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ABSTRACT 
The study is placed within the context of local 
building regulations in India. Building regulations, 
for fenestration in general and window openings in 
particular, are, to a large extent, ambiguous in nature. 
In the context of India, observations show that the 
regulations specify window size for the sole purpose 
of ventilation whereas windows are major role-
players in the thermal and daylighting performance 
of buildings. In this paper, parametric simulation is 
used to generate data for cooling and lighting loads 
for typical commercial office spaces in the hot-dry 
climate of Ahmedabad, India. This data is then 
analysed using Multiple Regression techniques to 
express loads as a function of floor area, aspect ratio, 
window-to-wall ratio and orientation of windows. 
The equations derived from regression help compare 
the energy implications of varying window sizes and 
their orientations. The observations and results stress 
the need to re-analyse local building regulations as 
they fail to indicate the maximum allowable limit of 
window size leading to highly inefficient building 
design.    
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INTRODUCTION 
Windows are one of the most critical design 
parameters affecting energy consumption in 
buildings. In hot climatic regions in India windows 
are the main source of heat gain through building 
envelope. In view of the fact that the average global 
annual solar radiation in the region is about 11000 
W/m2, window design becomes a very crucial aspect 
of building façade design in order to minimize solar 
heat gains. At the same time, windows are the 
primary source of daylight. In the current 
architectural scenario in the country it can be 
observed that commercial buildings are largely 
becoming energy intensive in nature, which means 
that a lot of energy is used in cooling, lighting and 
running the equipment. The cooling loads dominate 
the consumption pattern and there is also a steady 
growth in the lighting load share. According to 
Jannuzzi (Jannuzzi et al.,1991), 17% of electricity 

consumption in India can be attributed to lighting 
demand. This becomes significant when one sees the 
share of consumption due to domestic and commercial 
sectors rising from 14.7% in 1970-71 to 23.8% in 1992-
93 (Natarajan, 1995).  
Historical and vernacular precedents in Indian 
architecture show a recurring pattern of minimal 
opening sizes in almost all climatic regions in the 
country. This implies elimination of solar heat gain. 
Moreover, absence of glazing does not trap heat 
inside the building. Several ingenious techniques are 
still employed to harness daylight. Change in the 
nature of activities, diverse building materials and 
construction techniques, and recaliberated ideas of 
comfort have played an important role in creating the 
new cityscape of a typical urban environment in 
India. Now one sees buildings with large openings 
that span the entire width and height of a floor with 
no thought of appropriate sizing and orientation. One 
important factor in lack of serious academic and 
professional inclination towards energy efficiency is 
the absence of rules or guidelines that require the 
architect or designer to design and build better 
performing and less energy-intensive buildings. It is 
in this context that one feels building regulations can 
play a critical role in inculcating as well as enforcing 
better building practices.  
The regulations play a significant role in determining  
the building envelop and hence, consequently, the 
quality of interior environment. Thus, one feels that 
building regulations offer immense possibilities of 
creating better living environments, and achieving 
energy efficiency in buildings along with allowing 
freedom in design aesthetics. In addition, a very 
positive aspect of building regulations is that they are 
local in nature, formulated by the local development 
authorities. Ideally, they are meant to deal with 
development problems and challenges specific to that 
local context. This provides a great opportunity to 
improvise building regulations for energy efficient 
building practices where the latter could, and would 
in fact, vary with different contexts. The process of 
contextualization applied to building regulations can 
be extended to energy efficiency measures as part of 
these regulations because localizing and 
contextualizing is what is greatly needed in a country 
like India which has diverse climatic zones and even 
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more diverse natural environments that need taking 
care of. 
Regulations in India fail to set standards for window 
design for efficiency in building performance. 
Building regulations, as specified by the Ahmedabad 
Municipal Corporation, mention, for ventilation of 
rooms, windows and/or ventilators as a minimum 
size of opening required for a particular room in 
terms of the ratio of the floor area of that room 
(General Development Control Regulations, 2001). 
Specifying the lower limit means it is possible to 
design buildings with 100% window-to-wall ratio 
without even having to use an efficient 
window/glazing system. Also, restrictions imposed 
by regulations limit the use of fixed external shading 
devices. For a country like India, such practices spell 
doom on all fronts - resource consumption, energy 
prices, environmental balance, and social, cultural 
and aesthetic sensibilities.  
This study will express building electrical energy 
consumption as a function of window size and 
orientation for commercial building practices in 
India. An extended aim of the study is also to start a 
discussion where relevant inquiries can be made into 
the local building regulations that would result in 
incorporating the same with required measures for 
achieving energy efficiency in buildings through 
window design. The objective is to start viewing 
building regulations as a critical ‘mass’ which, 
infused with these measures, could help towards 
more widespread awareness and practices of 
designing and building with energy efficiency as a 
rule. 

METHODOLOGY: SIMULATION 
For this study, hypothetical representative models 
were simulated in EnergyPlus using DesignBuilder 
interface to calculate cooling and lighting energy 
with variable window design parameters, namely 
window size in terms of window-to-wall ratio, and 
orientation.  
The Daylighting:Detailed method in EnergyPlus 
calculates daylighting illuminance levels and then 
determines to what extent the electric lighting can be 
reduced. The daylight illuminance level in a zone 
depends on many factors, including sky condition; 
sun position; calculation point; location, size, and 
glass transmittance of windows; window shading 
devices; and reflectance of interior surfaces. 
Reduction of electric lighting depends on daylight 
illuminance level, illuminance set point, fraction of 
zone controlled and type of lighting control 
(EnergyPlus Input Output Reference). Each 
perimeter zone has one reference point located at the 
geometric centre of the zone at which horizontal 
illuminance is calculated. It is assumed that the 
photocells that control the overhead electric lighting 
respond to the light levels at the specified reference 
points. 

The models have been simulated for commercial 
office space with working hours from 10:00 a.m. to 
06:00 p.m.; weekends and holidays are considered as 
unoccupied days. The density of people is 0.16 
people/m2. In other words, each person has 6.25m2 of 
floor space. The setpoint temperature for cooling is 
set at 24 degC.  
In order to represent the commercial building 
practices that are, more or less, energy intensive, the 
models are totally conditioned with no natural 
ventilation. The HVAC system used is Constant 
Volume DX system.  
The design illuminance has been set at 500 lux (for 
office use). The work plane height is 0.8m. In order 
to measure the electrical lighting savings due to 
daylighting, light control sensors have been used in 
the perimeter zones of the models. The lighting 
control is linear type where the lights dim 
continuously and linearly from maximum electrical 
power, maximum light output to minimum electrical 
power, minimum light output as the daylight 
illuminance increases. With further increase in 
daylight, the lights are switched off (EnergyPlus 
InputOutputReference). The luminaire type used for 
general office lighting is suspended fluorescent with 
the lighting power density of 14 W/m2. 
The construction assembly and materials is same as 
the general trend followed in Ahmedabad, external 
280 thick burnt clay brick wall with inside and 
outside surfaces lightweight Portland cement 
plastered. The roof and floor have been considered as 
adiabatic in order to simulate the model as an 
intermediate floor of a multi-storey building. 

Reference Model: Parameters and Variables 
The models are based on a preliminary study done 
for obtaining typical floor plate area figures for 
commercial-office spaces in Ahmedabad. From the 
predominantly occurring floor plate areas for 
commercial office use three floor plate areas of 
600m2, 1200m2 and 2000m2 were taken as 
representative of small, medium and large office 
spaces. Floor height is 3m. Each of these floor plates 
is varied in terms of three aspect ratios of 1:1, 1:2 
and 2:3. For aspect ratios 1:2 and 2:3, the model is 
oriented E-W axis with N and S walls as longer 
walls. 

 
Table 1, Parameters for simulation models (shaded 
area represents perimeter zones) 
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All these 9 cases are then simulated with WWRs of 
5, 10, 20, 30, 40, 50, 60, 70, 80 and 90 and 
orientations of n, e, w, s, ne, nw, ns, ew, se, sw, new, 
nes, swn, sew, news, for all possible permutations of 
these. It is important to note here that the 
permutations are limited to only one WWR in the 
case of openings on more than one wall. For instance, 
80% WWR on news would mean 80% WWR on n, s, 
e and w walls; there is no variation in WWR within 
one single case/model. All permutations make a total 
of 1350 models. The preferred height of the window 
is 1.5m with sill at 0. 8m. Window, sill and lintel 
heights vary as the WWR increases. 
Each of these models is divided into core and 
perimeter zones (4.5m deep from external wall) for 
the purpose of daylighting simulation wherein each 
perimeter zone that has windows also has a light 
control sensor. For thermal analysis the model 
behaves as a single, controlled zone. The glazing 
type is taken as 6mm clear glass with SHGC 0.815, 
VLT 0.881 and U-value 6.144 W/m2k. Windows do 
not have any shading device. 
The simulation runs in EnergyPlus were done using 
the EnergyPlus weather file of Ahmedabad with two 
time steps per hour. For each of the 1350 models, the 
output is given as annual data for the electrical 
consumption due to lighting and cooling. For the 
purpose of this study, these are termed as lighting 
and chiller loads respectively. Chiller load is an 
alternative term used for Chiller Electricity (kWh) 
which is one of the DesignBuilder output variables 
defined as total chiller fuel consumption 
(DesignBuilder User Manual). It represents the 
amount of cooling energy that needs to be provided 
by the chiller to offset gains from envelop, 
equipment, lighting and occupancy. Lighting load is 
defined as the electricity consumed by electrical 
lighting. A third term called total load represents the 
sum total of cooling and lighting loads. 

Observations from Simulation results 
Graphs were plotted to understand the performance 
for each of the cases for chiller vs. lighting loads. It 
was observed that all one-wall-opening cases from 
example n, e, w and s performed better than the 
multi-wall-openings (Figure 1). Hence, the chiller 
load reached its maximum in cases with openings on 
all four walls, news. This was true for all floor areas 
and all aspect ratios. But the situation was reversed 
for lighting loads, where more number of walls 
having openings resulted in decrease in electrical 
lighting consumption and the one-wall-opening cases 
were the worst performing.  
In cases of small windows sizes with WWR less than 
20%, the orientation of windows did not have an 
appreciable impact on total loads but became 
significant when the window sizes increased (Figure 
2). North orientation was the best performing in 
terms of total loads. 
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Figure 1, Chiller Vs Lighting Load performance for 

different orientations 
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Figure 2, Impact of WWR on Total Load 
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Figure 3, Impact of orientation on Total Load 

 
However, for a given orientation, the total loads did 
not show a considerable increment with increase in 
window size. For all other primary orientations e, w 
and s, total loads increase as window size increases 
(Figure 3). For window sizes greater than 20% 
WWR, north is the best and east is the worst 
performing with west and south ranking second and 
third respectively. Based on this observation it was 
apparent that among the cases with openings on two 
walls, nw would be the best and se would be the 
worst. This corroborated with the simulation results 
(Figure 2). Observations show that aspect ratio 1:2 
shows minimum lighting loads for all the cases that 
have windows on n and s – for openings greater than 
10% the percentage increment in lighting loads 
ranges from 5-10% for aspect ratio 2:3 and 10-20% 
for 1:1. Trend is reversed for openings on e and w. 
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Figure 4, Impact of Aspect ratio on Chiller and 

Lighting load 
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Figure 5, Split in performance of different 

orientations due to aspect ratio 
 
It was noted that some shifts start emerging in 
lighting loads as aspect ratio is varied from 1:1 to 1:2 
(Figure 5). As the floor plate is elongated along the 
E-W axis, all cases that include openings on the north 
and south walls start performing better. This is 
because the north and south walls become longer and 
windows on these walls start providing daylight to a 
larger perimeter zone thereby increasing savings in 
electrical lighting. 
It was also obeserved that chiller loads dominate the 
total loads as it represents both sensible and latent 
heat gains. Therefore the percentage contribution of 
lighting loads to the total loads is merely 6.8% - 
20.2%. This percentage is the least for small floor 
areas, large openings, longer plans and more number 
of openings. The opposite is true for cooling loads. 

STATISTICAL ANALYSIS 
A Multiple Regression Analysis (MRA) was 
performed on the data obtained from the parametric 
simulation runs described earlier. MRA has often 
been used to derive equations to calculate electric 
energy and peak demand as well as to understand the 
impact of various design parameters on building 
energy perfomance (Sullivan et al., 1985, 1987) The 
objective was to understand the data better and to 
derive a simplified algebraic form expressing the 
relationship between loads and the input variables. It 
was decided to divide the entire dataset into two parts 
– one with window size of WWR smaller than 20% 

and the other with WWR greater than or equal to 
20%. The simulated results showed appreciable 
variations in loads between these two groups and 
therefore it was important to segregate the data in 
order to get more precise equations for each. 
The dependant variables analysed were Chiller Load 
(CL), Lighting Load (LL) and Total Load (TL), 
where TL = CL + LL. It was important to study TL 
along with CL and LL because it was found that the 
lighting and cooling loads had a negative correlation 
– for a series of parametric runs one decreases as the 
other increases. Also, the lighting loads were 
marginal or negligible as compared to the cooling 
loads. Hence, totals load was a means to analyse the 
possibilities of over-all energy efficiency in the 
simulated cases whereas part loads provided a 
comparative analysis between the electricity 
consumption for cooling and lighting towards 
understanding the trade-offs between the two primary 
components of building electricity demand. 
The four independent variables have already been 
explained. They are Floor Area (FA), Aspect Ratio 
(AR), Window-to-Wall Ratio (WWR) and 
Orientation (OR). OR represents a group of 
independent variables to indicate 15 orientations (n, 
e, w, s, ne, nw, ns, ew, se, sw, new, nes, swn, sew, 
news). For the purpose of this analysis, the default 
orientation is taken as corresponding to zero values 
for all 15 orientations, representing a model with no 
openings. The orientation that holds true will be 
attributed a value of 1 and others will be zero. At a 
given instant 14 values will be zero and one will be 
1. For example, n=1 implies windows only on the 
north wall while ns=1 implies windows on north as 
well as south wall with same WWR on both walls.   
The general form of the derived regression 
expression is as follows: 
L = k + β1 FA + β2 WWR + βo OR + βFWO 
FA·WWR·OR + βFAO FA·AR·OR + βFWAO 
FA·WWR·AR·OR             (1) 
where  
L = Load (TL, CL, LL) 
k = constant 
β = regression coefficients 
FA = Floor area 
WWR = Window-to-wall ratio 
AR = Aspect ratio (when aspect ratio is 1:1, 2:3, and 
1:2, AR=1, 1.5, and 2, respectively) 
OR = [ n, e, w, s, ne, nw, nw, ew, se, sw, new, nes, 
swn, sew, news ]15x1  
βo = [ β3, β4, β5… β17 ]1x15 
βFWO = [ β18, β19, β20… β32 ] 1x15 
βFAO = [ β33, β34, β35… β47 ] 1x15 
βFWAO = [ β48, β49, β50… β62 ] 1x15 
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Note: The equation stands valid for schedules, templates 
and other input data specified under Methodology. The 
values of k and β are given in Table 4. 
The equation consists of seven components. The first 
is the constant which is the basic minimum load 
constant with all the other variables changing. 
Second component represents the impact of floor 
area on load. From Table 4 the value of β1 is positive 
for all cases. This means that all three loads will 
increase as the floor area increases for small as well 
as large window sizes. Third component of the 
equation shows the impact of WWR. Values of β2 are 
negative for lighting load and positive for the other 
two. This indicates that the total and chiller loads 
would increase with increase in window size whereas 
the lighting loads would decrease. However, the 
decrease in lighting loads in case of small openings is 
more substantial than in case of large openings. For 
instance, increasing window size from 10% to 20% 
WWR would have greater savings as compared to 
increasing it from 40% to 50%, making a small 
window marginally bigger is more effective when it 
comes to electrical lighting savings than making a 
medium or large-sized window larger. Increase in 
total and cooling loads with increase in window size 
is slightly more in case of smaller openings than in 
larger ones. Also, the increase in cooling loads is 
always more than total, especially for small openings, 
because total loads also have the lighting load 
component.  
The last three components of the equation are 
permutations of the independent variables; these are 
termed as interaction variables and represent the 
combined impact of floor area, aspect ratio, WWR 
and orientation on load. 
In order to understand the impact of WWR on loads, 
equation (1) was differentiated over WWR to derive 
the following expression: 
δL/δWWR = β2 + βFWO FA·OR + βFWO FA·AR·OR   
              (2) 
where δL/δWWR can be defined as the increment in 
load for a unit increment in WWR. With this 
equation the impact of change in WWR on load can 
be calculated for a particular orientation and for a 
given floor area and aspect ratio. For instance, to 
understand the impact of WWR for north orientation 
the following equation can be derived from equations 
(1) and (2): 
 
δL/δWWRn = β2 + β18 FA + β48 FA·AR           (3) 

Table 2, δL/δWWR data for different orientations 

Similarly impact of window size for other 
orientations can be calculated. Figures 6-8 show 
gradiant γ (δL/δWWR) graphs for all aspect ratios 
and orientations.  

Observations from Regression analysis 
From Figures 6-8 it is clear that as the aspect ratio 
changes and as the floor plate becomes longer along 
the E-W axis, the difference between γmin and γmax 
become more pronounced. This implies that the 
range of variation in loads becomes much wider with 
better cases performing even better and worse cases 
performing much worse as compared to aspect ratio 
1:1. This is especially true of the γ gradient curves 
for total load as they become more dynamic with 
change in aspect ratio. Also, this change is more 
pronounced for openings with WWR<20 as 
compared to larger window sizes. For the latter, 
chiller and total loads have almost the same gradient 
across all aspect ratios. This means that both loads 
are affected to the same degree with variation in 
window size for a given orientation. On the contrary, 
there is a substantial difference in the gradiant curves 
for the same loads in case of small openings. This is 
because for small openings the lighting load gradiant 
varies dynamically with change in window size as 
against the same curve for large windows. 
Observations from Figures 6-8 have been summed up 
for easy reference in Table 2. The table shows γmin 
and γmax for different aspect ratios, orientations and 
large and small windows sizes. The window 
orientations within each aspect ratio column have 
been divided into four sets. The first set consists of 
cases with openings on one wall only (n, e, w, s); the 
second set consists of openings on two walls (ne, nw, 
ns, ew, se, sw) and the third has cases with openings 
on three walls (new, nes, swn, sew). The last set 
comprises of all 15 orientations. γmin signifies 
minimal variation in loads with change in window 
size and γmax indicates maximum variation in loads. 
In the following description former is referred to as 
the best case and the latter as the worst. 
For openings on one wall, north is generally the best 
performing across all aspect ratios and south and east 
are the worst cases. For small openings, the total load 
increases by 125 units for every unit increase in 
WWR in the north whereas in east it increases by 
214. The decrease in lighting load per unit increase in 
WWR in the north is 107 while it drops down to 60 
in south. For large openings (WWR>20) lighting 
load does not vary considerably with increase in  
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WWR on any of the four orientations (openings on  
one wall only) as the required illuminance levels 
have been met and will only lead to glare which is 
not within the scope of this paper to examine.. 
For openings on two walls, nw has the minimum 
gradient of 117 and se is the worst performing case 
with a gradient of 291 within the third set, new and 
nes are generally observed to be better performing as 
against sew which has the maximum gradient of 283. 
It is important to note here that for lighting load, 
better performing cases have more than one north 
and/or south window walls. 

CONCLUSION 
The study shows that in hot and dry Indian climatic 
conditions windows with WWR less than 20% 
perform very differently than larger windows. The 
former provide more possibilities for savings in 
chiller as well as lighting electricity with the help of 
thoughtful sizing and orientation. Other window 
design variables would also have a significant impact 
on energy savings. These measures have a far greater 
impact on heat gains from large windows. Design 
parameters like shading and blinds would lead to 
savings but would not show variations in electrical 
light consumption or savings for different 
orientations. Studies (Johnson et al, 1984) have 
shown that shading devices mitigate the differences 
between daylight availability in north and south 
orientations.  However, the primary savings are a 
result of sizing and orientation. It is also observed 
that windows with WWR greater than 20% do not 
lead to lighting energy saving and will definitely 
contribute significantly to heat gains irrespective of 
their orientation.  
Moreover, building regulations give a minimum limit 
of window size as one-tenth of the floor area. If this 
minimum is expressed as window-to-wall ratio for a 
floor area of 600m2 and aspect ratio 1:1, it would 
mean 82% WWR for windows on only one wall, 
41% WWR for windows on two walls, 27% WWR 
for windows on three walls and 20% when windows 
are distributed equally on all four walls. As a result, 
window sizes that are efficient will be actualised only 
if windows are distributed on three or more walls 
which is usually not the case in commercial building 
practices. Window size of one-tenth of floor area 
when distributed on one or two walls would result in 
large windows leading to considerable heat gains 
while giving only marginal savings in lighting 
electricity. For larger floor areas window size further 
increases on each wall and the minimum limit of 
window size if applied to only one wall would result 
in 100% WWR. In such cases distributing the 
minimum limit on all four walls is the only way to 
get small/medium sized windows. This means that 
the minimum window size specified by regulations is 
highly inefficient and energy intensive in cases where 
windows cannot be provided on more than one walls. 
It is therefore important and critical to revise building 

regulations to specify a range of window size or 
measures to make windows (falling outside this 
range) efficient. 
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Table 3, % change in Cooling and Lighting Loads 

(CL%, LL%) for e, n, s, w orientations; non-
italicised numbers show % difference for each case 

as compared to the case preceding it, italicised 
numbers show % difference for each case as 

compared to the base case which is defined as having 
‘no windows’ for each of the six conditions. 
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FA=600, AR=2:3
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Figures 6, 7 and 8, Graphs showing γ=δL/δWWR, 
change in Load per unit change in WWR for different 

orientations within each aspect ratio

 Cooling Loads % Lighting Loads %
 WWR 

E N S W E N S W
0 0  0  0  0 0  0  0 0
5 0.4 1.9 -0.3 -0.2 0.0 1.5 -0.1 1.2 -7.2 -10.0 -6.5 -10.6 -9.3 -11.0 -9.6 -11.6

10 1.5 1.9 0.2 -0.2 1.5 1.5 1.3 1.2 -2.9 -10.0 -4.4 -10.6 -1.9 -11.0 -2.1 -11.6
20 3.4 5.4 1.4 1.2 3.2 4.8 3.0 4.3 -1.2 -11.9 -0.7 -12.1 -0.4 -12.5 0.0 -12.8
30 3.1 8.2 1.3 2.4 2.9 7.5 2.7 6.8 -0.3 -12.7 -0.2 -12.9 -0.1 -12.9 0.0 -13.1
40 2.7 10.9 1.2 3.6 2.5 10.0 2.4 9.2 -0.1 -12.8 -0.1 -12.9 -0.1 -12.9 0.0 -13.1
50 2.3 13.0 1.0 4.6 2.1 11.9 2.1 11.1 -0.1 -12.9 0.0 -13.0 0.0 -13.0 0.0 -13.1
60 2.1 14.8 1.0 5.5 1.9 13.6 1.9 12.8 0.0 -13.0 0.0 -13.0 0.0 -13.0 0.0 -13.1
70 1.8 16.0 0.9 6.3 1.7 14.7 1.7 13.9 0.0 -13.0 0.0 -13.0 0.0 -13.1 0.0 -13.1
80 1.5 17.5 0.8 7.1 1.4 16.2 1.4 15.4 0.0 -13.0 0.0 -13.0 0.0 -13.1 0.0 -13.1

60
0,

 1
:1

 

90 1.4 18.6 0.7 7.7 1.3 17.2 1.3 16.5 0.0 -13.0 0.0 -13.1 0.0 -13.1 0.0 -13.1

5 0.2 1.3 -0.5 -0.4 0.0 2.1 0.0 1.0 -5.8 -6.8 -9.5 -16.2 -13.7 -16.6 -6.5 -7.3
10 1.2 1.3 0.1 -0.4 2.2 2.1 1.0 1.0 -1.1 -6.8 -7.4 -16.2 -3.3 -16.6 -0.9 -7.3
20 2.4 3.8 2.0 1.6 4.7 7.0 2.1 3.1 -0.3 -7.6 -1.3 -19.1 -0.9 -20.1 0.0 -7.8
30 2.1 5.7 1.9 3.4 4.2 10.7 1.9 4.9 -0.1 -7.7 -0.2 -21.1 -0.2 -21.2 0.0 -7.9
40 1.9 7.6 1.7 5.1 3.6 14.5 1.7 6.6 0.0 -7.8 -0.1 -21.2 -0.1 -21.3 0.0 -7.9
50 1.6 9.1 1.5 6.6 3.1 17.1 1.5 8.1 0.0 -7.8 -0.1 -21.3 -0.1 -21.3 0.0 -7.9
60 1.5 10.4 1.4 7.9 2.8 19.4 1.4 9.3 0.0 -7.8 0.0 -21.4 0.0 -21.4 0.0 -7.9
70 1.3 11.4 1.3 9.0 2.4 20.7 1.2 10.3 0.0 -7.9 0.0 -21.4 0.0 -21.5 0.0 -7.9
80 1.1 12.5 1.1 10.1 2.1 22.9 1.1 11.4 0.0 -7.9 0.0 -21.4 0.0 -21.5 0.0 -7.9

60
0,

 1
:2

 

90 1.0 13.3 1.0 11.0 1.9 24.3 1.0 12.3 0.0 -7.9 0.0 -21.4 0.0 -21.5 0.0 -7.9
              

5 0.2 1.6 -0.8 -0.3 -0.2 1.8 -0.2 1.1 -6.7 -8.2 -10.8 -14.0 -13.0 -14.2 -8.6 -8.9
10 1.3 1.6 0.5 -0.3 2.0 1.8 1.2 1.1 -1.6 -8.2 -3.5 -14.0 -1.4 -14.2 -0.3 -8.9
20 2.8 4.4 1.7 1.4 4.0 5.9 2.4 3.5 -0.4 -9.2 -0.6 -16.3 -0.4 -16.7 0.0 -9.7
30 2.5 6.7 1.6 2.9 3.5 9.1 2.2 5.5 -0.1 -9.5 -0.1 -17.1 -0.1 -17.1 0.0 -9.8
40 2.1 8.9 1.4 4.4 3.0 12.3 1.9 7.5 -0.1 -9.6 -0.1 -17.2 -0.1 -17.2 0.0 -9.8
50 1.9 10.6 1.3 5.6 2.6 14.5 1.7 9.0 0.0 -9.6 0.0 -17.3 0.0 -17.3 0.0 -9.8
60 1.7 12.1 1.2 6.8 2.4 16.6 1.5 10.4 0.0 -9.7 0.0 -17.3 0.0 -17.3 0.0 -9.8
70 1.5 13.1 1.1 7.7 2.0 17.8 1.3 11.4 0.0 -9.7 0.0 -17.3 0.0 -17.4 0.0 -9.8
80 1.2 14.4 0.9 8.6 1.8 19.6 1.2 12.6 0.0 -9.7 0.0 -17.4 0.0 -17.4 0.0 -9.8

60
0,

 2
:3

 

90 1.1 15.3 0.9 9.4 1.6 20.8 1.1 13.5 0.0 -9.7 0.0 -17.4 0.0 -17.4 0.0 -9.8
              

5 0.3 1.4 -0.2 -0.2 -0.1 1.0 -0.2 0.8 -5.3 -7.4 -4.6 -8.0 -6.9 -8.2 -7.2 -8.7
10 1.1 1.4 0.0 -0.2 1.1 1.0 1.0 0.8 -2.2 -7.4 -3.5 -8.0 -1.4 -8.2 -1.6 -8.7
20 2.5 3.9 1.0 0.8 2.4 3.5 2.2 3.1 -0.9 -8.7 -0.5 -8.9 -0.3 -9.2 0.0 -9.4
30 2.3 6.1 0.9 1.7 2.2 5.5 2.0 5.0 -0.2 -9.2 -0.1 -9.4 -0.1 -9.4 0.0 -9.5
40 2.0 8.2 0.9 2.6 1.9 7.4 1.8 6.8 -0.1 -9.3 0.0 -9.4 0.0 -9.4 0.0 -9.5
50 1.8 9.8 0.8 3.4 1.6 8.9 1.6 8.3 -0.1 -9.4 0.0 -9.5 0.0 -9.5 0.0 -9.5
60 1.6 11.3 0.7 4.1 1.5 10.3 1.5 9.7 0.0 -9.4 0.0 -9.5 0.0 -9.5 0.0 -9.5
70 1.4 12.3 0.7 4.7 1.3 11.3 1.3 10.7 0.0 -9.5 0.0 -9.5 0.0 -9.5 0.0 -9.5
80 1.2 13.6 0.6 5.3 1.1 12.5 1.1 11.8 0.0 -9.5 0.0 -9.5 0.0 -9.5 0.0 -9.5

12
00

, 1
:1

 

90 1.1 14.5 0.5 5.8 1.0 13.4 1.0 12.7 0.0 -9.5 0.0 -9.5 0.0 -9.5 0.0 -9.5
              

5 0.2 1.0 -0.7 -0.4 -0.3 1.4 0.0 0.6 -3.6 -4.9 -8.8 -12.1 -11.1 -12.3 -4.8 -5.7
10 0.8 1.0 0.3 -0.4 1.7 1.4 0.7 0.6 -1.4 -4.9 -3.6 -12.1 -1.4 -12.3 -1.0 -5.7
20 1.8 2.7 1.5 1.1 3.5 4.9 1.5 2.2 -0.6 -5.6 -0.6 -13.9 -0.4 -14.3 0.0 -6.0
30 1.6 4.3 1.4 2.4 3.1 7.7 1.4 3.5 -0.1 -5.9 -0.1 -14.6 -0.1 -14.6 0.0 -6.1
40 1.4 5.7 1.2 3.7 2.7 10.5 1.2 4.8 -0.1 -5.9 -0.1 -14.7 -0.1 -14.7 0.0 -6.1
50 1.2 6.9 1.1 4.8 2.3 12.6 1.1 5.8 0.0 -6.0 0.0 -14.7 0.0 -14.7 0.0 -6.1
60 1.1 7.9 1.1 5.8 2.1 14.4 1.0 6.8 0.0 -6.0 0.0 -14.8 0.0 -14.8 0.0 -6.1
70 1.0 8.7 0.9 6.6 1.8 15.6 0.9 7.6 0.0 -6.0 0.0 -14.8 0.0 -14.8 0.0 -6.1
80 0.9 9.6 0.8 7.4 1.6 17.2 0.8 8.4 0.0 -6.0 0.0 -14.8 0.0 -14.8 0.0 -6.1

12
00

, 1
:2

 

90 0.8 10.3 0.8 8.1 1.4 18.4 0.7 9.0 0.0 -6.0 0.0 -14.8 0.0 -14.8 0.0 -6.1
              

5 0.1 1.0 -0.4 -0.3 -0.1 1.2 -0.1 0.7 -5.3 -6.3 -6.1 -10.0 -8.6 -10.4 -6.0 -6.8
10 1.0 1.0 0.1 -0.3 1.3 1.2 0.8 0.7 -1.1 -6.3 -4.2 -10.0 -1.9 -10.4 -0.9 -6.8
20 2.1 3.2 1.2 0.9 3.0 4.2 1.8 2.5 -0.3 -7.0 -0.7 -11.4 -0.4 -11.8 0.0 -7.3
30 1.9 4.9 1.2 2.1 2.7 6.7 1.6 4.1 -0.1 -7.1 -0.2 -12.1 -0.1 -12.1 0.0 -7.3
40 1.7 6.6 1.1 3.2 2.3 9.1 1.4 5.5 0.0 -7.2 -0.1 -12.2 -0.1 -12.2 0.0 -7.3
50 1.5 8.0 1.0 4.1 2.0 10.9 1.3 6.8 0.0 -7.2 0.0 -12.2 0.0 -12.2 0.0 -7.3
60 1.3 9.2 0.9 5.0 1.8 12.5 1.2 7.9 0.0 -7.3 0.0 -12.3 0.0 -12.3 0.0 -7.3
70 1.2 10.1 0.8 5.7 1.6 13.7 1.1 8.7 0.0 -7.3 0.0 -12.3 0.0 -12.3 0.0 -7.3
80 1.0 11.1 0.7 6.5 1.4 15.1 0.9 9.7 0.0 -7.3 0.0 -12.3 0.0 -12.3 0.0 -7.3

12
00

, 2
:3

 

90 0.9 11.9 0.7 7.1 1.3 16.1 0.8 10.4 0.0 -7.3 0.0 -12.3 0.0 -12.3 0.0 -7.3
              

5 0.2 1.0 -0.2 1.0 -0.1 0.8 -0.2 0.6 -4.2 -5.9 -3.6 -6.3 -5.5 -6.6 -5.7 -6.9
10 0.8 1.0 0.0 1.0 0.9 0.8 0.8 0.6 -1.8 -5.9 -2.8 -6.3 -1.1 -6.6 -1.3 -6.9
20 2.0 3.0 0.8 0.6 1.9 2.7 1.8 2.4 -0.7 -6.9 -0.5 -7.0 -0.3 -7.2 0.0 -7.4
30 1.8 4.8 0.7 1.4 1.7 4.3 1.6 3.9 -0.2 -7.2 -0.1 -7.3 -0.1 -7.3 0.0 -7.5
40 1.6 6.5 0.7 2.0 1.5 5.9 1.4 5.4 -0.1 -7.3 0.0 -7.4 0.0 -7.4 0.0 -7.5
50 1.5 7.8 0.6 2.7 1.3 7.1 1.3 6.6 0.0 -7.3 0.0 -7.4 0.0 -7.4 0.0 -7.5
60 1.3 9.1 0.6 3.2 1.2 8.3 1.2 7.7 0.0 -7.4 0.0 -7.4 0.0 -7.4 0.0 -7.5
70 1.2 10.0 0.5 3.7 1.1 9.1 1.1 8.6 0.0 -7.4 0.0 -7.4 0.0 -7.4 0.0 -7.5
80 1.0 11.0 0.5 4.2 0.9 10.1 0.9 9.5 0.0 -7.4 0.0 -7.4 0.0 -7.4 0.0 -7.5

20
00

, 1
:1

 

90 0.9 11.8 0.4 4.6 0.8 10.8 0.8 10.3 0.0 -7.4 0.0 -7.4 0.0 -7.4 0.0 -7.5
              

5 0.1 0.7 -0.3 -0.3 -0.2 1.0 -0.1 0.5 -2.9 -4.0 -5.3 -9.3 -8.1 -9.6 -3.9 -4.7
10 0.6 0.7 0.0 -0.3 1.2 1.0 0.5 0.5 -1.2 -4.0 -4.2 -9.3 -1.7 -9.6 -0.8 -4.7
20 1.4 2.1 1.1 0.8 2.7 3.8 1.2 1.7 -0.4 -4.6 -0.7 -10.5 -0.4 -10.9 0.0 -4.8
30 1.3 3.4 1.1 1.9 2.5 6.1 1.1 2.8 -0.1 -4.7 -0.2 -11.2 -0.1 -11.2 0.0 -4.9
40 1.2 4.5 1.0 2.9 2.2 8.3 1.0 3.8 0.0 -4.8 0.0 -11.2 -0.1 -11.2 0.0 -4.9
50 1.0 5.5 0.9 3.8 1.9 10.1 0.9 4.7 0.0 -4.8 0.0 -11.3 0.0 -11.3 0.0 -4.9
60 0.9 6.4 0.9 4.6 1.7 11.6 0.8 5.5 0.0 -4.8 0.0 -11.3 0.0 -11.3 0.0 -4.9
70 0.8 7.1 0.8 5.3 1.5 12.7 0.7 6.1 0.0 -4.9 0.0 -11.3 0.0 -11.3 0.0 -4.9
80 0.7 7.8 0.7 5.9 1.3 14.0 0.7 6.8 0.0 -4.9 0.0 -11.3 0.0 -11.3 0.0 -4.9

20
00

, 1
:2

 

90 0.6 8.4 0.6 6.5 1.2 15.0 0.6 7.3 0.0 -4.9 0.0 -11.3 0.0 -11.3 0.0 -4.9
              

5 0.1 0.8 -0.3 -0.3 -0.1 0.9 -0.2 0.5 -3.9 -5.0 -4.5 -7.9 -6.9 -8.2 -5.1 -5.5
10 0.7 0.8 0.0 -0.3 1.0 0.9 0.7 0.5 -1.2 -5.0 -3.6 -7.9 -1.4 -8.2 -0.5 -5.5
20 1.7 2.5 1.0 0.7 2.3 3.3 1.4 1.9 -0.3 -5.5 -0.6 -8.9 -0.3 -9.2 0.0 -5.8
30 1.5 3.9 0.9 1.6 2.1 5.3 1.3 3.2 -0.1 -5.7 -0.1 -9.4 -0.1 -9.4 0.0 -5.8
40 1.3 5.3 0.9 2.5 1.9 7.2 1.2 4.4 0.0 -5.7 0.0 -9.4 0.0 -9.4 0.0 -5.8
50 1.2 6.4 0.8 3.3 1.6 8.7 1.0 5.4 0.0 -5.7 0.0 -9.5 0.0 -9.5 0.0 -5.8
60 1.1 7.4 0.7 4.0 1.5 10.1 1.0 6.3 0.0 -5.8 0.0 -9.5 0.0 -9.5 0.0 -5.8
70 1.0 8.2 0.7 4.6 1.3 11.1 0.9 7.0 0.0 -5.8 0.0 -9.5 0.0 -9.5 0.0 -5.8
80 0.8 9.0 0.6 5.2 1.1 12.3 0.8 7.8 0.0 -5.8 0.0 -9.5 0.0 -9.5 0.0 -5.8

20
00

, 2
:3

 

90 0.7 9.7 0.5 5.7 1.0 13.1 0.7 8.4 0.0 -5.8 0.0 -9.5 0.0 -9.5 0.0 -5.8
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Table 4, Coefficient (β) and k and Significance values for regression variables along with R square and standard 
error for each regression 
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