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Abstract：The random walk model was used to fit the annua1 precipitation in 3 9 beta world 

cities from 1901 to 1998．At first。the recorded precipitation of each city was converted to pre— 

cipitation walk and random precipitation，then the random walk model was used to fit the 

converted data and recorded ones．The results show that this model can fit both precipitation 

walk and recorded precipitation．Thus this study provides a model to describe the precipitati— 

on patterns，and suggests the random mechanism may underline in the precipitation change of 

these cities during this period． 

Key words：beta world city，fitting，precipitation，random walk 

摘要：用随机漫步模型拟合 1901年至 1998年 39个贝塔世界城市的年降水量。先将每个城市的降水量转换 

为降水漫步和随机降水，再用随机漫步模型分别对转换数据和实际数据进行拟合。结果显示，该模型能够拟 

合降水漫步和实际降水，为降水建模提供了一种模型，表明此期间这些城市的降水呈现随机变化。 
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Mathematical description of precipitation is important， 

not only because it can help US to better understand the pre— 

cipitation pattern，but also because it can provide a tool tO 

predict the precipitation． 

The random walk is an important model tO describe nat— 

ural phenomena，for example，stock pattern[ 
． Recently，we 
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used this model tO analyze the temperature change indicating 

that its fitting can be reached in both global levelE ]and city 

level【 ．Thus an interesting question raised here is whether 

the random walk can describe the precipitation?This hypoth— 

esis seems tO be likely because the year-·tO--year precipitation 

seems tO be somewhat fluctuated without clearly visible pat— 

terns． 

In order tO test this hypothesis，we use the random walk 

model tO fit the annual precipitation in 39 beta world cites 

from 】9O】to 1 998． 

Thi “ y was pa 。y pp。 d by G“ ngxi Science F。unda i。n 
1 M ateria1s and methods 

(0907O16，10—046—06，11 —031—11．2010GXNSFA013003 and 。一。 

2010GXNSFA013046)· 1
． 1 Data 

通讯作者’E一 il：h。“gguang1ishibaha。@yahoo·corrl o Thirt
y—nine beta w。rld cities are ch。sen acc。rding t。 
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Wikipedia L 4 ．However，the number of these cities and their 

order are changed frequently due to the characteristics of 

W ikipedia。thus the cities were ordered based on their order in 

February，2010．The precipitations recorded in these 39 cities 

from 19O1 to 1998 based on 0．5。by 0．5。latitude and longi 

tude grid—box basis cross globe are obtained from the website 

of()ak Ridge National Laboratory ．The latitudes and longi 

tudes of these 39 beta world cities are determined using Get 

Lat Lon[“ 
． 

1．2 Precipitation walk 

The simplest random walk model slarts at zero and at 

each step moves by ± 1 with equal probability[ ～。J whereas 

the precipitation is in decimal form at，thus we convert the 

precipitation into± 1 format and call it as precipitation walk． 

Technically，when the precipitation at certain year is higher 

lhan its previous one，we classify it as 1，otherwise we classify 

it as l(column 3，Table 1)，and then we add them together 

as the random walk does(column 4，Table 1)． 

Table l Conversion of recorded precipitation into precipitati— 

on walk and generation of random walk for precipitation in 

M elbourne from 1901 to 】998 

Fhe random nuN1ber 1s generated by SigmaPlot with the seed oi 

． 43052． 

1．3 Generation of random walk 

W e use the SigmaPlot[ j to generate random 

sequence with different seeds：we generate random 

number ranged from 1 to 1，and then we classify 

a random number as l if it is larger than its previ 

OUS one and as一 1 if it is smaller than its previous 

one (column 6， l able 1)． j hereaf1er wc add th0 

classified values as random walk (colun1n 7． 

Table 1)． 

1．4 Searching for seed 

To the best of our knowledge，there is t10 algo 

rithm available to find the right seed，which pro 

duces the best fit between random walk and ob 

served data．However，this could not be problematic 

with current computational technique，because we 

can simply search all the seeds in searching space 

and compare their Outcomes． 

1．5 Fitting recorded precipitation 

Thereafter，we use a more complicated Fail(tonl 

walk model[ ] to fit the recorded precipitation， 

which is in decimal format．In plain words．thc inl 

plest random walk conies from tossing of double～ 

sided coin，while this random walk could be regar 

ded as tossing of dice，whicb can be not only si x-si 

ded but as many as the decimal data． Fbis way，WC 

generate random numbers(column 3。 Fable 2)。and 

add them to construct the random walk(COlunln 4， 

Table 2)．and the fitting is again to search the 1】【?St 

seed that generates best fit． 

Table 2 Generation of recorded precipitation into random 

precipitation in M elbourne from 19111 to 1998 

d  

C 

e 

h  

w 

0 

P  

a m 

g 

S  

y 

b  

d  

e 

a  盯 

n 

e  
g  

S  

盯 

b  
m 

U 

n 

m 

0 

d  ． n l  

a 4  

r 6  弘 

r L  



严少敏等：用随机漫步模型拟合 39个贝塔世界城市 1901～1998年的降水量 2O7 

Table 3 Model parameter(seed)and fitted results for fitting 

precipitation change in 39 beta world cities from 1901 to 1998 

using random walk model 

1．6 Comparison 

For determination of the best seed，we com 

pare the least squares between precipitation walk 

and random walk，and between recorded precipitati— 

on and random precipitation generated from differ— 

ent seeds． 

2 Results 

Table 1 shows how we construct a precipitati— 

on walk and its corresponding random walk．For 

the precipitation walk，we have the follows：(i)the 

starting point is the annual precipitation in 1 90 1， 

601(cell 2，column 2)，and this starting point cor— 

responds zero in sense of precipitation walk (cell 2， 

column 4)；(ii)the second annual precipitation is 

610 (cell 3，column 2)，which is larger than the first 

one，601(cell 2，column 2)，so we assign 1 as pre— 

cipitation step (cell 3，column 3)；(iii)the precipi— 

tation walk is 1(0 十 (1))(celI 3，column 4)；and 

(iv) the similar computation is applied to all the 

data in columns 2，3，and 4． 

For the random walk，we have the follows：(i) 

a good seed we found is 4．43052(see the legend to 

Table 1)，and this seed generates a series of random 

numbers (column 5)；(ii)the first random num— 

ber，0．04879(cell 2，column 5)is considered as the 

starting point corresponding to 0 in random walk 

(cell 2，column 7)；(iii) the second random num— 

ber，0．74322 (cell 3，column 5)，is larger than the 

first random number，0．04879(cell 2，column 5)，so 

we assign 1 (cell 3，column 6)；(iv) the random 

walk is 1(0 + 1) (cell 3，column 7)；and (v)the 

similar procedure is applied to all the data in col— 

umns 5，6，and 7．In the same manner，we construct 

the precipitation walk and random walk． 

Figure 1 shows the fittings of precipitation 

walk in 1 0 cities using random walk mode1．As can 

be seen，the random walk can go through precipita— 

tion walk so that the random walk can fit the pre— 

cipitation walk if the precipitation walk can be con— 

sidered as the precipitation trend． 

Table 2 shows how we use a random walk 

model to fit the recorded annual precipitation，here 

we only need to construct the random precipitati— 

on：(i)the starting point is the first recorded annu— 

al precipitation，which is 601 (cell 2 in column 2 
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and column 4)；(ii)the seed for Table 2 iS 1．34641 

(see the legend to Table 2)；(iii)the first random 

number generated by the seed is 1 49．83324 (cell 

3，column 3)；(iv)we add this value to the previous 

precipitation datum (601)resulting in 451．16676 

(cell 3，column 4)；and (v)along this procedure，we 

get the random precipitation in column 4． 

Figure 2 displays the fittings of recorded pre一 
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cipitation with random precipitation in 10 cities．As 

can be seen，the random model can fit the recordecl 

precipitation data because the random precipitatioi1 

data have a similar pattern with their recorded 

On es． 

Table 3 lists all fitted parameters for the anl1U 

al precipitation of the 39 cities． 
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Fig．2 Comparison of random precipitation with recorded precipitation in 10 cities from 1901 tO 1998 

——·一 ：Random．—一r一：Recorded 

3 Discussion 

The data used in this study spanned for almost 

a century．W ith 98 annua1 precipitations，we may 

find a good estimate because the seed is the only 

model parameter for random walk．However，the 

uncertainty would increase if we use more compli— 

cated models that have more model parameters． 

The completely perfect fitting of precipitation 

walk iS a rare event．For example，there are 9 8 an— 

nual precipitations，thus the completely perfect fit— 

ting has the chance of(1／z) theoretically，which 

is extremely smal1．Clearly this probability is very 

difficult to achieve in 1imited time．At this stage， 

we have no way to compare our results with other 

models because the output of other models could 

not be in equal—sized step． 

Actually，we can view the precipitation walk， 

which is the conversation from its annual precipita— 

tion，as the trend of recorded precipitation．This is 

because the precipitation walk answers the very 

basic question of whether the precipitation in cer— 

tain year is higher(1)or lower(～ 1)than in its 

previous year． 
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3 结束语 

本文通过对酒精发酵菌株 K6生物学及其生理 

生化特性 的研究 ，发现菌株 K6呈多种形态 ；繁殖方 

式为芽殖 ，有假菌丝 ，无子囊孢子 ，革兰氏染色 为阴 

性 ；能发酵葡萄糖 、蔗糖、果糖 、半乳糖、甘露糖、麦芽 

糖 、木糖 ；能 同化葡萄糖 、蔗糖 、果糖 、半乳糖 、甘露 

糖 、木糖 、乳糖、可溶性淀粉 (不定 )、松三糖 、山梨糖 

(不定)；氮源可以同化硫 酸胺 ，不能同化硝酸钾 ；耐 

高渗透压；产酯；最适 pH值为 4．0～4．5，最适温度 

为 28～32C。同源性分析显示菌株 K6与假丝酵母 

属 (Candida)的同源性达到 98 ，比对的 E 值最 

小 ，分值最高 ，发育关 系非常接近 ，这与生理生化鉴 

定结果相一致 。假丝酵母属是酵母属 中最大的一 个 

属，包括近 200种 ，在常规分类所测试 的 3O～4O项 

生理生化形 状 中，许 多种 问往往 只存 在一 两 项 区 

别 ]，所以，对其分类鉴定 ，我们还应该进一步 的深 

入研究。酒精发酵试验 结果表明 ．菌株 K6能 同时 

具有降低挥发酸，缩短发酵时间，提高产酒率，增加 

酒精产量的作用，其 中，在淀粉质原料中的应Hj特圳 

显著 ，能 缩 短 时 间 7～ 10h，酒 精 产 量平 均 提 高 

8．8 。菌株 K6能广泛应用 于不同原料的酒精 发 

酵生产中，是酒精发酵行业技术发展的新突破。 
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