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Abstract
To define the diffuse radiation incident on an inclined plane of any orientation and of any tilt angle, we
need to know sky diffuse radiation as well as ground-reflected radiation. Here we made a study of
ground-reflected component of radiation on inclined surfaces with varying inclination angles for
Lucknow (Latitude 26.750, Longitude 80.850), Mumbai (Latitude 19.120 N, Longitude 72.850 E), Calcutta
(Latitude 22.650 N, Longitude 88.350 E), and Pune (Latitude 18.530 N, Longitude 73.910 E) cities of India
using isotropic and anisotropic models. We have calculated the data for entire year using these models
for all considered stations and obtained the percentage contributions in diffuse radiations. It is found that
anisotropic model predict lower values than isotropic and contribution of ground-reflected component in
diffuse radiation for isotropic model is more than anisotropic.
Copyright © 2010 International Energy and Environment Foundation - All rights reserved.
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1. Introduction
The computation of the ground- reflected radiation (albedo) is very important in evaluating the total
insolation on a building or on a solar energy collecting device. It is also important in studies dealing with
thermal balance in the atmosphere [1]. Though there are many worldwide solar radiation measuring
stations, only few of them measure solar radiation components on tilted surfaces and even fewer the
reflected component from the ground. Therefore, it is common practice to develop new or use existing
algorithms that compute the solar irradiance on tilted surfaces accurately for various applications.
In the last fifteens years, several models have been developed for the transposition of the diffuse
radiation from a horizontal surface to an inclined one for arbitrary orientation [2-3]. Most of these
models have been tested against measurements in different countries [4-7].
The computation of the ground-reflected radiation plays an important role in estimating solar radiation
on an inclined surface. Therefore, some investigators [8-10] have developed an albedo expression as a
function of the solar zenith angle, sun-surface geometry, latitude dependent etc. In general, the majority
of the models provide acceptable accuracy, although in some cases local weather phenomena and
prevailing atmospheric conditions may favour the development of new models or modification of the
existing ones.
Our objective of the present study is to analyze the behaviour of isotropic and anisotropic models for
predicting ground-reflected radiation data and observe the contribution of ground-reflected component in
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diffuse radiation on inclined surfaces with different angle of inclination. This study has been made using
these two models for four prominent locations of India viz. Lucknow (Latitude 26.750, Longitude
80.850), Mumbai (Latitude 19.120 N, Longitude72.850 E), Calcutta (Latitude 22.650 N, Longitude 88.350
E), and Pune (Latitude 18.530 N, Longitude 73.910 E).
2. Estimation methodology
For estimation of ground-reflected radiation, we consider two particular cases: (1) perfectively diffuse
reflection, called isotropic reflection; and (2) imperfectly diffuse reflection, called anisotropic reflection.
2.1 Isotropic reflection
The daily amount of ground-reflected radiation incident on an inclined plane can be obtained using
following relation [1]:
H r = 12 Hρ (1 − cos β )
(1)

where H , ρ and β are the monthly mean daily total radiation on horizontal surface, albedo and tilt
angle respectively.
2.2 Anisotropic reflection
Under the clean and cloudless skies, global radiation is composed primarily of direct radiation. When the
ground is covered with a layer of water or with plants having glossy leaves, the reflection of such
radiation is usually anisotropic. Temps and coulson [11] recommended that under these conditions for
estimating the anisotropic hourly ground-reflected radiation, the isotropic radiation I r = 12 Iρ (1 − cos β )
should be multiplied with the following factor:
(2)
[1 + sin 2 (θ z / 2)]( cos ∆ )
where ∆ is the azimuth of the tilted surface with respect to that of the sun; this angle reduces to ω for
surface tilted toward the equator. θ z is the solar zenith angle (deg.). Consequently, the anisotropic
hourly ground-reflected radiation incident on an inclined surface under clear skies can be estimated with
following relation [1]:
(3)
I r = 12 Iρ (1 − cos β )[1 + sin 2 (θ z / 2)]( cos ∆ )

Since daily amount of ground-reflected radiation incident on an inclined surface can not be expressed in
terms of the daily horizontal global radiation, therefore it is expressed in terms of hourly groundreflected radiation as follows.
day

H r = ∑ [ 12 Iρ (1 − cos β )[1 + sin 2 (θ z / 2)]( cos ∆ )]

(4)

To define the reflective properties of the bare ground ρ , an average value of 0.2 is used for calculation.
3. Results and discussion
Keeping in mind the variation in slope and different seasonal and atmospheric conditions, the study is
made for entire year at four different locations (Lucknow, Mumbai, Calcutta and Pune) of India. We
have calculated the ground-reflected radiation with isotropic and anisotropic models using eqs.(1) and (4)
respectively on inclined surface with inclination angle varying from 15º to 60º. The station wise
variation of ground-reflected data with inclination angles are shown through tables 1 to 4. It is observed
from the tables that ground-reflected radiation increases with the increase of inclination angles i.e.
increasing slope of surfaces for both the isotropic and anisotropic models. However, the ground-reflected
radiation increases from winter to summer (January to June months) and then decreases from summer to
winter (June to December) with isotropic model at all inclination angles for all stations, while reverse is
observed with anisotropic model. Further anisotropic model predicts lower ground-reflected radiation
than isotropic. It may be because of the fact that anisotropic model developed for clear sky conditions.
The maximum values with isotropic model for May at 60º inclination angle are 320.46, 280.55, 347.63
and 358.60 Wh. m -2. day -1 respectively for Lucknow, Mumbai, Calcutta and Pune stations. We have
also calculated the diffuse radiation on tilted surfaces from measured data of horizontal surface and then
evaluated percentage contribution of ground-reflected radiation in diffuse radiation for above both
models for all inclination angles and shown through Tables 1 to 4.
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One can observe that with the increase of inclination angle the contribution of ground-reflected radiation
in diffuse solar radiation increases with both models. The contribution of ground-reflected radiation in
diffuse radiation at 60 º inclinations for Lucknow, Mumbai, Calcutta and Pune are ranging 8-14%, 8.8714.39%, 8.56-19.68% and 8.92-20.26% respectively with isotropic model and 4-10%, 2.35-13.87%,
2.59-17.60% and 2.5-16.64% respectively with anisotropic model. The maximum contribution of
ground-reflected radiation in total radiation is 9% for isotropic model however 4.6% for anisotropic.
4. Conclusion
The behaviour of isotropic and anisotropic models for ground-reflected radiation is studied for Indian
locations. Though the data predicted by anisotropic model are lower than isotropic, the trend of
predicting data by both models for different slops is same. However if we look over month wise data for
entire year, the behaviour of models in predicting data is just reverse. The contribution of groundreflected radiation in diffuse radiation is quit significant particularly for isotropic case. Further the merits
and demerits of model can be tested on the availability of measured ground-reflected radiation data.
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