc noted in Fig. ~C-2-4. Islands in the northern 
portion or the Gulf or California show Ice effects, and comer effects arc 
apparent around Guadalupe Island. (The step-like change in gray 4h de 
through the middle or the depiction is instrument induced.) The 
depiction was generated using the "Log" cn:1ancc mode of data 
production. 

Dark gray shade tones extending 10uth or Tiburon, San Esti;ban, 
and Angel de la Guarda Islands indicate northerly flow and arc 
interpreted to represent dryness in the Ice or the islands. 

Comer effects (rather than Ice drying effects) in the area of 
Guadalupe imply that ml> t or the air is flowing around rather than 
over the island b,micr. This implies a strong low-level inversion relative 
to the height of terrain on the island. The 1200 GMT RAOB for 
Gn.tdalupe, about four hours prior to DMSP viewing time, verifies this 
condition. A pronounced inversion with very dry air above begins at 
about 200 meters, with terrain on the island projecting over 1000 
me• c:rs above this level. Since oceanographic effects cannot be detected 
with this particulJr sun \'er us satellite geometry, the corner effects 
rn·calcd arc limited to those produced by increased atmospheric dryn~ss. 
lncrc;ucd moisture would cause the corner effects to bcco-:nc even more 
reflective than the environment, through cnlargcm~nt o . condensation 
particle diameters. Therefore increased dryness is implied, producing a 
dark gray shade similar to that found in the Ice of isbnds in the Gulf of 
California. Such dryness, again, could be produced by mixing of lower 
moist with upper dry air above the inversion, u the air converges 
around the edges or the island. 

2C-24. FTV-29. 
DMSPVHR 
Low Enhancement. 
1614GMT . 
2S October 197!. 



Cae 9 Barrier EffectJ 

SMllow wot•, tU'ftU around ukuuu and uhuul comer effecu 

The effect or sea stat• on reflectivity is shown in this enlarged DMSP 
VHR depiction off the west cout of the Baja Peninaula (Fig. 2C•25). 
Superimposed surface wind reports, and Guadalupe Ice island effects, 
indicate northerly flow through the area and p~t Ced,os Island. Note 
the dark gray shade indentation west of C dros. Si1 1c~ the indentation is 
at the edge of the sunglint pattern, this suggests ca.•11cr seas in the area. 
Due to the northerly low-level flow in this area, however, the calmer 
seas would normally be expected south of the island instead or to the 
west, u im11licd by the dark gray shade ind~ntation. 

2C,2S. FTV,29. Enla'll;ed \'lew. OMSP VP.A Low enhancement. 155& GMT. 2S A,-.u,t 197'. 
Slllface Wind lle;::-rta. 1100 GMT. 2S Al.f'&lt 197S. 
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A map of the region ( Fig. 2C-26), reveals details which suggest a 
probable awe for lhis crrcct. Shallow water and a aeries or small 
i1lanJ1 arc located in the area. immediately west of CedroL Assuming a 
northerly swell, due to penistmt northerly flow, the calmer aeas 
(dcettascd reflectance) would occur because or the waves breaking in 
the shallower water areas. A wave dissipates its potential energy in the 
breaking proca, and reduced sea height rr.sult1 downstream. 

Comer effects are apparent on the western side or Guadalupe bland, 
by the light gray shade tone. Thi, gray shade, indicating increased 
reflectance, appears to be due to increased moisture in the form or haze 
droplets similar to Case 7 (Fig. 2C-20). Such an eHect cm be produced 
by air diverted around rather than over an island barrier. 

2C-17 

2C-21. M• of 
l tJa Califcwnia 
with ocean dcptha. 



Cme 10 Barrier ~ffecu 

Lar,~,cale, law-lneljlow pattenu lxued on uland barrier effecu 

Fig. 2C-27 is an enlarged DMSP VHR depiction of the: Gulf of 
California area. Conventional surface isobaric analyses (nr,t shown) 
indicated a basic northerly now throughout the: area. However, the: 
DMSP data rc:vc:al that although the basic now ia northerly over the: 
Pacific near Guadalupe u1d Ccdros Islands, the now ia westerly or 
southc:utcrly over lhc: Gulf of California. Thest: data define: a trough of 
major signif:can« for short range: forecast• of winds, ac:a state:, .ind 
weather over the Gulf of California area. A streamline analysis uued on 
the DMSP mdencc: ia aupc:rimpoac:d over Fig. 2C-27. The indiC4'tions 
which provide the evidence for the stremilinc: analysis arc ( l) the: clowi 
:.1&ttems in the lee: of Guadalupe: lslw and Cedros Island and (2) valley 
effect, revealed by tunglint patterns and gray shade tones in the Gulf of 
California. Arrows point to the: lee:, valley, and comer effects. 

Jwt north of La Paz, bright, cone-shaped sunglint pa terns on the 
eastern sic!e of two small isbndi rcla;c to relatively calm aeu. 

Notice also that lighter gray shade and darker gray shade: tones 
extend acro11 the Gulf, well beyond the islands. The pattern i:1 
indicative of very stable conditions, with a pronounced low-lc:vc:I 
invnsion. Under such circu'llstancc:s now tends to move quasi­
horizontally around i land barrien and comer effects are inducetl. 

Some of tht' dark gny shade tones commence: at the: edge of the: 
islands u a result of ccmc:r effects. The gray shade between the islands 
north of La Paz ii of special interest because the: dark tone: begins at the 
pauagc: bc:twc:c:n the islands and extends all the way aa.Jss the gulf 
(ace enlarged section of Fig. 2C-27 below). The: commc:ncc:ment of the: 
gray shade tone: at the: passage is consistent with a convergence ol air in 
that area, resulting in higher wind speed., and an immediate: roughening 
of the: sc:a surface. The: fact that this dark gray shade: fint broadens, 
then narrows in the: middle and broadens again, suggau that not only 
SC:'l st&tc: but al\O moisture may be: involvc:d ( sec: Section 2B, Cases 9 
and 10). 
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] 2C-27. FTV-29. £nlar1ed View. OMS:' VHR Low Enhancement. \610 GMT. 20 June 1975. 
Streamline Analy1is bued O"l DMSP lmqery. AffOWI point t.o the Ice, valley, and comer cfr«u. 
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Cae 11 Barrier EffectJ 

Variable 111111lint effects in tlae lee ofi:Jland, 

In this DMSP VHR depiction (Fig. 2C-28) the satellite pa.ssed to the 
weat ot the Hawaii.an Island.I. The primary specular point i1 located 
north or the i1land1. Apparently the scu were not calm in thi1 area 
otherwise brilliant reflection would be observed at the primary specular 

u 
l J 

point. The Hawaiian bland.I, however, do provide 10me blocking action 
/ to the prevailing northeasterly trades; and bright reflections, including 

aimer 1eas and pouibly drier air, can be seen in the Ice or Hawaii, 
Maui, and Molokai (Fi~. 2C-29). 

I 
l . 

/ 

/ 
I 

Oahu and Kauai are located on the western Cringe or aunglint. I I 
Therefore calm, or reduced scu, in the Ice of these islands should , J 
appear u a dark rather than a bright-tone gray shade. Thi1 i1 observed, 
particularly in the Ice of Kauai, where a pronounced dark gray shade l J 
indentation into the aunglint pattern appears, differentiating thia area 
Crom are-.. of rougJ,er 1ca1 to the north and south. 

.. ·. 
2C-21. FTV-29. DMSP VHR Low Enhancemert. 19!16 GMT. 26 June 1974. 
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. In the sunglint region to the north and northeast of the islands (Fig. 
• 2C,28) 1 numerous middle-tone gray shade areas appear adjacent to 
doud masses and in the areu between cloud groups. The fact that dark 
1fay aha,\t.:S appear instead of visible clouds suggest• pre-cloud or 
pc>1t-doud -condition1. Under these circumstance~. large concentration• 
or condensation pArticles reduce transmittance in the DMSP visual 
mode data through diffwe reflection, scattering, and water vapor 
ab10rption. Note that the ability of the DMSP VHR sensor to detect 
such particles i1 a function of the background brightness and 
utellitc/sun geometry. Depending upon sea state conditions and the 
satellite/sun geometry, these areat may appear indistinguishable, lighter. 
or darker than the underlying surface. 

Note also the arc cloud band off the eastern shore of the island of 
Hawaii. This curved cloud band represents the convergence zone 
between a land breeze from Hawaii and the prevailing northcutcrly 
trades. The time of the DMSP depiction is 0900 LST. Such convective 
bands arc often obsm·ed until noon or later, even after the sea breeze 
hu reversed the circulation. Fig. 2C-30 is a schematic illustrating the 
circulation features of this type of phenomena (Brandli, 1976). As 
dcsaibcd in the reference, the arc cloud band docs not appear west of 
the island; as the land breeze in that area reinforces the tradcwinds and 
no convergence zone develops. 

The existence of such a cloud feature call of Hawaii indicates the 
trlldewind now was quite light, or its force would have overcome that 
of the land breeze and the mcsoscale feature would not have apprarcd. 

adnam 
lrandll. H.W., and J. W. Orndorff, 1976: Satcllite-ne-d cloud lines, aaomaloua or 

otbcn. ltlofl. w- R11r,,, 104, 210-21S. 

2C-21 

2C-29. FTV-29. En~d View. 
DMSP VHR Low EnhanC'ffllent. 
1906 GMT. 26 J•.uu: 1974. 

2C-S0. Scbmiatic ahowin1 the 
circulation rcat11tt1 that formed 
die curved cloud band (arc do:id). 
(After Bl"l,lldli, 1976). 
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CaH 12 Barmr Effecu 

2C-! l NMC Surface Analyllil. 
1200 GMT. ZS May 1974. 

~ 

Synoptic analy1u derived from barriu ejfecu and interpretation 
of 1un1lint pattmu 

The area orr the west cout or. Mexico is gmcrally • sparse data 
region, and preparing an accurate synoptic analysis is o tc., difficult. 
This problem may be further complicated by unrepresentative surface 
reports. An example of this is the 1;00 GMT NMC surface ai,.Jysi, for 
23 May 1974 (Fig. 2C-31). This .malysis ahow1 a northerly divergent 
flow over the area. The ship report showing 65 kt winds is obviuusly 
discounted in the analysis; although thia region is frequented by 
tropkal cyclones and winds of s11ch strength vc not at all unknown to 
the area. 

Two successive UMSP VHR puscr (Fig. 2C-32 and Fig. 2C-35) 
illustrate how low-level wind flow can be derived from: (1) Ice clearing 
and cloud lines induced by island barriers, (2) changes in reflectivity 
induced by sc;i. state variatir•ns in the lee of i•tand,, and (5) ch-angcs in 
reflectivity induced by ,ca state variations in sunglint regions over the 
open ocean. 

In Fig. 2C-52, the distinct aesccnt•shapcd dear zunn in th.: Ice of 
Guadalupe and Ccdros islands are obvious indicators of northerly 
low-level flow. Southwest of Baja. a curved north-south clear line 
(barrier effect) can be observed in the 1tratocumulw south of Clarion 
Island, indicating a northerly flow pattern. This is consistent with the 
NMC analysis over the area. This flow pattern is further substantiated 
on the following DMSP pass (Fig. 2C-55) with the persistence of the Ice 
dear zones at Guadalupe and Ccdro1 irlands, and the development of a 
bright north-south cloud line south of Cla..-ion. 

In Fig. 2C-52, the islands of San Benedicto and Socorro have diatinct 
gray shade areas extending cut into the western edge of a sunglint 
pattern. These areas arc reduced sea state zones in the lee of the islands 
produced by the blocking or the westerly low-level flow aO"Ols the 
islands (see enlarged sections from Fig. 2C-::i and Fig. 2C-53 for a 
dearer view of these areas). 

2C-22 
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2C-32. HV-29. 
DM P VIIR I.ow t.nhancrmrnt. 
IS5S GMT. 23 May 197-t. 

2C-23 

2C -H . FTV-31. 
DMSP VHR Low Enhantrm,:nt. 
1831 GMT. 23 r.by 19i4. 



1, 1 he sunglint region obsnved in Fig. 2C,52, ad<!itional important 
d,·1 ,: , of the low-level now pattern can be obtained. An enlarged vic:w 
111 1hi) arra (Fig. 2C,54) rnrals that the bright, cone-shaped zones 
t':\ 1, ·11<ling northeast from the Maria, Islands arc Ice r~ncctivity patterns, 
inti " ,ting southwesterly now in this area(~ opposed o northerly now 
imf) lil'<l by the 1200 GMT NMC analysis) . To the north, southwesterly 
Im, lc\cl flow is also suggested across the small islands along the 
:.cn11hl'Jstcm coast of Baja by the bright rcllc:ctivc arcJs, in th~ sun&lint 
rt·~1011, extending northeast from the ulands. 

l'o the south, the typical sunglint pattern, indicative of a ridge-line 
JXt», is revealed in the area of brilliant sunglint with dark zones 
ex tending cast and west (Fig. 2C,32 and Fig. 2C-33). 

Fig. 2C-34 also shows a bright reflective area within the sunglint 
region orr the southeast coast of Baja, indicating calm seas. 
Approximately 3 houn later (Fig. 2C-35 ), a dark-tone on the edge of 
the sunglint region confirms the calm seas in this area. Note also the 
dark-tone patches in Fig. 2C-34 which become light-tone patches in Fig. 
2C-35. These areas arc heavy concentrations of cloud particles and haze 
droplets in a calm zone near the central portion of a sunglint region in 
the first DMSP pass, and at the edge of the sunglint region in the second 
D!\ISP pass. In addition, notice that the gradient of sunglint contours 
(Fig. 2C-32) is much stronger on the west side of the sunglint pattern 
than on the cast side. This is also consistent with a more abrupt 
transition into rougher seas. This strong sunglint gradient is not as 
evident on the next DMSP pas (Fig. 2C-33) since the sunglint 
maximum is shifted eastward, highlighting instead the c:i lmcr areas. 

Utilizing the barrier crrccts, sunglint pattc:m , and available wind 
reports, a revised streamline analysis is shown in Fig. 2C-3 7. 

2C-'4. FTV-29 . F.nlargNi Vn. 
DMSP VHR Low Enhancrmcnt. 
1555 GMT. 2S May 1974. 

' 

2C-S5. FTV-SI. Enlargrc! View. 
D"dSP VHR Low Enhancement . 
IUl GMT. 2S May 1974. 
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2C-'6. FTV-29 . DMSP VHR Low Enhancement. 1555 GMT. 2S May 1974. 
NMC Surface Analyail . 1200 GMT. 2S May 1974. (Translated to DMSP lm.1gery). 
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2C-37 . FTV-29. D\ISP \'HR Low Enha11cemen1. lSSS GMT. 23 ~lay 19H. 
Revis~ Surface Strumline .\nalrais. 1200 GMT. 23 May 197-l. 

The analysis reveals a trough over the Gulf of California, with a 
ridge-line to the south, in contrast to the surface analy~is prepared by 
N~IC based on conventional reports only ( fig. 2C-36) which shows 
eSJentially, strJign, northerly now over the entire area. In addition, 
note how well 1he dark gray shade intnHion into the sunglint path:rn 
south of Baja relates to the turning of the wi,,ds in the area. This 
suggcsts that rou~her sc.is were generated in the area, with a westerly or 
southwestrrly direction rather than a 11ortherly one as implied ~y the 
N~IC analysis. This e'l(ample illustrates : ( 1) that mesoscale details of 
wind now and sea state can be derived i'rom DMSP barrier effects, 
anomalous gray shad,.s, and sunglint patterns; (2) the results applied in 
adjusting a surfac,e analysis ; and ( 3) the impo1 tance of image analysi, 
for neet tactical operations. 

2C-25 
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Synoptic a:u,lysu deril'ed from lxurlu effocu and interpretation of 
1un1/int patt•nu 

Where winch are quite light, mon in wind estimation or 
non•ttpraentative obaervationa may be obt.iincd. DMSP VHJl data 
showing 1unglint over the region in question can be wcfuJ in rcaolvin1 
ambisuitics. 

Fig. 2C-58 shows 1& DMSP VHR view or the west cout or the United 
States, Mexico, anJ the CuJr or California. The NMC surface analysis 
augxnt.a that northerly winds are Oowing over the Baja Peninsula. 

udace reports appear to be ambiguoua; since one ship reports a 
southerly wind, anJ a second ship, a light northwesterly wind. A clo1C" 
view or thr southern tip n( the Baja P~inaula (Fig. 2C-59) rcnab 
aung!int patterns which contain evidence that southwesterly winds 
occur over the area. 

.. r ' . 'f ., .• .• , l , 

~ __,,,: ~ . ..,·)/';# ,, , ,~ .II . • 
2C-SI. nY-29. DMSt VHR Low tnhancemenL 150 CMT. 7 May 19:4. 
NMC Surface Aaalylia. 1200 CMT. 7 May 1974. 
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The Mariaa la!ancb show Ice sunglint patterns c.:: ,1,c nonhnst side or 
the islands u a rnult or a southwesterly flow. Th~ .outh·..vestcrly now 
apparently cxtm~ north to th" southern tip or Baja, whcr~ a cloud line 
ii oriented in the same direction. 

In addition, the diverging light-tone gray shade pattern extending 
northeast from La Paz (Fig. 2C-40) is most reasonably explained :u 
aouthwntcrly wind-indui:cd. ~ topographic map or this area is shown 
in Fig. 2C_.1. Note that mountain barricn north and south of La Paz, 
and on the nczrby islands, effectively block or restrict the 
southwesterly flow. There is no blockage, however, southwest of La 
Paz, so that southwesterly winds have an open channel through this 
area. The roughened sea surface, shown by the light gray shades, 
reflects more light to the spacecraft sensor in comparison to the 
adjacent calr11cr areas, and thereby reveals the dircct;on of the wind. 
Note that these gray shade values would have been reversed had the 
area or specular reflection been close to La Paz; i.e., the calmer seas 
would have appeared bright (as over the Mariu Islands) an<l the 
roughened seas dark. 

Important Cor -:lusions 
1. A close examination of sunglint patterns in the Ice of islands and 

coastal areas .. itcn reveals the dirccti<'n of low-level flow because 
or terrain-induced blocking effects which cause changes in sea state. 

2. Satellite image. y-dcrivcd direction of low-level flow in light wind 
areas arc generally more accurate and rcprnentati~ th.m convention­
al observations. 

fTV-29. EnlaJ'wed View. DMSP VHR 
Low £-,han,..~ment. ISO GMT. 7 May 1974. 

2C-27 

2C-40. ITV-29. 
En'&l'Jed View. 
DMSP VHR Low £nhancemmt. 
U4S GMT. 7 May 1974. 
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2C-41. Toposnphic Map. 
La Paa, Baja. 
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Cae 14 Barrif!r Effect, 

Synoptic analy1u demedfrom barrier effecu and interpretation of 
1ungllnt pattern, 

Fi 2C-42 i1 a L&ncbat im.a,c of the Mariu Island, off the west cout 
or Mexico at 1702 GMT 19 June 1975, which reveals sunglint crrccu 
in the 0.&-0.6J,1m wafflmgth region (Channel 5 ). Surface wind repons 
indicate light 10uthwntcrly flow nnr the ialanda. Dark tones in the Ice 
or the islands arc interpreted to be calm arcu due to the mid-morning 
(0902 LS'f) sun 11.ngl:, which divert■ light reflection■ in this area away 
from the Landsat sensor. The resolution of Landsat is about 100 m, 10 

that some detail■ or Ice wave rdraclion uv~ ocean eddy formation are 
visible. At least three distinct ocean eddies arc delineated by dick, in 
the 1unglint pattern. 

:,, :"'.r-~ 

:r- ~ 

2C-42. LandeatData.1720C.MT.19June 197:S. 
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2C-43. FTV-29. Enla.i : ed Vic-w. DMSP VHR Low Enhancement. 1630 GMT. 17 May 1974. 
Surface Wind Rcporu. 1800 GMT. 17 May 1974. 
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, O:'--'t" 11 an murgca UMSI' VHR dq,iction showing an intense 
sun1- 11 p,mern in the Gulf of California and south of Baja. Again, note 
the .i II k 1ray shade tones extending r.ortheut of the Marias lslanda. 
Sinl, these islands arc located on the fringe of the aunglint pattern, 
such ny shade tones arc consistent with aimer aeu in the lee of the 
isl.mds and thus arc excellent indicators of low,level southwesterly flow 
1n th.it area, similar to the preceding view, from Landsat imagery. 

Northerly flow can be deduced from cloud eddies in the Ice of 
Guadalupe and Socorro Islands, although Socorro shows a local 
variation to this basic northerly flow in its surtace wind report of 240• 
at ~0 kts. Coupling these indic.&ton with available surface reports, it is 
apparent that a streamline trough exists over the area with a 
north-south axis through the Gulf of California. Conventional surface 
analyses at the time of tht11c data, and for earlier and later times, 
indicated no such feature. Yet the pattern is obviously not small scale, 
and is of importance in predicting wind and sea state over the area. 

Additional informat:cn c.n sea state can be gleaned :'rom noting the 
sunglint contour gradient on the west side of the pahcrn. Rougher seas 
along the west coast of Baja have reduced reflectivity in that area, as 
opposed to further south near Socorro. Note also the dark gray shade 
intrusion into the sunglint pattern in the area jwt south of Baja. Seas of 
8 ft. from 300° were reported nff the west cuast of Baja, changing 
direction to 210• with heights of 5 ft. in the darket r,ray shade 
intrusion. This is an apparrnt indication of rougher seas being advrctcd 
into the crntrr of the sunglint pattern, possibly as a result of wind flow 
action around the trough which seems to be a seasonal semi-permanent 
regional futurr. (sec Cases 10 ar.~ 1 2). 

It should b: emphasized that the barrier effect and sunglint pattern 
interpretations arc most likely to be valid whrn all avai~blc 
obsrrv:itinns arc utilized. Ambiguities of intcr.,rctation arc inherent 
because similar gray shade toncll can have completely different causes. 
For cxaa:iplc. the darker gray s!.ades in the immdiatc Ice of the Mar:as 
Islands appear to be due ti) calmer seas at the edge of a sunglint pattern. 
Probable moisture in the form of concensation particles in the area east 
of the Marias, and rough seas in the central portion of the sunglint 
pattern, produce similar gray shades. Note, however, that the dark gray 
shades of small, visible cloud clements have a mrttlcd appearance which 
is distinctive (1cc also Section 28, Case I 0). The wind, sea state, and 
cloud observations are most helpful in resolving ltfflbiguitics; taling into 
consideration geometrical aspects of each specific problem area 
appearind in tht. DMSP data. 
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Ccue 15 Barrier Effects 

Mountain·1ap wind effects ,n,ea/ed by sun1lint patt•m variation., 

This DMSP VHR depiction (Fi;;. 2CM) shows sunglint d(ccu east 
or the Strait or Gibraltar. The primary specular point is located well to 
the south over Africa during this pas,. Had seas been Calm cast "r the 
strait, lighter-tone gny shades would have appeared throughout the 
sunglint area. 

2C-44. FTV-29. DMSP VHR Low Enhancement. 0840 GMT. 9 July 197S. 
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In the enlvged vie~, (Fig. 2C-45) of thi• area, the eastward bulge or 
darker gray shades east of the strait suggests a westuly mountain-gap 
wind effect. Such an effect would roughen the sea surface and disperse 
the sun glitter near the central portion or the sunglint paltt>m. Note 
that cl01cr to the strait, at the outer fringe o( the sunglint, a light gray 
shade tone bulges to the west. Thia is consistent with a roughening of 
the sea surfac:c, extfflding the outer limits of diffuse rcflect;on from the 
sun. 

This figure al,o show!! available surface wind reports. These reports 
verify generally light wntt>rly flow through this portion of the 
Mediterr.int>an. It is apparent th .. t tht> mesoscale funneling dfcct, which 
mould create stronger winds, is not reflected in thae rcr,orts, although 
there is good agreement concerning implied direction. The sunglint 
contoun clearly suggest stronger winds in the middle of the 
Mcditerrane:an Sea between Spain and Africa, and it is quite possible 
that existing local reports wett simply not dense enough to delir:-::ate 
this feature. 

2C-45. FTV-:.'9. £nlqed View. DMSP VHR Lo"· £nha"cmimt. 0840 GMT. 9 July 1975, 
Swface Wind ReportL 1200 GMT. 9 July l'.175. 
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Case/6 BarrierEffectJ 

Wind/low analysu and mountain-gap wind effecu basN on inter­pntations of s11n1lint pattenu 

When a 1unglint pattern i1 rcgubr and 1ymmctricaJ, a uniform 1c• 1tatc and atmospheric moisture condition i1 implied. Irregularities imply a non-vniformity or sea :ate, moisture, or both. 

Fig. 2C-46 is a DMSP VHR depiction showing irregularities in aunglint patterns over the Ionian Sea and eastern Mediterranean. 
Scattered surface wind reports show light to moderate northwesterly 
now (Fig. 2C-47). Such a now ia abo implied by the Ice reflective p;attcm1 visible southeast or Peloponnesua and southeast or Crete. 

2C-46. nv-29. DMSP VHR Low Enhanccccnt. 0711 G~rr. 22 June 1975. 
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2C-47 . ITV-29. Enlarged Vic"' . DMSP VIIR Luw Enhanumcnt . 0711 GMT. 22 JuM 197.5. 
Surface Wind R~ru. l:?00 GMT. 2:? June 1975. 
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In Fig. 2C-4 7, note the cut-west bulging of the gray shade pattern 
south of Crete. The axis of this pattern is parallel to the streamline now 
~uggc,tcd by the wind rcpons in the area. The intrusion of the darker 
gray shade tone into the central ponion of the sunglint pattern, in 
co:ijunction with the available wind reports, suggests that rough sc:as arc 
being advectcd into the area. Rough seas near the central ponion of a 
sunglint pattern disperses the sunglint and diminishes reflectivity. The 
pattern is modified by barrier effects of the island of Crete and by 
moisture particles evident as visible clouds and gray shades extending 
northeast from the cout of North Africa. 

Moisture panicles will generally appear darker against areas of 
reduced sea state in sunglint. However, when sea state is increased, 
reflection from the sea surface is dispersed and renection from moisture 
particles over the disturbed sea appears as a lighter shade of gray. It is 
often difficult, from DMSP VHR data alone, to separate the moisture 
effect from the sea state effect. In this case the westward bulge of the 
~unglint pattern off the North African coast, coincident with the 
cast .. ·ard bull(C, is mo~t consistent with rough sea conditions. Rough 
seas ll the edge of a sunglint pattern extends the limit of lighter gray 
shade patterns due to increased diffuse reOcction. 

Sunglint expansion due to rough sras at the edge of a sunglint 
pattern is also apparently shown in the area cast of the southern tip of 
Italy. This p.irticular sunglint cxpamion is in the Ice of a valley area 
between mountain rang:s. Winds through valley areas (mountain-gap 
winds) arc often known to accelerate due to Venturi action. The 
resulting seas arc much rougher in the Ice of such valley areas in 
comparison to the areas protected by the blocking terrain. Horizontal 
and vertical wind shear in such areas may be severe and hazardous to 
low-level aircraft operations. Coastal water upwelling is commonly 
induced over such an area with attendant disruptions to the underwater 
propagation of sound. (Sec analogous sunglint extension through a 
valley in Baja California, Section 2C, Case 13.) 

Important Conclusions 
1. Irregularities in sunglint patterns arc predominantly due to changes 

in sea state and/or atmospheric moisture. 

2. Such irregularities arc useful indicators of the low-level now 
direction, associated sea state conditions, and low-level moil• 
ture distribution. 

3. Winds blowing out to sea through valley areas often accelerate, 
producing localized Ice patterns of increased sea state. Such patterns 
arc revealed in vMSP data as light gray shade extensions of sun­
glint tones at the edge of a sunglint pattern. 
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Case 11 Barri•r Effect, 

Wind.flow tutalysu and mountain•1ap wind •ffecu basftl on lnt•r­
,,,.nations of sun1/int rott•m, 

Fig. 2c.4a it a DMSP VHR depiction utending ,outh aero the 
South China Sea to Indonesia. Typhoon Ivy, intensity 90 kts, ii located 
near the China cout. Thit pan, acquired at 0902 I.ST, sho •11 effects or 
sunglir. in the eastern ponion. The primary specular point is located to 
the east or the typhoon. Applyin1 general rules for 1un&lint 

Typhoon Ivy 

2C-!4 
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2C--t9. FTV-29. 
Enlaried View. 
DMSP VHR Low Enhanccmt'nt. 
0102 G~rr. 22 July 197-4. 
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2C-49. fiV-29. 
Enbrg~ Vin.. 
DMSP VHR Low Enhanccmnt. 
0102 c rr . 22Jwy 1974_ 
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2C-!H. rTV-29. 
DMSP VHR Low E.nhancl!ml!nt. 
0500 GMT. 25 Auau1t 1974. 

Cm• 18 Barrier Effect1 

Wind flow analysis and mountain-gap wind effects lxu•d on int•r­
pretations of sunglint pattenu 

Thi, DMSP VHR depiction (Fig. 2C-51) or Southeast A,i3 shows 
sunglint e£rccu cxtcnding south from Mindanao through the Cclcbcs 
arc-.a to Timor. The primary svccular point. in thi1 early morning pass, is 
looted on the western extremity of Mindanao. 

Light southerly flow can be immediately dcdu<'ed from the Ice 
dfccts apparent on Timor, Cclcbes, Mindanao, and several smaller 
islands in the sunglint area, although sparse surface report■ in the area 
indicate near calm conditions. Note the dark plume indicating rougher 
aeu north of a major valley area on the Minahassa Peninsula. Brighter 
area, in the immediate Ice of the Min.maua Peninsula correspond to 
calm arcaa in the Ice or major mountains. To the south, at Kr.pulauan 
Sula and at Timor, tonality or calm areas changes from light to dark. 
This eHect is due to increased distance fro.n the primary ~pccular point. 

2C-36 
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2C-S2. fTV -29. 
Enlarittt! Vitw, 
OMSP VHR v,w Enhanctmm1 
OOSO GMT. 2!1 AU(U1t 1974. 



I 
I 

I 

/1 

C-52. FTV-29. 
alar~d View. 
MSP VHR Low EnhanctmtnL 
i>!IO GMT. 25 Aup1t 1974. 

obacrvcd south of the Minahwa Peninsula and Timor, the result of 
mcsoacalc effects of northerly flow from the islands converging with 
the prevailin southerly flow. These Jinn would not appear if the basic 
southerly flow was stronger. They arc therefore very important 
indicaton of basic current strength. Note also in this enlarged view that 
sea state between the land and the land-breeze cor.vective cloud line 
diffcn from that of outlying seas, judging from the reflectivity of these 
seas. South of the Min.ahassa Peninsula, the convective cloud line 
separates a darker gray shade tone in the open water (indicative of 
rougher seas) from a ligh!er gray shade tone (indicative of calmer sea.,) 
in the narrow off-shore land breeze strip. 

At Timor, however, the prevailing flow was apparently weaker since 
relatively rough seas a. e indicated by the lighter gray shade between the 
southern coast and the land-breeze convective cloud pattern. Further 
out to sea, the black tones indicate calm conditions over a small 
off-shore area. Note that this calm area is also contained on its southern 
extremity by another convective cloud line which separates the area 
from rougher seas to the south. This convective band is apparently 
another mesoscale effect of convergence. Such bands separating 
distinctive wind regimes would be expected to persist for several hours 
and therefore are valuable indicators for use in tactical wind and sea 
state forecasts. 

It is important to emphasize that in the above analysis, the we of the 
term rough as opposed to calm, is strictly intended in a relative sense. A 
small increase in wind speed from calm co11ditions is sufficient to 
change the surface rcOcctivity of a given area. 

. . ~ . . ·-... .....,._"' .,. , .. . ,.,,..._ .-..rA .. ✓ ...., .......,... • .__. --• • .....,., • • • •c • '°' •• ~. : .' I,. • ' ,, • • • 

.7 



I 
I I 

I 

Ctue 19 Barrier E/fecU 

2C-SS. Location Map 
fM Cua Vin lllvn. 
Vallty. (Shadc-d rqio■ 
clmotn tcrnia puter 
I.ban 2000 f tct). 
(After ■rand and Lnlcr, 
1969). 

Mountai.'l•l"P wind. IN stat._ tuUI atmmplurlc moisture 
atimata from 111111lutt pancm analy1u 

The Cua Viet River forms a valley between mountains in Vietnam 
ihruugh which southwesterly winds frequently funnel (Fig. 2C-53). 
These winds, often called the "Winds oC Laos", att accelerated in 
vmturi fashion-at times reaching gale intensity (Brand and Lester, 
1969). The winds cause heavy 1caa in a nanow strip u they move out 
over the South China Sea. In an opposing manner, mountain barriers of 
coastal Vietnam restrict the movement of such now. Seu in the lee or 
the mountain barrien are relatively calm for a certain di1tance, 
dependin1 mainly upon the 1trength of the now, vertical and horizontal 
wind lhcar, and 1tability oC the lower atm01phcrc. Quite frequently 
DMSP VHR data delineates the exact araa of rough and calm 1cu 
through 1unglint effects. 

In Fig. 2C-54, note that the primary 1pecular point ii inland, only a 
lhort distance from the South China Sea. Calm areu along the cout 
therefore renect brilliantly in the form oC cone-lhapcd regions. The 
rougher areu appear u darker lhades of gny diverging outward from 
the cout, 1eparating the brighter shades of gray in the calm arcu. Note 
that in the enlarged view of thil area (Fig. 2C55), the Cua Viet Valley 
ii precitely defined. On this date however, winds were not particularly 
strong, for sunglint would have been funher disrupted due to high seu 
and, as a result, renectanc:e considerably mo~ reduced. 

bfcnace 
ln.,\d. S., andJ. I.eater, 1969: Wind condition• in the Cua Viet lliver arndurinc 

the -1.hwat •--n. N.\VWEARSCHFAC Tech. Paper No. U-69, Naval 
E■ffOnmnual Prcclictio■ llnnrch Facility, Monterey, Calif., 22 pp. 

SOUTH CHIN~ SEA 
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ftnotnn cxamptc or tnc ··wn10, or a..ao..- Dlowtng tnrougn tne c..ua 
Viet RiVff area is shown in Fig. 2C-56, Note the darker gray shade in 
the Ice o( the valley on this date, indicative of rougher seas difCusing the 
sunglint to a greater cxtcnL The protective areas have become narrower 
and more elongated, indicating a stable stratification of flow with little 
lateral mixing (Deardoff, L 76). The elongated pattern suggests wcakn 
winds at the surface increasing rapidly with height i.e., strong vertka.J 
shear. 

An important feature in the interpretation of these gray shades is 
that downslope motion from the Annam Mountains is producing a 
general drying effect on the lower atmosphere. Reduced humidity 
trans!atn into increased transmittance for rene~ted solar rays due to 
decreased water vapor absorption in the near infrared, producing a light 
gray shade when the satellite sensor scans in the direction of the 
primary specular point. This c:ffect is demonstrated in the DMSP VHR 
view (Fig. 2C-57) obtained on 10 August 1974. The rough coastal 

2C-39 

2C-54. FTV-29. 
DMSP VHR Low Enhancrmcnt. 
0141 G~'f. SI Jwy 1974. 
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2C-H . fTV -29. 
Enlarged •: ww . 
DMSPVHR 
Low Enhancement. 
0141<.i"'fT. 
!I Juiy l974. 

2C-56. ITV-29. 
Enlarpd View. 
DMSP VHR 
Low Enhancement. 
02UGMT. 
22 Aug,ut 1974. 
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oceanic atripa in the ltt or mountain ppt or river areu and the calm 
art-u in th,• ltt or mountains arc not revealed through sunglint effects 
on this pus 1incc the primary apecular point is too rar west (near the 
Gutr or Thailand). In other words, the coutal area is out of the sunglint 
pattern and sea state dirrcrcnca arc not detectable, Nevcrthclcu, a light 
gray shade tone extends over the South China ScL Winds a.1d relat:vc 
humidities arc shown in Fig. 2C-57, It will be noted that the driest air 
(78% Relative Humidity) is located in the light gray shade tone, A 
relative humidity of 100% is shown in the darker area immediately to 
the south. 

Fig. 2C-58 d~monstrates this crrcct under a difrcrcut aun angle 
condition. In this case, the satellite track puaed over the Gulf of 
Tonkin and the area was viewed at the edge of the sunglint pattern. The 
roughened aca effect to the lee or the Cua Viet Valley area ia readily 
apparent due to inacascd reflectivity. (Rough scu at the edge of a 
aunglint pattern appcan lighter.) Off-shore Vietnamese calm areas 
would appear black under conditions of thi1 particular sun angle 
perspective. However, as hu been ahown in the preceding views, it is 
unlikely that calm seas predominatt- over the entire black tonal area 
shown in the dcpiccion. These, again should be revealed, if present, as 
rather limited cone-shaped areas in the lee of the mountain barriers. 
Apparently, what is revealed is a combined effect of calmer sea, (i.e., 
calmer than those in the lee of the Cua Viet Valley area) and drier air. 
The drier air would contribute to the dark gray shade tone through 
incttuing transmittance of light away from the spaceaaft sensor for 
the particular gco~try of this paaa. 

Important Concluaiona 
1. Near the primary specular point, calm areas in the lee of mountain 

bardcrs appear u brilliant cone-shaped areas. Away from the primary 
specular point, near the center of a sunglint pattern o, at the edge of 
aunglint, tonality of auch arcu reverses to dark or black gray shlldes. 

2. Near the primary specular point, ro•Jgher seas appear as darker gray 
shade areas. In the lee of mountain-gaps such ams diverge in shape 
outward from the I outline. Away from the primary specular point, 
near the center of a sunglint paucrn, rougher ,ca areas also appear 
darker than adjacer, t calmer areas. However, at the edge of sunglint, 
rougher sea areas ap,>ear light<r than adj•cent caln)cr areas. 

~. Dry areas near the primary specular point appear lighter in tonality. 
Moist areas near the primary specular point appear darker, assuming 
relatively alight sea atatc conditions contributing to a light 
background. 

4. East of the ,.:mary specular point (for satellite~ with morning 
ascending nodes), ~ areu appear u lighter tones in the direction of 
the aun, and u darker tones away from the sun. 

5. In general, improved low-level vi•ibilitics can be anticipated in dry 
areas as compared to adj:acent moist areas. 

6. It is not always p011iblc to uctTtain the cause of a given anomalous 
gray shade. for example, near the primary specular point, rougher 
acu appear darker, but moister air al,o appean darker. These two 
upccts may act together or independently, depending upon the 
unique circumstances of the given event . .. ,_ 

Deardoff, J.W., 197': hland wind lhadowa olMcned by aateWte and radar. a.n. 
,t,i,,,., Mdeor, Soc., 57, 1241-12(2. 
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2C-S 7. FTV-29. 
DMSP VHR Low EnhanccmcnL 
0201 GMT. 10 All(llll 1974. 

2C-!18. FTV-29. Enlqcd View. 
DMSP VHR Low EnhanccmcnL 
0118 CMT. 10 July 1974. 
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•--a/ ....... effect-An optical effect or rencction, 
eattcrlfll, or cliffncdon caUHCl by aolld or aolid/ 
Uqllid pardcla 1uapmded or dllpcnrd •ithin an air 
- Wlan the particla ate condmeation nuclei t.hcy 
aay occv i.n dry or ffl.)ilt rorm. In the latter Conn, u 
we droplcte, they ate cc.mmonly obHrved in Lile 
DMSP Yiaible data u anonulo111 l"IY shadct. 

albcde-Th• ntJo or the amount or clcctromapetic ndla· 
don rcf\ccted by a body to the amount incident upon 
lt, commonly uprnacd u a pcrccnta,c. Uaacc varie1 
eoacwhat with rqvd to the e:uct wavelc111th interval 
implied 1n albedo rll"ffl; aomctima Juet the viaibl• 
portion of the 1pcetnun 11 conaidcrcd, eomctima th• 
totality of wavelenst.ha in the aolar 1pcctnun. The 
&lbcdo 11 to be dlat:npioihed from the rrnecfr, ity, 
which refcn to OM spccifk wavele"(th. 1 For the 
ncar-infnttd wavele"(t.h1, in which the DMSP vuible 
ICNOn have a peak rnponH, the reflectivity Crom 
uaooth ocean anu, with dry air above, ii near zero. 
The effect ICl'YCI to provide excellent contrut be• 
tween thac arcu and adjacent moilt atmo■phcric­
arcar, l'ffealed u lirhtn ,ny ■bade pattern■ due to 
eattcrint or other optical effecte. 

uoaal- IRY ■hade-Dark and/or li,ht py shade areu, 
patchn, and 1trcalu mdmt in DMSP vuiblc data 
which IN not identified u \liaiblc cloudinaa, ,now, or 
terrain fcaturn. Anomaloua py 1badn appearin1 in 
DMSP vilible data can be oblcned in conjunction 
with: 
a. Sun1lint rqiona. 
b. Low-level moinurc ficlda (hue dropleu, etc.). 
c. Broken ficlda of amall C11mul111, 1tntocumulu1, or 

alto/cirrocumul111 cloud clemmu. 
Cirrlll cloudinaa. 

•. Contnila. 
f. Duet uonn .. , aand 1torma, 1mokc, and pollution. 
I• Shallow ocean attu. 
b. Moonsllnt rqioN. 
L Turbid or muddy water. 

a&a-,IMric ecattcrin1-The procaa by which incident aolar 
radiation ii denected by 1mrll par ticln 1uapcndcd in 
the a&mCNphctt. The type or ecatt rin, ii ,ovcmed by 
the aiac or diametn (d) of the p &rticle In relation to 
tbc wavdcn,tb (~ or incide.1t fflCl'JY . Raylcish 
ecattcrin, OCC11n when d/>..<J / 10. Thii, lYJ>ft of acatttt• 
Inc la drectivc for only 1hort wavelenrth 1ince it ii 
proportional lo >,.◄. 

I , 

The DMSP vilible Hnaor ii re1pe>n1ivc t.» wavelen1th1 
ntmdinc from 0.4 to 1.1 microrneten (µm), and i1 
rnponlive to Rayl1ti&h acaucrinc only 1&t t.he low end 
of thia apcctral nn,c. However, particle aizn nece11ary 
to provide the proper ratio of 0.1, indicated above, 
would have to be !aa than .04j.lDI in diameter. Thia 
would imply very dry air and not the moilt condition, 
necaaary to pN>d".lce anomalou1 !"'Y 1hada u ob• 
ICTYed 1n DMSP viaiblc data. Additionally, lini:e t.he 
OMSP viaible Hnaor bu iu peak fflPO"" near 0.llµm, 
In the near ·IR, antt rapondl only weakly at the low 
end of the apcctrum (Ht Fi,. lA-4), it can be con• 
eluded that the DMSP vuible HNOr hu only a very 
limited rnpon,e to Raylcich ecattfflJII efrm,. 
Diffraction ii a apccial cue of ecatterinf whert the 
particle 1izc (d) 11 on the aame order of mapitudc u 
tllc wnclC"(th or lncidmt ndiatio". Diffraction 
cffecte can, t.hcnfo~, thC<1retically be ob1CTYed in 
DMSP viaible data throqh the complete nn1 of 
particle aiae■ from 0.4 to l.lµm . Diffncdon effecu 
arc partia&larly ohlcrftd in DMSP viaible data 1n 1un• 
pint Uftlll havinc heavy concmtntiou of hue drop-

.... -
\ , 

' 

lcta. In tbil ""• all of the incomlnf aua,tlnt ii dilfnc• 
ted by t.h• hue pardcla and none rcflcc.tcd back to 
the aattWte, producin, anomal.»111 amall, black pay ............ 
For d(A ndot srcattt than 1, but Ina than 10, Mle 
ecatterinc oc,.m and for ratioa srcatn than 10, ray 
reflection and ccometric optical tffecte bqin to ocC\lr. 
Moilture-prod11 1:ed anoma! ua ,ny 1hadca appcarin, 
in D...SP visible data are believed to be predominantly 
an cfrcct of Mic ecattmn, and nv reflection. Mic 
ecatt<ri ii ,cnenlly conccntnted 1n the forward 
direction with a minimwn near 100° (u meuurcd 
fro the dlrection of the incident ny) a.id a eecond­
llY peak in the backward direction. Th111 a moilt, 
buy atmoipherc ii ,cnerally detected u an anonulo111 
l"IY ahade pattcm m DMSP viaible data for apacecnft 
with 1110min1 or afternoon uccndinc nodet, 1n arcu 
to the cut and weat of the utcllite 11&bpoint track. 
The area dlrectly below t.hc ipacccraft with a morain, 
or afternocn ucmdins node showt a minimal acatter• 
inc cfrect and a reduced capability to produce the 
anomalou1 py shade pattern. The achematic below 
IU111tnta thil effect. 

INlck ecattcriq- Th• ~.aueri111 of radial't enCl'JY into the 
hnnilpbere of ipKC bounded by , plane normal lo the 
direction of incident ndiadon and lylni on the -• 
aide u th1 incident ray; the oppo1itc of forward 
ecattmn,. 1 

Nll'kr effect-A block.inc and turbulmcc-induclns effect of 
ternia on atznoipheric now and on ocean .-U. Thie 
effect ii partkularty pronounced with ,table atznoa­
p b crl c conditioN undn a pronounced low-Ind 
tempcntwe l.aftnion. In the c.:c ,.., a tempcntllN 
In, .. Ion hipn than the blodtinc ternln, air nowin, °"' t.hc terrain ii 1ubject to twblllmt effect, 1¥blch 
arc fftqumtly IICYffe mov,ti in the cue of • - -!I, u 
an example, to caUM downatrcun rnixin: o '..,w•I\ vel 
moilt air with drier air above the lnvenion. The drylns 
cfr«t downwind from the ialand callffd by lhl• action 
11 frequently mealed by II dlltinct anom.J0111 lfllY 
shade pattern 1n DMSP visible datL When the tempen,­
tllff invcnion 11 pronounced and below the muimwn 
clcntlon of the bloclti111 terrain, the air nowt an>Wld 
the barrier nther than Offl' the barrier. la the cue of 
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- ••-- -- ... •-• paQlffll IUOfll tne .W.. of &he lllaM. Moiltun clittributlon apin can be 
allcctfti, beca11M ol the contt~nt now, producins 
aaomalou1 lffY lhadea. In addition, incrcaaed aca aute, caucd by the lncnucd winda, may aJ,o innu­
mce th• nnectivity nnr th• 11c1N ol an ialand, rc­
lllltinf In the prod11etloa of -al01&1 ll'ay ahadc1 in the DMSP viaible data. 

Wackbocly- A hypothetical "body" which abaorb1 all ol the electrolllapletic radiation 1trikin1 It; that ii, one which neither rcflecu nor uan,ralu any of the incident r.uil­ation. In accordance with Kirchofr, law, a black body 
IIOt only abaorb1 all wavelensltu, but emiu at all wave• lmstJu and doe, IO with 1D1&aimu:a poHible intm1ity 
fM any sive• tcmperat11tt. Kirchofr, law ahow1 "lhat If a body emiu radiation of a ,iven wavelen1th at a 
PYfll tempcrat1&n, it will abaorb radiation of the 1a11iae wavcln,th at that tempcraturc."1 

- dfC\.t-Sce barrier effect. 

4kyla1 effect-Sec bani.,. effect. 

cqu&orial orbit-An orbit about the earth (or other planet) 
whOM plane ii coincident with the equatorial plane. 
The GOES epacccnft orbiu in the equatorial plane but ia launched at an altitude (with a corrcapondin1 
period) 1uch that it remains cucntially 1tationary over a ,iven seosn&>hical point above the cquat~r- th111 the 
tma 1co-(carth) 1utionary. 

poetatiolla,y aatcWte-Scc equatorial orbit. 

1•o•ollic projcctioa-A map projection in which any 1tn.Jsh line drawn conncctin1 two poinu on the pro­jection corrnpondl to a aqmcnt of a peat circle arc 
on the earth'• 111rface. 

.. rity wan-A wave dilturbancc in which buoyancy acu u &he rcatorins force on parcel, dieplaccd frora hydro• 1tatic cqllilibri11111. Gravity wave, in DMSP data arc 
r-cqumtly obHncd u wave-like cloud formation, aik>ns vertical temperature invcnion 1urfacc1 over oceanic rqiona. 

pnt drde arc-A line aqmcnt fonrcd by the intencction 
of Lhc lllrface of the earth and a plane pallins throu1h thc Cfflter of the earth. 

HR-DMSP hish rctol11tion (2nm) viaiblc data. Niah.ttimc data can be acquired from the HR ,cnaor under 
Uhuainationa II low u l /4 moon. Whm the lunar 
phuc ia 1/2 moon or srcatcr, viaible data have the aamc clarity u da:a obwned in 1unslint. J Thcrc ii one 
DMSP HR acan to ncry al& DMSP VHR acana. 

lafnttd clata- DMSP dalll aenaed in the 1-U micrometer 
{jtm) rqion of the clcctrom11netlc apectnam. 

lafnncl n.w!foa/~m•- F.icctromapctic radiation in the wavclfflst.h inlci.al from about 0.1 micro111etcr1 (I.cm) to an indcfmitr. upper boundary aometimc, 
arbitrarily tct at lOOOµm. There are two infrved 
'"window," la the atm01phere, th1tt ii wavclcnsth banda where &he ablloaphcre ii nearly traNparmt to 
lafnred radiation. Thew banda are centered at &pFro&• imately 4 and 11µ,a. Tnt DMSP IR acnwr brid1e1 the latter band in iu catcnalon from 8-lSµm . 

Ill- Infrared (IR). Sec above. 

Kana• •onkt-ln the new of wind put an illand barricr, Wider conditiona of a low-Incl invc.-.ion, cloud vor• den are frcquendy pnnated to the Ice of the ia1and. 
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vortkea bear tht 11&111« of the malhcaatkian Von K,.rm•, who f&nt dctcribed thtil' chanctcriltla. 

Lucbat (t:RTS)-A 1un◄ynchroao111 polar orbitlnc aatellitc 
carryifla two typn of lmaclnc 1entort, the Multi• Spc.;~"' Snnner Sl&bty1tt111 (MSS) and the Return 
•- Vk.1'con (RIV) camnu. 
The Multi- Si,,cctral Scanner (MSS) II a lint«anninc device wh .ch 111ft an c;acUlatln1 mlnor to aimul• taneoudy Kan the terrain puaiq bmcat't the epa,cc­
craft. The acanner pruducea fo111 1ynchronow imacca, 
each at a different wave band. The wave leftlth ran1e1 of each band arc: 

Band 4 (srccn) 
Band 5 (lower red) 
Band 6 (11ppcr red-lower infrared) 
Band 7 (near infrared) 

0.5 to 0.6µm 
0.6 to 0. 7µ.m 
0.7 to 0.8/,IJII 
0.1 to l.lµm 

Band 4 IOIDctlmCI dilcriminatCI, ~ualltativcly. the depth and/or twbi.dity of 1tandin1 bodica Jf water. 
Band 5 ii beat for 1howiftl toposraphic and cultural feature,, 1uch u drainacc pattern,, ro.dl, !Ind ciliCI. 
Band 6 alao ahow1 the belt to'lal rontn,U that renect 
vario111 land uac practic a. It allO sfYCI maaimlllD land· water c,-,nu»t. Band 7 ii the beat for land-water dilCrimination. 
The Rctum llcam Vidicon camcru arc tclnuion camcn mounted aide b-, aide in the epacccraft and 
borC"•si1htcd to 1imultaneo111ly photoSTaph the earth beneath the apacecnft. The wave lffllth rar-cca of ea,cb band uc: 

Band l (peen) 
Band 2 (red) 
Band S (near infrarc~) 

.460 to .600 µm 

.569 to .680 µm 

.650 to .120 µm 
Landlat MSS data art of a much h' her resolution 
than DMSP data (about 80m u oppo1ed to 600m) . For thil rcaaon, combined with the multi-tpectral 
capability, compariaona of aimultancow Landu.ti DMSP view, arc oftm •uacful in rnolvlnc ambifwtica 
i11 DMSP data interpretation. 

Uac«u radiometer- The radiometer which acn1e1 reflected 
and emitted radiant cnff1Y from the earth and cloudl alons a lint 1tretchin1 from horizou to horizon 
perpendicular to the aatcllitc 1ubpoint uack. The VHR/WHR llnc-acan radiomctcr of the DMSP ay■tcm 
recrivca cn~y from a mirror mo1111ted on a lhalt 
orimted 45 ° to the direction of Htellltc motion. The 1haft revolve, at 534 Hcnz (cyclca per 1econd). The 
mirror ii doublc•faccd 10 that two horizon to horiaon 
Kana are made for each 1haa revolution of the earth Kcne. Thia acan rate, combined with '\ 0 .766 milli­
radlan field of view, «ivca a epatial rcaol11tion of 
0.SS nm at 1ubpoint. 3 

Ml-The lower reaolution infrared data obtained froiu the 
DMSP (Block 5C) 1y1tcm. The Ml ii the comple• 
mcntary 1y1tffll of the HR/Ml acanner. Thia ICll\ner i1 driven by .. S: 1 rcdu-:: tion 1car from the VHR/WtlR 1halt and rnolYC1 at l . 78 Herta. Since thi, mirror ii 
1in1le-faced IUld rotates at one-third the apccd of the 
VHR/WHR mirror, only one-1iath the number of Kan 
linca arc produced. Thia Kan rate combined with a 4.56 milliradian field of view, providca 2.~ 111"'.i RIOlu­
tion vilual data (HR) at 1ubpoint. The Ml detector hu a 5.SS 111llli1adlan field of view which ylcldl 2.4 naa raolution infrattd datL J 

udlr- Tltc point on a ,iven obHner'1 cclcatial aphr~-e 
diametrically oppo1ite bi, 1mith, th.at II, dltt\.,iy 
below him. Thr nadir anstc of rhe DMSP lmasi"I 1y,tcm i, CNCntially ae at atcllite 1Ubpoint, mcanins 
that &here II no pitch enor (nOlllinally) to thll 1y,tcm, 
ud that lh• ecannet continually KUii IC1'011 the 
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al11Ut1 1uhpolnl u ll PN>lffUft In lu orbit. lmpor• pnauy lpfftdar point (PSP)-Tht prim..ry lp«Ular polnl 
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lanl Nltllitl viewint anal• relationahip■ art ilh.11&raled (PSP) ;, lhal poinl on the sreat circle arc pu,in, 
la tht diacram below. lhrouah th• aa&rllitc J\lbpoinl and tht eolar ■ub int 
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ltelatiotlollip of dfflWfltllf)" Mtdl ce wic-,i"I &flllfl• 

- lafrued- That ponion of the electromapetic ■pee• 
lNa C:OY1rin1 wavelen1lhl from 0.7-1.S m:cromcten 
UIJII). Tht upper rqion of the DMSP visible ■eneor 
raponM ,nmd■ into thla ranp, which ii btyond the 
~ or ■enaitivity of tht hllman eye. 

NM-OM of th• ,_ poinu of intenection of the orbit of 
a Mttlllt1 with th, plant of the tqllator of tht eanh. 
I• 11ttlllt1 aettoroloSY, tbt ucendint node of 
equator CNNIUIS refcn to that point on the plane ~f 
the equator at which lht Mttllitt croutt from the 
~outhem lo lllt Northern Hcmiaphere. The de■cmdin1 
n"'1t of equator c:ro11in1 denote■ that point al which 
th = Mttlllle crot1t1 the plane of the cqllator from lllt 
Nonbem to the Southern Hemi■phcre. 

•• •ec:alar Up• - Non .. pecular reflection i1 dlCCu■e ■un• 
stint received al lht aa&cllilt froN wan facet■ of non• 
cala - ouuide the primary ■pecular poinl which 
proYidt th, proper reflective 11ometry. 

,.a. ..Wti .. MltWte-A aatellite whott orbit Ilea in a 
plane pauinf thrOllth lllt center of the -:arth and ia 
iac:lintd to tht equatorial plane IO that ll11 ■ubpoint 
tnck tnvenn polar latitude■ on enry orbit. The 
DMSP Mtellllt ia a polar orbilinc ■pacecraft In an orbit 
IDcliaecl to 91. 7° to tht equatorial plant wbtN the 
1pauc:raft c:,_ the equator nonhbollnd (1H 
diacrambtlow). 

.._... DMSP octiiul illdl doe (afm AWS ll I). 

whtN d1t an,lt of Incidence of th, ■lln '• ray■ on a 
horiaontal plane (meu1&red Crom the local ~tnith) ia 
,qllal lo the anstc of reflection of tht 1\111 '1 ray■ to tht 
aattllilt In ■pace (■ee Fi1. 2A-4). 

MleWte 1.a»poiat- The point of aero nadir anal• for a 
1&telllte In planetary orbit. 

,.._Mbpo1•& - Tbt point Oft the earth'■ IW'fact on the lint 
conMC,i"I the c:e tn of tht th with lll• enter of 
th• ...... 

.,.nlar nOcctioo- llcflection in which the reflected ndia• 
tion II nol dlCCuaed; rtfltc:tloa u fro• a mirror. Tb• 
anal• betwem th• normal to &he 1urfac1 and the inci• 
cknt beam ia eqllal to tht anrte betweea tht normal to 
tht 1urfact and tht reflected btam. 

-•tr aolltice- Tht 111mmer eobtict ia that timt of year 
when tht 1un, with re■pect to ll11 earth, farthnt 
norlll and OC:CWI jual a few day■ before aphelion 
(whea the eanh ii cloae■t to the ■un) . At that

0
time the 

11&11 ia d.rectJy overhead at noon al 2'.S N. The 
apptvllima&e datt for awnmtr ■oiatlcc ii June 22.1 

R■pl■t-Wh1r11 tht ■un illuminatn a water "":ace, a por­
tion of thia ■llortwan radiacion ia reflected to apace. 
Thia reflected radiation II called ■unclint. 

•••Y•d•ro•- orflit MttWte-An orbit which precnan 
560° durint tht COIIIH of llle year pemutti111 the 
1atellit1, In lllia orbit, to obtaill daylichl vltw1 of the 
1&1111 poaraphlcal area, at the aame loc:al cimt each 
day. A depiction of a llln•■ynchronoua i»lar orbit II 
Wuatraled btlow. 

View el a •H)'DCII,._, local --. - polar ocbk fNlftl 
,..,., N«e PftCftllOII ol die octiital ,, ... dt-.h J60° 
dlari .. die )'ftf (after AWS Ill). 

tnwlaator- The ,reat circle of tnn&ltion from daylipt to 
darknna on the earth'• ■urface (IN Fis. IA•I). 

truncne aettator projectio•- merc:ator projection ia a 
cylindrical map projection emtered on the equator. A 
tnlllV- merc:ator II a 1lmilar projection centered oa 
tht Mlelllte Nbpoint track. 

VHR-DMSP Very Kish llaolutlon mlble datL The 
1/S- .wblt UIUICfl'Y 1kriwd from the DMSP VHll 
1ICalllWII ndioacta . 
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... p------..r.,,1.r. lp«tnla-1\,tpon on of the cl«tro1111,nctic 
ap«tN• to which lhe hum n eye ii 1ensi1ive, havin1 
wawlensth• c1nendins apprv11ima1cly fro 0.4 10 0.7 
aicwumcten u,m). 

WHll - Thc D ISP wry hi1h rnolu1ion infrued da11 havln1 
• rnohulun 1.1( appro11ima1rly I /3 n• al subpoin1. The 
"'W" dil1in1uithn lhc very hi h rnolution ln(rartd 
data tro .. lhe very hich rnolu1ion visible or "V" data. 

winter aoulice - Tha1 timt o( year when the sun, wilh 
rnp«t lo the euth, i, (u1he11 aouth. This time occun 
juu a (cw da)'S before perihelion (whtn lhe e:arth i, 
ncarnt the sun) . At that timt the sun is directly ovtr• 
head at noon in 23 .5°S. Tht approaimatt dale o( 
winttr aobtice ii 22 lnctmbtr. J 

-idi-The pr • 1t on a 1ivcn ob■crvtr's ctleuial 1phert lhat 
lin oittctly abovt him. Whm the DMSP aaltllite 
p-s dirtttl) overhtad lht ztnith an1lt is ztro. 
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