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  Abstract 

 To understand the non-trivial empirical statistical properties of fluctuations of time series of words appearances 

in blogs, we introduce a solvable model of the system consisted of heterogeneous bloggers who write words on 

their blogs randomly. Firstly, we analyze this model numerically and analytically, from which we obtain formulas 

of various types of fluctuation scalings (FS) , which are the power law scalings between a mean and a standard 

deviations.  In addition these results imply that FSs are independent of the details of the parameters of individual 

bloggers.  Secondly, we applied the model to time series of appearances of words in 1.8 billion Japanese blog 

entries. From careful data analysis, we find that the model reproduce the various type of statistical properties of 

fluctuations of words appearances such as: FSs, distributions and the correlation with the total number of blogs, 

over 8 orders of magnitude. 
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1. Introduction 

Fluctuation scalings (FSs) are observed 

various complex systems, such as random work 

on a complex network,  Internet t raffic, river 

flows, animal population,  cell numbers, s tock 

market, the social network service and word 

appearance of Japanese blogs[1,2] . However, 

there are few rigorous studies about the FS with 

a non-stationary in spite of the fact that  most  

real time series are non-stat ionary. Therefore, 

we conduct the intensive study of the FS of 

non-stationary time series in the case of 

appearances of words in Japanese blogs  

theoretically and empirical ly.  

2. Data 

In this study, we focused on time series of 

appearances of words, that is,  t ime s eries of a 

daily total count of a focused word in  blogs 

under observations.  The data was collected by 

using an internet service called  

“Kuchikomi@kakaricho” (http://kakaricho.jp ), 

from which we can obtain the more than 3.1 

billion Japanese blog entries from 2006.  

3. Results  

We introduce the model of the system 

consisted of heterogeneous bloggers who behave 

randomly.  The model is  related to  the Random 

diffusion model  [2].  By applying the model to 

actual data, we find that  the model reproduce the 

various statistical properties of fluctuations of 

words appearances of Japanese blogs.  
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