
:f; \ r.:

IC/91/298

INTERNAL REPORT
(Limited Distribution)

/ , -'_•: i International Atomic Energy Agency

y "/ and

United Nations Educational Scientific and Cultural Organization

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

A NEW APPROACH TO ESTIMATE ANGSTROM COEFFICIENTS

M. AbdelWahab*

International Centre for Theoretical Physics, Trieste, Italy.

ABSTRACT

A simple quadratic equation to estimate global solar radiation with coefficients depending
on some physical atmospheric parameters is presented. The importance of the second order and
sensitivity to some climatic variations is discussed.
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1. INTRODUCTION

After Angstrom [1] developed the first basic model for estimating the global solar ra-
diation, a long list of models had been achieved on empirical and analytical bases. The classical
Angstrom equation is given as

G = Go(a+bs) (1)

where G, Go and S are the montly average daily global, extraterrestrial radiation incident on a
horizontal surface and the ratio of possible to maximum sunshine hours. Values of .25 and .75
were computed for o, b on the bases of data from Stockholm. From Eq, (1) it is clear that a +
6 < 1 on cloudless sky. Furthermore, because of the problems in sunshine measurements, it is
s < 1. Consequently, for clear sky conditions, the Angstrom equation underestimates insolation;
for overcast conditions this is also true. Comparing Angstrom type models for the same locality
different a and 6 coefficients can be found in the literature. For example in Lof [2] coefficients are

presented as:
station a b

Trappes ,219 .468

Carpcntras .313 .386

Recently Castro-Diez et al. [3] obtained:

station a b

Trappes .1622 6864

Carpentras .0882 .7556

It is easy to find that a change of ±.01 in the value of a may produce an error of G by (1.5 - 2.5) %,
according to the sky conditions and the season of the year. In this paper we will try to point out
the physical meaning of a and b and the relation between them. A quadratic form of the Angstrom
equation will also be discussed.

THE PROPOSED MODEL

Recently Davies and McKay [4] presented the results of Task IX of International En-
ergy's Solar Heating and Cooling Program, where 12 models based on hudge data set were exam-
ined. For the globla radiation estimate the closed layer model [5] was the best one with (MBE <
1.2) and (RMSE < 2.1M J')'m1/day). This model considers the physics of the incoming ra-
diation and the effects of the atmosphere and of the ground on the recieved irradiance amount.
According to [5], the hourly mean global solar radiation can be defined as
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where

c is the cloud cover amount,

t is the cloud transmissivity,

a is the ground surface albedo, and

/3 is the atmospheric backscatter.

In order to introduce the sunshine ratio, we define c = 1 — aS where a is a conversion
parameter which depends upon the locality. The backscattering coefficient /} can be defined in the
form

p = aRa + aa + ac{ 1 - aS) (3)

where eta ls the molecular scattering affecting only the clear sky part, aa is the aerosol scattering
below clouds and ac is the clouds albedo. From equations (2) and (3) and taking a = 1 we get

(7= G0(t( 1 ac)) ac))S

or

where

and F

G=

(4)
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The parameters in Eq. (5), which describe a quadratic Angstrom equation can easily
be evaluated through the following steps. From the sky conditions (ac, t) can be estimated using
Table 1 after Henderson-Sellers and McGuffie [6].

cloud level cloud type ac t
1 cirrus ~ .24 ~ .75
2 Alto/ ~ .6 ~ .38

3 Low cloud ~ .7 ~ 36

Table 1. Values for cloud albedo and transmissivity

The surface albedo a can be changed during the day following the formula

where a i and Jfc arc empirical coefficients.

The aerosol scattering function (f) can be found as

/ = .929 + .000546 - .00005 91

and also the aerosol transmittance function TY(mr) was also found as

r r ( m r ) = .962 - . 0 7 3 ^ + .00467 mj .

The aerosol scattering may be calculated by the aid of

arj, = (l-rt(mr))wo(l-/)

(6)

(7)

(8)

where wo is the single scattering albedo. Eqs.(6),(7) were derived here using data from [5]. The
fitted equations for these data are given in Figs.(l),(2), errors between fitted and measured data
were found in the order of (1.5,8)% for both / and Tr respectively. From above, it is easy to
compute the coefficients a,b and c, and example is given in Table 2.

parameter/

coefficient
a
b
c

,4
.42
.64

-.054

t

.5
.54
.5

-.03

.6
.62
.4

-.109

.25

.52

.56
-.05

a

.30

.52

.58
-.06

.35

.55

.61
-.07

.16
.5

.58
-.042

ao

.2
.51
.59

-.042

.24

.52

.581
-.042

Table 2. Changes of the coefficients of the quadratic equation with some parameters.

There is a wide range of variability of the coefficients (a,i) they are always positive
while c is always negative. If neglecting the quadratic term, an error about (6-11)% may occur.

An equation similar to (5) was proposed by Ogelman et al. [7], using a Least square
fitting from mean monthly data, they found

G = Go(.195+.676S-.142S 2) (9)

Recently Akinoglu and Ecevit [8] reproduced another quadratic for the same locality on the form

G = Go( .145+845S- .28S 2 ) (10)

In both [7,8] a nonlinear relationship between coefficients a, 6 was proposed by taking

A^a+cs2, B = b-2cS (11)

and according to this substitution we can get that

0= 1 . -2 .386+ 1.7662 (12)
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In a similar way if we define
A = a + 2cS2 B = b-cS (13)

So that relation between coefficients can be found as

a= 1.416 - . 2 8 4 6 .

one more example: A = a — bS, B = 2 b + cS will lead to a linear relationship also between a
and b. In fact this linearity or nonlinearity is due to the way you split the quadratic equation. Fig.
(3) provides the relation between a, b calculated from our analysis. It was also noticed that when
G/Go > .7 which is 20-26% of data at low latitudes, Eqs. (9),(10) cannot be employed. The
quadratic term has a significance especially at clear or partially clear hours, therefore the value of
c should be determined very carefully. In Fig. (4a, 4b) the two plots of Eqs. (9), (10) are presented
in addition to mean monthly (G/Go) and S for the same area, when it is noticed that change in c
in wrong direction may give worth results.

3. CONCLUSIONS

The proposed model is based on some physical parametrization leading to the quadratic
Eq. (5). This equation can be used on different time scale lengths and big fluctuations of o and b,
due to climatic variability are avoided.
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FIG(2) THE AEROSOL TRANSMISSIVITY FUNCTION
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FIG(3) RELATION BETWWEEN COEFFICIENTS (a,b)
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FIG(4)A EFFECT OF NONLINEAR TERM AFTER [6,7]
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