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Abstract
The monthly timeseries of maximum, minimumand mean 
temperatures as well as the difference between them over the 
period 1996-2005 were analyzed on the basis of six independent 
variables:three global parameters; Solar Radiation Flux (SRF), 
Sun Spot (SS),Solar Flare Index (SFI) and three terrestrial 
parameters; Cloud Cover (CC), El-Nino Southern Oscillation 
(ENSO)index,Outgoing Longwave Radiation (OLR)using binary 
logistic regression (Forward: LR, Enter). Statistically significant 
effect of SRF and CC at 95% confidence level were observed 
on all India temperature scenario.Effect of OLR on temperature 
difference was found at 89% confidence level. Influences of SS, 
SFI, or ENSOwere insignificant.
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I. Introduction
Our climate has a natural variable tendency. One of the most 
alarming changes is the global warming. The advent of satellite 
has completely changed the mode of analyses about the climatic 
variability. Satellites above the earth surface are continuously 
giving the composition and movement of the atmospheric particles 
as well as different stellar and interstellar radiations. The solar 
radiation flux (SRF in W.m-2) reaching the earth’s surface is the 
primary source of our energy. But the aerosols in our atmosphere are 
continuously obscuring the SRF in varied manner whole the year 
round. When the mean SRF is decreased the situation is called solar 
dimming. Wild et al. [1] have recently observed decadal changes 
in the surface solar radiation. Outgoing Longwave Radiation 
(OLR) is the emission to space of terrestrial radiation from the 
top of the earth’s atmosphere [2]. Sowyer [3] has established 
that SFI is an important representative of Sun. In physical terms 
it is strongly controlled bythree main meteorological variables, 
namely the temperature of the earthwith theatmosphere above it, 
the presence of water vapour in that atmosphereand the presence 
of clouds. Thus the surface air temperature is strongly affected by 
predictor like cloud cover (CC in %) and OLR values.Jain et al. 
[4] have reported that all the four temperature variables maximum, 
minimum, and mean temperatures and temperature range over 
India had rising trend during the period 1871-2008. Singh et al. 
[5] analysed thetemperature changes at Dehradun city from time 
series data of annual maximum, minimumand mean temperature 
1967- 2007. Their study indicates increasing trends in annual 
maximum,annual minimum and annual mean temperatures.
The author here is going to study the likelihood [4-6] of ten 
years (1996-2005)monthly average of all India maximum, 
minimum, mean temperatures and the difference between extreme 
temperaturesdue to SFI, SRF, SS, CC, ENSO and OLR using 
logistic regression.

II. Data Source
The Solar Flare Index (SFI) is representative of solar activity 
measured in Kandilli Observatory. Full disk daily solar activity 

is taken from ftp://ftp.ngdc.noaa.gov.
Solar radiation flux (SRF) over Srinagar, NewDelhi, Ahmadabad, 
Kolkata, Mumbai, Hyderabad, Chennai, Bangalore and 
Trivandrumwas perchedfrom IITM, Pune.
All India minimum and maximum surface temperatures are 
available from Indian Institute of Tropical Meteorology (IITM), 
Pune ftp://www.tropmet.res.in. 
The following three linkshttp://iridl.ldeo.columbia.eduhttp://
solarscience.msfc.nasa.govhttp://jisao.washington.edu/are used 
for the historical datasets of CC, SS and ENSO respectively. 

III. Resultand Discussion
When a binary outcomevariable is modelled using logistic 
regression it is assumed that the logittransformation of the outcome 
variable has a linear relationship with the predictorvariables. This 
makes the interpretation ofthe regression coefficients somewhat 
tricky.The explanatoryvariables may be continuous or discrete.
Thestatistical model for logistic regressionis,

  (1)
Wherepis a binomial proportion, x’sarepredictor variables and 
theparameters of themodel areβ’s. Hence logistic regression fits 
the log odds (p/1-p)with all the explanatory variables linearly.A 
logistic model therefore describes conditional probability of 
influence of any variable on the response variable.
We shall here try to understand how the maximum, minimumand 
mean temperaturesas well as the differenceare statistically 
influenced by the continuous predictors SRF, SS,SFI, CC, ENSO 
and OLR. Thefourtime series of temperature are transformed to 
fourdichotomous responses relative to the corresponding average 
values; maximum temperature (BTX), minimum temperature 
(BTN), mean temperature (BTM) and temperature difference 
(BTD).120 (12X10) different rows are used. The outputs from 
binary logistic regression (Forward: LR) are given in Table 1. The 
constant in BTD is excluded since it was non-significant.

Table 1: Analysis of Maximum Likelihood Estimates

VARIABLES β S.E. Waldχ2 df Sig. Odds.

BTX

SRF .054 .010 27.026 1 .000 1.056
CC .412 .087 22.560 1 .000 1.510

Constant -29.420 5.582 27.780 1 .000 .000

BTN

SRF .060 .014 19.217 1 .000 1.061

CC .807 .191 17.912 1 .000 2.242

Constant -39.096 8.855 19.494 1 .000 .000

BTM

SRF .053 .011 22.414 1 .000 1.054

CC .647 .144 20.172 1 .000 1.911

Constant -33.406 6.976 22.929 1 .000 .000

BTD

SRF .051 .013 14.757 1 .000 1.052

CC -1.036 .263 15.526 1 .000 .355

OLR .048 .028 2.885 1 .089 1.049
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The binary classification of correctness is excellent. Classification 
of BTX shows correct decisions are 92.1% when maximum 
temperature is above the average 30.610C and 82.4% if it is below 
it. The result of BTN is better; 98.6% and 88.2% for above and 
below the average minimum temperature 18.560C. For BTM the 
output shows 94.2% and 88.2% if mean temperature is above and 
below the average value 24.650C. The output of BTD is almost 
evenly poised; 92.9% and 94.0% respectively if temperature 
difference is above and below the average difference .Hosmer 
and Lemeshow chi-square values are 13.371, 6.677, 5.895 and 
0.825 respectively with 1 degree of freedom, they are significant 
at conventional levels (empirical two-tailed p-value is 0.0000).
Relations for the estimated log-odds of different temperatures to 
be above the average values are given in Eqs. (2-5).

 (2)
 (3)

 (4)
 (5)

A negative coefficient means decrease in predictor increases the 

likelihood of having more than average and vice-versa. We see 
here that four dependent variables are controlled significantly by 
only two predictors, global SRF and local CC. Increased in SRF 
by only 1W.m-2 leads to 5.6% , 6.1%, 5.4% or 5.2% increase in 
the odds of rising maximum,minimum, meanor the difference 
temperatureabovethe average values respectively, provided all the 
other variables unchanged. Therefore any rise in solar radiation over 
anywhere over India will pull all the temperature up the average 
values; a very logical consequence is thus quantified.  If CC is 
increased by 1%; maximum, minimum and mean temperatures are 
increased by 51%,124.2% and 91% respectively above the average 
holding other variables at certain values. But the temperature 
differencebehaves in opposite way; it is decrease by 2.81fold!The 
influence of cloud coveron the minimum temperature is nearly 2.5 
times that of maximum temperature, the span in between will be 
decreased proportionately. We may infer that difference must be 
related with OLR,predictor related with energy radiated to space.  
This is reflected in the odds relation Eq.5 and Table 1; one unit 
increase in OLR stretches the odds by 4.9%. All the inferences 
are consistent with the correlation coefficients, Table 2. 

Table 2: Correlation Coefficients  

Variables TN TX TM TD SRF CC OLR SS SFI ENSO

TN 1 0.860 0.975 -0.702 0.161 0.585 0.161 0.120 0.124 -0.059

TX 0.860 1 0.952 -0.240 0.114 0.120 0.114 0.103 0.084 -0.144

TM 0.975 0.952 1 -0.525 0.146 0.402 0.146 0.116 0.111 -0.098

TD -0.702 -0.240 -0.525 1 -0.147 -0.944 -0.147 -0.084 -0.119 -0.088

SRF 0.161 0.114 0.146 -0.147 1 0.214 1.000 0.180 0.234 -0.504

CC 0.585 0.120 0.402 -0.944 0.214 1 0.214 0.108 0.140 0.017

OLR 0.161 0.114 0.146 -0.147 1.000 0.214 1 0.180 0.234 -0.504

SS 0.120 0.103 0.116 -0.084 0.180 0.108 0.180 1 0.746 -0.403

SFI 0.124 0.084 0.111 -0.119 0.234 0.140 0.234 0.746 1 -0.339

ENSO -0.059 -0.144 -0.098 -0.088 -0.504 0.017 -0.504 -0.403 -0.339 1

Values in bold are different from 0 with a significance level alpha=0.05

IV. Conclusion
Solar radiation and cloud cover are proved to be most important 
controlling parameters to ascertain the terrestrial thermal condition.
Probabilistic quantifications oftheir influences on the all India 
temperature scenario during the period 1996-2005is discussed 
with more than 95% level of confidence. The outgoing longwave 
radiation plays an important role to modulate the difference 
between two extreme temperatures. The overall correct decisions 
for the maximum, minimum, mean and difference temperatures 
were 90.0%, 94.2%, 91.7% and 93.3% respectively. The model 
therefore works nicely to explainstatistically the effects of CC, 
SRF, and OLR on temperature over India.
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