
SCIENCE 


While the scales of the pig-fish are much 
more regular in their features than those of 
the squeteague, observations of the radii cor- 
roborate the evidence obtained in 1912 that the 
radii arc merely fissures to permit greater free- 
dom of body movenient. 

Dr. 21. V. Wilson, of the University of North 
Carolina, spent the sulnrner in an examination 
of the collection of Philippine sponges. The 
collection embraces all the great groups of 
sponges : Calcarea, Baxac.iin ellids, Tetractinel-
lids including Lithistida, Afonaxonida and 
KZireratosa. Sixty-odd packages were examined. 
These were found to represent twenty-five 
apecies, the majority of which are new forms. 

Dr. James J. Woll'e, of Trinity College, de- 
voted his investigations primarily to an exami- 
nation of thc Diatomaceat of Beaufort. Ex-
tensive tow-net collections were made at vari- 
GUS localities under a variety of conditions. 
These are to be continued at  monthly intervals 
for one year. By this means i t  is hoped a 
thoroughly representative collection will be se- 
cured. %founts have been made of about 200 
species and considerable progress has been 
made in their identification. 

The culture of P a d i t ~ asporelings was again 
carricd on-now vitli special reference to 
parthcnogencsis. Cultures demonstrably par- 
thenogenetic, startcd in the laboratory, as in 
tlie earlier wo'li, were transferred to the sea. 
Unfortunately these were destroyed by the se- 
vere storrn of September 3 4 ,  necessitating 
their repctition before this morli can be re-
ported in full. 

Mr. Raymond B. Bcckwith, of Olivet Col- 
lege, and Mr. Francis Harper, of Cornell Uni- 
versity, who were assigned to the director for 
duty. accompanied the various collecting trips 
and kept complete records of their observa-
tions, devoting special attention to the habits 
of the fishes of the re,' exon. 

I n  addition to lCis other duties, Mr. Beelr- 
with accompanied the Pis7~ Hawk on the vari- 
s u s  collecting trips and assisted the director 
on the survey of the otl-shore fishing grounds. 

I n  addition to his regular work Nr. IIarpcr 
took a large series of photographs and a num- 
ber of autochromes of live flounders to be used 

in illustrating Dr. Xast's report. He also 
made numerous observations on the birds of 
the region. I n  addition to the incidental ob- 
servations on field trips for fishes, a few holi- 
days and Sundays were devoted to this work 
and a list of 87 species recorded. Ten birds 
were tagged with leg-bands furnished by the 
American Bird Banding Association. 
breeding colony of herons on an island in the 
vicinity of the laboratory was found on S u -  
gust 9 to contain approximately 350 little blue 
herons (Florida c m r u l ~ a ) ,  150 Louisiana 
herons (IIydranassa tricolor ruficollis), 8 black-
crowned night herons (Nycticoran: nycticorarc 
nmuius)  and 6 American egrets (Herodias 
egr.etta). The little blue lleron is not recorded 
as a breeding bird of North Carolina in the 
American Ornithologist's Union List, and this 
i> the first time the American egret is known 
to have nested in the vicinity since 1809. Ten-
tative arrangements have beell made for the 
protection of the colony next year by a warden 
of tlie National Association of Aud~xbon So- 
cieties. A number of species of sliore birds 
were studied and photographed during the lat- 
ter part of the summer. 

A11 artist, Mrs. E. Bennett Decker, of Wash- 
ington, D. C., was engaged in maliir~g the 
drawings to illustrate the embryological papers 
of Dr. Xuntz, and a series of drawings of the 
dermal denticlcs and teeth of the sharks of the 
region to accompany the report of the director 
on this subject. 
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SPECIAL ARTICLES 

THE TRA&'S&iISSTON OF TERRESTRIAL R$DIATION BY 

TIIE EARTH'S AT310SPIIERE IS SUMMER 

AND IK WINTER 

BN indirect nieasurenlent of the transmis- 
sion through the earth's atmosphere of those 
radiations which are emitted by the earth's 
solid surface may be nlade by comparing the 
actual radiation of a surface at  the terrestrial 
temperature toward the sky, with that toward 
a black body a t  absolute zero. The latter can 
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not be direotly observed, but may be obtained 
by measuring the radiation toward a black 
surface of cavernous shape at  known tempera- 
tures, using Stefan's law. This method has 
been used in the present research. If no 
radiation from the earth's surface can pene- 
trate the atmosphere, as in the case when the 
sky is obscured by thick clouds, then the sky 
has the same effective temperature as the 
ground; but according as more or less surface 
radiation escapes to space through the air, 
the effective or apparent temperature of the 
sky diminishes, although never reaching abso- 
lute zero, for that would mean complete ab- 
sence of absorption. 

The radiation to the sky, measured either 
by a bolometer or a thermopile, falls off very 
slightly as the pointing of the instrument de- 
parts from the zenith, but more rapidly near 
the horizon where, if the blue is of inferior 
purity, the whitish sky has an effective tem- 
perature almost identical with that of the 
earth's surface. The dulling of the blue of 
the sky near the horizon is due to the dust and 
haze of [the lower atmosphere. 

its purity much better and a larger transmis- 
sion, such as that indicated by the upper curve 
of Fig. 1 (which, however, is meant for a 
winter curve at  sea level) may be given for 
terrestrial radiation emanating at  inclina- 
tions with the horizon which are taken as 
abscissae, the ordinates being the transmission. 
I n  cold winter weather when the ground is 
covered with snow, atmospheric dust is 
greatly diminished, and the conditions at  sea 
level approximate to those on mountains. 
These transmission curves for variously in- 
clined rays have been obtained by dividing the 
observed sky radiation by the unobstructed 
radiation to space appropriate to the observed 
temperature, assuming that space is at the 
absolute zero of temperature. The lower curve 
is founded on excellent observations, but the 
upper one is not so reliable and its shape is 
partly inferred. The maximum ordinate, how- 
ever, is sometimes exceeded with the purest 
skies of winter, and at this season these uni- 
form and deep blue skies are not rare, the 
dif6culty in observing them being usually an 
instrumental one arising from the necessity 

FIG. 1. 

The lower curve of Fig. 1 is derived from of working with exposed instruments. The 
observations of sky radiation on a summer'e adopted values of summer transmission, T8, 
day of good blue sky near sea level. From and of winter transmission, T ,  from which 
mountain summits lifted above a large part of the curves are drawn, are given in the next 
the atmospheric dust, the cerulean blue retains table: 
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I some hours of cooling, further diminutio~l~ of
Altitude ) m0 / w I / m0 ) 6" w 1 oaOol15Y o  Iw a0 ' a0 

I I temperature is preventecl in such cases by the 

Ordinnr i l~  when we s~ealc of the trans-
missivity of the atmosphere without further 
'pecification> we mean the transmi'-
sion through the entire atmosphere. This can 
be obtained from the zenithal sky radiation, 
which is all that needs to be considered in  
what follows. 

The transmission of terrestrial radiation by 
the atmosdlere relates entirely to rays of long 
~ave-length, and is effected by Processes quite 
different from those which govern the trans- 
mission of solar radiation. Large variations 
may occur in  the transmission of terrestrial 
radiation, and indeed quite suddenly, so that 
the eye scarcely appreciates the approach of 
new atmospheric conditions from any change 
in the glppearance of the It is O1lly 
rarely that moderately smooth transmission 
curves can be Obtained from the to the 
horizon, because the conditions are apt to 
change before the observations can be finished. 

The transmission of soil radiation to wace 
is contirmally fluctuating between n ~ oand 
an upper limit whicl.1 seldom exceeds 60 per 
cent. of maximum theoretical ralue 
unimpeded radiation. At night, the diurnal 
convection diminishes greatly, and on land 
the wind is apt to fall as the sun goes down. 

On many nights the surface air is 
approxilnately calm, and a thin quiescent layer 
of air forms in contact with the soil, in which 
tile temperature is apt to fall below the dew 
point as a result of nocturnal radiation. 

a layer of nearlysaturated air ,,lose to 
the gro,lnd, though exceedingly shallow, 

rlevelops an extraordinary absorptive power 

for infra-red radiation in broad diffuse bands 
as a Of the production Of the 
and these may extend 
widely as to produce practically complete ob- 
structiori of terrestrial radiation. An ex-
ample of this is given in  my Paper on " s k y  
Radiation and the Isothermal Layer." After 

1 A~ner ican  Journal of Science, Vol. XXXV., 
April, 1913, pp. 377 to 378 and 380 to 381. 

obstruction offered by this very thin air layer; 
and if we compare the loss of radiation from 
the earth's surface by night and by day, the 
former is much the smaller on such nights as 
are here coilsidered. In spite of a ghenom-
enally clear sky, the temperature of the ground 
as approaches often relnains almost 
stationary, partly from the giving up of latent 
lleat of evaporation in the condensationof 
aqueous vapor, and partly from this increase 
in the absorptive power of moist air as satllra-

bccolnes immillent.2 ~ f ,however, instead 
of obseming tile superficial radiation througll 

closely adllcrent air layel., we take the 
radiation frolrl a surface surrounded by rela-
tively dry air in tile room of an , 
ancl let this radiation pass out through an 

eitller directly to the sky, or, as is 
Inore convenient, allow the rays to pass to the 
sky after refleclion from a mirror, placed out-
side the but far enough above the 
surface of dle ground to be above the layer of 

soil-chilled air, very little difference 
is to be found in the transmission of 
from sources at terrestrial temperatures 

by nigllt or by day, such 
digerences as exist being those whicll may 
al.rvnysbe expected from changing cloudiness, 
or from variations in the generalconditions 
as to moisture, etc. 

is common for  writers on terrestrial 
radiation to assume that the earth as a whole 
radiates at a mean temperature ,,f about 

2 Those nho are much in the open air know that 
on fro"y mornings in winter a much more com-
fortable temperature is experienced on passing 
from the open into woods. The friction 0.1' moving 
air against the innumerable stems of the forest- 
cover helps to reta~n the absorbent layers of moist 
surface air in the woodland, and escape of radia-
tion is impeded. Under circumstamces 
the excess of temperature in the woodland may 

200 300 C. seeG. A. pearson,"A 
~ ~ t ~stltdy ~ Parks l 'J'imbered~ i ~~ of ~ and ~ ~ 
Areas in the Western Yellom-pine Forests of Ari-
zona and New Mexico," MonlhEy Weather Review, 
October, 1913. Cf. especially Figs. 6 and 7 (pp. 
1620 and 1621). 
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+15" C., or 288" Abs., or if the temperature 
regions done  are considered, a temperature 
of +10" C.=28a0 Abs. is thought to  be 
better; and this is done by accepting the mean 
air tempcratures observed by meteorologists as 
if thcy were those of the soil. Ordinarily, 
this tlocs no harm for places where the sun 
shines a t  a low angle, or where the wind is  
strong ellough to make air and surface tem- 
peratttures coincide. Bu t  when the sun shines 
a t  a high anglc above the horizon, or in desert 
regions with light airs, the astrophysicist must 
know the temperature of the actnal radiating 
surface which hrconles far  hottcr than the air 
temperature. Evcn in regions by no means 
of a desert chm-acter, surface layers oi' fairly 
dry soil in summer and in the middle of the 
day may be 20" or 30" C!. liottcr than the 
shade ternpcrat~tui-e of tlic air as commonly 
observed; and surfaces of rock in sunshine and 
on calm days arc still hotter. Even plant sur- 
faces in sunihinc, though rnuch cooled by cvap- 
oration, are apprecial.)ly warmer than the air. 
Taking thc currently adopted thcrmal cquiva- 

mranl cnl. 
lent of radiation, tr =7.9 X ern.%iin. , a 
black ltody a t  288" Abs. C. radiates 0.544, and 
one a t  298" radiates 0.623 gram. cal./sq. cm. 
min. Ilence an arid region whose surface is 
on the averagc 20' C. hother than thc assigned 
air  temperature during the sunliqht hour*, 
will radiatc' 14.5 per ccnt. more than the 
ordinary supposition indicates. On the other 
hand, most surface material radiates less than 
a black body (for example, a silicate, such as 
glass, radiates 03 per ccnt. as well as lamp 
black which, in turn, radiates a little less lhan 
a truly black bocly) ; and since minutme accn- 
racy is not attainable, thc suppositior~ that the 
earth agrees with an ideal black radiator may 
answer as a first approximation. 

Tn qummer, the radiation from a black sur-
face at +25" C. to the sky overhead, if the 
latter be of a deep blue. may be as if to an  
eficient radiator of the same quality a t  a tem-
perature of 0" C. 

I n  winter, under similar eircumstances the 
black surface a t  -10" C. may radiate to a 
zenithal sky as if to a screen a t  -50' C., or 
-60" C. 

A mean of three days of good blue sky in 
winter and of three more in summer follows: 
Winter surface temperature . . . =2 6 3 O . 9  Abs. C. 
Summer surface temperature .. . =291°.3 Abs. C. 

Effective temperature of zcrlitl~al sky, 
Winter =212O.2 Abs. C. 
Summer =269O.9 Aljs. C. 

By Stefan's law : 
Winter Summer 

Terrestr~al radiation (unabsorbed). .3819 .8685 
Radiation fiom observed zenithal sky. .I601 .4196-

Dlffcrence. .?218 .I489 
Transmission (winter) Tw=.2218/ 3819 =.5806 
Transmirsion (iummpr) T3 =.1489/ ,5685 -=.261Y 
Transmission (rne~n of summer and ~vinter) =.4213 

We may say that a round 40 per cent. is  
near enough for an approximatr- estirnato of 
the average transmission of terrestrial radia- 
tion froni land surfaces in n ~ i dlatitudes. 

fn a note in the Astrophysical  Journal  for 

September, 1933 (p. 198), Mr. Anders Ang-
striim gives 0.15 gram cal . /c~n.~min. as sxr 
average value of the earth's radiation. This 
agrees very well with the vali~es whicli I have 
ol,taincd in sulnmcr, but is srnallc~r tllali tho 
best wintcr measures, and to such an cxtcnt 

that 011c would not suj~posc that Mr. Ang-
striim had ever observed under condittons 
most favorable to 1:rrge transmissior~. TTe also 
declares his "belief that  the tratlsinissiorl for  
elcar sky seldom is greater than 25 per cent, 
arld seldom is less than about 5 per cent." 
Thc stipi~la tion that tho sky must be " clear '? 

rules out thosc imperfect skies afT<xtcd by a 
thin cirro stratus veil, which, as will be evi- 
dent from my article in tlic i l n ~ ~ r i c a nJourna l  
of Acienco. April, 1913, are incluclcd within 
these limits. My observatior~~,nrhich hme. 
been made rcpeatedlg, gi-\rc a fundarnentally 
clifferelit result for the best winter skies. 

I n  desert regions, or. for hotte~t ,  midday 
and dry summer conditions, i t  may sometimce 
be necessary to increase the estimated sur-
face temperatures consitlerably, as has beem 
shown above; but this does not apply to  more 
than a small part of the earth's surface, and 
the principal diffcreuces between air  and soil 
t~rnperatures, where the soil is  considerably 
hotter than the air, occur during only a part of 

3 02)bit., p. 200. 
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the insolation in  the middle of the day, and Ozone Absorption ( a )  ( b )  
over water surfaces not a t  all. Taking the 
earth as a whole, therefore, the adopted esti- 
mate of mean surface temperature, as agree- 
ing with the mean local air temperature, can 
not be altered more than a fraction of a degree 
by considering the high tc~nperatures of 
strongly insolated rock and arid soil, because 
the area occll~ied by such surfaces is small 
compared with the vast expanses of ocean, 
moist soil, and soil protected by vegetation, 
which are not thus affected. 

Mr. i n g s t r ~ m  thinks that: of the terrestrial 
radiation which escapes absorptiorl by the 
lower layers of the atmosphere, " a  consider-
able part will be absorbed by the ozone in the 
higher and colder strata of the atmosphere," 
ancl hp assigns 20 per cent- of the "-
mainiqzg ~adiation as a probable value of this 
absorption. Now if we note that the ozone 
band covers not one tenth of the entire spec- 
tlmm, and that 20 Per cent. would be a fair 
value for ozone absorption within, the Emits 
of the banti (a t  least in summer), we mw 
conclude that the absorption which i t  exerts 
i ~ :nearer to 2 than to 20 Per cent. of the 
entire spectrum. An exalnple will confirm 
this approximatel statement : 

On several occasions of strong ozone ab-
sorption, the energy in tllc solar spectrum of 
wave-length greater than great Z (and for 
our present purpose i t  malces little difference 
whether a curve of solar radiation, or one of 
terrestrial radiation be talien this part of 
tlie spectrum) had a mean value of 537 arbi-
trary units, as nzeasurcd on a plotting of the 
spectral energy-curve. On the same scale, the 
area corercd by the ozone band was equal 
to 17.4 units, or the ozone absorption was 
3.24 per cent. of the spectrum lying beyond 
the center of the greatest of the bancls of 
aqueous vapor. The following separate values 
show the variability of the band on days of 
strongest ozone absorption; ( a )=ozone ab-
sorption in the band from 9.1 p to 10.0 p as a 
percentage of the elltire unabsorbed energy 
between 6 p and 20 p, ( 6 )  =ozone absorption 
of the original unabsonbed energy within the 
approximate and apparent limits of the band: 

Per Cent. Per Cent. 

i
3.00 38.8
3.33 36.9 

Winter measures ..... . . .... . .. 3.72 50.0 
3.29 34.5 
3.50 33.3 

A ,jayin ju ly  . . .. . ..... 2.59 21.0 
Mean ..... .. . . . . . . . . ... 3.24 35.8 

The ozone absorption is considerably smaller 
in summer than in winter, alld probably 
has its greatest efficiency as a preserver of the 
earth's heat in  the polar re,' ~ lons .  

The conditions in  my measures of sky radia- 
tion were such that the surface ternperaturc 
could not have differed much flsom the adopted 
air temperature, because in winter tho sun 

low, and in the ground was moist; 
but possibly the assigned for unob-
structed radiation should be lowered to allow 
for the (liuninished valueof the radia-
tive below that of a perfect radiator. 
hi^, however, would increasethe trmslllis- 

sion, since the instrument wit11 d i c h  the sky 
radiatioll was mcasllred was a complete 
radiator. The thermopile had. its very small, 
blackenecl, absorbent surface at the center of 

a hemispherical mirror, 10 cnl. in diameter, 
gold-plated burnished, the rays entering 

through a 1 cm. circular, central aperture, 
entirely open to the outside air. Any rays re- 
flected from the front surface of the thermo- 
pile and falling oa the mirror, were returned 
back repeatedly for absorption. I n  spite of 
the protectionafforded by the case (and by 
still &nother, but a wider aperture 2 In. ill 
front of the nlcasuring surface), it was diffi- 
cult to keep the instrument balanced during 
very cold or win& weather. Measures were 
talien in series of five readings. Unless c:louds 
interfered, these readings commonly agreed 
to the extent indicated in the following ex-
amples: 

(1) Feb. 2, 1909, 10h20m to 10h30" A.M. 

External temperature, +19.O0 F. Dew-point, 
+13.O5 F. Relative humidity '76.5 per cent. 
Wind, fresh W.S.W. Sky, milky blue. A few 
remnants of dissolving strato cumuli low in 
the east. 

(2) Feb. 3, 1909, 9"3On1 to gh 40m A.M. 

Temperature of snow-covered ground (ther-



-- - -- -- -- -- - - - -- - - -- -- - -- 

- -- 

482 SCIENCE CN.S. vor,. XL. NO. 1029 

inometer bulb 1 cnr. in snow) =+7.'0 F. 
External air several degrees warmer. In this 
case the snow temperature is adopted. Rela-
tive humidity, 86 per cent. a t  8" Brn,74 per 
cent. a t  10"4Sm. IXoar frost early A.M. Calm. 
Good blue sky. Cirro stratus bands S.W. 
Thin mist in valley below. 

(3) Fcb. 3, 1909. Evening, 8" 25rn to 8" 3Srn 
P . .  External temperature =+ 1 1 . O Y  F. 
Dew-point, +I.'? 3'. Relative humidity, 65 
per cent. Little wind. Sky, quite clear. 

1 /
Div. Dir. Dir. 
(I) --2.5.8 (2) -43.5 (3) --4S.8 (4) 

( -36.1 -53.0 -35.4 
-28.5 -51.5 -42.3Zeriitllal sky.. . .. . . -31.0 -48.0 -37.2/ 

Sn~a l l  corrections to the galvanomr?ter read- 
ings are uceded in order to reduce them to a 
standard time of vibration. 

In summer, the successive readings are apt 
to a g r ~ e  better, not so much on account of any 
improvement in  the sky, hut  because the 
tlierlual and instrumental conditions are more 
conducive to accuracy. The following are 
examples for summer : 

July 5, I909 (4) Early A.M. ( 5 )  Noon 
7'' 30" to 7" 40" 11'150"' to 12" 

Il3xternal ternperatarc + 66O.7 3'. + 75O.0 F. 
Dev-point .. . . . . . . . . +67. $. 61. 
Ilclalivc humidity . . .. . .72$ 62$ 

T)iv I)i.ir. 
-32.7 -30.7 

Little wind-Deop blue sky.. . . 
Zenithal sky .. . .. . . . . .. . . . . . 
G:ilvanorneter deflections .... . 

-30.9 -32.0 
Mean .... . . . .. . . . . . . .... -32.4 -31.3 

Tlie loss of lieat by radiation from oceanic 
arcas is muell srnallcr than from land, because 
of the great absorption of this radiation by 
the very moist air '~vliich constantly hangs over 
the water. Thc value of 40 per cent. trans- 
mission which I have adopted is for land con- 
ditions. Tn ascribing this value to me without 
any rcstriction in his "Note on tlie Traris- 
missior* of the Atmosphere for Earth Radia- 

tion," Mr. - has ovcrloolced aAngstriim pas-
sage in my paper which I will quote: 

Tn the very moist tropics, noctur~xal cooling is 
only about half as great [a8 in tempcrate regions], 
while over the ocean the total diurnal change of 
tonrperature of the water is less than t oC. 

A compiltation by Lowcll?s rnethod gave me 
for the transmission of terrestrial radiation 
in the tropics t h i s  result; that  

vhereas about 60 per cent. of surface heat may be 
em~ttedax radiation from temperate regions, only 
one third as much heat escapes in  this Fay in the 
tropics [over land snrfaeesl. I t  is possible t h d  
the lo'ix7 value of 10 per cent. . . . may apply to 
saturated air over the tropical oceans, ~17here tho 
n~oistnreis in an especially absorbent forrn.4 

These illustrations will be sufficient to show 
tlie very great variability in  the coefficient of 
transnlission of terrestrial radi a t'ion. 

A further statement in Angstriim's note, to 
the effect that  

only a very weak part of this radiation [namely, 
from thc air at 3,000 rn. altitude] reaches the 
earth's surface, 

seems to iniply that there is  supposed to be 
some intercliange of radiation between bodies 
of air  thus widely separated, although actually 
an air laycr only radiates efEcient,ly from a 
depth of a few meters. The method employed 

by Mr. Angstriim consists in equating one 
half of the difference of radiation for b1ac.k 
bodies a t  the tenlperatures found a t  top ancl 
bottom of an air layer 3,000 m. thick, to the 
absorption in  this layer. The result obtaincd 
in this way in  the lower air  depends entirely 
upon the tllicakness assurned for the " effective 
radiating layer." But  this layer, as I have 
shown elscwhere,%an not possibly be 3,000 1n. 
deep, nor is i t  even 1/100 of tliat dcpth, as the 
investigations of Hntchins and Pearson abun- 
dantly provc,O and the depth of 8,000 meters 

4 AatropA?jsical Jou~nnl, Vol. XXXIV., p. 376, 
December, 1011. 

5 See ('Atmospheric Radiation, ' Bulletin G, U. 
8. Wcather Bureau, where the efficient radiating 
layer for carbon dioxide is given ai: 90 cm,, and 
that for jllnininating gas hardly exceeds 20 em. 
(Op. nt., p. 62.) 

edrncricn?~ Journal of Sczenc~ (4), Vol. 15, 
pp. 277-286, October, 1904. For air L'sorne 
60 per cent. of its own radiation is absorbed 
by a colunnl as thin as 245 em." (op. cit., 
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appears to have been chosen to snit the hypoth- 
esis.7 1x1 the isothermal layer, by the same 
principles, there should be negative absorp- 
tion! Further comment seems unnecessary. 
I hasten to add that interchange of radiation 
between ~zeighhoring air masses is an essential 
part of radiant progression through the atinos- 
phere. 

General Results 
I find that with good blue sky there is radi- 

ated from a land surface near the middle of 
the temperate zoiie soinething like a thermal 
equivalent of 0.15 gram cal./sq. cm. min. in 

'summer, and 0.22 gram cal./sq. cm. min. in  
winter; and these correspolld, respectively, to 
transmissions of 26 and 55 per cent., the mean 
transmission being 42 per cent., when the sliy 
is quite clear. 

I n  spite of the higher temperature of land 
surfaces in summer, there is no greater direct 
outward radiation from these surfaces than in 
winter, but even a soniewl~at slnaller one, be- 
cause the radiation lias to pabs through a more 
absorbent atmosphere. When the sliy is over- 
cast with clouds, direct surface radiation to 
space ceases, because the seat of action has 
simply been transferred to the uppcr surface 
of the clond, wl3ere a larger proportion of tho 
incoming solar rays is directly reflected baeli to 
space, and that which is absorbed is largely 
transformed into latent heat to reappear else- 
where after coinplex atlnosplieric processes. 
The whole of the absorbed radiation which is 
manifested as heat in either earth or air nlust 

p. 283). The agieement of the air transmis-
sron of 40 per cent. fonnd by these investigato1.s 
in this laboratory experiment with the valne nhich 
I have given for  the entire xtmospliere may be only 
a coinciilence; but the fact  remains that there are  
extensive regions of the spectrum mhich are  not 
emitted freely by air, and mhich therefore are  not 
n~uch  absorbed by the at~nospl~ere and do not take 
part in its interc.hsnge of rad~ation.  

7 Certain layers in the atmosphere, which are  
clcud-laden and a t  varions heights, stop all ont-
going radiatttron and appear as if a t  the same tem- 
perature as the surface, even though they may be  
20°, or more, colcler, and the clifferenee of tempera- 
ture bears no relation to the absorption by the 
ic tervening air. 

ultimately return to space as radiation. There 
are ma iy  steps in this process, and the return 
is retarded i n  general, though variously re-
tnrded, or subject to alternate acceleration and 
retardation. 

There is room here for some obscurity, and 
perhaps difference of opinion, as to what shall 
be considered a direct return of terrestria1 
rcdiation to space. All of the processes of ab- 
sorption of solar radiation and its conversion 
into and emission as terrestrial radiation, in- 
volve a thermal mechanism arid some delay. 
IT i t  is insisted that the return must be in- 
stantaneous, the only " direct '' radiation is 
that wl~ich is reflected back to space. But this 
is not at all wllat we mean by terrestrial radia- 
tion. If, then, we grant that there must be 
some delay in the return of radiation to silace 
after transformation into long waves, the re- 
turn being so speedy that i t  may fairly be 
called direct, there is really no reason (since 
nre permit a little delay in order that heat 
may be conducted between various por-
tions of matter) why we may not include in 
the direct radiation sonle of that which is due 
to heat transferred from the surface to the 
air by convection, ancI thence. in turn, radi- 
ated from the air by the step-by-step process 
which alone exists in that medium. I n  fact, 
by an observer outsidc the earth in space, this 
secondasily radiated heat could not readily be 
distinguished from that emitted after all only 
a little more directly. When the problem ?s 
attacked by purely nleteorological methods, .we 
find that these methods increase the cor~~puted 
nocturnal radiation, making i t  as high 8s 58.5 
per cent. of the total loss of surface lieat by 
radiation and convection combined, according 
to the method developed by Dr. Percival 
Lowell in his " Teniperature of Mars.'' 

Lowell's equation for nocturnal cooling may 
be put in the form 

where T is the average day temperature on the 
absolute scale, AT, is the nocturnal cooling 
wit21 clear sky, AT, is the same with cloudy 

8 Proc. American Acndemy of Arts and Sciences, 
Trol. SLIT., No. 25, IIarch, 1907, p. 660-661. 
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sky, .Y is tlie radiallt cnergy rcceived at  tlie 
earth's surface. a it the " relative emissivity," 
or rather*, i t  is thc  e f c c t i u e  cinissivity from 
the surface tllrorrgh the air. that is, tlie radi- 
a n t  emiqsion a.; affecteil by atmospheric ah- 
soi~pt ioi~o f  rays of long wave-lcngth, and 
nrhicll is govcrncrl 1)y the fonrth-power Stefan 
la~v,  ba t  it ic rliitinguishcd froul the convcc- 
t ~ r elo,s, cxctlpt in-so-far as these two overlap 
arcortlitig t o  the  principle under discussion. 
?'he coeEcients a and 7, arc nunlbrri derived 
Prom tlie ohscrved transmiision of instrn-
rilerital radiation to tlle sky apldietl to  the  
n:ctcorological data  uniler clear. and cloudy, 
nocturnal contlitioas, resptnctircly, 

The equation rests ugon the  observed fact  
that  AT,: AT,-- 5 :2, which irolcls good for  
I ~ t t htropical and temperate regions; also upon 
the  fact  that  there i s  no difference betwecn the  
mcxan tenlperatnro of clear and cloudy day;; 
and tho rii~merical coe%ci~iits are chosen on  
the assrlmption tha t  ilio average air  trano~ois- 
sion is tho Same for either day or night. This  
1 find to  be justified so f a r  as the radiation of 
the measuring insti-ument to  thc ~ k y  is  con- 
cerned, but it does not hold, i n  gencral, for  the  
surface of the groaiid. Tlcnce there ariqes a 
diserepnncy. For  esanlple, if we let T = t h e  
mean day temperalure, 292' Abs. CY., and take 
the arcrage trans~nission of instrumentnl radi- 
ation as  40 per cent. fo r  clear slcy, we have t h e  
eft'cctive t r a n ~ ~ n i s s i o n  of a uni t  of encrgy with 
a cloildy sky =2 /B  X 0.I-0 =0.1C,, and tlle 
arerage t ran~miss ion  For day sky, assnming 
tha t  thcro arc  as many clear clays as cloudy, is 
0 25. Tile mean transmissioil to r  a n  average 
day 	ant1 w clcar night becolncs 

a== :(0.08 4-0.40) - 0.34; 

a ~ ~ d  cflcctive transrriissictn a nthe nlean for 
average day and a cloudy night is 

77 =.3 (0.28 f 0.16) =0.22. 

For  mean temperate values, 

P = .5S5. 

Cu t  this is practically the effective trnnsmis- 

pion of tlie earth's radiation, loecallpe the cmis-
sivity of the earth is  nearly tha t  of a blaclr: 
I~oclg. Neverthdess, a by t h e  computation is  
rrcarly 50 per cent. larger tllan tlie transmis- 
5ioi-i of insirnmrutal radiation with which we 
s tn ted ,  so that, i n  round numbers, the equa- 
tlon as it  stand5 raisc, tile transrrrission from 
.40 to .GO. mean = .SO, which is  the  vitlut 
atlopted 1 ) ~I;owell. The explanation of the 
disc~sepalrcy h ~ t ~ r c c n  transmission ohtaincJ t l t ~  
from meaiures of sky radiation, and tha t  
frorn n o c t ~ ~ r n a l  coding, appears to l ie  i n  the 
mcoiiversioil of a part of the  heat abstracted 
from the s ~ ~ r f a c c  by convection currents, into 
i~adiation which is added to tlie radiation 
emitted as such from the gromrtl; but the large 
part of tlie energy communic:ited to  the air  by 
coiivc~ction reirl,ritrs in  the circulation of t l ~ e  
air so long tha t  i t  does not aRect the diurnal 
changes on -vrhich the eynation is  bascd. 
d similar conipntation for  the tropirs gave 

the  result that  e has only allout one third of 
the iralue drrivcd from lrleasares i n  the tem- 
poratr zone, the  is very>~-l~i le  tliqcrepancy 
much sm:rllcr a i d  has the opposite sign. This  
wag' mean tha t  the exccszive cvaporation and 
pr~c ip~i ta t ionof tllc tropics bring thermal. 
lnsscs ancl gain-; which still furtlier complicate 
thc relations hetween radiation and cnnvec-
tion. Fvidcntly there nlay be sonre ambig-
ui ty nI)o~rt, the k r n l  " terrertrial radiation,:' 
u rllcss n-e limit our clefinitions very carefully. 

As a chetk llpoil tlicbe mcasurc; I liave used 
my deicrn~ination of the transmission of the  
proper lunar  radiation by tlie earth's atmos-
phere i n  mhict~ v a l u ~ ;  as  high as 48 per cent. 
were ohtainetl i n  winter. 'I'lle transmjssion 
of lunar  ra:liation is r e l a t i r ~ l y  smaller than 
that  for  terrestrial radiation from a land sur- 
face by t h e  Same atmosphere, l )eca~~se,  owing 
to the hiqher t e r ~ ~ p r r a t u r e  of the lunar  snr-
face, its radiation in\ ades rclgions of the  spee- 
t rum mllere the  atmospheric absorption is 
especially large." I'R,\;.;K W. VJ<RY 

WESTWOOD OBSEWATORY,,\GTEOPHI'SICAI. 

Deeeniber, 1913 

9 See F. IfT. Radia,tiou and the Iso-Very, "Sliy 
t11crrr:al Layer," i lmerican J ~ t ~ ~ ? i a lof Sczciace, VoI. 
S X S V . ,  p. 379. April, 1013. 


