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1. Introduction

Water scarcity occurs at the time of the demand of
surface and subsurface freshwater more than the
supply in any specific area due to a physician shortage
in storage water, inappropriate infrastructures to a
depot, distribute and access water [1]. Natural and
Human processing affects practically all sections of the
hydrological cycle. Human activities like to cut trees
and clear the forest, afforestation, and agriculture have
uncomfortable influences on the hydrological cycle,
including evapotranspiration, groundwater level,
surface sea level, and water flow regimes. Human
activities influence cloud formation [2]. Observational
studies and climate projections provide plenteous proof
that water resources vulnerable and have the prospect
to be powerfully wedged by global climate change,
with wide-ranging outcomes for ecosystems and
human beings' societies [3].

Changes in surface and groundwater resources are
especially relevant in locations where water
availability is an abbreviate factor for social and
economic development. As one of the Mediterranean
regions, the Middle East is a “hot-spot” region in terms
of water shortage and climate changes. Generally, as
most of the Middle East countries, Jordan depends
entirely on precipitation for its renewable water
resources. Most of the researchers in the water
management define that 83% of Jordan has low-
rainfall areas in which 90% of annual rainfall does not
reach 200 mm/year. The mean annual precipitation in
Jordan is estimated to be about 110 mm in 2009 2010
[4]). Haddadin et al.[5] discussed the water shortage in
Jordan and the significant elements of sustainable
water solutions. [6] studied the water condition in
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Jordan by investigating a sample of a fifteen-year
record for water use. Decreasing in rainfall will lead to
a significant lack of surface runoff and groundwater
recharge processes in the Zarqga River Basin [7].

Referencing climate model analyses made by [8]
shows that the people at danger because of increasing
water scarcity with rising temperatures. The future
global climate change might influence public and
water demand in the industrial sector, yet as a
competitor with the need for water use for agricultural
irrigation [9]. Probabilistic distributions can be used in
the studies such as the management of water resources
and the reporting of practical factors about the
hydrologic cycle. Many researchers attempted to select
the best-fit model locations and estimate the desired
rainfall for different return periods. Annual maximum
daily precipitation for managing water resources was
used by several researchers to find the return periods
of rain. Prediction of rainfall using different
probability distributions for specific return periods was
studied by [10]. [11] have researched about analysis of
rainfall records to determine the characteristic of the
observed frequency distributions. [12] found that
Generalized Extreme Value, the distributions Pearson
type Il and Log-Pearson type Ill, showed the most
significant number of best-fit results for the maximum
monthly rainfall. The statistical methods were used by
[13] estimated the missing rainfall data and compare
their results with the current methods.

The main question of this research is: what is the
best-fit probability distribution for the maximum daily
rainfall return period of the study area? This study’s
objectives are to apply the statistical analysis of the
rainfall for the last thirty-one years (1988-2018). The
main aim is to find the best-fit probability distribution
for the study area, which yields the maximum day
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annual rainfall for return periods of 2, 3, 5, 10, 15, 25,
50, and 100 years by using different plotting position
curves and the Probabilistic suitable distributions.
These results can give useful guidance for policy and
decision-making purposes.

2. Study Area

The study area located to the eastern part of the Jordan
Valley as shown in the map (figure 1). These
Governorates shows  significant differences in
elevations above mean sea level. Heights can go from
less than zero below mean sea level to more than 1240

valley streams
in Jordan River

4| Legend
8 3 steemWest
39— streem East
3 streem

Figure 1. Shows the map of drainage of the study area
(the study area represents by rectangle in Jordan Map
to the right).

The study area is characterized by a hot summer
(June — September). The temperature starts rising from
the beginning of May and increasing to a peak in the
month of august at 42°C. The winter season is starting
with November and ending in March. The coldest
month is January with a minimum temperature of 0 °C
and may reach to -5 at night in several days.

3. Methods and Materials

3.1. Data Management

The precipitation data and the temperature
collected from the meteorological department and the
water and irrigation Ministry for a hydraulic cycle for
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the period (between 1988 and 2018). This work was
based on an extensive and comprehensive database of
meteorological data (rainfall and temperature). All data
were input and analyzed statistically by using
Microsoft (Excel).

3.2. Analysis of Annual Rainfall Data

The annual rainfall data obtained from the
meteorological department and irrigation and water
ministry for the last 30 years (1988 — 2018) were
analyzed and standardized.

The histograms and other plots were created for
the rainfall data. The statistical parameters as the
arithmetic mean (average), standard deviation,
coefficient of variation, and co-efficient of skewness of
annual rainfall were calculated by using the formulas
listed in Table 1.

The annual precipitation data is analyzed over the
study area regarding the statistical parameters. The
best fit distribution method is determined using various
plotting positions and probabilistic  distribution
methods, as listed in Table 1.

Table 1. The Statistical Parameters that were used in this
study.

abbreviatio

n Information

Name Rules

Xi: the

rainfall

intensity
(mm), nis
number of
the sample,
i=1,2,...n

Mean

(Average) 2Xifn

K, Xavr

X is the
rainfall
amount, n is
the sample
length, and
i=1,2,....n

Standard
Deviation

. [X(Xi - p)?
/(n-1)]12

u is the

Co-efficient
of Variation

Cv

(o/wx
100%

mean, and ¢
is standard
deviation

Co-efficient
of Skewness

Cs

1/ 63*
[N/N2-
INR2HE(X

6 is standard

deviation, N
number of
years, | is

mean, and
i=1,2,....,n

i- %]
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Several Probabilistic distributions with its parameter estimation are used in this

study, as shown in table-1, and they are explained in the following sections. The
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variable X represents observed data, while x represents any possible value of that data

and is used to create the distribution functions, as shown in the next sections. Fx(X)
is the value of the distribution function for the point
where x corresponds to X’ observed data value.

3.3.1. Normal Distribution

The normal distribution is applied in a maximum
daily annual rainfall and runoff analysis [14]. The two
moments, average (1) and variance (c?), are the main
parameters of the normal distribution. The probability
density function (pdf), f(x) and cumulative distribution
function (cdf) and F(x) for a standard random variable
x are created by using the following formulas:

1 1 7
fi=—=eni- gl
Lo
F(x]-ﬁ [(exp[ 2—2(;: Il -e<aco "
Fw:f? J (expl--~ a-pi)dy  -w<x<o
F(x]=ﬁj. (exp[—ig(x—u)z]jdx —0<x <0

3.3.2. Two Parameters Log-Normal Distribution
(LN2)

The (pdf) and (cdf) of the 2-parameter Log-
normal distribution are expressed as the following
rules:

flx) =

1
Z
—— ex] In(x
p— pl—5——2 (In(x) — uy)“]

©)

Flo) = f ;exp[—ﬁ (nC) — pyp) 2N ©)

cer’ 2T

The range of the random variable is x > 0. The
logarithm of the x variable, y = In(x), is well-described
by a normal distribution. By using the method of
moment estimators, the parameters are created as the
following formulas:

Are the commonly used parameters of the Log-
Normal distribution. Here, ov is the standard deviation,
and py is the mean for this distribution.
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3.3.3. Log-Pearson Type 111

Log-Pearson Type Il1 is one of the gamma family
distribution. This distribution describes a random
variable X, whose logarithm follows the Pearson type
111 distribution. The pdf and cdf of log-Pearson type IlI
were calculated by using the following formulas:

Inix)—=
() =; al oo o B
(x)— )
EX[][—I““:} s]
1 .:;1 In(x)—:
@ =r® L [
) 8)
exp[— lnk.:;}— s]

The parameters scale “a,” shape “” and location
“g/” is estimated by using the method of moment

estimators as the following;:

B=4/7 ©)
x=0c7y/2 (10)
C=p—20/y (11)

3.4. Goodness-of-fit Tests

These tests are used for evaluating the validity of
a specified or assumed probabilistic model. This test
can be applied by using several methods as plot
method, numerical method, and formal normality test.
In this study, the Plot methods and the root mean
square error (RMSE) was used to evaluate the best
model.

3.4.1. Root Mean Square Error (RMSE)

This method indicates that the smallest RMSE
value is the best-fit model. It measures the difference
between estimates and observed values. It can be
calculated using the following formula:

RMSE =

_1 ?I‘. -
\ - Ef.‘(, — X))

(12)

x; is the observed value, and X is the estimated
number.
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3.4.2. Graphical Test

It is the most suitable test for determining the
best-fit model. The Q-Q plot of observed and
estimated values is used. Several plotting positions
were used for specific distributions to calculate the
plotting position of the non-exceedance probability, as
mentioned in table 2. Most of the plotting position
formula that was used here have the following
formula:

H—i

Pin = N ¥1—2a

(13)

n is the rank of the observed value X (X(i) is
ascending order), n =1, 2, . . ., N. N is the total
number of observations.

Gumble plotting position, which gives unbiased
quintiles; Gringorten’s plotting position (a = 0.44);
Cunnane’s plotting position (a 0.4) [15]. The
observed data, X(i), against the estimated values, x(F)
(the quantile function), are plotted to create the Q-Q
plot, with F identify by the p i for the specific
distribution.

3.5. Return Period (T)

The main important target of frequency analysis is
to find the return period. If the variable (x) equal to or
greater than an event of magnitude x;, occurs once in T
years, then the probability of occurrence P (X > x) in
the given year of the X (Variable) is:

! 1
3 T P
P(x = xr) = (14)
- 1
1-P(x< xp) (15)

The rainfall amounts related to the 50- or 100-
year return periods cannot be directly estimated from a
data set. They can be generated from the 98" and 99
percentiles for the 50 years and the 100 years return
period, respectively, of a fitted distribution [16].

4, Results and Discussions

The methodology motioned in the previous
sections was developed to the 31 years observational
data in which lists the maximum daily rainfall in
millimeters (mm) was gotten from irrigation and water
ministry and department of Meteorology.

The distribution of annual precipitation all over
Jordan was summarized in figure-2 the study area of
Ajlun governorate located within the range of yearly
rainfall capacity of 700 to 900 mm/year.
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Figure 2. the annual precipitation all over
Jordan, Ajlun and Al-Salt governorates
located within the range of 700 — 900 mm/Y.

4.1. Statistical Analysis

The histogram of the annual rainfall distributions
for the 31 vyears (figure-4) shows that the total
precipitation in the last decade (2009-2018) for about
4949 mm, while the total rainfall for the decade (1999
— 2008) was 4809 mm and for a decade (1989 — 1998)
was about 5849 mm. This information for the total
rainfall shows that the total rainfall in the decade (1999
— 2008) and decade (2009 — 2018) decreased by about
17% compared to the decade (1989-1998). On the
other hand, the total rainfall is almost the same for the
decades (1999 — 2008) and (2009 — 2018). The
maximum daily rain was between 26 mm and 131 mm.

Maximum Day Rainfall (mm)
e w
{ i )
g .
2 @ 1 I 1
x| :
b 0088008 S
!:%#!N;Jﬁf!ﬁ!ﬁggw i

Figure 3. Annual rainfall (Lift) and the
Maximum Day Annual Rainfall (Right)
distributed for the period of 31 years (1988-
2018).
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The results of the statistical
calculated and listed in table- 2.

parameters are

Table 2. Plotting Position Methods and
Probabilistic Distribution Methods.

Elo'gt!ng Value of  Probabilistic Distribution
osition b Method
Method
Gumbel 1/(1+n) Normal Distribution
Gringorten (r—0.44) Log-Normal Distribution
(n+0.12)
(r—0.4)/ i
Cunnane (n+02) Log-Pearson Type 111
“r is the rank of the
Weibull r/ (n+1) rainfall, n is the total

number of observations
(vears)”

4.2. Probability Plotting Position Modules

4.2.1. Gumble plotting Position

Gumble plotting position was plotted in figure-4,
then the residual and RMSE were estimated from this
curve.

The return period “T” 3, 5, 10, 15, 25, 50, and 100

years and the return periods values “x{” results

obtained from Gumble plotting position are
summarized in table 6.

= | y=18.455x+44.152
. 20 R?=0.9563
z o
E .
é e ,‘f/ B -Ln-Ln(Pv))
8 — Linear (-Ln{-Ln(Pv}})
g
£ /
-]
2 20
2 1 UD 1 2 3 4 5

-Ln{-Ln{Pv))

Figure 4. Gumble Plotting Position of
rainfall  distribution: The vertical axis
represents the maximum rainfall (mm/day)
and the horizontal axis is the quintiles of the
percent point.
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The maximum daily annual rainfall forms an
approximately straight line depicting an excellent
distribution to the model used [17]. The scale
parameter is estimated by the slope of the trend line (a
=18.4) and the location parameter (un = 44.16). The
fitted function R? = 0.96 indicates a proper adjustment
of the distributed points. After extracting the location
and the scale parameters of the Gumble distribution,
the estimating of the extreme rainfall of the Area was
possible.

4.2.2. Cunnane Plotting Position

Fitted function R? = 0.95 for this plotting, shows a
pretty adjustment of the distributed points. After
determining the location (p= 44.11) and scale
parameters (o= 18.61) of the Cunnane plotting (Figure-
5), estimating the extreme rainfall by using this plot, it
was possible.

V y=18.61x+ 44,119
R?= 0.9545
149
L
120
¢
100
80 /
6 /6’{‘
o
2 1 0 1 2 3 4 5

Figure 5. The Cunnane Plotting Position extreme
value distribution of rainfall.

4.2.3. Weibull Plotting Position

The maximum daily rainfall (points on the graph) form
a nearly straight line depicting a valid distribution to
the model used. The scale parameter is estimated (o
=19.93) and the location parameter (u= 43.8). The
fitted function R? = 0.94 shows a proper adjustment of
the distributed points. After that, the extreme rainfall
was estimated at the area by using Weibull plotting
Position (Figure-6).
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y=19.927x+43.845
2.
R°=0.9339 ¢

Figure 6. The Weibull Plotting Position
extreme value distribution of rainfall.

4.2.4. Gringorten Plotting Position

The annual maximum rainfall forms a nearly
straight line depicting a perfect distribution to the
model used where the proper function (R?= 0.96) is
shown in figure 7. The scale parameter is estimated (o
=18.33) and the location parameter (u= 44.768). By
using these parameters, the extreme rainfall was
expected of the area.

Emad Akawwi, Metri Mdanat

with 95.8, which is the best value among all plotting
positions. Therefore, the Gumble is the best plotting
position curve for area.

Table 3. the values of the statistical parameters.

Description Symbol  Value

Mean (Average) W, Xawr Er’:rr?

. 23.3

Standard Deviation o mm

Co-efficient of Variation Cv 0.43

Co-efficient of Skewed c 1.69
SSkewedSkewness S :

Kurtosis of Distribution Ku 3.3

y=18.329x+44.759
0 R2=0.9581

B -In{-Ln(Pv))
— Linear (-Ln(-Ln(Pv}))

Maximum Day Annual Rainfall (mm)

-2 -1 0 1 2 3 4 5
-Ln(-Ln{Pv))

Figure 7. The Gringorten Plotting Position
extreme value distribution of rainfall.

4.3. Goodness-of-fit Test

The results of the RSME values are listed in table
3. The values of the RMSE show that the lowest value
is 5.57 for Gumble Plotting Position. R? is the best fit
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The results of the Q-Q plots among the four
plotting position and normal-log distribution (figure-
8), the plots among the four plotting position and
normal distribution (figure-9) and the plot among the
four plotting position and the log-Pearson type Il
distribution (figure-10) show that the best-fit graphs
are the log-Pearson type Ill. The best fit was the
graphs between log-Pearson type Il and the Gumle
plotting position.

160.00
y=17.774In(x) + 40,238
140,00 R¥=09982 e
e —F‘_‘:__;-é
120,00 -

100.00
Log-Normal Distribution Rid Line and blue dots,

80.00
Griguton Plotting Position blue fine with red
60.00 squares. Gunng Plotting Postion Blue Line with
40,00 green Triangles. Weibul Plotting Position Black Line
with black cross. Gumble Plotting Position green
2000 AR
Line with Blue Stars
0.00
0 20 40 60 80 100 120

Figure 8. Log- Normal Distribution, with
Griguton, Gunna, Weibull and Gumble
plotting Positions.
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160.00

y=13.857In(x)+ 47

R¥= 00684
t 5604

140.00

120.00

100.00

80.00 - - — -
dots. Griguton Plotting Position blue line
with red squares. Gunna Plotting

60.00 i mewi i -

M Weibull Plotting Position Black Line with

40.00 black cross. Gumble Plotting Position
green Line with Blue Stars

20.00 - - - - -

0 20 40 60 80 100 120
Figure 9. Normal Distribution, with
Griguton, Gunna, Weibull and Gumble

plotting Positions.

y=23931n(x)4+ 30561

160
R*=0.9972
140
120
100 AR
Log-Pearson Typelll Distribution Rid Line and blue
80 dots. Griguton Plotting Position blue line with red
60 squares. Gunna Plotting Postion Blue Line with
green Triangles. Weibull Plotting Position Black
40 Line with black cross. Gumble Plotting Position
2 green Line with Blue Stars
0
0 20 40 60 80 100 120
Figure 10. Log-Pearson Typelll

Distribution, with Griguton, Gunna, Weibull
and Gumble plotting Positions.

4.4. Return Periods “T” and Return Level “Xt”

The results of the return periods (T) and return
level (Xt) for the four plotting position graphs and the
average of the four plotting positions are listed in
table-4, and the results and the average of (T) and (Xt)
for the three probability distributions are listed on
table-5.
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Table 4. the results of RSME for all the plotting

positions.

Plotting Position R2 RSME
Gumble 95.81 5.57
Gunnane 95.45 9.68
Weibull 93.9 6.01
Grington 95.6 6.1

Table 5. The results of return periods (T) and
return level (Xt) for the four different
plotting positions.

Return Periods (T) Years

Plotting Return Level- Xt (mm)
Positions 3 5 10 20 25 50 100
Gumble 622' 748 905 994 1104 1251 139.8
Gunna eg. 720 860 939 1036 1167 129.7
Weibull eg. 737 886 971 1076 1216 1355
Gringuton ° 718 87 935 1032 1161 1200
Average
MAX. 61.
Doty L 731 877 9% 106 1199 1335
rainfall

As a result, the return level (Xt) for the log-
Pearson type Il and the Gumble plotting position
which has the lowest RMSE as the best fit values
which are return periods of 3, 5, 10, 20, 25, 50, and
100 years have a return level (Xt) 62.2, 74.8, 90.5,
99.4, 110.4, 125.1 and 139.8 mm respectively as a
maximum daily rainfall in the year. Due to high slope
of the study area most of the rain and the surface water
drains toward the Jordan Valley at the west of the
study area. By estimating the catchment area of the
Jordan Valley, we expect that the Jordan Valley will be
flooded if the daily rain is more than 90 mm/day.
Therefore, we expect that the Jordan Valley will be
flooded in the year 2021 and so on every 10 years. Due
to the lack of researches about the return periods for
the study area that makes a comparison between my
findings and previous results is too difficult.

5. Conclusions

This research has explained a probability
modeling of maximum daily rainfall in Ajlun, Jordan,
using different plotting positions and probability
distributions. The maximum daily rainfall study for
determining the best-fitted probability distributions
revealed that the best probability distributions for the
rainfall data set. The log-Pearson type-I1l and Gumbel
were the best fit for the maximum daily rain of the
study area. The maximum daily rainfall amounts
relating to return periods of 3 to 100 years are
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generated together with their uncertainties. Despite the
good results of our analysis in this research, the
estimations of the extreme return level values may
have uncertain validity. Due to the lowering of the
rainfall and the increase of the population in the study
area, the area will suffer from water scarcity soon. On
the other hand, we expect that the Jordan Valley will
be flooded in the winter season in the year 2021 and so
on every 10 years. Therefore the decision makers must
take in there consideration of these results. They have
to protect the farmers in the Jordan Valley from these
flooding by building embankments and small dams
along the Jordan Valley are on the drainage systems in
the mountains surroundings the Jordan Valley.
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Tables Capture

Table 1. The Statistical Parameters that were used in this study.

Table 2. Plotting Position Methods and Probabilistic Distribution Methods.
Table 3. the values of the statistical parameters.

Table 4. the results of RSME for all the plotting positions.

Table 5. The results of return periods (T) and return level (Xt) for the four different plotting positions.
Figures Capture

Figure 1. Shows the map of drainage of the study area (the study area represents by rectangle in Jordan Map to the
right).

Figure 2. the annual precipitation all over Jordan, Ajlun and Al-Salt governorates located within the range of 700 —
900 mm/Y.

Figure 3. Annual rainfall (Lift) and the Maximum Day Annual Rainfall (Right) distributed for the period of 31 years
(1988-2018).

Figure 4. Gumble Plotting Position of rainfall distribution: The vertical axis represents the maximum rainfall
(mm/day) and the horizontal axis is the quintiles of the percent point.

Figure 5. The Cunnane Plotting Position extreme value distribution of rainfall.

Figure 6. The Weibull Plotting Position extreme value distribution of rainfall.

Figure 7. The Gringorten Plotting Position extreme value distribution of rainfall.

Figure 8. Log- Normal Distribution, with Griguton, Gunna, Weibull and Gumble plotting Positions.

Figure 9. Normal Distribution, with Griguton, Gunna, Weibull and Gumble plotting Positions.
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