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Rainfall; Geomerric Gaussian; EVT into infinite dimensions. There are 4 Max-stable process

Max-stable Process; Spatial. models, namely Smith, Schaleter, Brown Resnik, and Geometric
Gaussian, which have the Generalized Extreme Value (GEV)
distribution. This study models extreme rainfall, using rainfall
data in the city of Semarang. The initial stage of extreme data is
chosen based on the maximum data in each predetermined
block, this method is called the block maxima method. This
research was carried out by modeling data using the Brown
Resnik model. This method is developed from the Smith and
Schlater model, parameter estimation using Maximum Pairwise
Likelihood Estimation (MPLE). The model obtained can be
used forecast extremely heavy rainfall by calculating the return
level. The maximum extreme rainfall prediction results for the
next two periods are Semarang climatology station 129.30 mm’,
Ahmad Yani 12140 mm®, and Tanjung Mas 111.00 mm?®. The
model is included in good criteria with SMAPE 16.31%.

1. INTRODUCTION

Rainfall is measured based on the height limit of rainwater that collects in a place with
a flat cross-section, which does not decrease, infiltrate, and also does not flow (BMKG,
2014). Conditions are said to be extreme if the intensity of rainfall reaches 100 mm®. High
and unpredictable rainfall often results in floods, landslides, and crop failures. Semarang is
one of the cities that has had a relatively high negative impact due to the occurrence of too
high an intensity of rain. The north coast route which passes through the city of Semarang,
has many industries which are one of the main drivers of the economy in the city of Semarang
and the surrounding area. If a flood disaster occurs on the route, it will cut off access to the
distribution of goods and services. This has a wide and large impact on the city of Semarang,
this reason is enough to be the basis for the need to make a model that can study and predict
rainfall in the city of Semarang. It is hoped that there are anticipatory steps that can be made,
intending to minimize the negative impact. The branch of statistics that studies extreme
phenomena and data is EVT.
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Spatial Extreme Value (SEV) is a statistical tool for modeling extreme events across
multiple locations with dependencies. Detailed studies on the use of spatial extreme have
also been performed by Ribatet (2013), Davison (2015) and Huser (2016). This study uses
SEV with a Max-stable process approach, which is an extension of multivariate EVT into an
infinite dimension. One of the models utilized in the Max-stable procedure is the Smith
model, which was introduced by Smith in 1990. This model was tested in England in cases
of extreme rain intensity. Schlather in 2002 put forward the Schlather Model which is a SEV
model, using a Max-stable process based on a Gaussian random field. Subsequent
developments used the Brown-Resnick process principle proposed by Brown and Resnick
in 1977, which became known as the Brown-Resnick Model (Kabluchko, 2009). The
combination of the Smith and Schlather models produces a new model called the Geometric
Gaussian Model introduced by Davison, Padoan, and Ribatet (2010).

In general, all MSP models have GEV distribution. This study uses rainfall data in
the city of Semarang, then extreme data are chosen using block maxima. The fundamental
idea of the block maxima is that the extreme data is chosen from the maximum data in each
time periods block. In the next phase, the extreme data are modeled using geometric
Gaussian models to determine parameter estimates. Hakim's research (2021) concerning the
Geometric Gaussian Model on sea wave height data, found that the performance of this
method is quite good. This method was developed from the Smith and Schlater model.
Return level in the Geometric Gaussian Model is used to estimate the amount of extreme
rainfall.

2. MAX-STABLE PROCESS (MSP)
2.1. Definition
Suppose the set of indexes {¥;(x)} _,.i=1,2,..,n are n independent replications of a

continuous stochastic process. Suppose that given a continuous function where a.(x) > 0 and
bu(x) € R so that :

max ¥, (x) b, (x)
Y(x)=lim=2————— nowrxeX
n—n a"(x) (l)

the limit process Y(x) is said to be a Max-Stable Process, if in equation 1 the limit value exists
(de Haan, 1984). If an(s)= n and ba(s)= 0, then ¥(x) is also a simple MSP. Max-Stable Process
has two main properties. First, the marginal distribution in dimension one follows the
Generalized Extreme Value distribution ¥ ~ GEV(u,0,£), with the probability density function
defined as follows:

| -z
fOiu,0,8)=exp _{]4_;[}'—#)} ’ o< E<w,o>0.
o .

The second characteristic is that for k - dimensions, the marginal distribution follows the
Multivariate Extreme Value Distribution. The parameters obtained based on the GEV
probability density function are used to transform Y(x) into the Frechet margin using the
function in equation 2 below:
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— é(x) (Y(I)—Pj(x)) /]é( r)
(Z)}_, = {1+ o } | N

xeX

where {Z(x)}xex is a Max-Stable Process. Process Z is also a Max-Stable Process, with
parameters #(x),&5(x),and A(x)>0 is a continuous function (Padoan, Ribatet, and Sisson,
2010). The geometric Gaussian model wuses a dependency  structure,
W.(x) :c:xp(cm()c)—c.s‘1 /2), with extremal coefficient 8 (h) following equation 3 research

article from Xu and Genton (2016). Then the Z model equation as follows:
Z(x) =max & exp(oe(x) —-0'/2),xeX (3)

The standard Gaussian process is denoted €;, p (h) is a correlation function, the value £(0)

=0 and the bivariate Cumulative Distribution Function (CDF) of this model refers to the
bivariate Smith model, stated by Equation (4)

P, [Z(.r, )<z.Z(x)< zz] = exp{—LtD[%+llogz—2]—LCD [%+llogi]] 4)
2 a Z

z Z a z,

CDF normal standard is denoted by ® and a:a,fZ(l— p(h)) (Davison, Padoan, and Ribatet,
2010). This changes Equation 4 to Equation 5:

P[Z(A‘,)Sz,,Z(xl)g Zg]:e}(p|: 1 (D[G"z(l_p(h))Jr 1 22]

l &
’ 2 o) 2

“1

(5)
N Y R N
Z 2 O'.fZ(l —-plh) "z,
2.2. Geometric Gaussian Model
The CDF of geometric Gaussian is expressed by Equation (6)
F(z(xr.),z(xj)) =exp|— ! 0} oy2d-p@) + ! log &)
2(x,) 2 o2(1-ph)  2(x)
(6)

L p| oy2A=pth) 1 log 2(x,)
z(x;) 2 o2(=p(h)  olx)

where ;(.r,.) and z(.r j-) state the i-location and j-location in the frechet margin, also

included in Max-Stable Process. p(h) is the correlation function for Schlather models,
including Cauchy, Whittle-Matern, Bessel, and Powered Exponential, and / is the Euclidean
distance between two locations. Bivariate Geometric Gaussian PDF is obtained by
simplifying Equation 6 into Equation 7 as follows:
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Dd(w(h)) D(v(h))
F Z( ,-),Z( ;) = ] (7)
( X X ) cXIJ|i z(x;) Z(JC,-) }
where
a(h) 1 2(x;)
(h) = | 4
M +am>“g[aa)J
h) 1 z(x)
(hy =% 1 !
" +}nh)°g[4an
a(h) = cr\j?!(l —p(h))
Therefore, the bivariate PDF form for the Geometric Gaussian model is
O(w(h)) ®(v(h))
Flz(x),z(x,))=exp| — —
( ) ;)) P 2(x,) 2(x,) }
)| Q) o) p(v(h)
F(x)  a’(x)  alh)z(x)z(x;)
(8)

| QO e p(v(h)
Z(x)  amz(x)  alh)z(x)z(x;)

L ety ey
a* (M (x)z(x,)  a’(Mz(x)(x))

The process of estimating the parameters of equation 8 is carried out using Maximum
Pairwise Likelihood Estimation (MPLE), then the function is made into the form of the
likelihood function, then makes the first derivative based on each parameter and equates to
zero. Equations resulting from these derivatives are not closed form. The process of
calculating the parameter estimates is continued with the optimization of the Broyden
Fletcher Goldfarb Shanno (BFGS) algorithm. Spatial GEV model, written in equation 9.

GEV (1u(s),0(5).&(s)) 9

Each parameter, namely the location parameter p(s), the scale parameter ¢ (s), and the shape
parameter ¢(s), is formed following the multiple regression model, then adding spatial
elements, namely latitude and longitude as location coordinates. This form is known as the
Trend Surface model, which is defined in Equation 10.

a(s) =B, + B, longitude(s) + 3, , latitude(s)

G(s)= B, +f,, longitude(s)+ B, , latitude(s) (10)
é (5)=PF:o
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The parameters ., f, and £z were estimated using MPLE based on the PDF of the
Gaussian Geometric model. Selection of the best model uses the Akaike Information
Criterion (AIC) based on a combination of trend surface models.

AIC is defined by the following equation:
AIC=-21, (ﬁ)+ 2g (14)

nom=l m

where, £, (B):ZZ Z In (f(uﬁ.u,u ,[5)) is the In pseudo-likelihood function and is
i=l j=1k=j+

the number of parameters to be estimated. The smallest AIC value indicates the best model.

3. MATERIAL AND METHOD

The rainfall data used comes from the Meteorology, Climatology, and Geophysics
Agency of Semarang City, with several measurement posts in Semarang City. These points
are the Semarang Climatology Station, Tanjung Mas, and Ahmad Yani. The data period
starts from September 1991 to August 2022. The calculation process is carried out using
algorithm from Dombry et. All (2013) and Ribatet et. all (2015), with the following steps:
Using Block Maxima to determine data with extreme categories.

GEV distribution check

Calculate univariate parameter estimates (i(s), 6(s), and €(s) for each post/location.
Transform to Frechet margin units.

Make several combinations of trend surface models and select the best one with
minimal TIC criteria.

Calculate the value of fi(s). 6(s), and €(s) for each location

7. Calculating return level values for extreme rainfall predictions

o =

&

3. RESULTS AND DISCUSSION

As initial information, extreme values have been taken from 10197 data for each rain
post in Semarang City, 100 training data and 20 testing data have been obtained. Semarang
City experiences rain with the highest daily average intensity of 6.3631 mm/day, which is at
the point of the Ahmad Yani Station. The descriptive information is presented in Table 1.

Table 1. Summary of Semarang City Rainfall

Average Standard ~ Minimum Maximum
Measurement Post (mm/day) Deviation (mm/day) (mm/day)
(mm/day)
Semarang Climatology Station 6.3103 15.6117 0 276.0000
Ahmad Yani 6.3631 15.5508 0 255.3000
Tanjung Mas 5.8502 14.6602 0 246.6000

The process of univariate estimation of the parameters u(s).o(s), and €(s), starts from the
extreme data from the Maxima Block process and then calculates them based on the GEV
PDF model using the MLE estimation method. Table 2 presents the results of univariate
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parameter estimates u(s), o(s), and £(s).

Table 2. Univariate GEV Parameter Estimation

Measurement Post as) 8(s) &)
Semarang Climatology Station 60.27 3230 0.03
Ahmad Yani 5965 31.13 005
Tanjung Mas 5632 2852 -003

The parameters obtained in Table 2 are used to transform rainfall data, obtained from
the block maxima process into Frechet margins using the Z transformation with the formula
Equation 2. The best trend surface model refers to equation 10, selected with the criterion of
the smallest TIC value, namely 2537.104. The following best trend surface models:

[A0s) =452 +0,50v(s)
6(s) =248+ 021 v(s)
£(s) =098

Then the calculation of the parameter estimation of the geometric Gaussian model in
Equation 8 is obtained using the MPLE method. The parameter estimates obtained are

ii(s), 8(s), and £(s) for each measurement post location. Parameter estimates for each
location are listed in Table 3 below:

Table 3. Multivariate GEV Parameter Estimation

Measurement Post Aa(s) 8(s)  &(s)

Semarang Climatology Station 1,0021 10018 09703
Ahmad Yani 1,0040 10034 09703
Tanjung Mas 10213 10090 09703

Return level is a calculation of rainfall threshold predictions based on a period.
Rainfall prediction in this study for the next 1-year and 2-year periods with p = 5%. The

process of calculating the return level requires a period of T = ior p= % . Results Predicted
rainfall based on the value of the return level with a probability of exceeding 1. Table 6

displays the magnitude of the estimated maximum rainfall in the next 1-year and 2-year
periods.

Tablel 6. Return Level Prediction
Return level

Period Semarang . .
Climatology Station Ahmad Yani Tanjung Mas

1-year 102,42 98 30 89.80

2-year 129,30 121,40 111,00

The SMAPE value is used to measure the performance of the model. Rainfall data
divided into training (80%) and testing (20%), obtained a SMAPE value of 16.31% which is
included in the good criteria.
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4. CONCLUSION

The maximum extreme rainfall prediction results for the next two periods at the
Semarang climatology station are 129.30 mm?, at Ahmad Yani Station are 121.40 mm?, and
at Tanjung Mas are 111.00 mm®. This model is quite good with the SMAPE value of 16.31.
The Max-stable process model in this study gives quite good results for predicting the short
period. However, when it is used to forecast the long period, the prediction tend to get bigger
and resulting in a decrease in the level of accuracy.

ACKNOWLEDGMENT

This research is funded through the Research Development and Application (RPP)
scheme from Universitas Diponegoro in 2022.

REFERENCES

BMKG. 2014. Daftar Istilah Klimatologi. http://balai3.denpasar.bmkg.go.id/ daftar-istilah-
musim#sthash.eC4BIOVG .dpuf (acces on 10 October 2021)

Davison, A. C., Padoan S. A., dan M. Ribatet. 2012. Statistical Modelling of Spatial
Extremes. Statistical Science,27(2) : 161-186.

Brown, B.M., S.1. Resnick. 1977. Extreme values of independent stochastic processes.
Journal of Applied Probability. 14(4):732-739.
Davison, A.C., Huser, R.,2015. Statistics of Extremes. Annu. Rev. Stat. Appl. 2, 203-235

De Haan, L. 1984. A spectral representation for max-stable processes. The Annals of
Probability. 12(4) : 1194-1204

Dombry, C., Eyi-Minko, F., Ribatet, M., 2013. Conditional simulation of max-stable
processes. Biometrika 100, 111-124.

Hakim, A.R., H. Yasin dan B. Warsito. 2021. Max-Stable Processes With Geometric
Gaussian Model On Ocean Wave Height Data, Journal of Mathematical and
Computational Science, Vol. 11 No. 1.

Huser, R., Genton, M.G., 2016. Non-stationary dependence structures for spatial extremes.
J. Agric. Biol. Environ. Stat. 21, 470-491

Kabluchko, Z., Schalater, M ., de Haan, L. 2009. Stationary max-stable fields associated to
negative definite function. Ann. Probab. 2>1 2042-2065

Padoan, S. A., M. Ribatet., dan S. A. Sisson. 2010. Likelihood-Based Inference for Max-
Stable Processes. Journal of the American Statistical Association,Vol. 105, no. 489,
Theory and Methods, 263-277.

Ribatet, M., 2013. Spatial extremes: Max-stable processes at work. J. Soc. Fr. Stat. 154,
156-177.

Ribatet, M., Singleton, R., R Core Team., 2015. SpatialExtremes: modelling spatial
extremes. URL https://CRAN R-project.org/package=SpatialExtremes R package

version 2.0-2.

Media Statistika XX(X) XXXX: XX-XX 7




Smith, R. L. 1990. Max-Stable Processes and Spatial Extremes. England : University of
Surrey.

Schlather, M. 2002. Models for stationary max-stable random fields. Extremes. 5(1) : 33-44

Xu, G., Genton, M.G., 2016. Tukey max-stable processes for spatial extremes. Spatial Stat.
18,431-443.

8 Arief Rachman Hakim (Geometric
Gaussian modelling)




MAX-STABLE PROCESS WITH GEOMETRIC GAUSSIAN MODEL
ON RAINFALL DATA IN SEMARANG CITY

ORIGINALITY REPORT

22+ 216« 11% 5«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

scik.org

Internet Source

I

o

A R Hakim, B Warsito, H Yasin. "Height wave
modelling using spatial extreme value with
max stable process (MSP) brown-resnick
model", Journal of Physics: Conference Series,
2021

Publication

2%

e

Submitted to Universitas Diponegoro
Student Paper

2%

-~

ejournal.undip.ac.id

Internet Source

T

o

repository.kaust.edu.sa

Internet Source

T

eprints.unm.ac.id

Internet Source

T

=

seminar.uny.ac.id

Internet Source

(K




B S. A. Padoan, M. Ribatet, S. A. Sisson. <1 o
"Likelihood-Based Inference for Max-Stable °
Processes", Journal of the American Statistical
Association, 2010
Publication
n Submitted to University of New South Wales <1
Student Paper 0%
orca.cardiff.ac.uk
Internet Source <1 %
infoscience.epfl.ch 1
Internet Source p < %
Tadele Akeba Diriba, Legesse Kassa Debusho. < o
"Statistical Modeling of Spatial Extremes ’
through Max-Stable Process Models:
Application to Extreme Rainfall Events in
South Africa", Journal of Hydrologic
Engineering, 2021
Publication
Zheng, Feifei, Emeric Thibaud, Michael
- <l
Leonard, and Seth Westra. "Assessing the
performance of the independence method in
modeling spatial extreme rainfall", Water
Resources Research, 2015.
Publication
cemse.kaust.edu.sa
Internet Source <1 %




A. Carini, M. Diligenti, P. Maranesi, M. Zanella. <1
. : : . %
"Analytical integrations for two-dimensional
elastic analysis by the symmetric Galerkin
boundary element method", Computational
Mechanics, 1999
Publication
Wang, Zhuo, Jun Yan, and Xuebin Zhang. <'] y
"Incorporating spatial dependence in regional ’
frequency analysis", Water Resources
Research, 2014.
Publication
digital.library.adelaide.edu.au
IntegrnetSource y <1 %
os.zhdk.cloud.switch.ch
Internet Source <1 %
Davison, A. C., R. Huser, and E. Thibaud. <1
- %
"Geostatistics of Dependent and
Asymptotically Independent Extremes",
Mathematical Geosciences, 2013.
Publication
tel.archives-ouvertes.fr
Internet Source <1 %

Exclude quotes On Exclude matches Off

Exclude bibliography On



MAX-STABLE PROCESS WITH GEOMETRIC GAUSSIAN MODEL
ON RAINFALL DATA IN SEMARANG CITY

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8




