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Abstract; The random walk model was used to fit the annual precipitation in 39 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.
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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 patternl!?, Recently, we
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used this model to analyze the temperature change indicating
that its fitting can be reached in both global level™® 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 1901 to 1998.

1 Materials and methods

1.1 Data

Thirty- nine beta world cities are chosen according to
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Wikipediat*!, However, the number of these cities and their
order are changed frequently due to the characteristics of
Wikipedia, thus the cities were ordered based on their order in
February,2010. The precipitations recorded in these 39 cities
from 1901 to 1998 based on 0. 5° by 0. 5° latitude and longi-
tude grid-box basis cross globe are obtained from the website
of Oak 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 starts at zero and at
each step moves by £ 1 with equal probability!'~* whereas
the precipitation is in decimal format, thus we convert the
precipitation into &1 format and call it as precipitation walk.
Technically, when the precipitation at certain year is higher
than its previous one,we classify it as 1, otherwise we classify
it as —1(column 3,Table 1) ,and then we add them together
as the random walk does (column 4,Table 1).
Table 1 Conversion of recorded precipitation into precipitati-
on walk and generation of random walk for precipitation in

Melbourne from 1901 to 1998

Precipi- Precipi- Precipi- Generated Ran- Ran-

Year tation tation tation random dom dom

(mm/year) step walk number step  walk
1901 601 0 0. 04879 0
1902 610 1 1 0.74322 1 1
1903 752 1 2 0.05883 —1 0
1904 558 -1 1 0. 26845 1 1
1905 634 1 2 —0.56271 —1 0
1906 581 —1 1 0. 50705 1 1
1907 501 —1 0 —0.66933 —1 0
1908 382 -1 —1  —o0.68192 —1 —1
1909 585 1 0 —0, 82691 —1 —2
1910 564 —1 -1 0.09072 1 —1
1991 635 1 —6 0.22393 1 -6
1992 788 1 —5 0.20448 —1 —7
1993 701 —1 —6 —0.72712 -1 —8
1994 408 —1 —7 0. 34260 1 —7
1995 676 1 -6 0.94707 1 —6
1996 640 —1 —7 —0. 21775 —1 —7
1997 384 —1 —38 —0.43780 —1 -8
1998 515 1 —17 0.92797 1 —7

The random number is generated by SigmaPlot with the seed of
4. 43052,

1.3 Generation of random walk

We use the SigmaPlot!™ to generate random
sequence with different seeds: we generate random
number ranged from —1 to 1,and then we classify
a random number as 1 if it is larger than its previ-

ous one and as — 1 if it is smaller than its previous

one (column 6, Table 1). Thereafter we add the

classified values as random walk (column 7,

Table 1).
1.4 Searching for seed

To the best of our knowledge, there is no 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, becausc 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 random
walk model™ to fit the recorded precipitation.
which is in decimal format. In plain words.the sim
plest random walk comes from tossing of double-
sided coin, while this random walk could be regar
ded as tossing of dice, which can be not only six-si
ded but as many as the decimal data. This way, we
generate random numbers (column 3.Table 2),and
add them to construct the random walk (column 4,
Table 2) ,and the fitting is again to search the best
seed that generates best fit.

Table 2  Generation of recorded precipitation into random

precipitation in Melbourne from 1901 to 1998

Recorded Generated Random
Year  precipitation random precipitation
(mm/year) number (mm,/ year)

1901 601 601, 00000
1902 610 —149. 83324 451, 16676
1903 752 167. 00549 618.17221
1904 558 15. 64558 633. 81782
1905 631 —75.30259 558, 51523
1906 581 —109. 90629 148, 606894
1907 501 173, 05481 621. 66376
1908 382 37. 00038 584. 66338
1909 585 0.51526 584. 14812
1910 564 - 123, 56600 460, 58213
1991 635 —152. 60633 368, 06326
1992 788 110. 60943 178, 67169
1993 701 —6. 22320 17245149
1994 408 6. 11809 A78. 86959
1995 " 676 101, 95389 580. §2348
1996 640 —157. 55508 123, 26839
1997 384 8.91216 432, 21004
1998 515 12, 18479 474, 39533

The random number is generated by SigmaPlot with the seed of

1.34641.
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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

Fitting of Fitting of
precipitation walk recorded precipitation
City
Seed  Sum Ol Seed Sum of

Melbourne 4. 43052 124 1. 34641 2586627. 55
Barcelona 0.92618 136 1.51401 2984410.76
Los Angeles 1. 09247 132 8. 04385 9837002. 96
Johannesburg 0. 61683 132 0. 60545 2257443, 47
Manila 0.17978 106 1.19744 17132448. 28
Bogota 2.64813 124 1.03233 6722165.76
New Delhi 7.45919 156 0.53868 6485157, 38
Atlanta 5.76188 112 1. 65197 6444147. 79
Washington D. C. 3.70431 120 0.70337 3922775.72
Tel Aviv 4. 53547 120 3.70963 4036478, 17
Bucharest 2.96749 124 2. 82657 1634074. 60
San Francisco 0. 64649 140 1. 46898 3552577. 37
Helsinki 1.17561 119 3. 88437 1601835, 51
Berlin 1.53962 100 8. 04386 1267406, 51
Dubai 3.94439 108 2.51977 336204, 14
Oslo 5.15241 128 0.49518 2762908. 96
Geneva 7.85232 124 7.95525 4468964. 61
Riyadh 9. 00335 124 1. 48129 318508, 11
Copenhagen 2.67161 136 1.75624 979500, 29
Hamburg 2.56624 132 1. 68698 1629723. 86
Cairo 3.59924 126 1,.74148 30729. 02
Bangalore 0. 93401 112 2.01452 5029654, 32
Jeddah 0.41142 118 6. 08046 89874.72
Kuwait 1. 79627 94 2.71912 178018. 85
Luxembourg 1. 61462 132 1. 46898 2931614. 05
Munich 3.34785 109 4. 68752 1722156. 75
Kiev 1. 24473 124 6. 08044 1628394, 92
Dallas 1. 85854 128 1. 80649 6494614, 91
Boston 2.46612 132 1. 70767 3991272, 22
Miami 2.2682 168 6.47106 14856926. 07
Sofia 1. 47405 136 3. 50057 1574839. 07
Diisseldorf 2.3542 156 1. 62457 2051901, 84
Houston 2. 38592 144 2.43225 12649509.69
Beirut 4, 45934 132 9.10630 2714757. 59
Guangzhou 0. 65443 120 7.29461 12577487.18
Nicosia 0. 96966 124 - 1. 68592 1959226, 37
Karachi 7.75981 112 0.72414 3769307, 76
Montevideo 1.54723 132 3.57487 10120934, 97
Rio de Janeiro 4.15844 132 1. 64003 7726967.13

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 1901,
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),so0 we assign 1 as pre-
cipitation step (cell 3,column 3); (iii) the precipi-
tation walk is 1 (0 + (1)) (cell 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),s0
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 10 cities using random walk model. 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 —149. 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-
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cipitation with random precipitation in 10 cities. As
can be seen,the random model can fit the recorded
precipitation data because the random precipitation

data have a similar pattern with their recorded

ones.

Table 3 lists all fitted parameters for the annu

al precipitation of the 39 cities,
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Fig. 1 Comparison of precipitation walk with random walk in 10 cities from 1901 to 1998
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Fig. 2 Comparison of random precipitation with recorded precipitation in 10 cities {rom 1901 to 1998

-—e—: Random,——: Recorded.

3 Discussion

The data used in this study spanned for almost
a century. With 98 annual 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 98 an-
nual precipitations,thus the completely perfect fit-
ting has the chance of (1/2)% theoretically, which

is extremely small. Clearly this probability is very
difficult to achieve in limited 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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This study demonstrates that the random
walk model can fit the precipitation walk and re-
corded precipitation in city level, Together with our
previous studiest**, the random walk model pro-
vides another model to analyze the changes in both
temperature and precipitation, and a piece of evi-
dence that help to understand the true nature.
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