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A Suggested Method for Estimating the Rate of rainfall in Mosul as a
Non-Homogeneous Poisson Process
Abstract

This research deals with the non-homogeneous Poisson process in a suggested
method through mixing two methods of estimation in one method to arrive at the
estimate of the rate of occurrence without using common probability distribution and
estimating their parameters. A non-parametric method has been applied in a suggested
method of estimation.

The practical application includes studying the period of daily rainfall in
Mosul Forecasting Station in Neneva. The rate of daily rainfall has been estimated in
the static method suggested in the research. The result arrived at in this research has
been compared with other results shown by other two estimators. The efficiency of
this suggested method becomes clear in estimating the rate of occurrence of events in
non-homogenous Poisson process through this comparison.

Keywords: Non-Homogenous Poisson Process, Kernel Estimation, Piecewise Linear
Estimation, Rainfall
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. Introduction 1
(Non-Parametric Methods)

(Exploralor Analysis)

.(Monte Carlo Simulation)

(Kernel Estimation Method)
1976 .(Spline Method )
[Lewis and Shedler, 1976]

[1998, ]

[Choi and Hall, 1998]

[Helmers and Mangku, 2000]
[Zhuang et al.,2002]

,(Natural Space-Time Extension of the One-Dimensional Hakes Model)

[Peng, 2003]
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[2006 ]

(Point Process)

2
Non-Homogeneous Poisson process:
: S (Poisson Process)
T , T
{N() ; t> 0}
A A
A , (Rate of Occurrence of Events)

, A ( )

{N(1) ; >0} ;

(Non-Homogeneous Poisson Process)

A1) (Intensity Function)
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Kernel Estimator of the Rate of Occurrence:
{N(1) ;1> 0}

A1)

(Kernel Estimators)

W() .(Inter Event Times)

t ,(0,20]
{X,,n>1}

(Smooth)

(Bounded, Non-Negative, Integrable Weight Function)
1(1998 )

i) Wu)=0 Vu |,
ii) TW(u)du:I

(Window Function)
(Band Width) b(n)

,(Smoothing Parameter)

b(n) . n
[Wand and Jones, 1995]

()

.[Loader,1999] [Bowman and Azzalini, 1997]

lk 1
X h
.[Peng, 2003] k
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[Zhuang et al., 2002]
k [Choi and Hall, 1998]
()

[Thanoon, 1994] :

(Triangular Window) (Bartlett Window)
1- M ; ‘x‘ <m
W(x)= m = (2)
0 ; ‘x‘ >m
.(Truncation Point) m
(Gaussian Window) (Parzen Window)
1 2
Wi(x)= e ’
m S 3)
4

Piecewise Linear Estimator

.(Non-Linear)
t G)

0)
10)
0]
, - AV (1)
ﬂt(z)(t) /f(l)(t) ,(Wisdom) AW (1)
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{t), th, ... ,t,}

A1) To=(0,2]
" ’(1) 1 y
. 1 & t—t,
A () =— W[ ’J ...... 4)
b(ﬂ); b(n)
To t AN (1)
T, ko To
TZ: RE) Tk
LVLo---VT, =T, ;T,NT,=¢ Vi#j
AV (1)
(0?1 nyy if tel
A X 3t if tel
AP (1) = az‘*‘ﬁz . 2
© : S (5)
&, + Bt if tel,

BiBos B GiG...d,

: 5
Application of Rainfall in Mosul Weather Forecasting Station of
Neneva:

2000 1994
.[ 2006 ]

(1)

(Time Dependent)

.( Non-Homogeneous Processes)
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MATLAB v.7
(2)
)
b(n) :
Jon gt dns
nz T T T T
0.18 | |

0.16

014

0.12

rate of rainfall
o

0.06

0.04

0.02

1] 500 1000 1500 2000 2500
time

AD () 1(2)

(Piecewise Linear Estimators)
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(1) =

0.1907 —0.000600 ¢
0.2443 - 0.000500¢
0.1498 — 0.000200¢
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5
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76 <t <398
398 <t <603
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A(0)

(Cox Function)
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(2)

. A1)
[Cox and Lewis, 1966]

: (Non-Linear Function)

At) = ! 0<t<ty .. (7)
b, a to
.(Maximum Likelihood Method)
(na+bit[) b
L=e = exp[-e‘(e™-1)/b] .. (8)
b a
d:h{ b ) ...... )
e —1

(Numerical Methods)

b
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~ ~ n nt, n ntye
b[:bi_ —[—— o 4 ti][_" ) b ]_1,O<tifto ...... (10)
Y (—etm 2 bl (1—eh)?
A(0) [Duane, 1964]
(Weibull Function)
A@)y=pA" o s g0 (11)
AP
.(Minimum Least Squares Method)
(Weibull Process)
L= ,B”ﬂ”ewfntf—l , 0<<t, .. (12)
i=1
AP

B = =L (13)

nint, — Z In¢

i=1

~on
A=— 14

(7 (14)
/icox (t) = o (21051+0.00019271) . 0<t<2132 . (15)
A (£) = 0.8718 #0.2669 £ . 0<r<2132 ... (16)

i(2) (t) iwei (t) icox (t) j:(ZL)

(Mean Square Error) /ipwz (?)

ﬂ:(l)(t)



[95]

k

E, =k Y A0 )-A0)]

J=1

k™ Zk: I:/iwe[ (,)- AV (t_/)]z

J=1

MSE,, =k i [/ipw, t)-Aq, )]2

J=1

S

MSEW@[

Ao (1)

MSE ., =0.007045
MSE ,,, =0.006703

MSE ,,, =0.000048

)iwei(t)

.99-89

dyiloglaolly < lua¥l- Silual )l gslSll golall youigoll piligy jald sac

!

(0 A 4

.. (17)
...(18)
... (19)
MSE,,, MSE,, MSE,,
Ay () Ay (1)
Z\CO)C (t)
At ()
" ,(1998) , , N
9 ,
" (2006) , 2

3. Bowman, A. W. and Azzalini, A. (1997),"Applied Smoothing
Techniques for Analysis: The Kernel Approach with S-PLUS
Ilustrations". Oxford University Press.

4. Choi, E. and Hall, P. (1998),"Non parametric approach to
analysis of space-time data on earthquake occurrence". Journal
of Computational and Graphical Statistics, 8, 733-748.

5. Cox, D. R., and Lewis, P. A. (1966),"Statistical Analysis of Series
of Events". Chapman and Hall, London, United Kingdom.



[96]

. Duane, J. T. (1964),"Learning curve approach to reliability
monitoring". IEEE Transaction on Aerospace, As-vol(2), 563-566.
. Helmers, R. and Mangku, I. W. (2000),"Statistical estimation of
Poisson intensity functions". Centrum Voor Wiskunde en
Informatica Report, PNA-R 9913 Submitted for Publication.

. Loader, C. (1999),"Local Regression and Likelihood". Springer,
New York.

. Peng, R. D. (2003),"Application of multi-dimensional point
procss Methodology to wildfire hazard assessment". Ph. D.,
University of California, Los Angeles.

10.Thanoon, B. Y. (1994),"A graphical approach of estimating of

functional form of the relationship between two random
variables or time series". Journal Education and Science, 15,
337-345.

11.Wand, M. P., and Jones, M.C. (1995),"Kernel Smoothing".

Chapman and Hall, London.

12.Zhuang, J., Ogata, Y. and Vere-Jones, D. (2002),"Stochastic

declustering of space-time earthquake occurrences". Journal of
the American Statistical Association, 97, 369-380.



