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ABSTRACT. Changes in the albedo and outgoing longwave radiation at
the top of the atmosphere derived from Earth Radiation Budget Experi-
ment (ERBE) are specified as a function of atmospheric (all sky condi-
tions) and surface properties (clear sky conditions). Albedo and
outgoing longwave radiation observations are also used to relate cloud-
iness variations to regional features of the general circulations such as
precipitation zones, persistent cloudiness, and areas of subsidence. A
method requiring only measurements of outgoing long wave radiation
and planetary albedo is applied to evaluate the relative importance of
the albedo and long wave radiation on the atmospheric circulation. The
approach of studying these observations in time and space is also used
to examine the radiative energy budget of different geographic loca-
tions such as deserts, high land, and coastal areas. The results indicate
that there are clear relationships between the variability in outgoing
longwave radiation, albedo, and features of the atmospheric circulation,
which appear to be linked to changes in cloudiness. In addition, the ef-
fect of geographical variations of Saudi Arabia on cloud is analyzed
and related to circulation features. The longwave mean ranges from
257.1 Wm�2 to 307.7 Wm�2, and the longwave standard deviation rang-
es from 10.6 Wm�2 to 27.9 Wm�2 over the region. The albedo mean
ranges from 20.9% to 30.6%, and the albedo standard deviation ranges
from 5.5% to 8.7% over the region. The longwave cloud forcing at the
top of the atmosphere equals 15 Wm�2 for January, 22 Wm�2 for April,
14 Wm�2 for July, and 10 Wm�2 for October 1989. Thus compared to a
cloud free atmosphere, the January mean cloudiness, as it was present,
reduces the outgoing longwave radiation for the total earth-atmosphere
system by about 6%, for the month of April by about 8%, for the month
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of July by about 5%, and for the month of October by about 3%. For
clear sky desert conditions, a weak relationship (R2 = 0.38) between the
albedo and outgoing longwave radiation was found at some locations
over the Kingdom.  Whereas the relationship between all sky albedo
and all sky outgoing longwave radiation results in a strong relationship
(R2 = 0.80) at some locations.

1.  Introduction

The global energy balance is important for Earth's climate. When visible radia-
tion from the Sun reaches the Earth and the sky is clear, some is reflected or
scattered directly back into space as shortwave radiation (the percent reflected is
known as albedo), and some is absorbed by the Earth. When the radiation is ab-
sorbed by the Earth's surface, it re-emits this energy at a longer wavelength.
When clouds are present, the radiation balance becomes more complicated than
in clear sky cases. The radiation balance of the earth as observed by earth-
orbiting satellites has been of concern to atmospheric scientists since the mid-
1960s. In 1975 a major advance in measuring the earth radiation budget was
made with the earth radiation budget (ERB) experiment (Smith et al., 1977).
The ERB instruments made broadband observations that were significant for
climate studies. Most of these satellites move in polar, sun-synchronous orbits
that allow twice daily global observations of weather patterns.

The ERB data from past satellites have improved our understanding of the
global climate system of the earth (Jacobowitz et al., 1979) and recent ERB
measurements systems added much more to our understanding of global, re-
gional and local diurnal heat budgets. The largest day-to-day variations in the
earth planetary albedo and outgoing thermal radiation are caused by variation in
clouds. Satellite borne instruments have been developed and deployed to meas-
ure the (ERB) at the top of the atmosphere (Bess and Smith, 1993). Clouds play
an important role in determining the present climate and climate sensitivity that
leads to a change of climatic parameters (Manabe and Wetherald, 1967). Since
clouds have much strong influence in ERB measurements, and the radiation at
the top of the atmosphere is so central in the maintenance of climate, a re-
lationship between clouds and climate can be found by studying ERB data.

Clouds have two important effects on the radiation budget of the earth-
atmosphere system. As a result of their scattering properties at solar radiation
wavelengths, they act to increase the albedo of the system, and an increased al-
bedo means a reduction in the amount of absorbed solar radiation. As a result of
their absorption properties at terrestrial radiation wavelengths, they act to in-
crease the longwave radiation loss to space. To fully understand the coupling
between climate and perturbations in the (ERB), research must address the
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physical relationship between changing atmospheric and surface conditions and
resultant changes in the ERB (Ackerman and Inoue, 1994). 

In this paper, ERB observations investigate the sensitivity of fluxes at the top
of the atmosphere in changing atmospheric and surface properties. Longwave
flux, cloud forcing, and albedo for the Saudi Arabia are analyzed from the
monthly ERB data for 1989. ERB data can enhance our knowledge of how
clouds and albedo affect the radiation distribution and the atmospheric general
circulation of the atmosphere.

2. Data Description

The Earth Radiation Budget Experiment (ERBE) was designed to collect in-
formation about sunlight reaching the Earth, sunlight reflected by the Earth, and
heat released by the Earth into space. Since October 1984, ERBE employed
three satellites to carry the instruments which collected this information: ERBS,
NOAA-9, and NOAA-10. Each satellite was equipped with special instruments
(scanners) that measured radiation along the satellite track and from space. Ra-
diation was measured in three wavelength bands: total radiation in the 0.2 to 50
micron wavelength band, longwave radiation in the 5 to 50 micron wavelength
band, and shortwave radiation in the 0.2 to 5 micron wavelength band (Bark-
strom et al., 1989).

As indicated above, the ERB data include shortwave (solar) radiation re-
flected by the Earth�s surface and longwave radiation emitted by the Earth. Al-
bedo is computed as the ratio between the shortwave radiation reflected from
Earth and the shortwave radiation coming in from space. Clear sky albedo is the
light reflected back only from cloudless areas of Earth�s surface whereas all sky
albedo is the light reflected back only from cloudy areas of the Earth�s surface.
These data are processed by month for the duration of the satellite flight, and
are provided on a grid of latitude and longitude lines. On this grid, longitude
varies from 1.25ºE to 1.25ºW by intervals of 2.5º (i.e. longitude varies from
1.25ºE to 358.75ºE), and latitude varies from 88.75ºN to 88.75ºS by intervals of
2.5º. Thus there are 144 grid points on each latitude and 72 latitudes overall.
The selected study area of Saudi Arabia ranges from 15ºN to 30ºN latitude and
from 35ºE to 55ºE longitude.

3. Geographical Distributions of Longwave and Albedo

The result of absorption of solar radiation at Earth�s surface is heating Earth
which radiates it back to space. Since Earth is cool relative to sun, its radiation
to space peaks in the infrared (long wavelength) band of the electromagnetic
spectrum. Because some components of Earth�s atmosphere trap longwave ra-
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diation (the greenhouse effect), emission to space occurs not at Earth�s surface,
but at a level in the atmosphere which depends on the concentration of green-
house gases at that location. Therefore, geographic variations in these data set
are a result of differences in the effective temperature (the temperature at which
the planet is emitting to space) at various locations. Effective temperature de-
pends both on the temperature at the surface, and on the concentrations and ver-
tical profiles of greenhouse gases.

The analyses are presented for different geographic locations over Saudi Ara-
bia such as deserts and mountains. These geographic locations have varying de-
grees to which the atmosphere and surface are coupled together. At the surface,
the radiative energy is coupled to the atmosphere for all surfaces, because the
composition and temperature profile of the atmosphere determine the incoming
fluxes at the surface. At the top of the atmosphere (TOA), the upwelling radiation
may be decoupled form the surface fluxes due to the intervening atmosphere. The
desert, with no vegetation, may at first appear a simple geographic region for de-
veloping energy budget scheme. The atmosphere is coupled to the surface
through strong sensible heat fluxes, which can result in mixed-layer depths of 5
km in summer. Therefore, a coupling between the surface and TOA fluxes is ex-
pected. On the other hand, advection of atmospheric water vapor and dust storms
tends to decouple the energy budget at the top of the atmosphere from the surface
physical properties (Ackerman and Inoue, 1994).

Maps of monthly mean clear sky outgoing longwave radiation and clear sky al-
bedo at the top of the atmosphere for January, April, July, and October 1989 are
shown in Fig. 1 and Fig. 2 respectively. These figures reveal many interesting
features related to the clear sky circulation patterns such as dry zones and regions
of subsidence. Regions of subtropical dry zones over Saudi Arabia are character-
ized by high albedo and high outgoing long wave radiation and this phenomenon
is more pronounced over Empty Quarter desert. The longwave radiation in Jan-
uary and April has low longwave due to the lack of shortwave radiation. This re-
flects the persistence of subsidence, lack of clouds, and low humidity. Figure 2
shows that the Empty Quarter desert is a highly reflective area whereas re-
flectivity decreases towards West, East, and Southwest of the Kingdom.

Maps of monthly average regional contour map all sky outgoing longwave
radiation and all sky albedo at the top of the atmosphere for January, April,
July, and October 1989 are shown in Fig. 3 and Fig. 4 respectively. These fig-
ures reveal many interesting features related to the circulation patterns and
cloudiness. The major precipitation zones over the Kingdom are characterized
by low longwave radiation and high albedo, which results from the presence of
cumulus clouds. Figurers 3 and 4 show the different areas over the region that
have cases of cloud cover (high albedo), and low outgoing longwave radiation.
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FIG. 1. Clear sky emitted longwave radiation at the top of the atmosphere, (Wm�2) for (a)
January, (b) April, (c) July and (d) October 1989.

a. Clear sky albedo of January 1989

b. Clear sky albedo of April 1989
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FIG. 1. Contd. 

c. Clear sky albedo of January 1989

d. Clear sky albedo of October 1989
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FIG. 2. Clear sky planetary albedo (%) for (a) January, (b) April, (c) July and (d) October 1989. 

a. Clear sky albedo of January 1989

d. Clear sky albedo of April 1989



A.K. Al-Khalaf84

FIG. 2. Contd. 

c. Clear sky albedo of July 1989

d. Clear sky albedo of Octber 1989



Results of Outgoing Longwave Radiation and Albedo... 85

However, some areas of the region are generally clear or scattered clouds most
of the time during the selected months which minimizes the difference between
all sky and clear sky cases such as Empty Quarter region which has large value
of albedo due to the high reflectivity of the surface.

The comparison between clear sky and all sky cases for each month indicates
that all sky longwave is less than clear sky longwave, and all sky albedo is larg-
er than clear sky albedo except the desert areas over Empty Quarter which has

FIG. 3. All sky emitted longwave radiation at the top of the atmosphere, (Wm�2) for (a) Jan-
uary, (b) April, (c) July and (d) October 1989. 

a. All sky longwave of January 1989

b. All sky longwave of April 1989
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FIG. 3. Contd.

c. All sky longwave of July 1989

d. All sky longwave of October 1989
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FIG. 4. All sky planetary albedo (%) for (a) January, (b) April, (c) July and (d) October 1989. 

a. All sky albedo of January 1989

d. All sky albedo of April 1989
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FIG. 4. Contd. 

c. All sky albedo of July 1989

d. All sky albedo of October 1989
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no clouds during the whole month. For example, a map for January 1989 clear
sky longwave shown in Fig. 1 looks very much like the January 1989 all sky map
shown in Fig. 3 in that the features of both maps are very similar in the general
structure of contours and the location of high and low values of longwave. How-
ever, there are significant differences especially over desert regions.  The sub-
tropical dry zones over Empty Quarter desert, central areas, southeast, and most
of Saudi Arabia are characterized by high outgoing longwave radiation with high
albedo during the month of July for both all sky and clear sky conditions. The
southwest of the country is characterized by low outgoing longwave radiation
with low albedo during the same month for both all sky and clear sky conditions.

All results show seasonal shift of longwave and albedo with different months.
The seasonal shifting of these features is apparent through months as shown in
Fig. 1 and 3 for longwave radiation and Fig. 2 and 4 for albedo. The seasonal
patterns of albedo and long wavelength Earth radiation are complex due to the
properties of the Earth�s surface and atmospheric properties. Monthly mean of
outgoing longwave radiation and albedo show that all sky conditions emits less
amounts of longwave radiation than clear sky. On the other hand mean of all
sky albedo is larger than clear sky cases (Table 1). Table 1 shows the standard
deviation of the longwave radiation and albedo with respect to local zonal mean
longwave radiation and albedo for all latitudes over Saudi Arabia. The long-
wave mean ranges from 257.1 Wm�2 to 307.7 Wm�2 over the region. Highest
value is observed at July clear sky whereas the minimum value in January all
sky cases (Table 1). The longwave standard deviation ranges from 10.6 Wm�2

to 27.9 Wm�2 over the region. Highest value is found at January all sky cases
whereas the minimum value in April clear sky cases. The albedo mean ranges
from 20.9% to 30.6 % over the region. Highest value is observed at January all
sky whereas the minimum value in April clear sky cases (Table 1). The albedo
standard deviation ranges from 5.5% to 8.7% over the region. Highest value is
found at January all sky cases whereas the minimum value in July all sky cases.

TABLE 1. Mean and standard deviation (S.D.) for longwave radiation and albedo for  both
clear sky and all sky cases for January, April, July, and October, 1989.

Month

January April July October

Mean S.D. Mean S.D. Mean S.D. Mean S.D.

  All sky (lw) Wm�2 257.1 27.9 267.2 21.6 293.7 22.1 284.9 20.4

  Clear sky (lw) Wm�2 272.1 21.6 289.2 10.6 307.7 13.6 294.5 13.3

  All sky (albedo) (%)   30.6   8.7   26.6 7   24.5   5.5   25.2   6.6

  Clear sky (albedo) (%)   23.3   8.1   20.9   7.1   22.1   6.8   22.1   7.1
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4. Longwave Cloud Forcing Over Saudi Arabia

At any instant more than half of the earth is cloud-covered. Cloudiness is a
fundamental variable for the Earth�s radiative balance. Clouds also may respond
to climate change in such a way as to modulate climate sensitivity significantly.
Clouds have two competing effects on Earth�s energy balance; through the re-
flection of incoming solar radiation and the trapping of the longwave radiation,
leading to cloud greenhouse effect. For understanding the role of clouds in the
climate system, cloud radiative forcing is a useful indicative. Changes in cloud
forcing can result from changes in cloud amount or cloud type, atmospheric
conditions, or surface properties. In order to understand how clouds affect the
Earth�s radiation budget, cloud-forcing is calculated as the difference between
the clear sky fields and the total fields (Harrison, et al., 1990). Cloud-forcing
comes from the idea that the climate system is ultimately driven by energy from
the sun. Anything that changes the amount or distribution of energy absorbed or
emitted by the Earth will affect climate and so can be considered a climate forc-
ing. The radiative characteristics of clouds are expressed in terms of cloud radi-
ative forcing defined as the difference between the observed cloudy sky radia-
tion and the clear sky radiation at the top of the atmosphere for the longwave
(LW) as follows:

LWCF top = LW clear sky � LW all sky (1)

Where LWCF top is the longwave cloud forcing at the top of the atmosphere, the
LWCF top demonstrates the amount by which clouds reduce the outgoing long-
wave radiation at the top of the atmosphere. Positive values mean less longwave
cooling of the planet.

To try to gain an understanding of how clouds affect Earth�s atmosphere sys-
tem, outgoing longwave radiation change in the presence of clouds will be ex-
amined. Figure 5 shows how much cloud affect the amount of radiation emitted
into space by comparing data from the same locations during cloudy and non-
cloudy days. The difference between different areas in the region comes from
the different types of clouds and different times of the year. In April, the cloud
reduces longwave radiation at the top of the atmosphere over the whole area. In
the Southwest areas above the Asir Mountains during months of July, cu-
mulonimbus clouds reach deep into the top of the troposphere and their tops are
cold. Other areas at different months have stratocumulus clouds which are shal-
low and their tops are warm. Cloud-free areas in the subtropics emit the largest
amounts of longwave radiation and this will minimize the difference between
all sky and clear sky cases as shown in Fig. 5. Cloud�s behavior depends on
complex dynamic and thermodynamic couplings between the surface and at-
mosphere. Table 2 shows the longwave cloud forcing for January, April, July,
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and October 1989. The cloud forcing at the top of the atmosphere equals 15
Wm�2  for January, 22 Wm�2  for April, 14 Wm�2  for July, and 10 Wm�2 for
October 1989. Thus, compared to a cloud free atmosphere, the January mean
cloudiness, as it was present, reduces the outgoing longwave radiation for the
total earth-atmosphere system by about 6%, for the month of April by about 8%,
for the month of July by about 5%, and for the month of October by about 3%.

FIG. 5. Averaged long wave cloud forcing at the top of the atmosphere (LWCFtop Wm�2)
for (a) January, (b) April, (c) July and (d) October 1989. 

a. Cloud forcing long wave for January 1989

b. Cloud forcing long wave for April 1989
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FIG. 5. Contd.

c. Cloud forcing long wave for July 1989

d. Cloud forcing long wave for October 1989
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5.  Linear Correlation Between Albedo and Longwave Radiation

In the previous section, the geographical distributions of the monthly mean of
albedo, longwave radiation, and cloud forcing were discussed. It was assumed
that the temporal variability in albedo and longwave radiation results primarily
from variations in cloudiness and the incoming solar radiation. Therefore the re-
sulting patterns of variability appear to be consistent with this interpretation. 

In this section, the relationship between local changes in albedo and long-
wave radiation will be examined. Scatter diagrams of albedo versus longwave
radiation for 9 locations are shown in Fig. 6. Solid lines in each of the 10 panels
represent a linear fit to the monthly mean values for the whole year. The data
points have a negative slope which is well represented by the line of regression.
Scatter about the line of regression may be caused by fluctuations in the type of
cloud, and the temperature or humidity in the field of view. Hartmann and Short
(1980) showed that the slope of the line is a sensitive indicator to cloud re-
gimes, and is also controlled by cloud amounts over the area.

For clear sky desert conditions, the ERBE-measured longwave flux is more
sensitive to the state of the atmosphere than the albedo. A relationship can be
expected between albedo and longwave radiation, such that as the surface gets
darker, the albedo gets lower, with longwave radiation increasing due to an in-
creased surface temperature. Ackerman and Inoue (1994) found little correla-
tion (r = 0.15) between the ERBE measured albedo and outgoing longwave ra-
diation. Their analyses indicated that the top of the atmosphere (TOA) fluxes
and surface properties are decoupled spectrally. In the present study, a similar
correlation (r = 0.38) was found between the ERBE measured albedo and out-
going longwave radiation at some locations over the Kingdom. These locations
were selected for different parts of the Kingdom as shown in Table 3. The re-
lationship between the surface albedo and clear sky longwave at top of the at-
mosphere are affected by the variability of Earth�s surface background. The
spectral decoupling may result from different spectral characteristics of the at-

TABLE 2. Longwave mean of radiation budget for both clear sky and all sky and cloud forcing
at the top of the atmosphere (TOA) for January, April, July, and October, 1989.

Month

January April July October

All sky (lw) Wm�2 257.1 267.2 293.7 284.9

Clear sky (lw) (Wm�2) 272.1 289.2 307.7 294.5

Cloud forcing (lw) Wm�2 15  22  14  10 

Cloud forcing / clear sky (%)   5.51   7.6     4.55     3.26
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FIG. 6. Scatter diagrams of outgoing longwave radiation versus albedo for various geo-
graphical locations over the region of Saudi Arabia. The line represents a least
squares fit to the monthly data points for the whole year of 1989.
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mosphere, which are more transparent to the shortwave (SW) than the longwave
(LW). In addition to atmospheric variability, surface characteristics also play an
important role in determining TOA fluxes. For example, different soil types
with the same albedo may have different specific heats, for the same amount of
absorbed solar energy. As result, one soil may raise its temperature faster than
another which results in decoupling the SW properties from LW radiation.
Smith (1986) have demonstrated that the mean properties of the desert surface
are controlled by radiative exchanges at the surface.  

The coupling of all sky albedo and all sky outgoing longwave radiation re-
sults in strong relationship (R2 = 0.80) at the same location (Fig. 6). For this re-
gion, when the albedo increases, the LW flux at the top of the atmosphere cor-
respondingly decreases. This strong relationship is due to the smooth properties
of clouds compared with earth surface. The outgoing longwave radiation is con-
trolled by cloud top temperature. Table 3 summarizes the relationship results for
the selected locations over the region.

TABLE 3. A summary of R2 values for different locations over the region of study.

Latitude Longitude Sky condition R2

28.75 41.25 clear sky 0.38

28.75 41.25 all sky 0.80

28.75 36.25 all sky 0.77

26.25 41.25 all sky 0.67

26.25 51.25 all sky 0.89

23.75 38.75 all sky 0.75

23.75 46.25 all sky 0.77

18.75 43.75 all sky 0.73

16.25 43.75 all sky 0.86

6. Summary and Conclusions

Monthly average outgoing longwave radiation and monthly average albedo
have been addressed to investigate how changing surface and cloud conditions
affect the energy budget at the top of the atmosphere. The linear square re-
lations between outgoing longwave radiation and albedo have been presented.
Geographical variations of Earth�s albedo, and Earth radiation (long wavelength
radiation) received by satellites from cloud free areas and cloudy areas of the
Earth�s surface were explored. The patterns observed were controlled by the
variations in seasonal radiation received from the sun and varying properties of
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the Earth�s surface. These comparisons between cloud free and cloudy areas,
will give a clear idea of reflectivity caused by clouds and that caused by Earth
surface properties such as deserts and high lands. Also, these data sets show
what areas of the region clouds persistently cover, and what areas are generally
cloud free. The subsidence zone is sometimes associated with low clouds which
increases longwave radiation and decreases albedo, while the precipitation
zones associated with tall clouds reduce the longwave radiation and increase al-
bedo. The desert regions are characterized by an absence of clouds and low hu-
midity.

The longwave mean ranged from 257.1 Wm�2 to 307.7 Wm�2 over the re-
gion. Highest value was in July clear sky whereas the minimum value was in
January all sky cases. The longwave standard deviation ranged from 10.6 Wm�2

to 27.9 Wm�2 over the region. Highest value was in January all sky cases
whereas the minimum value was in April clear sky cases. The albedo means
ranged from 20.9% to 30.6% over the region. Highest value was in January all
sky whereas the minimum value was in April clear sky cases. The albedo stan-
dard deviation ranged from 5.5% to 8.7% over the region. Highest value was in
January all sky cases whereas the minimum value was in July all sky cases.

Radiative forcing of clouds is dependent on the temperature of the source of
the radiation from this cloud. If the tops of clouds are the source of the radia-
tion, and if the temperature of the cloud top decreases with increasing height, it
can be expected that there will be less thermal radiation from a high cloud than
from a low cloud, because the top of the high cloud is colder than the top of the
low cloud. The cloud forcing at the top of the atmosphere equaled 15 Wm�2 for
January, 22 Wm�2 for April, 14 Wm�2 for July, and 10 Wm�2 for October 1989.
Thus compared to a cloud free atmosphere, the January mean cloudiness, as it
was present, reduced the outgoing longwave radiation for the total earth-
atmosphere system by about 6%, for the month of April by about 8%, July by
about 5%, and October by about 3%. The largest reduction percentages due to
cloudiness were during the month of April and the smallest reduction was dur-
ing October.

The relationship between local changes in albedo and longwave radiation was
discussed. The data points had a negative slope which was well represented by
the line of regression. Scatter about the line of regression might be caused by
fluctuations in the type of cloud, and the temperature or humidity in the field of
view. For clear sky desert conditions, the ERBE-measured longwave flux was
more sensitive to the state of the atmosphere than the albedo. A weak correla-
tion (r = 0.38) between the ERBE measured albedo and outgoing longwave ra-
diation was found at some locations over the Kingdom. The relationship be-
tween the surface albedo and clear sky longwave at top of the atmosphere was
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affected by Earth�s surface variability. The coupling of all sky albedo and all
sky outgoing longwave radiation resulted in strong relationship (r = 0.80) at
some location. For this region, when the albedo increased, the LW flux at the
top of the atmosphere correspondingly decreased. This strong relationship was
due to the smooth properties of clouds compared with Earth�s surface.
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W?�F?�M*« WK�uD?�«  U�u*«  «� W?F?�_«  U�U?O� UC�√ X�b?�?�?�« UL?�
d�«uE�«Ë ,V�?��« W?O?L?� w� d?OG?��« 5� W?�ö?F�« W?�«�b� ,W?O?�UJF�ô«Ë
s�U?�√Ë ,�uDN�« s�«u?� q�?� ,Íu?'« ·öG?K� W�U?F�« ��ËbK� W?O?L?OK�ù«
ÆÍu'« ·öG�« qH?�√ v�≈ ¡«uN�« ◊u�� s�U�√ v�≈ W�U?{≈ ,V���« lL&
WK�u?D�«  U?�u?*«  «� W?F??�_«  U�U??O�  U??�U?O??� W??I�dD�« Ác� VK?D��
W�U?F�« ��ËbK� s�d?BMF�« s�c� WO?L�√ W�?�� rOO?I�� W?O�UJF�ô«Ë ,W?�F?�M*«
w�UJ*«Ë w�U�e?�« dOG?��«  bL�?�« W�«�b�« WI�d?� Ê√ UL� ÆÍu?'« ·öGK�
q�?� ,WO?�«dG?'« o�UM*« nK�?< WO?�UF?�ù« WO�«e?O*« W?�dF*  U�U?O��« Ác?N�
W?�ö� �u?�Ë v�≈ ZzU�M�« d?OA� ÆW?OK�U?��« o�UM*«Ë ,�U�?'«Ë ,Í�U�?B�«
WO�UJF�ô«Ë ,W�F�M*« WK�uD�«  U�u*«  «� W?F�_« w� dOG��« 5� W�{«Ë
UL� ,V���« W?OL� dOG�� j��d� w��«Ë ,Íu'« ·ö?GK� W�UF�« d�«uE�« l�
��Ëb�U� U?ND��Ë V?�?��« ÊuJ� vK� w�«d?G?'« d?O?G?�?�« d?O�Q� W?�«�� X9
qJA� V���« �u�Ë s?�U�√Ë �uDN�« l�«u� q�� ,Íu'« ·ö?GK� W�UF�«
 UD�u�?� ÕË«d�� ÆUOKF�« u?'«  UI�� s� ¡«uN�« ◊u?�� o�UM�Ë ,dL�?��
, ≤ÂØ «Ë ≥∞∑ Ë ≤ÂØ «Ë ≤µ∑ 5� WK�uD�«  U?�u*«  «� WF?�_« rO�
,≤ÂØ «Ë ≤∑[πË ≤ÂØ «Ë±∞[∂ 5� Í�UOF*« ·«d��ô« rO?� ÕË«d�� UL�
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UL� %≥∞[∂ Ë %≤∞[π 5� wN?� WO�UJF�ö�  UD�u�*« rOI� W?��M�U� U�√
�u??� %∏[∑ Ë %µ[µ 5� ÕË«d??�� W?O??�UJF?�ö� Í�U?O??F*« ·«d??��ô« Ê√
w� WK�uD�«  U?�u*«  «� W?O?�UF?�ù« �u?I�« Ê√ v�≈ ZzU�?M�« dO?A� ÆW?IDM*«
≤ÂØ «Ë ≤≤Ë ,d�UM� d??N?A� ≤ÂØ «Ë ±µ ÍËU?�� Íu?'« ·ö??G�« vK�√
dN?A� ≤ÂØ «Ë ±∞ ÍËU�?�Ë , uO�u� d?NA� ≤ÂØ «Ë ±¥Ë , q�d�≈ d?NA�
V��?�« Í�R� ,V���« s� w�U?)« Íu'« ·öG�« l?� W��UI*U�Ë Æd�u?��√
s� W��U)« W?F�_« WOL� ÊU?BI� v�≈ d�UM� dN� w� − ��u�u?� w� UL� −
,q�d�≈ d?NA� %∏ W?��?M�Ë ,%∂ W�?�M� Íu?'« ·ö?G�« s�Ë ÷�_« `D�
W?�ö?� W?�«�� X9 Æd�u?�?�√ d?N?A� %≥ W?�?�M� «d?O?�√Ë ,u?O�u� d?N?A�  %µ
W���Ë ,V���« s� WO�U)« ¡UL�?�« s� YF�M*« �UF�ù« WOL� 5� ◊U���ô«
W?HO?F?{ U?LNMO?� W�ö?F�« Ê√ 5�?�?� ,WJKL*« ¡«u?�√ iF� �u� W?O?�UJF�ô«
¡U?L��« 5� W�u?� W�ö?F�« Ác� ÊuJ� U?LMO� ,©∞[≥∏ = ≤� d�b?I��« q�U?F�®
WOKJ�« W?O�UJF�ô« W�?��Ë ,V���« vK� ¡UL�?�« Íu�% U�bM� Ë√ ,W?LzUG�«
W?�ö� ©Íu?'« ·öG�« W?O�U?JF�« UN?O�≈ U�U?C?� ÷�_« `D� WO?�UJF�«®

Æ©∞[∏∞= ≤� d�bI��« q�UF�® s�U�_« iF� w� ÍËU�� YO� ,W�u�




