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On Land-sea Contrast in the Earth Radiation Budget.
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Abstract

In order to make clear the difference between the earth’s radiation budget over land and over
sea, three components of the budget; absorbed solar radiation S, emitted terrestrial radiation T1
and net total radiation Ny on the earth-atmosphere system measured by the wide field of view sensor
aboard NIMBUS 7 were analized for the period during November 1978 to October 1979, where the
arrow in superscript indicates the positive direction of S, T or N.

The resultant zonal averages over each land and sea showed following interesting facts.

a. Both S{ and N in the latitudinal range 40 degrees around the solar declination are above
40 W/m2 larger over sea than over land. The excess of S| over sea beyond land stems mainly from
differences of both clear-sky albedo and cloud amount between over land and over sea.

Cess (1976) gave a relationship among S{, outer atmospheric solar radiation So, cloud amount
A, albedos of cloud o and of clear-sky g as follows,

SY =80 (1-Ac0e + Ag O — 05 ) (1)

Since the difference between S| over land and over sea in the same latitude depends on the
difference between ¢ over land and over sea and the difference between A: over land and over sea,
differenciating (1) derives

28} = =S [(ae — @g) 2Ac+ (1-Ac) & o] (2)

Using the equation (2) and the values of the variables, we found that the excess of the clear-sky
albedo over land beyond sea explains only half of the excess of S{ over sea beyond land, and in
order to explain all of 4S{ the cloud amount over land has to be 13% greater than over sea.

b. In the latitudinal range 30 degrees centered 60N or 60S, S} over land in summer is above
15 W/m? greater than over sea contrary to the low latitudes.

The equation (2) substituted the variables showed that the cloud amount over sea has to be
17% greater than over land in these latitudes.

On the other hand global cloud climatologies for January and July which Hughes (1984)
reviewed show that these estimations in a. and b. are consistent with the climatologies (for example,
Berlyand, Strokina and Gresnikova (1980).

c. Examination of latitudinal variation of TT all the year round shows that there are a
minimum zone near the equator corresponding to ITCZ, and a maximum zone in the subtropical
area of each hemisphere corresponding to the subtropical high pressures or the downward stream
branches of the direct circulation.

The minimum in the zonal monthly average over land tends to be lower than over sea and the

*

% fit 2 v # — Meteorological Satellite Center

*x LGB Meteorological Research Institute



METEOROLOGICAL SATELLITE CENTER TECHNICAL NOTE No. 13. MARCH 1986

both maximums over land tend to be greater than over sea. These facts show that the direct circula-

tion over land looks like more active than over sea.
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Fig.1 Orbit of NIMBUS 7. The orbit is sun-syn-
chronous, inclined at 99.3° to the earth’s equator
and at an altitude of 955 km. The ascending node
equatorial crossing is at 1200 local time(LT) and
the discending node equatorial crossing is at 0000
LT. The revolving period is 104.16 min. and the
earth rotates 26.1° longitudes within the period.
The wide field of view (WFOV) channels: 12th and
13th used for the present analysis have an un-
encumbered FOV of 121°, which is equivalent to
59° in the latitude range of the earth.
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Fig. 2 An approximately equal area world grid (600 km x 500 km) on which the NIMBUS 7 monthly data are

stored. Grids for land are shaded.
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Fig. 3 Latitudinal distribution of absorbed solar
radiative flux S and emitted terrestrial radiative
flux T4 for January and July, 1979. Solid curves
are for zonal average over land and broken curves
for zonal average over sea. Zonal averages over land
in the arctic area northern than 81N and in the
vicinity to 60S between 54.0S and 67.5S are

broken off because there is no land.

SNLTHAHHPUTHE L NIEIE S0, IO HE

WL AR B0, L TIREMEEIC L AR
fifi A ffghlr U f
SC, ILFHRENT KB HUERFAN L 0 —pksr o H

S0 1978 411 J) 4005 1979 48 10 J £ T D0 Tfs
5’;}%5\: ;]k’g“.‘

3.8, NV, T 0OLBAHOEHEL

Appendix i L7 L DTS Y EN Y ORERSIED12
I H O3 GRAERRD B &IOS B T S,
LR OB AL T, KBS0 RS &~ 250
WK TR - TS 85, Tt 1D
T B KAAOAES B So¥ OFREE B 1 SMic ke
Bl 5 LD THL. WAEILIZEEEA(LIZ ST L
7, bl E BB T L TARE L, BEThSLE
maﬁﬁﬁﬁ%*ﬂ7

—‘jJT DRI OB T EAL O EITKRD LD ThH
%,
WICERIC DV THS & KNI BRI TR E 5
GITTIEL, UL, COBBIRSYONYITNg &
#HL NS,

A
T OKEISEIEE B G & — 8L T 5. dFE

= >
TSR ENDIEL, LALTHOBEMGW L
——— sea
— land
W/m2 Net 1973 1
zoo{
! P
-
100 P <
yZ N
L — 7 t S
_BON BON 30N, 0 308 80S . 905
400
] ==
..2OOL
Wim* Net 1978.7
Z:I
———
! Pd =~
TN
=
PIESS ot ' NN, ; ;
bON 60N 0N 0 05 605 a0

-
DT ~ae——
200

Fig.4 The explanation is the same as Fig. 3,
except for net, total radiative flux N{ instead of
the S} or TV.
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Fig. 5 Annual variation of latirudinal distributions
in absorbed solar radiative flux S}. The ordinate is
marked with 400, 300, 200, 100 and 0 W/m? only
for S of November 1978, and with only 0 W/m?
for SY of other months. An area, where the average
over land is greater than the average over sea, is
shaded.
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Fig. 6 The explanation is the same as Fig. 5 except
for emitted terrestrial radiative flux T instead of
the S{. The ordinate is marked with 300 and 200
W/m?2 only for T of November 1978, and with
only 200 W/m2 for T 1 of other months.
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Fig. 7 The explanation is the same as Fig. 5 except
for net, total radiative flux N{ instead of the S{.
The ordinate is marked with 200, 100, 0, =100 and
-200 W/m2 fér N} of November 1978, and with
only =200 W/m?2 for N of other months.

ASt=—SotAd= So {le —as) AAc+

(1—-Ac) Aas '} (4)

DXL Ac, as B AIMDLE X, Ac, as DEIL
BASHT ENFI L T 2 TH B, Ac, as &
LT land, sea OFEMiiARAEL LTAAC, Ads B
Bt EXASY AR 2, RO R EH R
AESER, Fig 84BRLT

Sot~ 450 W/ m 2 (5)
F oA T RIE Fig. 10 & Fig. 11 28 LT
Ac~ 0.6 (6)

L¥ A, —Has Eac it LU TRFig. 9 28K LT
cosZ ~ 066* (ZIFKBKIER) SOT

dc ~0.55 (7)
2nfz.
wcosZ 2nfX:cosZdt _ So 2
27 IN T NG
Sotx 2 _ 450 W/ m?x 2
K T8 1370W/ m?

(v ciRFADES (rad)~—’;—, (?)hl)

-6 -

—44




S[EHmEr Y — BiiEd F135 198643 H
s |1/
\LY
I \\N
i / AN
" X/ V/ [ AN
N oAl WMAANNE!
A7 AN
/ // l)c g\ \ 11
1 | 7 N ~L_1]
’ '—'—“/;( /5/4- — N N =
) Vo =N\ O 5
% ( VA NN N\ T3
AN E RSN
'S , N .\\\‘
o - AV
- AV
MW
w1\ W
J F M A M J J A 0 N D

Fig. 8 Latitude-time variation of outer atmospheric solar radiative flux So. Unit of numerals is 100 W/m2. The
vicinity of the solar declination has ~450 W/m2 of So. The vicinity of 60N or 60S in summer has also ~450
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Fig.9 Relations between consine (solar zenith angle) and clear-sky albedo Qg (a), or cloud albedo o (b) (Ohring

and Gruber (1983)).
(a) shows that &; =0.22 and o
vicinity of 60N or 60S in the summer.

S

B 0.12 since cos (solar zénith angle) = 0.66 under the solar declination, and the

(b) shows that g = 0.55 under the solar declination, or at 60N or 60S in the summer, because the cloud is

supposed to be middle cloud.
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Berliand and Strokina(1974)
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Fig. 10  Global distributions of total cloud amount for January and July compiled by Berlyand and Strokina
(1974) (After Manabe and Wetherald, 1982 and Hughes, 1984). Unit indicates 10%.
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Fig. 11  Latitude-time variation of zonally averaged cloud amount over land and sea compiled by Berlyand,
Strokina and Greshnikova (1980).
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Fig. A1 Absorbed solar radiative flux S§.  (page 14 — 19)
Monthly global distributions of SJ from November 1978 to October 1979, measured by wide field of view
(WFOV) channel 12th and 13th aboard NIMBUS 7. Channel 12th senses wave length 0.2 to 50.0 um without
filter by tipe N3 thermopile sensor. Channel 13th senses wavelength 0.2 to 3.8 um with two supraisil W hemi-
spheric filters by the same sensor as channel 12th. The amount measured with the 12th is converted to derive the
net, total radiative flux N, and the amount measured with the 13th is converted to derive S{ by the help of
calculating the outer atmospheric solar radiative flux So. The basic radiometric conversion algorithms can be
referred Appendix in Jacobowitz et al (1984a). Unit of numerals is W/mz, and contours are every 20 W/mz. The
area where SY is greater than 240 W/m? is shaded. Data polar side of thick line are not available.
S} has the maximum zone in the vicinity of the solar declination, and S. of the polar area in the winter hemi-
sphere is zero all day round. The summer maximum of S.} in the southern hemisphere is beyond 400 W/m?, but
in the northern hemisphere under 400 W/m?, because the distance between sun and earth is shorter in summer
of the southern hemisphere than of the northern hemisphere. Difference of the sun-earth distance between the

. perigee and the apogee makes 7% difference of So between them.

Fig. A2 Emitted terrestrial radiative flux TT . (page 20— 25)

The explanation is the same as Fig. Al except for Tt instead of S4.

Latitudinal variation of T1 has a much weaker inclination from the sub-tropical zone to the pole in each hemi-
sphere than S. There are a couple maximum zones associated with the subtropical high pressures or the down-
ward stream branches of the direct circulation. While, there is a minimum zone of T1 near the equator associated
with ITCZ. In the minimum zone of T?1, there are three land areas where T? is especially lower: Indochina-
Newguinea, northern part of South America and Central Africa.

In the high latitudes TT tends to be greater over sea than over land.

Fig. A3 Net, total radiative flux N{. (page 26 —3D)
The explanation is the same as Fig. Al except for N{ instead of S{.
The area where N{ is greater than 0 W/m? is sheaded.
The distribution pattern is roughly similar with that of S{. The summer maximum locates near the solar declina-
tion is beyond 160 W/m? in the southern hemisphere but under 160 W/m?2 in the northern hemisphere, because
of the same reason as S$. N{ of shaded area is the heat (or energy) source of the earth-atmosphere system and
N/ of other area is the heat (or energy) sink, which may play a role as a driving force of the general circulation
of atmosphere and oceans.
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