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lkjlkjlkjlkj − izkjafHkd nh?kZ iwoZlwpd fun’kksZa d¢ vHkko esa fdlh fo’ks"k LFkku vkSj fo’ks"k :Ik ls tc fdlh LFkku 
dh lwpuk igys ls gh okafNr gks] dh ekSle fLFkfr;ksa d¢  vkdyu] dks djus d¢ fy, tyok;q ukeZyl~ dk 
iz;ksx izk;% fd;k tkrk gSA lkekU;r% 30 o"kksZa  d¢ fo’ks"k vk¡dM+ksa dh fudkyh xbZ vkSlr ls ifjdfyr tyok;q 
ukeZyl~ ;g Li"V ladsr nsrs gSa fd tyok;q dh dksbZ izo`fr ugha gS vkSj ;g vkSlr LFkkuksa vkSj ekSle d¢ 
lHkh ?kVdksa dk loksZRre vkdyu gksxkA bl v/;;u dk mn~ns’; gky gh d¢ vk¡dM+ksa dh de la[;k ij 
vk/kkfjr ukeZyl~ dh rqyuk esa 30 o"kksZa d¢ ukeZyl~ dh ijEijk dh mi;qDrrk dk ijh{k.k djuk gSA 

 
bl v/;;u esa igys d¢ vk¡dM+ksa dh yEch J̀a[kyk d¢  ifjorhZ o"kZ ,u- ¼1≤ ,u- ≤ 30½ d¢  fy, ns’k d¢ 

iPpkl lqforfjr LVs’kuksa d¢  vf/kdre vkSj U;wure rkieku ekuksa d¢ ekSleh vkSj okf"kZd ukeZy~l dk vkdyu 
fd;k x;k gSA vkxkeh  ekSle@o"kZ d¢ okf"kZd vkSj ekSleh eki d¢ mi;qZDr ekSle oSKkfud izkpyksa dk vkdyu 
djus d¢ fy, fofHkUu vof/k;ksa d¢ ukeZyl~ d¢ vkj-,e-,l- dk vkdyu fd;k x;k gSA gky gh d¢ egRoiw.kZ 
dqN de o"kksZa dh vkSlr dks tc fudkyk x;k rks cgqr ls ekeyksa esa vkj-,e-,l- =qfV;k¡ U;wure ikbZ xbZ FkhaA 
U;wure vkj-,e-,l- =qfV;ksa d¢ lkFk rkyesy j[kus okys ukeZyl~ dks b"Vre ukeZyl~ ekuk x;k gS vkSj muesa 
rhl o"kksZa d¢ ikjEifjd ukeZyl~ dh ctk; vkdyu djus dh dq’kyrk vf/kd ikbZ xbZ gSA 

 
ABSTRACT.  In absence of long lead predictive models, climate normals are often used to estimate weather 

conditions of a particular place and more so in the case when it is desired well in advance. Usually, calculated by 
averaging the data of specified 30 years, the climate normals give a picture that climate has no trend and this average 
would be the best estimate of places and for all weather elements. This study aims to examine the suitability of the 
traditional 30 years normal vis-a-vis normal based on small number of recent data. 

 
In the present study seasonal and annual normals for maximum and minimum temperature values for fifty well 

distributed stations over the country have been calculated for varying years N (1≤N≤30) over the long series of past data. 
RMS errors for estimating the above meteorological parameters on annual and seasonal scale for the next season/year 
were calculated for different periods normal. It was found that in many cases RMS error was minimum, when the 
averaging was done for a considerably smaller recent years. The normals corresponding to the minimum RMS error are 
called optimal normals and have better estimative skill than the thirty years traditional normals. 

 
Key words – Optimal normal, RMS error, Maximum temperature, Climate. 

 
 
 
1. Introduction 

 
Climate normals, calculated by averaging the values 

of meteorological, parameters over a specified thirty year 
period (as per WMO recommendation), and updated at the 
start of each decade provide normal meteorological data 
over a place or region. These are useful in many long term 
planning applications such as crop choices, agricultural 
practices, utility rates etc. Moreover, WMO normals, (due 

to uniformity of the period) are scientific tools for 
studying/examining climate variability and detecting 
signals of climate change in different spatial regions and 
time segments across the globe. However, inspite of all 
the advantages of 30-year WMO recommended normals 
and uniformity in universal usase, they may not always 
provide the best climate estimate of all places and for all 
weather elements. There are several studies which suggest 
that  normal   based  on  thirty  years  have  less  predictive   
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Fig. 1. Stations used in the study 
 
 
skill than the average over most recent 'n' years where      
n < 30. [(Lamb and Changnon (1981), Dixon and 
Shulman (1984), Kunkel and Court (1990), Huang et al. 
(1996)]. Moreover, aging of the WMO normals has also 
been indicated by Angel et al. (1993). 

 
In the present study, averages of annual and seasonal 

maximum/minimum temperature values for Indian 
stations were calculated for varying ‘N’ years (1≤N≤30) 
over past data. Root mean square (RMS) errors for 
estimating above mentioned meteorological parameter on 
annual/seasonal scales by averaging varying, ‘N’ years 
(1≤N≤30) were calculated. It was found that in many 
cases error was minimum when the averaging was done 
on the immediate past data for a period which was 
considerably smaller than the WMO specified 30 year 
period. The normals corresponding to the minimum RMS 
error are defined as optimal normals and have better 
predictive skill than the traditional WMO recommended 
normals.  

It is apparent that the optimal normals obtained in 
the above way acts as a low-pass filter, finding a 
characteristic time scale of variability and identifying the 
associated signal. Moreover, optimal normal provides an 
estimation with sufficient lead time which varies from 
minimum eight months for the monsoon season to one 
year for annual estimation. 
 
 
 
 
2. Data and methodology 
 

Monthly data of maximum and minimum 
temperatures of all the 12 months of the year for well 
distributed fifty Indian stations (Fig. 1) for the period 
1931-1990 obtained from the records of India 
Meteorological Department, were used in the study. From 
the monthly values of temperatures, annual and seasonal 
values   viz.   winter   (average  of  January   and  February  
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Fig. 2.  RMS errors of WMO 30 years normals vis-à-vis RMS errors of normals calculated by averaging recent 
varying years ‘K’ (1<K≤30) 
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Fig. 3. Variation of  optimal normals corresponding to the k=5 vis-à-vis WMO normals 
 
 
months), pre-monsoon (average of March, April and May 
months), monsoon (average of June, July, August and 
September months) and post-monsoon (average of 
October, November and December months) seasons were 
calculated.  

 
Further, the annual and seasonal values of maximum/ 

minimum temperatures of each station from the year 1964 

onwards were estimated through (i) fixed and specified  
30 year WMO normals and (ii ) averages of varying        
‘k’ (1≤k ≤30) years on immediate past data and RMS 
errors for both the estimations were calculated in the 
following way;  

 
For the time series Ti, i = 1, 2, , n for a particular 

season  at  yearly  intervals  for  n year, a second series  of  
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Fig. 4. Demarcation of different regions as per different ‘K’ values (maximum temperature) 

 
 

backward looking averages T ik was constructed in the 
following way: 
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For k = 1, 2……. 30, and for i = 31, 32………..,n. In 

this study    n = 60 as the data of 1931-1960 period were 

used.  The  k-index represents the number of years over 
which the climate average is calculated. 
 
 
 

Further, with the help of above/similar series 
prepared for each season of every station, averages for 
each value of k are used to estimate the upcoming year's, 
seasonal/annual   values    of   maximum   and    minimum  
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Fig. 5. Demarcation of different regions as per different ‘K’ values (minimum temperature) 
 
 
 
 
temperatures for the period 1964-1990 i.e. from i = 34 
corresponding to the year 1964 and onwards. More 
elaborately, values for the year 1964 were estimated by 
the values of 1963, (1963 + 1962)/2, (1963 + 1962 + 
1961)/3, ….. (1963 + …..+ ….. + ….. + 1963-k+1)/k and 
similarly for the other years.  

Again, annual/seasonal values of temperatures 
(maximum and minimum) of all the stations from the year 
1964 onwards were estimated with the help of specified 
30 year WMO normals. 30 year normals are usually 
computed/updated after the end of each decade and since 
it takes atleast 3 years for updating the thirty year normals 
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for estimating annual/seasonal values through WMO 
specified 30 year, normals following data were used;  

 
Year of estimations of maximum 
and minimum temperatures by 

WMO normals 

30 year data period used for 
making WMO normals 

 

1964-1973 1931-1960 

1974-1983 1941-1970 

1984-1990 1951-1980 
 

Further, RMS error in respect of k index normals and 
WMO specified normals was calculated as given below: 

 
RMS error of varying averages, 
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RMS error in respect of specified thirty years 

normals (WMO normal) 
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Where T0 (actually it is Tj) is observed 

meteorological parameter (temperature in this study). 
 

Optimal normals are obtained by averaging of the 
most recent k years corresponding to the lowest RMS(k). 
 
 
3. Results and discussion 
 

Fig. 1 presents the names and locations of the 
stations which have been used in the study. Results 
depicting RMS of 30 year normals vis-a-vis RMS for 
varying K year averages in estimating annual/seasonal 
maximum and minimum temperatures for Minicoy is 
shown in Fig. 2. It may be seen that for both the maximum 
and minimum temperatures, RMS errors for varying k 
averages on immediate past data were less than the RMS 
of specified 30 year normals for all K, where, 1≤ K ≤30, 
for all the seasons. This difference is quite appreciable 
when K is less than 10. This indicates that the annual and 
seasonal maximum/ minimum temperatures for any year i, 
may be estimated in a better way if the averaging is done 
on 10 immediate past values starting from i-1 year. This 
skill is maximum when k is around 5. To have a better 
insight, the variation of optimal normals corresponding to 
the k = 5 vis-a-vis, WMO normals and the actual time 

series for both the maximum and minimum temperatures 
for all the seasons for Minicoy is given in Fig. 3. It may be 
further observed that the estimated values of the actual 
time series by the optimal normal corresponding to the      
k = 5 (i.e. by the averaging of immediate five values) are 
more closer to the actual time series than the 30 year 
WMO normals, indicating a very positive skill.  

 
Figs. 4 and 5 show the demarcation of different 

homogenous regions during the different seasons as per 
different Ks, averaging over the corresponding recent K 
years has a better skill than the traditional 30 years normal 
for maximum and minimum temperatures. It is mentioned 
that even for a particular homogenous region, K values 
(corresponding to the minimum RMS) for different 
stations were slightly different. We have selected a 
common K value for the sake of simplicity and operational 
use and averaging over corresponding K years for all 
stations of region had still a better skill than the traditional 
30 year normals. In the present study, we have objectively 
defined the skill when the difference between 30 years 
averages and K years averages was found to be more than 
one fifth of the standard deviation. However, this 
demarcation has not been done by iso-analysis. Therefore, 
for the stations lying between the lines boundary of two 
Ks, no such inference could be drawn. Or, in other words, 
we could not find a smaller K value having a better skill 
for those stations. It is interesting to find that the 
peninsular India and the stations of eastern coast have a 
smaller K value (much less than the thirty) for all the 
seasons and where the skill was quite appreciable. In 
many cases, RMS was found to be even less than the 
standard deviation.  

 
It may be mentioned here that use of optimal 

normals may be limited and is rather restricted to the 
estimation of next year's seasonal and annual values of 
meteorological parameters for the immediate use. 
 
 
4. Conclusions 
 

For estimation of annual and seasonal temperatures 
optimal normals by averaging most recent ‘n’ years, 
where ‘n’ is considerably smaller than thirty, cou1d be 
found out. These normals generally have better predictive 
skill. 
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