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Se han utilizado para amili.sis armonico bidimensional los valores medios mensuales del albedo y 
de la radiaci6n de onda larga emitida del sistema Tierra-Atm6sfera. Las coordenadas son.la la­
titud geografica y el tiempo. Usando una malla de 2.so se determinaron los coeficientes arm6-
nicos para 71 zonas latitudinales. Los datos primarios utilizados son tres afios de mediciones de 
satelites NOAA Gullo 1974 - junio 1977). Los rcsultados de los calculos se analizaron agrupan­
do los arm6nicos de la manera siguiente: dos grupos representando variabilidad espacio tempo­
ral independiente y un tercer grupo que tiene en cuenta esta variabilidad espacio temporal. El 
peso de los diferentes arm6nicos y grupos se estim6 en terminos de valores zonales anuales de 
la variaci6n y las diferencias anuales en las amplitudes y fases de las arm6nicas. 
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ABSTRACT 

The data on the monthly mean values of the albedo and the outgoing longwave radiation from 
the system Earth-atmosphere were subjected to a two-dimensional harmonic analysis. The co­
ordinates were geographical latitude and time. Harmonic coefficients were found for 71 lati­
tudinal zones with a width of 2.so. The three-year NOAA satellite data (July 1974-June 1977) 
served as primary data. The results of calculations were analysed while grouping harmonics as 
follows: two groups representing independent time and space variability ;the third one took in­
to consideration the temporal-spatial interdependent variability. The weight of different har­
monics and groups were estimated in terms of yearly-zonal values of the variance and yearly 
differences in amplitudes and phases of harmonics. 

The accuracy of the representation of the Earth-atmosphere energy balance was estimated 
on the basis of a few first harmonics. 

INTRODUCTION 

Satellite data on the albedo and on the outgoing radiation fields give new possibili­
ties for the investigation of climatic trends. The aim ofthis paper is to analyse the 
variability of the above fields by using two-dimensional Fourier expansions with 
the intention of determining diagnostic expressions for boundary conditions, which 

· could be used in numerical models for long-term weather forecasts as well as in the 
climate theory. Considering the above an attempt was made to investigate the dis­
position of the ridges of the Fourier harmonics above the globe and to compare 
them with the distribution of the real physical processes taking place in the atmos­
phere. 

The analysis was made separately for all the three years (1974-1977). A yearly­
zonal sample variance of the monthly mean values above the 2.5°x2.s0 trapezoids 
serves as a measure of the variability of the albedo (a) and of the outgoing longwave 
radiation (D) fields. All amplitudes of harmonics are given as relative values AJmn 
showing the share they have in that variance, i.e. 

A· = _1_ A2 
JffiD 2s~ jmn 

J 

Calculations of the two-dimensional Fourier harmonics were carried out for all 
the latitudinal zones j for the albedo (ajik) and for the outgoing longwave radiation 
(Djik) by using Fourier expansions: 
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M 

Xjik = Xjoo + m~l Ajmo cos { m~k - ajmo) + 

+ ~ cmri ) ,..., Ajon cos 72 - ajon + 
n=l 

(1) 

M N { m1rk ( n1ri ) + m~l };,
1 

Ajmn cos - 6 - cos 72 - ajmn + 

+ jmnSm-6 - cos 72 - J3jmn . B . m1rk ( n1ri )} 

Here j = 1 ... 71 while j = 1 designates the zone 87 .s0 + 90°N, i = 1 ... 144 gives 
the longitudinal coordinate of the elementary trapezoid, e.g. i = 1 designates the 
0-2.5°E. The value k = 1 ... 12, while k = 1 determines July. Coefficients in this 
expansion were calculated from the space-measured fields (ajik) and (Djik): 

Cjmn 
ajmn arc tan ajmn , n > 0 

AJffi· 0 = µm n Va:Z + b7 
_ bjmo 

ajmo - arc tan ajmo • Jffi O JffiO 

d· 
/3jmn = arc tan b:m 

Jmn 

1 12 144 m1rk n1ri 
ajmn = 7 k~l i~l Xjik cos - 6 - cos ~ , 

1 12 144 m1Tk . nm 
Cjmn = 7 :r :r Xjik cos - 6 - sm 72 , 

k=l i=l 

1 12 144 . m1rk . n1ri 
djmn = 2 ~ _:r Xjik sm - 6- sm -72 1T k=l 1=1 

1 
Xjoo = 4 ajoo 

l 
1 

2 m>O, n=O 

1 m>O, n>O. 
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When n = 0 the second term in formula (1) gives the temporal variability of the 
zonal mean values, we have the first group of harmonics. When m = 0 the second 
group of harmonics, represents the time-dependent interzonal variability. When 
m * 0, n * 0, the third group describes the variability which depends both on time 
and on the geographical coordinates. 

It follows from the above that the harmonics of the first group represent primar­
ily the effect of the changing declination angle of the Sun. The harmonics of the 
second group are connected with the distribution of the continents and the seas in 
the given latitudinal zone. 

In this paper we shall take into account the harmonics which make up over 4 per 
cent of the total variance. This value (4 per cent) was chosen empirically, as the 
harmonics with smaller amplitudes have phases which change from year to year 
within wide limits. 

PRIMARY DATA 

The monthly mean fluxes emerging from the system Earth-atmosphere long-wave 
radiation (Djik) and the albedo of the system Earth-atmosphere (O]ik) served as pri· 
mary data for the present study. These values were determined on the basis of the 
scanning radiometer measurements carried out aboard the NOAA satellites (Gruber, 
1978; Winston et al., 1978). In this paper we used the data collected in the time-

. interval from July 1974 to June 1977. The coefficients of the Fourier expansion 
were calculated for three subintervals with a length of one year. 

RESULTS 

A) Annual mean values and variances 

The annual mean· values of the longwave outgoing radiation Djoo and of the albedo 
O'.joo as well as the mean values for the total four-year period were published by 
Winston et al. {1979). The dispersion analysis showed that differences-in the yearly 
mean values lilljoo = 2-5 W/m2 and for ~joo=0.02-0.1, were reliable on the 95 
per cent significance level. 

This means that year-to-year variations in the contemporary climate are signifi­
cant when one tries to obtain a deeper insight into the admissibility of one or another 
process that may govern the regional (with a.spatial scale of 1000 km) or the global 
~limate. Table 1 presents the 3-year mean values for different latitudinal zones of 
Djoo and CXjoo deduced from the NOAA satellite data. These values correspond to 
the term Xjoo in formula (1). We did not investigate the possible mistakes made in 
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Djoo O:joo j 

1 195 .40 19 
2 196 .41 20 
3 198 .41 21 
4 200 .43 22 
5 202 .44 23 

-0 6 205 .49 24 - 7 208 .47 25 
8 210 .46 26 
9 212 .54 27 

IO 214 .51 28 
11 217 .51 29 
12 220 .46 30 
13 222 .44 31 
14 225 .43 32 
15 228 .42 33 
16 231 .40 34 
17 235 .38 35 
18 238 .37 36 

1' 

Table 1 

3-year Mean Values of D- and a-fields 
according to zone-numbers 

Djoo O:joo j Djoo 

242 .35 37 260 
246 .34 38 260 
249 .32 39 262 
253 .31 40 265 
259 .29 41 267 
264 .29 42 269 
270 .27 43 270 
273 .26 44 270 
275 .25 45 269 
275 .25 46 267 
274 .24 47 263 
271 .23 48 260 
266 .23 49 255 
260 .25 50 251 
254 .28 51 245 
253 .29 52 241 
257 .27 53 237 
260 .25 54 232 

cijoo j Djoo O'.joo 

.26 55 228 .43 

.26 56 224 .46 
9 .26 57 222 .44 :< 

.25 58 218 .51 i .25 59 215 .53 

.25 60 211 .56 11 .., 

.25 61 208 .57 is. 

.25 62 204 .58 9 

.26 63 198 .60 > 
~ .26 64 189 .63 "' =-.27 65 179 .62 (0 

.28 66 170 .60 

.30 67 164 .58 

.32 68 161 .57 

.34 69 160 .52 

.36 70 158 .54 

.38 71 150 .51 

.40 
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determining these values due to errors committed in intensity measurements or by 
the effect of the selected final atmospheric models, but we estimated only the mean 
latitudinal variability of the sample variances s2(D) and s2(a). The results averaged 
over 3 years are illustrated in Fig. 1. The sample variance for the albedo s2(a) is 
given with a scale factor of 104, i.e. it is multiplied by the value 104. 
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Fig. 1. The mean estimates of annual variances in different latitudinal zones: I - for outgoing 
thermal radiation, 2 - for albedo field (both given by left-side scale) and 3 - the ratio 

2 
sj (D)max 

Ro-= 2.. 
J SJ1-D)min 

(right-side scale). 
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B) Year-to-year variations of variances 

We compare the ratio of the maximum variance to the minimum variance for 
three successive years 1974-1977, i.e. 

For the outgoing radiation the ratio Roj lies in the interval I ~ Roj ~ 1.20 for 
most of the zones (see Fig. 1, right-side ordinate). In the selected three-year period 
(1974-1977) the data on D were more stable in the zone of 100-sooN and in the 
region south of the latitude 65°S. In latitudinal zones of 1 oo- 200N and 200-3oos 
the ratio Roj had values of 1.4 and 1.3 respectively. 

For the albedo field there were three zones where Raj had values higher than 
1.2: in the latitudinal belts of ip = 10°-20°N, 55°-6S0N and in the region south 
oflatitude 2sos. 

Nevertheless, it is not correct to assume that D - and a - fields are independent. 
In the case of independent normal samples with equal variances the critical value of 
Rx(x = D, a) at the 96 per cent significance level would be 1.10 (for samples with a 
volume equal to that of the experimental samples). 

C) Zonally mean terrJporal dependence 

Fig. 2 represents latitudinal variations of values Aj10 (part a) and aj1o (part b) aver­
aged over the three-year period which correspond to the outgoing radiation field 
(D) and to the albedo field (a). Relative values of amplitudes for the D-field are al­
ways higher than those for the a-field in all latitudinal zones except for two: 47°, 
5-62°58 and 67°, 5-87°, SS. Amplitudes of these harmonics (Ajio) "disappear" 
in the latitudinal zones 2so-11°, SN, s 0-ooN and 170, s-2sos, consequently in 
these zones there does not exist any temporal dependence in the D- and a-fields. 
It should be pointed out that these zones are closer to the tropic of Cancer, thermal 
equator and to the tropic of Capricorn, respectively. In the latitudinal zone 70°-
400N amplitudes Aj10 for D- and a-field are in opposite phases, i.e. increasing D­
values correspond to decreasing a-values. This could be explained by the effect of 
snow in winter over continents and at the same time by increased amounts of clouds 
over the oceans on that latitudinal belt. Above the polar circle in both hemispheres 
the amplitudes Aj10 (a) are close to zero. 

Differences in phases for this harmonic between different years for the D-field 
in the northern hemisphere were as large as 0.15 and in the southern hemisphere 
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Fig. 2. The mean relative amplitude Aj 10 (part a) and its phase (part b) of the annual harmonic 
for outgoing thermal radiation (1) and albedo (2) for different latitudinal zones. 

-0.25, i.e. in time lapse it made 8 and 15 days, respectively; For the a-field these 
differences were significantly larger: the corresponding time lapse in the northern 
hemisphere was 15 days and in the southern hemisphere as large as 5 months. It 
follows from this that there is no sense in trying to determine the mean value for 
the phase angle O!jto of the albedo field, at least not in the latitudinal belt 20°- 6oos. 
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Large variations in phase angles are connected with a high variability in the zonal 
mean cloud amounts, as these latitudinal zones are mainly covered by the oceans. 
The amplitudes Aj2o are significantly different from zero only in polar regions. 

At the same time there exists a significant difference in the yearly mean values 
of the two first years in relative amplitudes (see Table 2). In Table 2 the average 
amplitudes for the a-field in the region around the North Pole are determined from 
the three-year data, while in the region around the South Pole only the first-year 
data were usable as the albedo values of the two other year were erroneous because 
of technical problems (Winston et al., 1978). 

Table 2 

Relative amplitudes and phases when m = 2, n = O; A%0(D) - the mean amplitude 
value deduced from the first two-year data; Ah0(a) the amplitude value deduced 

from the first year data 

j A'j~o(D) aj2o(D) A'j20(a) aj2o(a) j A'j2o(D) aj20(D) Aj20(a) aj20(a) 

1 .02 .98 .02 3.11 .31 .34 
2 .03 .93 .05 -2.61 63 .04 .08 .06 -1.45 
3 .02 .79 .10 -2.43 64 .04 .26 .29 .21 
4 .01 .79 .13 -2.71 65 .04 .26 .29 .20 
5 .15 -2.80 66 .05 .26 .27 .16 
6 .23 -1.90 67 .07 .27 .19 .40 
7 .25 -2.58 68 .09 .29 .26 .23 
8 .31 -2.41 69 .10 .23 .06 .21 
9 .10 - .92 70 .12 .23 .19 .64 

10 +.18 -2.71 71 .15 .23 .05 .05 

The D-field relative amplitudes A'j2o, which had been calculated from the data 
on July 1976 to June 1977, yielded values of0.10, 0.08, 0.06, 0.04, whenj = 1, .. 
4. It follows from the data presented in Table 2 that these values were significant­
ly higher than those deduced from the two first-year data-sets. In the amplitudes 
of the a-field such large discrepancies in year-to-year data did not exist. The above 
discussion demonstrates that because of year-to-year variations in primary data and 
in measuring accuracy problems there exist serious difficulties in a correct approx­
imation of the D- and a-field over the whole globe. 

It is possible that the increase in the mean effective temperature of the system 
Earth-atmosphere Terr in the summer and winter seasons and the decrease of 'feu 
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in the spring and autumn seasons are connected with the special circulation El Ni­
no, since at the same time there are no significant deviations in the temporal varia­
tions of the albedo in those zones. To have a more definite assurance for the above 
guess, a multi-year data-set and a more detailed study are needed. 

Fig. 3 presents the total effect of the two harmonics which approximate the 
temporal variations, i.e. the values of rj = A'jio + A'j2o for the 0- and a-fields. Tem­
poral variations of the a-field have amplitudes which are smaller than those of the 

't' 
f ~'i----~---~--~---~---~~---. 

Q5 

I 
I 
I 
I 

I I 
I II , ,, 
\I I 

' '....,, 
I 

'. '\ 
\.J\ 

I 

\ 

\ 

1 
z 

I 
r' 

" I 
I 
I 
I 

I 
I 

I 

I 
I 

I 

I 

'\ 

I '"' 

---'------'--=----'-----' ··---·- - J. -----

9DN 60 JO 0 

Fig. 3. The sum of the two first.harmonics 

2 + 2 I 2 (Aj10 Aj20) 2sj 

J00 60° 9/rS 

in shares of variance for outgoing thermal radiation (1) and albedo (2) in different latitudinal 
zones. 
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D-field for all latitudes except for the zones south of 45°S. The small value of the 
amplitude Aj 10 (D) over the latitude belt 70°S shows that there is a considerably 
smaller annual variation of D values than in the adjacent zones. In this zone the 
amplitudes Aj1o(D) have values comparable with the values Ajoi (D), i.e. in this zone 
the mean temporal variation is equal to the geographical variations connected with 
the asymmetry of the contour of the Antarctic. In the a-field variations the above 
minimum in the zone c.p = 70°S does not exist. It might be explained by the fact 
that in the summer season the low-level stratiform clouds exist over the climatic 
Antarctic frontal zone. 

Summarizing the analysis of the two first temporal harmonics, it should be pointed 
out that the zonally mean annual variation describes the main bulk of the variations 
in the D- and a-fields only over the polar regions. 

D) Zonal variations ("standing waves") 

The harmonics of the second group represent time-independent variations, i.e. 
they give the interzonal anisotropy of the albedo and of the outgoing radiation fields. 
According to the definite zone, there may exist as many as five harmonics, which 
describe a still significant share in the spatial variations of these fields. The above­
mentioned harmonics may have different values in different years. Let us study 
separately for all these harmonics the significance levels of the interzonal variations 
and the year-to-year variations. In Table 3 the mean relative amplitudes for the 
first three harmonics of this group for the D- and a-fields are presented. The phases 
of the harmonics (the position of ridges) with the wave numbers n = 1.2 are given 
in Fig.4, showing that there exists a large shift in the ridge in adjacent latitudinal 
zones when the amplitude values Ajon are small. When the j-value corresponds to 
the zone c.p = 60°N, the amplitude for the albedo Ajoi (a) is significant but it does 
not coincide with the significant amplitude Ajoi (D). In the belt c.p = 30°- 20°N 
both Ajoi (a), Ajoi (D) have maximum values, while their phases differ somewhat 
less than rr/2, i.e. these harmonics have not been caused by the cloud cover. It is in­
teresting that in the zone c.p = 1s0 -20°N Aj01 (a) and Ajoi(D) coincide in phases: 
their ridges are situated over the Sahara Desert. Over the Equator we have a secon­
dary maximum of both the amplitudes Ajoi (a) and Ajoi (D), but there is a phase 
difference: the ridge in the D-field lies over Africa, but the ridge of the a-field is 
shifted towards the Pacific Ocean (approximately 10° from the coast of Peru). In 
the Southern Hemisphere there exists a maximum for the a-field in the zone 20°s, 
and another maximum for the D-field in the zone 30°S. As can be seen from Fig. 
4a, the ridge of ajoi (D) lies over the Pacific and with an increasing latitude shifts 
from New Zealand to the Bellinghausen Sea and further to the South Pole. 
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Table 3 

Relative amplitudes of D- and a-fields, 
whenm =O, n = 1.2 3 

A'jo1(D) A'j02(D) A'jo3(D) A'jo1(a) A'j02(a) Ajo3(a) 

1 
2 
3 
4 .01 
5 .02 .01 .03 .01 
6 .03 .03 .05 .01 
7 .03 .03 .02 .02 .01 .02 
8 .01 .03 .02 .03 .02 .02 
9 .01 .03 .01 .04 .03 .02 

10 .02 .03 .06 .05 .02 
11 .04 .02 .13 .03 .03 
12 .04 .03 .22 .02 .06 
13 .04 .03 .12 .06 .05 
14 .04 .03 .07 .02 .07 
15 .05 .03 .04 .01 .05 
16 .05 .02 .02 .01 .05 
17 .06 .03 .01 .02 .05 
18 .08 .04 .04 .04 .04 
19 .08 .04 .02 .07 .02 .13 
20 .09 .05 .02 .06 .01 .16 
21 .10 .05 .02 .10 .01 .09 
22 .13 .09 .03 .13 .02 .03 
23 .13 .13 .03 .14 .02 .03 

24 .15 .16 .04 .16 .01 .19 
25 .16 .16 .05 .14 .02 .22 
26 .17 .14 .07 .09 .01 .27 
27 .17 .12 .10 .09 .03 .29 
28 .15 .12 .11 .10 .05 .23 
29 .12 .11 .09 .09 .07 .25 
30 .10 .09 .04 .03 .03 .25 
31 .09 .OS .08 .OJ .20 
32 .07 .04 .07 .02 .07 
33 10 .04 .04 .10 .02 .06 
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(Table 3, continued) 

A jot (D) A'j02(0) A'jo3(0) A'jot (o:) A'j02(0:) A'joa{o:) 

34 .10 .14 .02 .09 .04 .04 
35 .12 .19 .03 .08 .11 .09 
36 .19 .21 .07 .08 .15 .11 
37 .18 .21 .06 .07 .17 .12 
38 .18 .19 .06 .06 .20 .11 
39 .13 .15 .10 .04 .12 .15 
40 .06 .09 .13 .04 .05 .11 
41 .01 .05 .14 .07 .04 .09 
42 .01 .04 .11 .10 .03 .06 
43 .06 .03 .10 .14 .02 .06 
44 .11 .04 .09 .14 .05 .06 
45 .14 .05 .09 .13 .03 .03 
46 .16 .06 .09 .11 .02 
47 .17 .06 .10 .08 .01 .01 
48 .17 .06 .09 .06 .02 .02 
49 .14 .05 .07 .05 .01 .11 
50 .11 .03 .09 .04 .02 .15 
51 .07 .02 .06 .03 .02 .13 
52 .04 .02 .05 .03 .09 .12 
53 .09 .02 .04 .03 .05 .11 
54 .19 .01 .04 .03 .07 .05 
55 .33 .01 .03 .04 .04 .02 
56 .41 .01 .02 .03 .03 .01 
57 .47 .02 .03 .03 .01 
58 .39 .02 .02 .03 
59 .30 .02 .01 .03 
60 .21 .04 .01 .03 
61 .13 .01 .04 .01 
62 .06 .02 .05 .01 
63 .18 .08 .01 
64 .35 .09 
65 .43 .04 .05 
66 .39 .02 .14 
67 .35 .04 .09 
68 .35 .04 .01 
69 .32 .04 .01 
70 .26 .01 .01 
71 .07 
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Fig. 4. The distribution of phases of two first harmonics °:jot (part a), ajm (part b) for outgoing 
radiation (1) and albedo (2) versus latitude. 

The ratio of the amplitudes of different years changes less than the variance in 
the given zone ( see Fig. 1 ). If the given amplitude represents more than 15 per cent 
of the variance, then the year-to-year shift in its phase is less than 10° for the D­
field and less than 15° for the a-field. If the given amplitude represents less than 5 
per cent in the total variance, the year-to-year shift in phases could reach the value 
of rr/3. An exception to this wa.s observed empirically: in the period of 1976/ 1977 
years in the zone 0- 7.5°N the ridge ajoi (D) was shifted -40° eastward, compared 
with its coordinate in the two previous years and in the zone o0 - 7.s0 s its eastward 
shift was equal to 20°. An analogous shift was observed for the same yl!ar also for 
the a-field: in the zone 0-10°N the ridge was 30° eastward compared with the two 
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previous years. It is quite plausible to think that the above shifts were caused by 
"El Nino", i.e. by the warm ocean current in the equatorial zone of the Pacific 
Ocean (Namias, 1978). 

The ridge O'.j 02 (D) Fig. 4b with a considerable value of the amplitude shifts from 
the Pamirs towards the Libian Desert. After that it turns south-east, passes over the 
Somali Peninsula and follows the coastline up to the Equator, then it goes with 
southern ocean currents in the Indian Ocean to the southern coast of Australia. The 
second branch of this ridge stays over the Pacific Ocean. For the albedo-field the 
ridges of the harmonics O'.j 02 (a) with values of considerable amplitude lies over the 
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South American continent and over the Sunda Islands. The year-to-year changes in 
the phases aj 02 (D) are similar to the changes in the aj 01 (D) values in case these har­
monics represent more than 5 per cent in the total variance. El Nifio is traceable in 
the year-to-year changes of the phases aj 02 (a): in the years 1976/1977 in the zone 
7.5°N-2.5oN the phase aj 02 (a) was shifted 50° eastward compared with the two 
previous years. 

The distribution of the ridges of the harmonic n = 3 is given in Fig. Sa. In this 
case (n = 3) the harmonics of the D- and a-fields are in opposite phases. The ridges 
in the D-field move from the Arabic Peninsula towards the central part of Australia; 
across the Pacific and from the Bahamian Islands towards South Africa. The ridges 
with maximum amplitude values are observable over the central parts of the Atlan­
tic, the Indian Ocean and in the Pacific approximately s0 eastward of the Tuamoto 
Archipelago. The respective ridges for the a-field aj 03 (a) pass over the central part 
of Africa, the eastern coast of China, the Philippines and Australia. Over the Pacif­
ic they are situated near the coast of America. Over the open oceans these ridges 
coincide with cloud clusters. The year-to-year variations of their phases can reach a 
value of 30° and this points out that such cloud clusters can exist over a given ter­
ritory for a long period (comparable to years). In other regions the year-to-year 
changes in the phases of this harmonic have values of 50 for the D-field and 10° for 
the a-field. 

The amplitudes of the harmonics n = 4 and n = 5 play a significant role only in a 
· narrow belt from the Equator up to 30°S (see Table 4). The distribution of these 
ridges is given in Figs Sb and Sc respectively. The ridges aj 04 (D) cross the Equator 
across the Indian Ocean (X-65°E), Melanesia (155°E), the Pacific at -11s0w and 
the Atlantic at -25°W. The ridges of ajos(D) cross the Equator over the Indian 
Ocean ( -so0E) (here runs the Australian current), the Sunda Islands ( -120°E), the 
central part of the Pacific at X = 170°W, and also at X = 95ow as well as over the 
Atlantic at X = 20°. Nearly all ridges are situated over the Oceans. For the albedo 
field the corresponding ridges lie over Africa, and its west coastline, goes across the 
Indian Ocean at X = l00°E- ll0°E (the Malay Archipelago) lie over the central 
pacific ( "'160-170°W) and over the Western coast of South America. The ridges 
aj 05 (a) cross the Equator over Africa ("'15°E), the Indian Ocean ("'90°E), Melane­
sia ( -160°E), the Pacific ( -130°W), South America ( -ss0w). These ridges in the 
albedo-field are mainly controlled by the distribution of the continents in a given 
latitudinal zone. The total share of these five harmonics in variance is illustrated in 
Fig. 6. As can be seen from the above, there is no definite limit between the har­
monics which describe the interzonal distributions "land-sea" and "clear-cloudy". 
Since cloud fields often cover coastal regions, the above two distributions partly co­
incide and their strict separation is not possible. It could be only pointed out that 
the spatial distribution of the two first harmonics (n = 1.2) is mainly determined by 
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Table 4 

Relative amplitudes of the D- and o:-fields 
when m =O, n =4,5 

A'joiD) A'j04(0:) A'jos(D) A'jos(o:) 

21 .01 .01 
22 .03 .02 .01 
23 .04 .03 .02 
24 .03 .07 .02 
25 .02 .08 .02 
26 .05 .02 
27 .04 .02 
28 .01 .01 
29 .02 .04 
30 .02 .03 
31 .01 .01 
32 .02 .01 
33 .04 .02 .01 .01 
34 .08 .09 .03 .01 
35 .08 .12 .05 .02 
36 .09 .15 .08 .05 
37 .06 .11 .08 .08 
38 .04 .06 .08 .06 
39 .02 .09 .10 .05 
40 .03 .11 .06 .04 
41 .04 .14 .04 .04 
42 .04 .15 .02 .03 
43 .05 .20 .01 .02 
44 .03 .21 .05 
45 .02 .19 .03 
46 .01 .15 .02 
47 .08 .02 
48 .02 .02 
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the interzonal distribution "land-sea", while the three following harmonics (n = 3, 
4, 5) are mainly dependent on the cloudfield distribution, as there exists for these 
harmonics a phase shift equal to 1r/2 between the D- and a-fields. It is worth to 
mention that for both fields (D and a) the ridges and troughs over the oceans of 
these five harmonics coincide with regions where according to the Programnfe "Pro­
files" by G. I. Marchuk (1979) are energetically active zones of the ocean-atmos­
phere interaction. It shouid be mentioned that the number of sites where the ridges 
and troughs of these first five harmonics lie are considerably higher than the num­
ber of the sites where G. I. Marchuk recommended to measure detailed profiles of 
the temperature fields of the sea and atmosphere and their energy exchange, with 
the aim of determining the advection of sensible heat in the ocean. The above har­
monics describe variability in the effective radiation fields ( shortwave an.d longwave ), 
i.e. in the system atmosphere-underlying surface. 
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E) "Moving waves" 

The harmonics of the third group are dependent on time (k) and space (i). They 
can be expressed as: 

C nm 
jmn cos [ 72 - 'Yjmn ] 

where 

C - .J 2 2 ( m1rk ) 8 2 2 ( m1rk a ) jmn - Ajmncos - 6- - ajmn + jmn cos - 6- - ,..jmn , 

(m,rk ) Bjmn cos - 6- - 13,imn 
'Yjmn = arc tan m1rk 

Ajmn cos(~ - ajmn) 

Therefore we have harmonics whose amplitudes and phases vary with time. Table 5 
presents the relative amplitudes defined as · 

A? +82 :Jffill jmn 
1 Cjmn = __._ __ .....__ 

4i ] 

for the few first wavenumbers (m and n). 

The three-year average arrangement of ridge for 'Yju (D) in July, September and 
November is given in Fig. 7a. As can be seen from Table 5: this harmonic presents 
a comparatively smooth wave ( the maximum amplitude covers 10 per cent of the 
variance) and it moves in summer and winter with a low speed. As a rule, its speed 
is higher (in spring and autumn) when its amplitude is at its minimum (it consti­
tutes less than 1 per cent of the variance). Let us study this harmonic in three lat­
itudinal zones, where its amplitude has a maximum. In the zone 45°-55°N this 
wave covers 6 per cent of the variance and moves eastward with a speed ofup to 15° 
per month. Its ridge passes in summer through the Northern part of Kazakhstan 
and in winter moves from the Pacific towards the western coast of Canada. The 
next zone with a considerable amplitude for Cj11 (D) is 30°N-15oN. In summer­
time its ridge is situated over North Africa. The wave-front of this harmonic moves 
to NNW with a speed of 100 km per month. In winter it moves over the Pacific. 
Amplitudes are minimal in October and April. The third zone under consideration 
is in the zone 5°-10°S. This wave makes 5 per cent of the total variance and re­
presents a vortex whose center moves in June to November over the Timor Sea and 
is from December to May over Brazil. It should be mentioned that year-to-year 
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Table 5 

Relative amplitudes of D- and a-fields, 
when m = 1, n = 1, 2, 4 

cju(D) Cj 11(a) cj12(D) cj12Ca) cj14(D) cj14(a) 

12 .04 .02 .03 
13 .03 .06 .05 
14 .05 .02 .07 .13 
15 .06 .02 .08 .18 
16 .05 .02 .09 .23 
17 .06 .05 .10 .23 
18 .04 .06 .10 .23 
19 .02 .08 .08 .12 
20 .02 .08 .07 .04 
21 .02 .04 .07 
22 .03 .03 .05 
23 .06 .01 .05 
24 .07 .05 .02 
25 .07 .06 .03 
26 .07 .11 .04 
27 .08 .02 .14 .04 .03 
28 .10 .02 .14 .03 .03 .03 
29 .10 .04 .14 .04 .05 .03 
30 .07 .07 .08 .05 .06 .05 
31 .03 .06 .03 .07 .06 
32 .03 .06 .03 .07 .06 
33 .03 .05 .01 .05 .07 
34 .04 .05 .04 .04 .03 .07 
35 .04 .03 .06 .07 .03 .05 
36 .02 .08 .05 .04 
37 .02 .05 .03 .03 
38 .01 .02 .04 .02 .04 
39 .01 .03 .03 .05 .09 
40 .03 .05 .02 .08 .10 
41 .04 .05 .02 .09 .09 
42 .06 .06 .02 .09 .06 
43 .04 .05 .04 .08 .03 
44 .03 .03 .03 .06 
45 .04 .01 .04 .02 

106 



0. Y. Karner and 0. A. Avaste 

variations of this harmonics in the above zones are less than 2 per cent of the total 
variance, but the phase differences reach values up to 25°. 

The respective harmonic for the a-field in Fig. 7b also shows considerable ampli­
tudes in the above zones. In the zone 40-50°N in summer (June to September) 
there forms a vortex over the Pacific and it moves in winter across the Atlantic. In 
the zone 5- 15°N in summer there originates a vortex over the Indian Ocean near 
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Fig. 7. Spatial distribution of the phase angle :Yju in July (1), September (2) and November 
(3) for outgoing radiation (part a) and albedo (part b). 

the coast of India, but in winter it forms over the eastern part of the Pacific. In the 
zone l0-15°S the amplitude over the Atlantic has considerable values in autumn 
and in spring then the ridge lies over the Atlantic and over the Coral Sea, respective­
ly. For the a-field the year-to-year variations of amplitudes and phases are compar-
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able with those in the case of the D-field. The waves with wavenumbers m = 1, n = 2 
for the D-field in Fig. 8a are standing waves in winter over the Gulf Stream andKuro 
Shio (from November to March). In summer the ridge 'Yji2 (D) in the zone 40°-1 s0 N 
approximately coincides with the ridge of the wave aj02 (D). The coincidence of 
these two ridges is especially good over the African deserts. The second ridge of 
this wave lies over the Pacific and approximately coincides with the region of small 
cloudiness (Avaste et al., 1979; Miller and Feddes, 1971). 
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Fig. 8. Spatial distribution of the phase angle :Yj 12 in July (1), September (2) and November 
(3) for outgoing radiation (part a) and albedo (part b). 

The respective wave in the a-field (the ridges presented in Fig. 8b) corresponds 
to the distribution of the snowcover in the zone 60°-42°, SN. The ridges in winter 
"stand" nearly at longitude 75°E (i.e. on the line Omsk-Alma Ata}, and 105°N 
(i.e. the eastern slopes of the Rocky Mountains). The rather high amplitude values 
of this harmonic indicate the limits with a permanent snowcover in the winter sea­
son. In summer the ridges of this harmonic "stand" over the Atlantic some degrees 
west of England, over the Pacific several degrees from the Kamchatka and the Kuril 
Islands. The average eastward speed of the ridge of this harmonic (in winter and 
summer) in the above latitudinal zone is 2.5° per month. The year-to-year differ­
ences in phases are up to 10° for months with high amplitudes. 
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The next wave, which has a considerably high amplitude, bears wavenumbers 
m = 1, n = 4. In some latitudinal zones it constitutes up to 10 per cent of the total 
variance (for both the D- and a-fields). The distribution of the ridges of this wave 
over one fourth of the Earth, corresponding to the Eastern Pacific in July, Septem­
ber and November, is presented in Fig. 9. In Fig. 9, it is possible to distinguish two 
steps in the movement of this wave: the first one corresponds to two first years in 
our analysis when in summer the eastward speed is small but amplitudes are rather 
large. The speed is 1-2° per month for both the D- and a-fields. The wave-speed 
increases towards the Equator. In the autumn of this step the wavespeed increases, 
but amplitudes decrease. 
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The second step in the movement of this wave is observable in the data of the 
third year starting from October 1976 the direction of the movement changes in 
the latitudinal belt 5-15°N, 25° for the D-field and -30° for the o:-field. In No· 
vember the ridges are situated westward compared with the two previous years: 
approximately in the Southern Hemisphere we did not find such a deviation in the 
movement of this wave. 

It should b~ pointed out that for both the D- and o:-fields, the smallest ampli· 
tudes occur from November to December and from May to June; the largest ampli· 
tudes occur from August to September and from February to March. Taking into 
consideration the arrangement of the ridges of this wave, we concluded that the 
above peculiarities are connected with "El Nino". 

The individual contribution of an harmonic with higher wave-number can in 
some latitudinal zones give only less than 4 per cent of the total variance. 

The ridges of the harmonics of the third group lie mainly over the regions where 
for most of the time of a given month the weather is governed by anticyclons ( the 
regions where there are ridges in the D-field) or· in the case of cyclons (the regions 
where there occur ridges in the o:-field). It is possible to determine the mean speed 
of these vortices. The "vortex" of these waves for the D-field lies in summer over 
the continents, in winter · over the open oceans. In summer this coincides with 
higher temperatures over the continents. The "vortex" for the o:-field "stands"mainly 

· over the sea close to the coastal line. The main bulk of the waves of the third group 
has maximum amplitudes in summer and in winter. The only exception is Cj 11 (o:), 
where the maximum amplitude occurs in the zone 5°-10°s G = 42-44) in spring, 
the ridge is over the Atlantic near the eastern coast of Brazil and in autumn · the 
ridge is over the Coral Sea. 

CONCLUSIONS 

The harmonic analysis of the temporal-spatial fields of the outgoing thermal ra· 
diation (D-field) and the albedo (o:-field) showed that when one distinguishes three 
groups of harmonics, it is possible to study the main temporal peculiarities and the 
interzonal spatial variabilities. Taking into consideration the mean zonal-spatial 
variances calculated from the data covering three successive years (1974-1977) it 
was shown that the first ten harmop.ics (divided into groups: 2+3+5) in a D-field 
approximation described the main bulk of the variances (see Fig. 10), there exist. 
If we take into account two temporal harmonics (m = 1, m = 2), five time-indepen­
dent harmonics (standing waves) n = 1 +5 and three harmonics which describe the 
main moving waves (m = 1, n = 1; m = 1, n = 2; m = ·1, n = 4), then for the D-field 
the largest residual variance remains in the zone 10°N -10°S, where- the residual 
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variance is approximately 200 w2 /m4. For the a-field the same number of harmon­
ics leave the largest residual variance (0.02) in the zones 70-80°N and 70-80°S. 
Nevertheless, ·it should be pointed out that in the tropical zone the residual or "noise" 
amplitude is higher than any individual harmonic amplitude. This is valid for both 
the D- and a-fields. 

The year-to-year changes of these ten harmonic amplitudes reach values consti­
tuting up to 10 per cent of the variance (for example Aj 2o near the North Pole). 
The year-to-year changes in the phases of the same harmonics can, for some lati­
tudinal zone, be significant. This effect is probably connected with "El Nifio" cir­
culation type. 
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(presented in lower part of this Figure). Curves 1 denote harmonics for outgoing radiation, 
curves 2 - these for albedo. 
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When one tries to approximate the radiation budget, it should be mentioned that 
even the small variances in the albedo-field can cause large errors in approximating 
the radiation budget distributions. The shortwave radiation absorbed in the system 
"Earth-atmosphere" is equal to J = S0 (1-a), where S0 is the flux of solar radiation 
incident on the upper boundary of the atmosphere. This equation allows us to es­
timate the variance of the J-field. For example, in the equatorial zone, where S0 
has an approximately constant value -400W/m2 the variance of the absorbed flux 
is three times higher than the variance for the outgoing thermal flux. From here it 
follows that it is possible to approximate the shortwave radiation flux with the 
same accuracy as the longwave outgoing flux only when the a-field is approximated 
with correspondingly higher accuracy. This is a very strong demand. In practice 
the accuracy for the D-field is lower than for the a-field when we use an equal num­
ber of harmonics (Fig. 10). This must be considered in analysing the values of the 
radiation budget. The accuracy of the albedo field determines the accuracy of the 
radiation budget approximation over the greater part of the Earth. 
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