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The Night Eye in the Sky

The Defense Meteorological Satellite Program's low-light
sensor images city lights, auroral displays, volcanoes, oil
and gas fields, and forest fires.

ADATA SYSTE~I emplm'ed h\' the D~part­

ment oj Defense and the llnited States
Air Force's Air V"eather Senice was made
puhlic in 1973. This s\stem hecame widel\
known as the Data Acquisition and Process­
ing Program (DAPP) but its name was
changed to DeJense 1\leteorological Satell ite
Program (D1\lSP) dfecti\e 13 Decemher
1973 (1\le\('r, 1(72). Images captured h\ the
low-light sensor in this sYstem are discussed
in this article', These nighttime images in the
\'isihle and near-inlJ'ared not onh ha\'e en­
hanccd opcrational meteorological support
hut also prm'ide a promising new research
tool with potential civilian (as well as mili­
tary) applications.

NIGHTTIME IMAGERY

The accompan~ing illustrations prm'ide
graphic examples of nighttime images taken
uear local midnight in different areas of the
world (Brandli, 1974). Cit~, lights, auroral
displa~'s, \"()!canoes, oil ,1Ilcl gas fields, and
t<Hest fires are some of the phenomena de­
tected h\ one of the radiometric sensors of
thc D1\ISP. This 4,0 km resolution radionw­
tel' of the DMSP system "sees" in the spec­
tral interval from 0.4 to 1.1 micrometers. The
newest satellites-since 1976-ha\e a resol­
ution of 3,0 km or hetter. Thcrcfore, thc in­
formation displa~ed in thc images prm'idcs
an added honus in that important suh\'isual
and supen'isual events OCCUlTing below thc
satellitc are detected in addition to those dc­
tected in the visual range (0.5 to 0.7 mi­
crometers). With this sun-synchronous satel­
lite s~stem, nighttime cO\'erage of the same
location usually can he achic\'ed twice each
night. These D1\lSP satellites record imag­
er\' at a map scale of l:7,500,000 or
1: 15,000,000 from a viewi ng platlcJrlll 900 km
high.

AL'RORA BOIlEAUS

One such "bircrs-eye \'iew" shows the

* Now an Operational and Research Satellite
\1eteorologist, Melbourne, FL 32901.

FI(;, 1 D1\ISP nighttime imagen' (18 April 197-1),
AhO\'e the -I-kin resolution imagerv is a photo o!"
the sun taken h\' the Air Force Solar Ohsen'aton'
in Puerto Rico on 14 April 1974. The storm on the
sun intensified the Aurora activit\"

lights of man\' Korth American cities and the
aurora horealis or northern lights (Figure 1),
The mapping and stud~' of this important
space phenomenon ha\'e been a challenge
since first ohsen'ed hom the ground, Kow
this mapping and rescarch C,ln he done
routineh h\ a S\stem alreach' in heing
(Brandli: 1974). Sl;ch broad-scal~ depictions
of the aurora are a first 11\' D1\lSP. As men­
tioned earlier, the huma;l e\e senses only
energy in the spectral inteI"\"al hom 0.5 to 0,7
micrometers whereas the low-light sensor of
the D1\ISP records energy emissions out to
1.1 micrometers. Since important emission
lines of the aurora extend out to 1.08 mi­
crometers, the broader spectral interval cap-
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tured by the DMSP results in the very bright
scene displa\ed on the imager\. That is, the
scnsor has processed the emissions from a
wider \'iewing hand and presented it to our
e\es as a \'er\' intensc auroral displa\.

TilE E:-':ERCY CRISI.'i

The world encrg\' crisis suggests \et
another use tcn D~ISP data. Further exami­
nation of Figure 1 shows the brightness (i.e.,
intensit\) of the illumination h'om all major
and minor cities in l\orth America. The large
cities tCHming the megalopolis of the north­
east, Chicago along the shore of Lake ~Iiehi­

gan, and the br \\'l'stern population centers
of Los Angeles and San Fmncisco all are
shown under no-moonlight conditions.
~Ii<lmi and the "Gold Coast" of southcl'll
Florida are equally bright. During our pres­
ent energy crisis, the DMSP nighttime
low-light sensor could monitor cit), light in­
tt'nsities. According to 1970 General Electric
su]'\'e\'s, direct energ\' consumption from
lighting accounts tc)r about 20 percent of the
countrY's electric power consumption or be­
tween three and fi\'e percent of thc total
energ\' consumption (Toda), 1974). In some
of the larger cities, consumption is e\'en
higher. l\:ew York Cit\'s Consolidated Edi­
son reports that 40 percent of its power goes
fClr 1ighti ng.

CITY LICHl S LOCATIOX

Gcographical location and gridding of
rt'al-time mett'orological satellite sYstems of
the Department of Dcfense, the l\'ational
Oceanic and Atmospheric Administration,
and the l\ational Aeronautics and Space
Administration comprise a dil'hcult task. Thc
importance of putting latitude <lndlongitude
lines on satcllite imager)' cannot be stressed
enough, \'et difficulties do exist in computer
mapping. At this stage of c1e\'elopment,
\\'ithout sufficient human (jualit\ control,
great errors in computer gridding can occur.
If a photo is not gridc1ed properl)', the loca­
tion of all information derived hom it is un­
reliable. (Branc1li and ~Iunson, 1974). Figure
1 presents no problems in geographical in­
terpretation to a human ohsel",er. Howe\'er,
another tactic lor sohing the difficult grid­
ding problcm presents itself here with tht'
storage in a computer of this city light loca­
tion and intensit) much like a stellar
background used fClr space na\'igation. In
this manner, the simultaneous, three­
dimensional, nighttime infrared imager)
could bt> accurately gridded; also, spurious
lighting could be studied hn other ph)sical
e\'ents such as fCHest bres.

FIRES

The United States and Canada spend un­
toldnumhers of dollars fcn forest fire detec­
tion in remote areas of !\orth America. The
low-moonlight D~ISP sensor, as well as
other sensors of the D~ISP s\'stem such as
the 0.62 km resolution infJ'~red 8-13 mi­
crometers radiometer, could be of great assis­
tance in locating forest fires (Brandli and
Reinke, 1977). The normal D~ISP configura­
tion, in which two operational satellites pro­
duce imager\' o\'er a particular area e\'er) six
hours, is certain I)' capahle of performing
such a task. A computer-stored cit) illumina­
tion map, as mentioned earlier, could aid in
the location of new lorest fires h)' sounding
an alarm when a "light" cannot he iden­
tified. It must he notcd, howe\'er, that not all
spurious light sources are tcnest fires.

OIL FIELDS OR E:-':ERGY Souzu:

Figure 2 is a nighttime image without
moonlight o\'er Southern Europe andl\orth­
crn Africa. The well-lighted African oil
ficlds can be readily detected near the hot­
tom of the photograph. Short, black lines
parallel to the satcllite radiometer scan lines
are seen adjacent to these oil field fires (Dick­
inson et al., 1974). The black lines appear
to originate at thc brightest source of light.
This sensor or atmospheric phenomenon
will he discussed in the next section.

\'OLCAl'O!':S

Figurc 3 imager\' was taken o\'er the
Hawaiian Islands in the central Pacific he­
tc)re a new-moon phase. The hright "light"
with thc haloed rings around it is the el'llpt-

FIc. 2. DMSP nighttime visual photo of African
oil fields and southern European cities (2 April
1973).
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FIC.3, No moonlight "iew of thc lights of Oahu
and of Kilauea Volcano (28 December J870).

ing "oleano or Kilauea. This ringed pattern
could he a halo f(Hllled h\' ice cl"\'stal clouds
\'oleanic smoke p,lrticle< or e\'~n an out-of~
focus mirror in the radiometric sensor. The
geoJlldn' of this halo is similar to the rings
occasionally seen hom e,u"th around the sun
or moon caused h,' ice-cT\'stal cirrus clouds.
These ringed patterns ar~ also seen around
oil and g,lS fields, except O\'er the l'nited
States and other industrial nations where the
oil and gas fields are generall,' capped. The
hlack line is a sensor o\"ersaturation line.
The line is to the right hecause ,IS the
spacecraft mO\'es southward during this pic­
ture, the sensor is scanning fi'om the space­
craft's right to left: side. Volcanic eruptions,
both explosi\'e and eflusi\'e, C,ln easih' he
seen in remote areas with this nighttim~ \'is­
ual and near-inhared sensor. On the island
of Oahu, Honolulu and \Vaikiki B(:'ach stand
out as the large elongated bright spot on the
photo. A careful check of current eH'nts is
important lor the DMSP anal\st, lest hright
apparitions such as nuclear explosions es­
cape his examination of the images.

LIGI-IT:\I:\G A:\D l'\l·CLE.-\R TESTS

An" other hirght spot on the nighttime im­
ages not accounted lor could be caused by
nuclear tests, missile launches, nose cone
re-entr~', electrical storms, etc. Lightning ac-

ti\'it\, in intense storm ,u"Cas is clearl, C,lp­
tured on these brier \'ie\\'s of the earth by the
D.\ISP sensors.

The aurora, cit\ light intensit~·, nighttime
gridding, [(Jrest firc. lightning, ,'olcanOl's,
and oil and gas fields ,Ire onh' a fe\\' of the
many spec:ta'cular intelligenc~ vields avail­
able hom the low-light visible sensor of the
Dell'llSe .\leteorological Satellite Program.
Other sensor applic,ltions, p'lI'ticular!,· in the
field of meteorology, \\'ill no doubt he pre­
sented in mall\' scientific journals and S' m­
posiums in tl;e ncar ru[·ure. Perh,lps 'the
knowledge or this unique s,'stem and some
of the applications presented here will
stimulate the reader to think of other uses f()r
the D.\ISP.

D.\ISP DA'I" A\'.-\IJ.ABII.I'I \

D.\ISP data can he purchased from the
Space Science and Engineering Center,
UniH'rsit, of \Visconsin, 122.5 \\'est Da~·ton

Street, .\Iadison, Wisconsin ,57:306, (Tele­
phone: 608-262-.53:35.) Prints, slides, or
negati "es can be purchased hom B2.00 to
!'i6.00 per item.
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