Hydrology Anees Kadhum AL - Saadi
Lecture 3 M.Sc. Water Resources

Precipitation Measurements

Forms of Precipitation ——
Fog

Dew

Other Forms

Rain_Formation: rain is caused by rising and cooling of moist air.

When air rises, it  expands (because pressure IS

Lower at high levels of the atmosphere) and cools

Type of Rain:
1. Conventional Rain:

2. Orographic (Relief) Rain: (g3 Laill) sy Jluail) Jaidly

[Warm air being forced to rise by high land]

3. Frontal (Cyclonic) Rain: (a_é_,ﬂ\)Jwy\ i
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Rainfall: rain measured by
1. Non-Recording (Manual) Gage: (Standard Rain Gauge)

e A rain gauge is a type of instrument used to gather and measure
the amount of rainfall over a set period of time at a specific
location
Most rain gauges generally measure rainfall in millimeters but
sometimes is reported as inches or centimeters
Rain gauges should be placed far enough from structures and
trees to ensure that any effects caused are minimized
The most common rain gauge was invented over 100 years ago
It consists of a large cylinder with a funnel and a smaller
measuring tube inside it
The rain gauge specified by the United States Weather Bureau
Is a 50 cm tall cylinder with a 20 cm diameter funnel
Water is collected in a measuring tube that has exactly one-
tenth the cross-sectional area of the top of the funnel
As a result, the height of the water collected in the measuring
tube is precisely ten times what it would be if it had been
collected in the cylinder alone
For example, one-tenth of a centimeter of rainfall would fill one
centimeter of the measuring tube
This exaggeration of the height of water in the tube enables

meteorologists to make more precise rainfall measurements

Funnel < ] > Large cylinder

> Smaller measuring tube

-
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2. Tipping Bucket Rain Gage:

e The tipping bucket rain gauge consists of a large cylinder set into the
ground

e At the top of the cylinder is a funnel that collects and channels the
rain. The rain falls onto one of two small buckets which are balanced
as a scale

e After an amount of precipitation falls, the lever tips, other bucket

quickly moves into place to catch the next unit of rainfall, and an

electrical signal is sent to the recorder.
tolar aalll (e a2l Slaalld ¢ ol ey 5Se OB e 5 8 aadll il (e s lall o ety
aand Ol A o 4l sine ¢ slaall ¢ 3all & 5ad GOl ele 51 () 35 axe Caaad ol ) aal
die g AR (e obaall Jifieny 5 el can AL E Ul e Sall g gl i B¢ e
o e Al A8 )5 e o) 50 1 g aliy Alaiie 450 568 5 il Jiy adls sle 5l 3
dladlodiall slaall claws 5 ele gll QOGN Ol ja dac A8 pra oy &3 (g Sl Jaray ) 935 4 shai
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3. Recording gage (weighing type gage):
The gage makes a record of cumulative precipitation.

/4— Catch bucket

Weighing device

— : Pen arm

T

4. Float Recording Gage:

Ay el (8 clall mhans 285y pladll ba i ) iy ) e 45 S8 68

G saaie ¢ ) Jaes Al Aliaia () 585 Cum (5 AY) A adl i dal ge dndan e da

(U8 e LSla il Sleall 8 oLl

Definitions:
1. Intensity (i, mm/hr.): the quality of rain falling in given time
2. Duration (t,hr.): the period of time during which rain falls.
3. Depth: the total amount of rainfall (mm) for a given period of time
4. Frequency (T,years): return period or recurrence interval in years

with which the intensity is reached.

Return Period and Exceedance Probability

e Frequency can be represented as exceedance probability and return
period

e Exceedance Probability: the probability that rainfall intensity is
being exceeded during a given time period

e Return Period: the event with a return period of N years is the

event that is expected to be equaled or exceeded every N years
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Return Period

If a 100-year storm occurs this year then it is totally wrong to
assume that this storm will return in 100 years

Instead, the storm can have the chance for returning two successive
years in the near future or may not return for another 150 years

It should be noted that the relationship between return period (T)
and exceedance probability (P) is given as follows:

P=1/T

Relationships:

1. Intensity- Duration Relationship:
The greater the intensity of rainfall the shorter length of times it

continuous.

i=a/(t+h)

where:
i=intensity,(mm/hr.);
t= duration,(hr.);
a&b= locality constants,(dimensionless).

i=c/t" fort 2hr.

where:

c&n= locality constants,(dimensionless).

. Intensity- Duration Frequency Relationship:

One of the first steps in many hydrologic design projects is the

The most common approach is to use a design storm or event that
involves a relationship between rainfall intensity (or depth), duration,

and the frequency appropriate for the facility and site location
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e As such, the IDF curves can be used by hydrologists

e IDF curves enables the hydrologists to develop hydrologic systems
that consider worst-case scenarios of rainfall intensity and duration
during a given interval of time
The idea here is that high intensity rainfall in short periods may cause
catastrophic consequences
For instance, in urban watersheds, flooding may occur such that large
volumes of water may not be handled by the storm water system
Thus, appropriate values of precipitation intensities and frequencies

should be considered in the design of the hydrologic systems

i=kT"/(a+t")
where:

k,x,a,n= constants,(dimensionless).

n AU JSAIL Aagill 4 ¢S5 aiay A8l A83all Jifad &3 1)

=
N

3. Depth- Area Relationship:

i) b sl ) s dalial JS e diladie 5 ) gy Jadd) Coaag () 5ol (e
G olial JSAI 8 (e LS diialal) lapma ) 35S el (e iaag Taggiall IS (Gandl
Aaluadl cal ) WS Je Y asll e Jiy Baadl Jars o Jasdl

A

OsS Aaludl )S)AI‘:AIASLAS&L.;‘).A
Pmax daludl CS LS ) BRI
s e 08 35l e Lineis
P(mm) P=Pav.
Where:
P=rain depth,(mm);
P=av. rain depth,(mm); Point depth at the edge of
A= area,(km?) >

A=0 A(km?)
center
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Rain gage

4. Intensity versus Depth of Rainfall

Intensity is expressed as:

=P/ T,

Where P is the rainfall depth (mm) and T is the
duration (hr).

Rainfall Intensity and Corresponding Depth

e In general, we may have different rainfall intensities but
with the same depth
Apparently, rainfall duration plays an important role in

determining rainfall depth

Intensity | Duration | Depth
(in/h) (h) (in)
12.0 0.25 3
6.0 0.50
4.0 0.75
3.0 1.00
1.5 2.00
0.5 6.00

For example
Intensity (in/h) = Depth (in) / Duration (h) = 3/0.25 = 12 in/h
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