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Developing and Mapping Rainfall Intensity, Duration, and Frequency
Curves in Al-Faria Catchment
By
Hussein Fathi Hussein Haji
Supervisor
Dr. Anan Jayyousi
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Dr. Sameer Shadeed

Abstract

Rainfall intensity duration frequency (IDF) relationship is one of the most
ordinarily used tools in water resources engineering, mainly to identify rainfall
intensity at a duration and return period. In light of this, the present study is
aimed at developing rainfall IDF relationship for Al-Faria catchment. The
ground surface elevation in the catchment varies significantly. With a mild
rainy winters and moderately dry, hot summers, the climate in Al-Faria
catchment is Mediterranean, semi-arid region. Al-Faria catchment is gauged by
six rainfall stations; these stations are Nablus, Talluza, Tammun, Tubas, Beit
Dajan and Al-Faria with approximately 48 year of data. The analysis of the
extreme values of annual rainfall data was achieved. The results proved that
Gumbel distribution fits the data and can be used for future estimations. After
all available data was assessed and completed the IDF curves were developed
for stations, maps for the catchment were developed from these curves using
inverse distance weight (IDW) as an interpolation tool through ArcGIS. These
maps can be used to find rainfall intensity which also could be found directly
(without using curves or maps) using the program that was created by Matlab.
ArcGIS gives an IDF map for a certain period and duration while using Matlab

will allow displaying an IDF curve for any point, any return period and duration.



Chapter One

Introduction



1.1 Background

Statistics and evaluation the data of extreme rainfall are essential in planning
and management of water resources for design purposes in construction of
sewer and storm systems and determination of the mandatory discharge
capacity of canals. So they are important to prevent flooding, thus reducing
the loss of lives Insurance of water damage, and evaluation of risky
meteorological conditions. Studies on the rainfall intensity—duration—
frequency relationship have received plenty of attention in the past few

decades (AlHassoun, 2011).

Rainfall intensity—duration—frequency (IDF) curves represent the main
source of data used by engineers to predict rainfall intensity. IDF curves are
a probabilistic tool useful in planning and design studies, those curves enable
assessment of the extreme characteristics of rainfall and provide a simple
means of communicating information about local extremes (Guo, 2006).
Urban drainage design is often based on the values provided through IDF

curves (Guo, 2006).

Rainfall intensity—duration—frequency IDF curves are graphical
representations of the amount of water that falls within a given period in
catchment areas (Dupont and Allen, 2000). IDF curves are used to aid the
engineers while designing urban drainage works. The establishment of IDF
relationships was done as early as 1932 by Bernard (Chow, 1988), (Dupont
and Allen, 2006). Since then, many sets of IDF relationships have been

constructed for several parts of the globe. However, such relationships have
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not been accurately constructed in many developing countries

(Koutsoyiannis et al., 1998).

Al-Faria catchment has a high spatial and temporal rainfall variability. Seven
locations were involved in rainfall measurement: Nablus, Talluza, Tammun,
Tubas, Beit Dajan, salim and Al-Faria stations. Rainfall gauges (daily data
measurement) are available in six locations (Nablus, Talluza, Tammun,
Tubas, Beit Dajan and Al-Faria). In addition, four tipping bucket (A type of
recording rain gage; measures rainfall with a cycle of 0.2 millimeter) rain

gages were installed in Talluza, Tubas, Tammun and Salim.

1.2 Research importance

The IDF curves is a tool developed from statistical analysis of extreme
rainfall data, used for prediction of rainfall intensity. Then, by using
empirical formula like rational method, we can find the water peaks amounts
from a certain watershed. Those water peaks are necessary for designing
storm systems, culvert design, channel design, dams desgtyign and other
hydraulic structure design. The water peaks also play an essential role in

water resource management planning.

1.3 Research Question

This research will mainly answer the question “How to develop and map IDF

curves under data deficit conditions in semi-arid regions?”



1.4 Research Objectives

The main objective of this research is to contribute to a better understanding
of the temporal and spatial variability of IDF curves in Al-Faria catchment,

through:
1. Analyzing of available rainfall data.
2. Developing of IDF curves.

3. Mapping of IDF curves considering temporal and spatial variability.

1.5 Research Methodology

After the identification of the research problem, the first step in the research
was to review the previously existing literature to develop ideas and draw a
general picture of the whole situation. After data of rainfall was collected,
The next step was to assess the data and check its suitability and coverage
for rainfall analysis followed by the creation of suggested rainfall stations
because of the lack of coverage to the entire area of Al-Faria catchment.
After that, an estimation of the missing data was established through the
creation of relation between daily rainfall data (DRD) and fine resolution
data (FRD) which is 10 minute, 20 minute, 30 minute, 1 hour, 2 hour, 4 hour,
6 hour, and 12 hour data (which were selected because they are the most
commonly used) and by using equation of weighted filling missing data.
After that a significance analysis of DRD — FRD relations was done.
Moreover, an analysis was made for the data to find the type of distribution

it follows (which is mostly Gumbel distribution). After this, the IDF curves
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were developed for both available and suggested stations. In order to reach
the point where we can find the rainfall intensity of any point among Al-
Faria catchment, spatial mapping and temporal development of IDF curves
were carried out by both ArcGIS and Matlab. Finally, conclusions and
recommendations were presented. The overall methodology followed in this

study is explained in Figure 1.1

Research needs
and objectives

Literature
review

- Rainfall data
e Data collection

- GIS data

Assessment and fitting of
available data for developing
IDF curves

Rainfall
Analysis

Spatial Temporal
Mapping of IDF Development of
curves IDF curves

Significance analysis of DRD - FRD
relations

Conclusions and
recommendations

Figure 1. 1: Research Methodology Flowchart



Chapter Tow

Literature Review
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The most common engineering tool to design flood structures is rainfall IDF
curves. IDF curves clarify the relation between duration, intensity and return
period. Generating IDF curves requires historical data of rainfall maximum

intensities with fine time resolution. (Elsebaie, 2011)

IDF curves are used with runoff estimation formulae (e.g. rational method)
to predict the peak runoff amounts from a certain watershed. The information
from the curves are used in hydraulic design to size culverts and pipes.

(Dupont and Allen, 2000)

The foundation of the relationships between intensity, duration and return
period goes back to 1932 (Bernard, 1932). Different sets of relationships
have been assembled from many parts around the world. The geographical
locations of intensity-duration-frequency relationships in several developed
countries has been studied and several maps have been established to provide
the rainfall intensities or depths for different return periods and durations.

(Koutsoyiannis et al, 1988)

Several rainfall maps for different return periods and durations were
established by Harshfied to provide an excellent design for rain depths
(Harshfied, 1961). Chen (1983) developed a formula for geographical
rainfall variation in any place around the USA, using three base rainfall depth
formula, which is similar but more accurate than the one previously
developed, requiring only the 10- year 1- hour rainfall depth instead of
three. Then a relationship was presented between the intensity of rainfall and
two years return period, with duration 24 hr for India by Kouthyari and Garde

(1992).


http://www.sciencedirect.com/science/article/pii/S1018363911000572
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A year later, rainfall data of 14 rain gauge stations of Punpun basin located
in Bihar was collected for regional rainfall frequency analysis to find the
robust distribution for these daily rain gauge stations, having data availability
of 9-17 years using the L-moment approach. The robust distribution was
used to find the IDF relationship and curves for short duration rainfall for
Punpun basin. From the IDF curves, parameters of empirical equations for
the gauged locations were determined, then contour maps were generated,
followed by developing of IDF curves for ungauged locations using GIS.
Finally, a generalized IDF curve incorporating return period and the duration

of rainfall for the particular station was developed. (Venkata et al, 2008)

AlHassoun (2011) worked on an empirical formula aiming to estimate design
rainfall intensity IDF curves, The formula was derived using the analysis of
results from three different frequency methods, namely: Gumbel, Log
Pearson |11, and Log normal. A good match was achieved between its results
and other analytical methods results such as Gumbel method. Furthermore,
it allows incorporating data from non-recording stations, thus alleviating the
problem of forming IDF curves in places with a sparse network of rain-

recording stations. (AlHassoun, 2011)

From the Nigerian Meteorological Agency, Calabar, Nigeria, twenty-three
years peak rain storm intensity data with their corresponding durations were
collected aiming at developing and comparing different IDF models. This
research tells that the logarithmic model yields comparatively moderate
intensity-duration-frequency models that would ensure adequate sizing and
forecast of relevant hydraulic structures in the study area. (Antigha and
Ogarekpe, 2013)
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For Al-Faria catchment, Shadeed (2012) developed a Spatio-temporal
drought analysis in Al-Faria catchment to determine the least rainfall amount
essential to avoid drought initiation. Shadeed developed a probability
distribution of Al-Faria catchment rainfall to calculate the distribution
characteristics of the semi-arid region’s rainfall (Shadeed et al, 2005).
Furthermore, Shadeed and AL-Mastri (2007) established a statistical analysis
of long-term rainfall data for Al-Faria catchment to analyze the long-term
rainfall data of Nablus meteorological station in order to evaluate the
temporal variation of rainfall in the area. Moreover, there are some IDF
curves for Nablus and other places developed by the Palestinian Water

Authority (2016).

The existing stations in Al-Faria catchment are not enough to characterize
the rainfall spatial variation especially in the lower and central parts of the
catchment. According to the statistical analysis, the optimal number of rain
stations needed is 14 stations to have a clear picture of the spatial distribution
of rainfall in Al-Faria catchment and to obtain the minimum required number
of rainfall stations is 14 (Shadeed, 2005) , 8 imaginary stations were selected
randomly in the catchment. To quantify the effect of topography, Shadeed
(2005) developed a spatial-oriented formula using multiple linear regression
analysis on observed mean annual rainfall data and predictor variables of X,
Y (local Palestinian coordinates) and elevations for the six rainfall stations

within the Faria catchment. (Shadeed, 2008)
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Chapter Three
Study Area
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3.1 Geography

With a total area of about 320 km?, Al-Faria catchment is located in the
northeastern part of the West Bank, Palestine, extending from the edges of
Nablus Mountains down the eastern slopes of the Jordan River. Al-Faria
catchment overlies three districts of the West Bank: Nablus, Tubas and
Jericho district. It lies within the Eastern Aquifer Basin, which is considered
as one of the three major groundwater aquifers forming the West Bank

groundwater resources (See Figure 3.1). (Shadeed, 2005)

N

A

D West Bank Boundary Qalgiliya |
7 Al-Faria Catchment ‘ o
Salfit

Ramallah and Al-Bireh (R

Jerusalem/

.. Bethlehem

0 510 20 30 40
ey Kilometers

Figure 3. 1: Al-Faria Catchment within West Bank
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3.2 Topography

From about 900 m above mean sea level at Nablus Mountains to about 350
m below mean sea level at the confluence with the Jordan River, the ground
surface elevation in the catchment varies significantly. The water in the
catchment runs through a stream of an irregular shape and direction and it is

generally directed from west to east (See Figure 3.2). (Shadeed, 2005)

D Catchment boundary
Elevations (m)

[ ]-369--185
[ |-184--a
[ -40-88
[ 89 - 227
B 223 - 377
B 378 - 501
B 502-615
I 516 - 899

O Kilometers
01 2 4 6 8

Figure 3. 2: Topography of Al-Faria Catchment
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3.3 Climate

With mild rainy winters and moderately dry, hot summers, the climate in the
Faria catchment is Mediterranean. Within a few kilometers, the area changes
from a Mediterranean climate to a semi-arid climate, where rainfall is limited
to a couple of months instead of well-marked six-long-rainy months. This
highly variable climate is influenced by both elevation and the circulation of
the air-stream. The upper and western parts of are affected by moist, west-
oriented air streams originating from the Mediterranean Sea which are
responsible for most of the rainfall in the wet season and increases the

relative air moisture in the dry season. (Shadeed, 2005)

3.4 Rainfall

Al-Faria catchment is classified as a semiarid region, with rainfall
distribution ranges from 150 mm to 640 mm, where the maximum rainfall

amount is through winter.

There are six stations gauge the rainfall amount at AL-Faria catchment;
Nablus, Talluza, Tammun, Tubas, Beit Dajan and Al-Faria stations. The
exact location for Al-Faria station is at the lower part of Al-Faria catchment
in a village called Al-Jiftlik. Whereas Nablus station is metrological, the
other five stations are simple rain gauges located in schools of these villages

to measure daily rainfall. (Shadeed, 2005)

There are four tipping bucket rain gages beside the ones installed in the
schools of Talluza, Tubas, Tammun and Salim. The four stations have been

measuring data for roughly seven years giving a rainfall data every 0.2 mm



14

cycle (See Figure 3.3). Table 1 represents the available data from the

stations with their elevations. (Shadeed, 2005)

Table 1.1: The Stations Rainfall Data (PWA, 2016)

. Type of Data
Rs’aln_fall Description Elev. I nnual | Monthly | Daily | Hourly |
tation .
(m) Period
Nablus Rainfall 1968- 1968- No
station | station (daily) | °° | 2016 | 2016 | 27°?010 | gata
Rainfall
Talluza ) . 1968- 1968- 2006-
Station station (daily) | 500 2016 2016 1968-2016 2010
& TBRs
Tubas Rainfall 1069- | 1960- | 1967-2010 1 5505
Station | Station (daily) | 375 | g6 | 91e | &20L1- 1 5510
& TBRs 2016
Beit Dajan Rainfall 520 1969- 1967- 1967- No
Station* | station (daily) 2005* 2005* 2005* data
. 1967-
| o Ty | |
Station y 2016 | &1990- 2015
& TBRs 2016
2016
AL faria Rainfall 937 1969- 1969- 1969- No
station** | station (daily) 1989** | 1989** 1978** data
Salim 2004- 2004- 2005-
Station TBRs S14 | 5016 | 2016 | 29042016 | o4

*The station is damaged after 2005

**The station is under Israeli control

TBRs : Tipping Buckets rain gages
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Catchment boundary

®  Existing rainfall stations

Annual average rainfall (mm)

mw mw  mm Kilometers
012 4 6 8

Figure 3. 3: Rainfall Stations and Rainfall Distribution in Al-Faria Catchment

From Figure 3.3, the rainfall interpolation in the lowest part of the catchment

IS inaccurate because there is only one station on that area.
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Chapter Four
Rainfall Analysis
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4.1 Rainfall Stations

The optimal number of stations needed to measure rainfall data can be

determined by using the following equations (Subramanya, 2013) (shadeed,

2008).
Cy
N = {E—}2 .................................................. (4.1)
1%
Where

N: is the optimal number of stations

C.. is the coefficient of variation of the rainfall from the existing stations in

percentage
Ep: the allowable percentage of error in the estimation of mean aerial rainfall
The coefficient of variation C, was calculated by applying the steps below:

1. Calculate the mean of rainfall from the equation
Pav = —Z Pi ........................................ (42)

2. Calculate the standard deviation as
1
Opn-1 = MZ(PL - av)Z ..................... (43)

3. Compute the coefficient of variation as
Opn—1X 100

C, = =00 (4.4)

Pav

The higher the percentage of error is, the fewer the number of stations there.

The previous statistical parameters were calculated using the data from the

six stations, with:

Pav: 4172 mm 0-71—1 - 1649 Cv: 395
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Based on 11% error, the minimum required number of stations is 14.
Existing stations (n) = 6

Additional stations required = (N-n) = 8

4.2 Data Consistency

The first assessment of homogeneity of the rainfall data was tested using
double mass curve (Searcy & Hardison, 1960). Figure 4.1 represents the
Double mass plots for the accumulated annual rainfall in Al-Faria, Salim, 8,
9,10,11, 12, 13 and 14 stations’ data against the accumulated annual average
rainfall for mean of surrounding stations (Nablus, Bait Dajan, Tammun,
Talluza and Tubas), the figures shows an approximate straight line. As a
result of the consistency analysis -plotted in the Figures - all the stations are

internally consistent, and the data can be used for statistical analysis.

30000
—@— Al-Faria station —@—Salim station Station 8

Station 9 —@— Station 10 —8—Station 11
25000

—@— Station 12 —@— Station 13 —@— Station 14

20000

15000

10000

Accumulated Rainfall (mm)

5000

0 5000 10000 15000 20000 25000
Accumulated Rainfall for Means of Surrounding Staions (mm)

Figure 4. 1: Al-Faria, Salim, 8, 9, 10, 11, 12, 13 and 14 Stations Double Mass Analysis
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4.3 Statistical Analysis of Annual and Seasonal Rainfall

Over the period from September 1% to August 31%, the seasonal and annual
rainfall data for the hydrological year were classified. Using the rainfall data,
many statistical parameters were calculated by the principle statistical
analysis. For each station, the skewness, mean, median, kurtosis, maximum
and minimum measurements for both the seasonal and annual data were
calculated. Summarization for the statistical parameters from the six rain

gauges is presented in Table 2 in the appendix.

From the parameters obtained, the rainfall temporal variability in Al-Faria
catchment was studied. This obviously was done using the stations in the
catchment. The annual and seasonal rainfall statistical parameters for Nablus

station especially are shown in Table 2 in the appendix.

The values inside Table 4.1 manifest the mean and the median annual rainfall
of Nablus metrological station as 638 mm and 623 mm respectively, the
annual rainfall data is skewed to right, with big range results from the great
variance between the minimum and maximum values, and a high variability

because of the wide standard deviation.

To determine if the annual rainfall data matches the normal distribution; both
skewness and kurtosis were calculated. Starting with skewness -that
measures symmetry-, it is positive and does not follow the normal
distribution -normal distribution has a zero skewness-. Moving to the

kurtosis-that measures flatness-, it has a positive value except in the spring,
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it also does not follow the normal distribution which must have a zero

kurtosis.

Rainfall amount is the highest in winter, rain barely falls in summer. Out of
48 years, the rainfall amount for 23 years of them was above the average. In
1992 specifically, the rainfall amount was twice the average since the value
1402 mm was recorded. In the same year, 80% of rainfall was recorded in

winter. Generally, 65% of rainfall is recorded over winter See Figure 4.2.
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Figure 4. 2: Annual Rainfall Time Series of Nablus

After explaining both seasonal and annual rainfall data, a relationship
between them must be made, the correlation coefficient (r) measures the
association between both variables. Fall, winter and spring correlation results
have positive values with annual rainfall where summer correlation is
negative. The correlation values for fall, winter, spring and summer are 0.36,
0.86, 0.35 and -0.02 respectively. It is obvious to say that a near-zero

correlation coefficient means that there is no relationship between annual
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and seasonal rainfall. The following series of Figures 4.3 through 4.6

illustrate the rainfall in four seasons.

1400

1200
—&8— Time series of fall

rainfall
= = [Mean

Fall rainfall (mm)
g8 8 8 8

g

S

(=]

I N S, S
Vo
eSS FFEESES

Time (years)

(=) 3 ) Ce] g i
qu v Y

Figure 4. 3: Rainfall Time Series of Fall of Nablus
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Figure 4. 4: Rainfall Time Series of Winter of Nablus
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Figure 4. 5: Rainfall Time Series of Spring of Nablus
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Figure 4. 6: Rainfall Time Series of Summer of Nablus

4.4 Trend Analysis

To evaluate the Trend analysis of annual rainfall. A representation of the

trends for of Nablus, Beit Dajan, Tubas, Talluza and Tammun stations is
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presented in Figures 4.7 and 4.8 while Table 3 and 4 organizes the results

of the linear regression applied to the annual rainfall values of the stations.
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Figure 4. 7: Annual Rainfall of Nablus, Beit Dajan and Tammun
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Figure 4. 8: Annual Rainfall of Tubas, Talluza and Al-Faria
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Table 4.2: The Average of the Five Stations Trend Equations

. . Trend Equation
Rainfall Station Y = BX + Bo
Nablus Station y =0.87x -1091
Beit dajan Station y =-2.37x + 5099
Tubas Station y = -0.25x + 880
Talluza Station y = -4.07Xx + 8692
Tammun Station y =0.5x -680
Al-faria Station y =-3.06x + 6241

Table 4.3 : T-test for Al-Faria stations

Station CeEiTee t-critical t-critical at Results Results

at 90% 95% (90%0) (95%)
Nablus 0.43 1.684 2.021 accept HO | accept HO
Beit dajan -1.8 1.684 2.021 Reject HO | accept HO
Tubas -0.17 1.684 2.021 accept HO | accept HO
Talluza -2.09 1.684 2.021 Reject HO | Reject HO
Tammun 0.47 1.684 2.021 accept HO | accept HO
Al-faria -1.73 1.703 2.052 Reject HO | accept HO

T-test is a test to determine whether there is a significant trend linear
relationship between an independent variable X and a dependent variable Y.

The test focuses on the slope of the regression line.
Y=Bo+BiX i (.4.5)
Where:

By is a constant, B; is the slope, X is the value of the independent variable
and Y is the value of the dependent variable. If there is a significant linear
relationship between the independent variable X and the dependent variable

Y, the slope will not equal zero. (Hann, 1977)
Ho: B1 =0

Ha: B1 #0


http://stattrek.com/Help/Glossary.aspx?Target=Slope
http://stattrek.com/Help/Glossary.aspx?Target=Regression
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The null hypothesis conditions that the slope is equal to zero, while the

alternative hypothesis conditions that the slope does not equal to zero.

We used the sample data to determine if we are going to accept or reject the

null hypothesis. The plan identified the following fundamentals:
-confidence interval 90% and 95%

-Testing method. A linear regression (t-test) were used to determine whether

the slope of the regression line differs significantly from zero.

Using sample data, the standard error of the slope, the slope of the regression
line, the degrees of freedom and t-statistic associated with the test statistic
have been found. (Hann, 1977)

standard error = % ............. (4.6)

Finally, the null hypothesis has been rejected in Beit dajan, Talluza and Al-
faria because t-statistic was upper than t-critical for confidence interval of
90%. On the other hand, with confidence interval of 95% the null hypothesis
was rejected in Talluza station only. In general there is no significance trend

in the stations data so the data used for estimation the missing data.

4.5 Gumbel Distribution

According to the previous researches, the data in Al-Faria catchment follows
the gamble distribution (Shadeed et al, 2005). Here, we are making sure that
Gumbel distribution fits our data, which will be used to provide averages to
understand and evaluate the distribution characteristics of the rainfall in Al-

Faria catchment.


http://stattrek.com/Help/Glossary.aspx?Target=Standard%20error
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For the purpose of extreme value analysis, the following procedure has been

followed:

1. The annual rainfall values were arranged in descending order over the

recorded period and each value was given a rank, r.

2. For each value of rainfall, denoted by X, the probability of exceedance,
P(x) was calculated using the Gringorten formula, which is appropriate for
the analysis of extremes (Chow et al., 1988):

P(x) = L2 4.7)

where:

X: annual rainfall (mm)

P(x) = the probability of exceedance
r: the rank of x

n: the total number of recorded years

3. The probability of non-exceedance was calculated using the following

relation.

1 1 (r—0.44)
Fx)=1-P(x)=1 T2y T (4.8)
Where:

F(x): the probability of non-exceedance
x and P(x): as defined previously

4. The Gumbel probability distribution is defined as:

F(x) = exp(—exp(—=b(x —a)))..cooeeeeeeeeernnn (4.9)
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where:

b=——=Anda=pu—7 (g=05772)
u: The mean of all rainfall values (mm)

o: The standard deviation of the rainfall values (mm)

5. The estimated Gumbel value of rainfall is defined as follows:

x =L ln(_lZ(F(x)))] F Qeeeerereerrerreenenenn(4.10)

The above parameters are calculated for the six stations and are listed in
Table 7. The square values of the correlation coefficient, r2, are also
determined. The Gumbel plots are presented in Figures 4.11 through 4.16.
From the figures and tabulated results, it is confirmed that Gumbel
distribution can be applied to the model of the annual rainfall stations of

Faria catchment.

Table 4.4 : Parameters of Gumbel Distribution for the Six Stations

Rainfall Station | Average | STDEV a b r
Nablus Station 638.0 191.5 551.8 | 0.0067 0.981
Beit dajan 370.0 132.7 310.2 | 0.0097 0.981
Station

Tubas Station 387.1 140.4 323.9 | 0.0091 0.987
Talluza Station 582.8 193.8 495.6 | 0.0066 0.974
Tammun 319.4 107.6 270.9 | 0.0119 0.989
Station
Al-faria Station 168.2 103.8 1215 | 0.0124 0.981
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Figure 4. 9: Gumbel Plots of Annual Rainfall for Nablus Station
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Figure 4. 10: Gumbel Plots of Annual Rainfall for Beit Dajan Station
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Figure 4. 11: Gumbel Plots of Annual Rainfall for Tubas Station
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Figure 4. 12: Gumbel Plots of Annual Rainfall for Talluza Station
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Figure 4. 13: Gumbel Plots of Annual Rainfall for Tammun Station
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The analysis of the extreme values of annual rainfall data was achieved. The
results proved that Gumbel distribution fits the data, because the coefficient
of determination (r?) is approximately 0.98 and can be used for future

estimations.
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Chapter Five

Development of Rainfall
Intensity-Duration-
Frequency Curves
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5.1 Methodology Flow Chart

In this chapter, the methods used to achieve the aims of this study are
discussed. The tools are MsExcel, ArcGIS and Matlab. In section 5.2 annual
rainfall estimation of new stations will be achieved. In the next section 5.3
filling missing data will be completed. Significance test will be applied on
data in section 5.5. After that, IDF curves will be developed then mapped

using ArcGIS and Matlab. Figure 5.1

Data collection

Data assessment (for generate IDF curves)

Filling missing data

Data Gumble distribution fitting

Create IDF curves for stations

Mapping of IDF curves

Determine the
intensity for any
point in the
catchment

Create IDF curves
for any point in the
catchment

Figure 5. 1: Flowchart for Development of IDF Curves
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5.2 Data Assessment (Annual Rainfall Estimation)

Moving on, from the result of Section 4.1, the current number of stations is
not enough. Because of that, eight rainfall stations were suggested to
properly cover the spatial distribution of rainfall over the catchment. Thus

mapping of IDF curves will be much more accurate.

In Al-Faria catchment, the rainfall is affected by the variation in elevations.
In general, when the elevation increases the rainfall increases. (Shadeed,
2005) developed a spatial-oriented formula to find the rainfall based on the
elevations, and geographic location, using multiple linear regression by

using five stations (Nablus, Bet dajan, Talluza, Tubas and Tammun) as:
R =8285-39.41X - 2.46Y - 0.34Z (5-1)

Where, R is the annual average rainfall in mm, X is the x-coordinate in km,

Y is the y-coordinate in km and Z is the elevation in m. (Shadeed, 2005)

After the equation was computed using five stations, the remaining station

(Al-Faria) was used to verify the equation (r?=0.99).

To complete the data required to make a good spatial distribution; the other
eight stations became a must, we tried to distribute them in the most proper

way over the empty region, the stations appear in Figure 5.2.
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Figure 5. 2: Existing and Suggested Rainfall Stations in Al-Faria Catchment

*Salim is shown as triangle because it’s daily data is invaluable.

For the eight suggested stations, annual rainfall was estimated using the

developed formula 5.1. (shadeed, 2005)
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5.3 Filling Missing Rainfall Data

Filling missing data was challenging at many levels, every station required a
number of steps according to the type of data that was missing. Starting from
Tubas, Tammun and Talluza stations, both daily rainfall data (DRD) and fine
rainfall data (FRD) were available, but our FRD was limited to 5-10 years.
We created a relationship between DRD and FRD, so our FRD was

completed.

Talking about Salim which was missing long-term DRD, we started by using
the equation 5.2 so we could use the equation result to create the DRD - FRD

relation which was created before.

Moving to Nablus and Beit Dajan, we used the equation 5.2 to complete the

missing FRD, and then we created the DRD - FRD relation.

The imaginary station that has no data required to create a whole new DRD
and FRD using the equation 4.2 then rely on this data to create the final DRD
- FRD relation.

pY = (favx) 21;1(%) .......... (5-2)

n

where:

P? is the missing rainfall value at station x at time step y; (mm)
P, is the long-term annual average of station x; (mm)

Piy is rainfall value at station i at time step y; (mm)

P,,; is the long-term annual average of station i.
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Figures 5.3 Shows the relations in Nablus station. Those relations were

chosen as the best trend lines between FRD - DRD. Similar figures were

developed for the rest of the stations.
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Figure 5. 3: FRD versus DRD Relations
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5.4 Significance Test
T-test has been used to determine the significance for DRD — FRD relations
for all stations at confidence intervals of 90% and 95% following the same
procedure in sec 4.4 . Table 8 in the appendix shows that the majority of null

hypothesis have been rejected which means that these relations are

significant.

5.5 Development of Rainfall Intensity-Duration-Frequency Curves

Table 9 summarizes the available data of the stations in Al-Faria catchment

including the existing and suggested stations.

Table 5.5: Typical Characteristics of Rainfall Stations

. X Y Reele Elevation Mean
NO. Station . . length Annual
coordinate | coordinate (m)

(years) (mm)

1 Nablus 178000 178000 42 570 637.9
2 Talluza 178006 186302 42 500 582.8
3 Tubas 184954 191685 33 375 386.8
4 Beit Dajan | 185300 177800 40 520 377.9
5 Tammun 186500 187800 40 340 3194
6 Al-Faria 196000 172000 47 -237 198.6
7 Salim 181174 179701 48 514 589.5
8 Ss 181636 189910 48 247 577.4
9 So 184058 185125 47 90 549.0
10 S10 188254 181698 47 -35 431.7
11 St 193431 175454 48 -100 261.0
12 S12 196644 167399 47 -251 208.2
13 S13 193002 179575 46 -90 262.1
14 Si4 198712 163558 47 -325 161.6

From rainfall measurements, for every year of record, determine the annual
maximum rainfall depth over the specific durations. Common durations for

design applications are:10-min, 20-min, 30-min, 1-hr,
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2-hr, 4hr, 6-hr, 12-hr, and 24-hr. then calculate rainfall intensity fir each

rainfall depth.

The development of IDF curves requires that a frequency analysis be
performed for each set of annual maxima, one each associated with each rain
duration. The maxima data has been sorted and ranked. The basic objective
of each frequency analysis is to determine the exceedance probability
distribution function of rain intensity for each duration. The frequency
analysis used to estimate the rainfall events is Gumbel distribution associated
with given exceedance probabilities. Then the relations between rainfall
intensity and duration for each return period have been established. Figures
from 5.4 to 5.17 represent these curves. These curves can be used to find the

rainfall intensity in these stations for a certain duration and return period.
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Figure 5. 4: IDF Curves for Nablus Station



39

140

120

100

80

60

Intensity (mm/hr)

40

20

—e—5-yr ——10yr ——20yr —e—25yr

2 3 4 5
Duration (hr)

S50-yr
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Figure 5. 7: IDF Curves for Tammun Station

Intensity (mm/hr)

140

120

—
[l
(=}

o0
[=]

(=3}
(==}

.
[e=]

[§]
=]

—o—2-yr ——5-yr ——10yr —e—20yr ——25-yr

1 2 3 4 5
Duration (hr)

50-yr
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Figure 5. 9: IDF Curves for Salim Station
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Figure 5. 17: IDF Curves for S14 Station

5.6 Mapping of IDF Curves Using ArcGIS

After the IDF curves of the fourteen stations were developed, the curves were
used to mapping the spatial distribution of IDF curves over Al-Faria

catchment.

The ArcGIS is a system for maps and geographic information, used to create
maps, analyze mapped information and compile geographic data. The system
was used to enter the rainfall data of the fourteen stations from both excel
and the shapefiles of Al-Faria catchment. Then, interpolations were made
using Inverse Distance Weight (IDW) interpolation method to find the IDF
maps that give the rainfall intensity at any point within the catchment for a

given duration and return period. The equation of:

e
Z, = TP UUUNUPPIURPRIRPRIS (5-4)

n L
l:l(dlz)
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Z, is the rainfall intensity at the point p (unknown point)
Zi is the rainfall intensity at the point i (known point)

di is the distance between the interpolated point (unknown point) and the

known point.

IDW method is the approved method in national weather service in United
States. In addition, this tool is suitable for this research objective because it
gives more influence for the stations when it is near the location needed, so
the influence of the far station is minimum compared with the near one. From
the available rainfall data, 54 IDF maps were developed for different
duration and return periods as shown in the Figures from 5.18 t0 5.26. These
maps give available information for selected locations, which might help
both decision makers, and resources planners to proper evaluate different
hydraulic structures. For a particular return period for Al-Faria entire
catchment. The maps were used to assign specific rainfall intensity

magnitude to specific points via spatial interpolation along studied area.

The limitation of this method is the fact that the maps were developed for a
specific durations (10, 20, 30 60, 120, 240, 360, 720, 1440 minutes) and

specific return periods (2, 5, 10, 20, 25, 50 years)

Therefore, if another duration needs to be determined between (10-1440
minutes) or return period between (2-50 years), another map must be
developed by the same procedure. Furthermore, this method does not give
IDF curves for a specific point. Because of that, a different way was applied

to reach the objective by using the Matlab program.
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Figure 5. 18: IDF Map of Al-Faria Catchment for 10 min Rainfall Durations and

Different Return Period.
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Figure 5. 19: IDF Map of Al-Faria Catchment for 20 minutes Rainfall Durations and
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Figure 5. 20: IDF Map of Al-Faria Catchment for 30 minutes Rainfall Durations and
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Figure 5. 21: IDF Map of Al-Faria Catchment for 1 hour Rainfall Durations and
Different Return period.




51

IDF map for d=2 hr Tr=10 yrs
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Figure 5. 22: IDF Map of Al-Faria Catchment for 2 hours Rainfall Durations and
Different Return Period.
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Figure 5. 23: IDF Map of Al-Faria Catchment for 4 hours Rainfall Durations and

Different Return Period.




53
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Figure 5. 24: IDF Map of Al-Faria Catchment for 6 hours Rainfall Durations and

Different Return Period.
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Figure 5. 25: IDF Map of Al-Faria Catchment for 12 hours Rainfall Durations and
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Figure 5. 26: IDF Map of Al-Faria Catchment for 24 hours Durations and Different

Return Period
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5.7 Mapping IDF Curves Using Matlab

To achieve the aim of the research, Matlab was used to write a program that
allows inputting the (x,y) coordinates at any site in Al-Faria catchment for
any return period between (2-50) years, and any duration between (10 -1440)
minutes, then it computes rainfall intensity and presents the IDF curves in
tabular and graphical forms. The interface of the developed program is
illustrated in Figure 5.27. However the source code is presented in the

appendix1.

(2-50) years and (10-1440) duration were chosen because they are the most

commonly used for prediction of rainfall intensity.

A MatProject
Plde ~
show IDF diagrames Enter your coordinates then
choose your system
1 ‘ ‘ : show IDF tables OR
choose your community
1 2 Panel
0.8 1 X y
| 2
3 193415.147 175639.499
4
0.6] UTM coordinate system
Geographic coordinate system
0.4
Panel
L Return Period(year) Duration (min) Choose community -
50 360
0 compute IDF curves
0 0.2 0.4 0.6 0.8 1 Calculate Intensity
Use Map to find coordinates
45 mm/hr

Figure 5. 27: The Matlab User Interface of IDF Curves

All rainfall data available was used as a database for the program. A code of
IDW method was written for interpolation techniques. To use this program,

the (x,y) coordinates are needed to create IDF diagrams and IDF tables at a
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point. The program can determine the rainfall intensity at any return period

for a given duration.

This program can be used as an alternative to the ArcGIS maps because when
the user enters the (x,y) coordinates ,return period and duration, the program
gives the rainfall intensity directly. Table 10, figure 5.28 and figure 5.29
show the comparison used to verify that the output of program matches the

results of the maps.

Identify O x
Identify from: = i6_50 n
=-i6_50
.- 7.502382
=01
Location: [ 188,983.735 183,214.069 Meters |
Field Value

Pixel value 7.502332

Identified 1 feature

Figure 5. 28: The ArcGIS Result (sample)




58

B MatProject -
0de
show IDF diagrames Enter your coordinates then
choose your system
100 show IDF tables OR
choose your community
Tr=50 | 25 20 10 5 2 | [Panel
80 1 D=10m 100.2000 90.2000 86.3000 74.6000 62.2000 43.2000 X y
20 60 544000 522000 45.5000 38.5000 27.7000
= 30 46.1000 41.8000 40.2000 35.1000 29.8000 21.7000 188983.735 183214.069
= 60 60 30.1000 27.3000 26.1000 22.8000 19.2000 13.8000 =
E | 120 19.2000 17.5000 16.9000 14.9000 12.8000 9.7000 UTM coordinate system
= 240 128000 11.8000 11.4000 10.2000 89000 7
3 360 101000 9.4000 91000 82000 7.2000  5.8000 Geographic coordinate system
§ 40 720 74000 66000 6.4000 58000 51000 42000
= 1440 46000 43000 42000 3.7000 3.3000 2.7000 _
Panel
20 Return Period(year) Duration (min) Choose community -
50 360
0 . R R g compute IDF curves
0 1 2 3 4 5 6 Calculate Intensity |
Duration(hr) Use Map to find coordinates
7.5 mm/hr

Figure 5. 29: The Matlab Result (sample)

Table 5.6: Matlab and ArcGIS Results

Duration (minutes) / Return period (year) X Y Matlab GIS
30/25 180105 | 185789 | 42.2 41.8
30/25 195015 | 175825 | 214 21.3
30/25 198471 | 166677 | 17.4 17.2
360/50 180173 | 182943 9.7 9.9
360/50 188984 | 183214 7.5 7.5
720/20 180106 | 177725 6.3 6.4

Based on the above, it is fair to say that both ArcGIS and Matlab produce
acceptable results. Although, using Matlab will allow displaying an IDF
curve for any point and giving a rainfall intensity directly for any return
period and duration, while ArcGIS gives an IDF map for a certain period and

duration. This map shows the variation of rainfall intensity within the

catchment.
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Chapter Six

Conclusions and Recommendations
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6.1 Conclusions

Al-Faria catchment is located in the northeastern part of the West Bank,
Palestine, with a total area of about 320 km?. From about 900 m above mean
sea level at Nablus Mountains, to about 350 m below mean sea level at the
confluence with the Jordan River, the ground surface elevation in the
catchment varies significantly. With mild rainy winters and moderately dry,

hot summers, the climate in the Faria catchment is Mediterranean.

Al-Faria catchment is gauged by six rainfall stations; these stations are
Nablus, Talluza, Tubas, Beit Dajan, Tammun and Al-Faria. The optimal
number of stations was calculated based on statistical analysis. The
minimum required number of stations is 14. The analysis of the extreme
values of annual rainfall data was achieved. The results proved that Gumbel

distribution fits the data and can be used for future estimations.

After all data available was assessed and completed the IDF curves were
developed for 14 stations, 54 maps for the catchment were made using these
curves. These maps can be used to find intensity rainfall which also could be

found directly using the program that was created using Matlab.

It is fair to say that both ArcGIS and Matlab produce acceptable results.
While using Matlab will allow displaying an IDF curve for any point and
giving a rainfall intensity directly for any return period and duration, ArcGIS
gives an IDF map for a certain period and duration. This map shows the

variation of rainfall intensity within the catchment.
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6.2 Recommendations

Based on the on the results of this study and the struggles it gone through

some points can be recommended for the future researches:

1. Install a recording rainfall gauges (e.g tipping buckets) in the
catchment mainly in the lower part to get a real representation of
spatial rainfall variation in the catchment.

2. Develop IDF curves for the West Bank similar the ones were
developed for Al-Faria catchment.

3. Further development of the Matlab code given more real rainfall data
in different catchments to be used for hydraulic engineering structures

design.
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Appendix (Figures, Tables)
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Table.Al: Monthly rainfall of Beit Dajan Station (mm)

Year Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
68-69 0 4 25 110 128 25 100 11 0
69-70 0 22 26 26 74 19 106 19 0
70-71 0 0 3 64 65 54 32 104 0
71-72 0 0 24 118 91 103 83 19 0
72-73 0 0 32 29 95 14 62 9 5
73-74 0 5 59 43 379 53 22 14 0
74-75 0 0 38 71 18 133 65 0 0
75-76 0 7 33 128 41 89 94 11 3
76-77 0 16 67 16 101 22 82 42 0
77-78 0 34 3 168 53 39 59 8 0
78-79 0 20 4 87 62 14 53 8 0
79-80 0 35 185 188 92 111 126 13 0
80-81 0 2 9 168 141 70 43 8 0
81-82 0 0 66 10 78 121 87 8 0
82-83 0 24 97 84 252 220 161 9 0
83-84 0 1 53 14 122 58 108 31 0
84-85 0 14 18 36 39 178 16 17 0
85-86 0 18 19 29 44 85 10 49 39
86-87 0 18 179 103 65 30 71 0 0
87-88 0 46 9 181 0 0 0 0 0
88-89

89-90

90-91

91-92 0 3 45 84 128 179 36 0 0
92-93 0 0 45 198 73 54 44 2 10
93-94 0 8 12 9 102 57 53 0 0
94-95 0 18 174 123 33 67 33 15 0
95-96 0 0 82 37 142 18 122 12 0
96-97 0 17 3 80 134 172 122 0 7
97-98 0 0 42 115 119 62 86 5 7
98-99 0 0 0 31 97 48 27 12 0
99-00 0 0 12 17 241 0 0 0 0
00-01 0 39 0 36 40 21 0 0 12
01-02 0 18 36 118 98 27 65 17 10
02-03 0 25 0 102 50 206 106 17 0
03-04 0 5 23 73 92 21 14 4 0
04-05 0 0 102 36 127 111 14 10 4
05-06 0 5 34 78 78 94 8 78 0
06-07 0 41 0 70 31 80 65 4 5
07-08 0 0 54 51 120 51 2 0 0
08-09 4 9 10 87 7 150 35 7 0
09-10 3 15 37 49 58 127 7 0 2
10-11 0 4 0 63 30 102 65 31 7
11-12 0 3 67 13 80 105 0 0 0
12-13 0 3 46 38 193 16 4 15 4
13-14 0 0 0 160 0 4 50 0 22
14-15 0 19 125 21 94 87 19 23 0
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AVG 0.2 11.3 43.1 76.4 93.4 74.8 53.5 14.3 3.1
STD 0.7 12.7 47.2 52.6 69.5 56.8 41.4 20.2 7.0
MAX 3.5 46.4 185.4 198.5 379.4 219.6 161.5 103.9 38.6
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Table.A2: Monthly rainfall of Tubas station (mm)

Year Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
68-69 0.0 4.5 16.3 138.3 177.2 24.1 90.0 17.2 0.0
69-70 0.0 24.3 34.0 41.7 100.0 25.8 87.7 7.6 0.0
70-71 0.0 0.2 6.7 66.2 68.1 66.0 33.7 108.5 0.0
71-72 0.0 0.0 64.1 138.4 85.8 107.6 98.1 15.3 0.0
72-73 0.0 0.0 21.7 32.2 139.3 11.2 62.4 7.7 6.0
73-74 0.0 16.3 87.9 45.3 296.5 78.6 344 44.9 0.0
74-75 0.0 0.0 0.0 91.1 39.0 158.0 64.1 0.3 0.0
75-76 0.0 2.5 28.9 68.6 49.2 95.2 86.4 23.7 10.0
76-77 0.0 23.9 71.0 35.1 118.0 24.3 65.4 38.7 0.0
77-78 0.0 315 2.0 101.0 36.5 375 67.0 9.0 0.0
78-79 0.0 16.0 15.0 69.0 58.5 15.5 48.0 0.0 0.0
79-80 0.0 32.5 115.5 206.0 49.0 112.0 100.0 6.0 0.0
80-81 0.0 0.0 0.0 130.0 105.0 58.0 50.0 3.5 0.0
81-82 0.0 0.0 64.0 16.5 69.5 74.5 17.0 0.0 0.0
82-83 0.0 0.0 86.0 46.0 105.0 120.5 102.0 5.0 3.0
83-84 0.0 0.0 48.0 13.0 74.0 38.0 89.5 21.0 0.0
84-85 0.0 22.0 11.0 32.0 20.0 106.0 13.0 28.0 0.0
85-86 0.0 10.0 29.0 40.0 52.0 93.5 0.0 38.0 5.0
86-87 0.0 16.0 171.0 96.0 148.0 34.0 89.5 0.0 0.0
87-88 0.0 27.0 8.0 119.0 80.0 150.0 15.0 0.0 0.0
88-89 0.0 19.0 45.0 84.0 0.0 0.0 0.0 0.0 0.0
89-90 0.0 15.0 76.0 94.0 108.0 0.0 0.0 0.0 0.0
90-91 0.0 8.5 16.0 123.0 81.0 77.0 10.5 0.0 0.0
91-92 0.0 0.0 114.5 291.0 188.0 261.0 26.5 18.5 0.0
92-93 0.0 41.0 40.0 234.0 51.0 69.0 39.0 1.5 10.0
93-94 0.0 8.5 235 9.5 136.5 60.0 95.5 3.0 0.0
94-95 0.0 16.5 167.0 150.0 19.0 48.0 30.0 20.0 0.0
95-96 0.0 0.0 63.5 22.0 140.0 155 123.0 14.5 0.0
96-97 0.0 29.5 57.5 8.0 106.5 181.5 107.5 9.5 0.0
97-98 0.0 345 22.5 117.5 123.0 72.8 172.5 3.3 0.0
98-99 0.0 0.0 0.0 45.0 69.5 40.5 315 15.0 0.0
99-00 0.0 1.5 5.9 23.5 229.5 60.8 45.7 0.0 0.0
00-01 0.0 26.2 1.0 99.9 46.8 47.2 0.0 0.0 22.0
01-02 0.0 30.5 48.5 118.5 156.5 40.5 72.0 24.0 3.5
02-03 0.0 3.0 24.0 133.5 68.2 264.8 105.5 0.0 0.0
03-04 0.0 0.0 13.0 74.0 130.0 87.5 9.5 3.0 0.0
04-05 0.0 0.4 141.2 48.6 122.2 190.6 20.0 9.4 0.0
05-06 0.4 1.6 50.8 89.4 98.2 125.2 17.6 131.8 0.0
06-07 0.0 64.6 20.6 63.4 98.4 136.2 52.0 0.0 0.0
07-08 0.4 0.4 69.0 54.4 144.0 87.6 7.2 1.6 2.8
08-09 9.4 0.2 0.0 0.0 0.0 102.6 1134 7.6 0.0
09-10 10.8 25.0 93.2 98.8 74.4 30.0 1.0 0.0 0.0
10-11 0.0 3.5 0.0 74.0 106.5 69.3 117.0 26.0 5.5
11-12 0.0 0.0 0.0 0.0 54.2 130.8 85.6 0.0 4.4
12-13 0.0 0.0 20.0 68.4 115.0 31.0 0.6 25.6 7.4
13-14 0.0 0.0 2.6 182.4 2.2 5.0 65.4 0.0 2.8
14-15 0.0 325 123.5 40.0 150.6 137.5 16.0 28.5 0.0
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15-16 0.0 115 22.5 47.5 124.0 53.5 21.0 135 0.0
AVG 0.4 12.5 44.7 81.7 96.1 80.3 54.1 15.2 1.7
STD 2.0 14.6 44.8 60.6 57.6 60.5 41.8 25.0 3.9
MAX 10.8 64.6 171.0 291.0 296.5 264.8 1725 131.8 22.0
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Table.A3: Monthly rainfall of Talluza station (mm)

Year Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
68-69 0.0 15.3 33.7 191.3 321.0 33.4 146.8 25.1 0.0
69-70 0.0 25.9 45.8 63.8 167.5 51.7 178.5 38.4 3.2
70-71 0.0 3.7 3.4 106.8 95.0 138.3 69.2 203.5 0.0
71-72 0.0 0.0 50.1 201.6 132.7 174.6 104.6 24.9 0.0
72-73 0.0 0.0 41.3 56.1 198.1 23.6 188.7 10.5 16.3
73-74 0.0 11.0 117.8 88.5 453.6 135.2 40.8 344 0.0
74-75 0.0 0.0 31.1 131.8 58.8 223.0 88.8 2.7 0.0
75-76 7.0 0.0 45.7 135.6 96.4 144.0 138.0 43.9 0.0
76-77 0.0 24.8 120.4 46.2 153.7 71.6 139.2 62.6 0.0
77-78 0.0 60.8 2.0 221.5 72.2 51.5 90.4 9.5 0.0
78-79 0.0 40.0 23.2 99.5 108.7 17.5 67.9 55 0.0
79-80 0.0 32.2 177.0 266.7 120.5 160.1 154.0 14.5 0.8
80-81 0.0 13.2 8.1 198.6 223.9 100.7 63.1 9.2 0.0
81-82 0.0 3.7 120.0 19.8 93.5 136.6 96.5 4.0 11.3
82-83 0.0 0.2 101.8 106.0 215.0 261.4 170.5 16.9 5.0
83-84 0.0 6.5 98.0 24.6 185.2 68.3 169.7 57.7 0.0
84-85 0.0 12.6 48.0 49.4 71.7 265.9 19.2 38.3 0.3
85-86 0.0 13.4 55.6 51.8 94.7 157.3 48.7 27.2 59.6
86-87 0.0 25.4 236.4 120.3 149.2 50.9 122.5 2.3 0.0
87-88 0.0 45.9 155 180.9 109.3 249.4 104.0 114 0.0
88-89 0.0 9.6 53.0 253.3 68.4 28.0 91.8 3.0 0.0
89-90 0.0 21.5 75.5 109.6 126.0 92.5 56.4 29.1 0.0
90-91 0.0 22.9 31.5 12.0 230.5 70.1 106.6 16.6 4.8
91-92 0.0 3.6 150.7 384.0 265.8 396.9 61.0 4.6 36.5
92-93 0.0 0.0 54.4 366.3 141.9 84.2 76.2 2.4 9.0
93-94 0.0 29.0 23.7 25.4 203.6 86.1 131.0 0.0 0.0
94-95 0.0 25.2 248.8 177.3 59.5 105.6 37.2 25.2 0.0
95-96 0.0 0.0 90.3 58.8 198.3 20.2 231.0 35.1 0.0
96-97 0.0 40.0 10.6 77.9 170.4 259.7 187.2 19.5 10.0
97-98 0.0 16.3 50.2 205.7 184.8 76.8 192.4 5.4 0.0
98-99 0.0 0.0 7.5 48.7 125.6 48.6 39.3 225 0.0
99-00 0.0 0.0 0.0 15.2 350.8 55.7 51.5 0.5 0.0
00-01 0.0 39.9 6.6 103.2 53.0 101.3 5.5 1.5 13.8
01-02 0.0 217.2 47.5 124.9 191.0 27.1 76.4 27.3 2.9
02-03 0.0 6.5 34.2 137.8 65.8 281.9 142.8 335 0.0
03-04 0.0 0.0 24.4 74.6 141.5 94.7 12.4 1.5 0.0
04-05 0.0 0.0 107.7 32.6 123.2 149.3 18.7 10.9 0.0
05-06 0.0 4.9 32.9 79.8 73.0 110.7 14.0 68.9 0.0
06-07 0.0 0.0 1.0 60.4 101.5 98.3 0.0 0.0 0.0
07-08 0.0 0.0 41.9 53.8 21.1 0.0 0.0 0.0 0.0
08-09 0.0 0.0 0.5 146.9 17.8 346.2 90.4 18.9 0.0
09-10 2.0 41.7 113.7 87.5 97.0 235.1 19.5 1.0 6.2
10-11 0.0 6.2 0.0 195.9 72.0 91.0 101.5 41.6 8.9
11-12 0.0 4.0 132.5 41.1 120.0 193.3 99.1 0.0 0.0
12-13 0.0 2.5 38.7 81.9 356.7 48.9 5.3 46.5 7.5
13-14 0.4 3.8 3.3 296.6 2.5 8.1 96.7 0.0 334
14-15 0.0 23.8 175.7 53.8 208.2 181.2 24.8 53.2 6.6
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15-16 6.8 32.4 25.7 58.1 221.6 96.5 34.7 15.9 0.0
AVG 0.3 14.5 61.6 119.2 148.2 123.0 87.6 235 4.9
STD 1.4 155 60.4 88.1 91.2 91.1 59.2 32.0 111
MAX 7.0 60.8 248.8 384.0 453.6 396.9 231.0 203.5 59.6
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Table.A4: Monthly rainfall of Tammun station (mm)

Year Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
68-69 0.0 11.0 27.0 76.3 23.4 19.6 94.0 15.5 0.0
69-70 0.0 0.0 4.0 59.1 62.3 46.5 22.0 85.1 0.0
70-71 0.0 0.0 50.0 122.3 83.5 76.6 79.0 8.0 0.0
71-72 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
72-73 0.0 0.0 29.1 31.9 93.3 7.4 52.6 4.3 0.0
73-74 0.0 3.4 89.4 35.3 254.6 93.2 28.4 24.6 0.0
74-75 0.0 0.0 22.9 60.1 44.6 126.3 51.5 1.0 0.0
75-76 0.4 0.0 24.4 35.2 28.7 51.1 74.2 19.2 0.0
76-77 0.0 12.5 67.0 19.9 97.3 17.8 46.8 9.0 0.0
77-78 0.0 34.6 2.2 109.8 34.1 21.7 33.8 0.0 0.0
78-79 0.0 21.2 5.3 70.7 49.7 13.4 47.8 0.0 0.0
79-80 0.0 135 88.9 132.2 59.6 72.6 47.3 0.0 0.0
80-81 0.0 6.0 1.2 107.1 97.7 39.9 33.2 0.0 0.0
81-82 0.0 0.0 50.9 10.1 374 65.9 42.4 0.0 0.0
82-83 0.0 0.0 67.3 43.0 90.2 119.0 72.1 5.4 0.0
83-84 0.0 0.0 61.3 13.2 101.0 30.0 72.2 17.1 0.0
84-85 0.0 6.8 24.1 32.3 33.9 120.8 10.1 30.0 0.0
85-86 0.0 6.7 26.1 32.1 47.8 78.7 21.5 49.6 24.2
86-87 0.0 23.2 8.8 65.3 65.3 55.0 0.0 0.0 0.0
87-88 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
88-89 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
89-90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
90-91 0.0 0.0 0.0 1.3 128.6 0.0 0.0 0.0 0.0
91-92 0.0 5.3 88.1 194.9 127.2 161.1 39.5 0.0 0.0
92-93 0.0 0.0 30.0 158.5 48.5 56.7 32.9 3.5 0.0
93-94 0.0 19.0 15.6 9.7 105.6 60.1 63.3 3.5 0.0
94-95 0.0 6.5 175.6 113.7 17.7 40.1 32.9 8.5 3.5
95-96 0.0 0.0 55.2 28.0 106.7 145 110.8 22.0 0.0
96-97 0.0 0.0 0.0 0.0 114.0 137.8 98.7 9.8 0.0
97-98 0.0 14.1 27.2 113.2 106.3 65.2 122.0 3.0 0.0
98-99 0.0 0.0 0.0 10.7 54.1 29.4 18.2 15.5 0.0
99-00 0.0 0.0 3.5 11.6 227.0 39.5 0.0 0.0 0.0
00-01 0.0 20.5 0.0 75.5 49.0 68.4 4.5 0.0 55
01-02 0.0 315 43.7 100.3 123.5 27.3 51.2 16.3 1.0
02-03 0.0 1.0 29.7 128.4 47.6 188.3 82.4 26.2 0.0
03-04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
04-05 0.0 0.2 96.0 38.0 121.2 155.4 20.8 11.2 0.0
05-06 0.2 2.2 44.6 91.4 79.8 97.6 16.2 94.0 0.0
06-07 0.0 49.8 14.0 68.8 85.0 108.8 47.0 0.0 0.0
07-08 0.2 0.0 65.4 50.2 108.2 72.4 5.2 0.6 1.0
08-09 8.4 26.6 19.8 83.2 16.0 158.6 133.0 8.4 0.0
09-10 1.0 26.2 81.6 70.4 62.6 98.4 46.2 0.4 5.6
10-11 0.0 2.4 0.0 75.0 78.0 7.2 0.0 0.0 0.0
11-12 0.0 0.0 0.0 0.0 47.2 84.8 88.4 0.0 0.0
12-13 0.0 0.0 18.2 68.0 163.2 41.8 3.8 19.4 3.0
13-14 0.0 0.2 0.2 121.2 0.4 4.8 58.8 0.0 36.0
14-15 0.0 12.5 118.5 27.5 118.0 96.0 9.0 12.0 0.0
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15-16 0.0 13.0 16.5 24.0 117.0 53.0 14.0 145 0.0
AVG 0.2 7.8 33.2 56.7 74.1 60.9 40.2 11.2 1.7
STD 1.2 11.5 37.8 47.8 54.2 49.3 35.4 19.3 6.2
MAX 8.4 49.8 175.6 194.9 254.6 188.3 133.0 94.0 36.0
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Table 7: The six stations annual and seasonal rainfall data statistics

parameters
Annual Rainfall
Station/Parameter | Mean | Median | STD* | Skewness | Kurtosis | Max | Min | Range
Nablus 637.9 | 623.5 | 204.5 1.3 3.8 1402.4 | 278.4 | 1124.0
Al Faria 1775 | 1726 | 98.9 0.5 0.7 411.3 | 29.6 | 381.7
Beit Dajan 377.9 | 3849 | 1472 1.2 2.7 847.1 | 127.0 | 720.1
Tubas 386.8 | 3525 | 1419 1.1 2.2 899.5 | 148.0 | 7515
Talluza 582.8 | 581.4 | 193.8 0.8 3.3 1303.1 | 116.8 | 1186.3
Tammun 319.4 | 2948 | 107.6 0.5 0.1 616.1 | 127.9 | 488.2
Fall Rainfall
Station/Parameter | Mean | Median | STD | Skewness | Kurtosis | Max | Min | Range
Nablus 90.9 74.0 68.4 1.2 1.6 289.8 | 0.0 | 289.8
Al Faria 42.2 30.4 42.9 1.7 3.2 161.0 | 0.0 161.0
Beit Dajan 59.0 39.5 54.4 1.8 2.6 2205 | 1.0 | 2195
Tubas 56.4 39.0 48.5 1.1 0.7 187.0 | 0.0 187.0
Talluza 75.7 61.0 64.5 14 1.9 2740 | 0.0 | 2740
Tammun 46.0 34.6 39.5 1.3 2.2 182.1 | 0.0 182.1
Winter Rainfall
Station/Parameter | Mean | Median | STD | Skewness | Kurtosis | Max | Min | Range
Nablus 426.7 | 373.3 | 172.0 2.1 7.0 1161.1 | 240.7 | 920.4
Al Faria 103.7 | 104.0 | 784 0.5 0.3 280.2 | 0.0 | 280.2
Beit Dajan 2450 | 222.6 | 104.9 1.1 1.2 556.2 | 97.0 | 459.2
Tubas 260.2 | 2715 | 110.9 1.8 6.4 740.0 | 84.0 | 656.0
Talluza 389.1 | 3475 | 153.1 1.8 6.2 1046.7 | 749 | 971.8
Tammun 212.7 | 1929 | 823 1.0 1.4 483.2 | 94.2 | 389.0
Spring Rainfall
Station/Parameter | Mean | Median | STD | Skewness | Kurtosis | Max | Min | Range
Nablus 120.3 | 107.6 | 78.0 0.7 -0.2 3024 | 0.0 | 302.4
Al Faria 317 28.8 31.7 0.7 -0.8 91.3 0.0 91.3
Beit Dajan 73.9 66.9 46.4 0.1 -1.0 170.2 | 0.0 170.2
Tubas 69.7 64.4 44.2 0.3 -0.8 1758 | 0.0 175.8
Talluza 116.0 | 104.3 | 68.5 0.4 -0.4 272.7 | 0.0 | 272.7
Tammun 59.9 52.3 39.0 0.3 -0.8 1414 | 0.0 141.4
Summer Rainfall
Station/Parameter | Mean | Median | STD | Skewness | Kurtosis | Max | Min | Range
Nablus 0.1 0.0 0.2 - - 14 0.0 1.4
Al Faria 0.0 0.0 0.0 - - 0.0 0.0 0.0
Beit Dajan 0 0 0 - - 0.0 0.0 0.0
Tubas 0.3 0.0 15 - - 10.0 0.0 10.0
Talluza 0.0 0.0 0.0 - - 0.0 0.0 0.0
Tammun 0.2 0.0 1.1 - - 6.8 0.0 6.8

- The obtained numbers are not identified

*Standard deviation
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Table 8 : T-test for DRD - FRD relations

Rainfall Relation festat t-critical | t-critical
stations at 90% at 95%

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

Nablus 1 hr Versus da?ly 8.61 1.812 2.228 Rej:ect HO Rej:ect HO

2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 3.44 2.132 2.776 Reject HO | Reject HO

20 min Versus daily 2.58 2.132 2.776 Reject HO | accept HO

30 min Versus daily 3.38 2.132 2.776 Reject HO | Reject HO

Talluza 1 hr Versus da?ly 6.14 2.132 2.776 Rej:ect HO Rej:ect HO

2 hr Versus daily 3.72 2.132 2.776 Reject HO | Reject HO

4 hr Versus daily 3.29 2.132 2.776 Reject HO | Reject HO

6 hr Versus daily 3.53 2.132 2.776 Reject HO | Reject HO

12 hr Versus daily 3.12 2.132 2.776 Reject HO | Reject HO

10 min Versus daily 3.67 2.015 2.571 Reject HO | Reject HO

20 min Versus daily 3.67 2.015 2.571 Reject HO | Reject HO

30 min Versus daily 3.83 2.015 2571 Reject HO | Reject HO

Tubas 1 hr Versus da?ly 11.18 2.015 2.571 Rej:ect HO Rej:ect HO

2 hr Versus daily 13.19 2.015 2.571 Reject HO | Reject HO

4 hr Versus daily 6.37 2.015 2.571 Reject HO | Reject HO

6 hr Versus daily 7.32 2.015 2.571 Reject HO | Reject HO

12 hr Versus daily 9.15 2.015 2.571 Reject HO | Reject HO

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

Beit Daja 1 hr Versus da?ly 8.61 1.812 2.228 Rej:ect HO Rej:ect HO

2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 10.16 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 10.11 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 16.89 1.812 2.228 Reject HO | Reject HO

Tammun 1 hr Versus daily 13.07 1.812 2.228 Reject HO | Reject HO

2 hr Versus daily 9.52 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 9.19 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 6.77 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 22.65 1.812 2.228 Reject HO | Reject HO

Al-Faria 10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO
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20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

1 hr Versus daily 8.61 1.812 2.228 Reject HO | Reject HO

2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

Salim 1 hr Versus daily 8.61 1.812 2.228 Reject HO | Reject HO
2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

S8 1 hr Versus daily 8.61 1.812 2.228 Reject HO | Reject HO
2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

s 1 hr Versus daily 8.61 1.812 2.228 Reject HO | Reject HO
2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

s10 1 hr Versus daily 8.61 1.812 2.228 Reject HO | Reject HO
2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

s11 30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO
1 hr Versus daily 8.61 1.812 2.228 Reject HO | Reject HO

2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO
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6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

S12 1 hr Versus daily 8.61 1.812 2.228 Reject HO | Reject HO
2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

s13 1 hr Versus da?ly 8.61 1.812 2.228 Rej:ect HO Rej:ect HO
2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO

10 min Versus daily 8.77 1.812 2.228 Reject HO | Reject HO

20 min Versus daily 13.47 1.812 2.228 Reject HO | Reject HO

30 min Versus daily 9.64 1.812 2.228 Reject HO | Reject HO

s14 1 hr Versus daily 8.61 1.812 2.228 Reject HO | Reject HO
2 hr Versus daily 7.79 1.812 2.228 Reject HO | Reject HO

4 hr Versus daily 22.37 1.812 2.228 Reject HO | Reject HO

6 hr Versus daily 11.27 1.812 2.228 Reject HO | Reject HO

12 hr Versus daily 16.21 1.812 2.228 Reject HO | Reject HO
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