, PRECIPITATION
; THE OCCURRENCE OF PRECIPITATION

Formation of Precipitation
Precipitation 1s the fundamental hydrologic function. It replenishes

ivers, lakes, soil moisture, and aquifers. Of interest to the hydrologist is
patial distribution, and temporal variability of precipitation in
hical region. Qualifying and quantifying
these features are of fundamental importance in regime characterization
and in many hydrologic applications. While meteorologists study the
occurrence of atmospheric moisture and the physics of precipitation as it
relates to climatic conditions, hydrologists are mainly concerned with
precipitation once it approaches the surface of the earth. Nevertheless, a

d formation of precipitation helps in

pasic understanding of the origins an
the interpretation and extrapolation of precipitation characteristics.

r
the form, $
a given watershed or geograp

The formation of precipitation requires an accumulation of water
vapor in the atmosphere. Water vapor results from the processes of
natural evaporation and water vapor transport caused by the wind. The
fraction of water vapor in the atmosphere is very small as compared to
quantities of other gases present. A mass of air can hold only certain
amount of water vapor. The maximum amount of water vapor the air can
hold is called the saturation water vapor. When the amount of water vapor
exceeds the saturation water vapor, condensation begins to occur and the
process of precipitation may be initiated. The saturation water vapor isa
function of air temperature. As the temperature increases, so does the
saturation water vapor. Similarly, as the temperature decreases, SO does
the saturation water vapor. It follows that when a mass of air is cooled,
the excess of water vapor over the decreasing amount of saturation water

vapor begins to condensate.

From above, the first requisite to the formation of precipitation is the
cooling of moist air masses. Air can be cooled in several ways. Adiabatic
f:ooling by reduction of pressure through lifting is by far the most
important natural process by which large masses of air can be cooled
rapidly enough to produce appreciable amounts of precipitation. The rate
of precipitation depends on the rate of cooling and on the rate of inflow
of water vapor into the air mass to replace the water vapor being

transformed into precipitation.
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Figure 2.1: Profile of a Frontal Surface

The second requisite for the occurrence of precipitation is the
condensation of water vapor into liquid or solid form. This is a change of
phase from water vapor into liquid droplets, or at low temperatures from
Water vapor into crystals. This usually results in the formation of clouds,
which are airbor.ne li.quid-water droplets, ice crystals, or a mixture of the
z:za;zggzgss tion is the result of saturation of air masses. However.
nuclei around e\;ll?'lr}els I1110t only saturation, but also the presence of solid
enough solid artil(; the droplet or crystal begins to grow. There ar¢
the air reachef satuc ¢ In the atmosphere to produce condensation whet
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nuclei for the purposes of inducing precipitation over a particular area.
Among the legal and environmental issues associated with artificially
induced precipitation are the effects such practices have on the mean
annual precipitation of an area and its time distribution. Fortunately,
humans have learned that although they may affect the rate of
condensation, their control over precipitation variables is not direct. This
is an active area of research which may yield important results in the

future.

The final requisite for the occurrence of precipitation is the growth of
water droplets of crystals to a critical mass sufficient to overcome the
upward currents of air. The rate of precipitation from a cloud depends on
the velocity of upward currents producing the cooling, the rate of growth
of the raindrops heavy enough to overcome the vertical currents, and the
rate of water vapor inflow replacing the precipitated water.

Types of Precipitation

Precipitation may occur in the form of rain, snow, hail, drizzle, and
sleet. The form of precipitation depends on the rate of cooling and the air
temperature. More important than the form of precipitation is an
understanding of the basic storm types, which depend on the cooling
conditions. In this respect, the three major categories of precipitation are:
cyclonic  precipitation, orographic precipitation, and convective
precipitation.

As stated before, cyclonic precipitation is the one associated with
horizontal convergence and frontal lifting. It usually produces patterns of
precipitation that cover large portions of the land, long storm durations,
and low intensities of precipitation. Cyclonic precipitation is a regional
event that may be easily tracked by surface or satellite radar sensors.
Because of its large size, the generation of cyclonic precipitation systems
may be detected early in its development. The system may be observed
over a period of time for variables such as precipitation rate, total
precipitation depth, and storm duration. Other variables concerning the
velocity of movement of the storm and its mean geographical direction
may be monitored. This information may be extrapolated with the aid of
mathematical models and used for weather forecasting purposes.

Orographic precipitation results from the mechanical lifting of
horizontal air currents over natural barriers such as mountain ranges.
Factors that are important in this process include land elevation, local
slopes, orientation of land slope, and distance from the water vapor
source. Elevation above the sea level is an important factor affecting the

e
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13 MEASUREMENT OF PRECIPITATION

As described in chapter 1. hydrologic variables are measured either
in accumulated volume of water. or in liquid-water depth assumed
gniformly distributeq over a reception area. Precipitation is measured
with rain gages. A rain gage is an instrument that captures precipitation
and measures its accumulated volume during a certain period of time. The

ipitation depth for the same period is equal to the accumulated
volume divided by the collection area of the gage. Any open container
with vertical sides could be used as a rain gage. However, to compare
measurements of precipitation with those obtained elsewhere, it is
necessary to use standard equipment with similar characteristics of size
and shape.

‘ | é !1— :Aj;ng Tube
LL_ri
| ——
1T

Figure 2.3: Cross Section of a Non-Recording Rain Gage

Rain gages can be of two basic types: non-recording and recording.
A non-recording gage measures the total rainfall depth accumulated
during a period of time. This period may be 12 hours or one day.There are
many Kinds of non-recording rain gages, depending on the manufacturer
and the standards utilized by the monitoring agency. Figure 2.3 is an
illustration of a typical non-recording rain gage. It is an aluminum
cylinder of about 25cm  in diameter located about one meter from the
ground surface. Rain is caught by the top collector and funneled into a
measuring tube. The cross-sectional area of the measuring tube is one-
tenth of that of the collector. Consequently, rainfall depths are amplified
ten times as they pass from the collector to the measurix}g tu_be, thus
increasing the accuracy of the measurement. At measuring time, the
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filling and emptying c?f the WO compartments continue until the rain
ceases. Altllqugh the tipping bucket gage is durable, simple to operate,
and reliable, it does not record properly during periods of intense rainfall.

The weighing gage has a device that weighs the rain or snow
collected in a bucket. As it fills with precipitation, the bucket moves
downward and its movement is transmitted to a pen on a strip-chart
recorder. These gages are useful in cold climates that require
measurements of rain as well as snow. However, they are sensitive to
wind instability, which produces erratic traces on the chart.

Float gages are water level recording instruments. A float located
inside a chamber is connected to a pen on a strip-chart recorder. The float
rises as the collected rainwater enters the chamber, and the rise of the
float is plotted on the chart. As the level of the water reaches a maximum
level, a siphoning mechanism empties the chamber and returns the pen to
azero position on the strip chart. This type of rain gage operates normally
in warm climates. In cold climates and during severe storms, water

freezing and the siphoning mechanism may produce inaccurate
measurements.

Traditional rain gages can be implemented with a telemetric system
to automatically transmit rainfall information. This produces a self-
reporting gaging station whereby the tipping bucket mechanism generates
a digital input signal whenever one millimeter of rainfall drains through
the funnel assembly. The signal from the gage is automatically
transmitted to a receiving station, where it records the station number and
an accumulated amount of rainfall. The receiving station records the time
at which the message was received and rainfall rates for desired periods
can be calculated accordingly. Self-reporting gages can easily be
incorporated into real-time monitoring systems that can be used in a
variety of forecasting and simulation modes (Strangeways, 1985).

Weather-radar systems are useful tools for measuring spatial
distribution and temporal variability of rain storms. Radar is a device that
emits a regular succession of pulses of electro-magnetic radiation from an
antenna. In between the emissions, the antenna becomes a receiver of the
energy of the emitted pulses scattered by various targets. The returned
signals are displayed on the radar scope. The wavelength of the emitted
signal may be adjusted to detect raindrops of various sizes (Battan, 1974),
and in particular high intense storms, which are likely to produce extreme
floods. The importance of the radar lies in its ability to detect at distance
and map the distribution of a storm. Subsequent observations of the radar
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There are many uncertainties associated with precipitation data. Some
refer to the type of instrumentation used. For example, precipitation
information is related to the size and the orientation of the gage
receptacle. Some rain gages are provided with small structures that
protect the receptacle from wind instability. The height of the receptacle
is another important variable. The location of the rain gage with respect
to obstructions such as trees and other structures affect the measurement.
During high intensity rainfall events, the splash may affect the readings.
Depending on the frequency of gage readings, accuracy may be affected
by evaporation of some of the water between subsequent observations,
Systematic measurement errors are another source of uncertainty, because
of the mechanics of operation of certain instruments. The observer also
plays an important role in the generation of random errors of observation,
or in systematic errors of reading and transcription. Finally, errors caused
by low intensity rain, below the resolution of the instrument are common.

0 — e
0 1000 2000 3000 4000

Accumulated Values at Test Station (mm)

Accumulated Values at Base Stations (mm)

_i:igure 2.6: Double-Mass Analysis for a Given Rain Gage

Given the importance of precipitation data in any hydrologic
calculation, it is crucial to investigate the quality of data reported by each
rain gage before it is used. If the information is to be used in the design
of a large-scale water resources structure, it is important to employ good
quality of precipitation information. Regardless of the degree of
Sophistication of subsequent hydrologic analysis, the results of any
Calculation based on poor-quality data are bound to be inaccurate.
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[t is recommended that the hydrologist begin_s the analy gj ’
precipitation data by studying the precipitation 'S.tat'on ttself. n Othe,
words. investigate the history O_f information provided b_y the rain Rage
determine how long it has been in operation: the type of mstrumematmn'
used; and the consistency of maintenance and op?era?lon. Rain gage,
operated for short periods of tm:u:, are poorl): maintained, or are ofy,
moved yield unreliable information. Information ﬁom these rajp Rage,
should be eliminated from the study, or at best used with Caution,

The double-mass analysis is a test to detect whether the preCiPitatioﬂ
data of a station is consistent. The test uncovers significant change, :
observation practices. In this analysis, a plot is made of accumuy|y
annual or seasonal precipitation values at a site being studied f,,
consistency (the test station) against the current accumulateq value of
several surrounding stations (base stations), which exhibit good qualin
data. Specifically, the mean precipitation is used in the accumulapjy,
values for the plot (Figure 2.6). If the data is consistent, 5 straight |ipe
will fit the points. Inconsistent data, on the other hand, wi]] exhibi ,
change in the slope or a break at a point where changes in observatiop
procedures, instrument moving, or instrument damage occurred. Change
in meteorological conditions will equally affect all stations involyeq ,
the test and will not appear in the double-mass graph.,

Table 2.1: Annual Precipitation Data for Example 2.1 (mm)

Year P, P, P, P, P, Pe YP Y5
1979 668 759 624 929 808 780 668 730
1980 570 627 833 783 804 762 1238 15

. 198) 681 853 822 981 854 878 1919 242

' 1982 601 811 660 704 841 754 250 3
1983 483 738 746 917 641 761 3003 393

1984 1186 744 1267 1083 1129 1056 4189 4%l
1985 940 785 o a4 978 887 5129 S
198 616 546 665 601 810 656 5745 65
, 1987 950 659 734 847 923 791 6695 73::<
L1988 773 845 624 978 912 840 7468 8IF
9B 80 67 1 g ess 705 8338 ol
! 990 897 796 896 932 8go 9109 07311
I 029 0y gy 791 936 909 10138 lﬂfe
]l 1992 g7 835 1013 845 1011 926 11014 li;f
|

1993 1027 793 973 1009 960 934 ¥
1994 699 g0 sy g A=

5\649 753 B8
o e

12040
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The double mass analysis also provides a means of adjusting the
inconsistent data. In the exa’mple in Figure 2.6. a break point B occurred
in 1988. If the slope ofthe line AB is a and the slope of the line BC is b,
the adjustment of the inconsistent data is made by the ratio of the slopes
of the two lines. Thus, it is possible to adjust the data to reflect the
conditions that existed prior to the point B. This is done by multiplying
each precipitation value at the test station occurring after the break point
by the ratio a/b. Alternatively, the data may be adjusted to reflect recent
conditions following the break. This is done by multiplying each
precipitation value at the test station occurring before the break point by
the ratio b/a. An important point to remember is that the double mass
analysis should not be used in mountain areas, or to adjust storms of short
duration (e.g., daily totals).

120001

10000

a=0.79 “
: ;
0 2000 4000 6000 8000 10000 12000

Figure 2.7: Double Mass Analysis of Example 2.1

Example 2.1

Given the annual precipitation values at stations 1, 2, 3, 4, and 5 in
Table 2.1, analyze the records of station 1 for consistency and correct its
values if necessary.

Solution
T:able 2.1 summarizes the calculations. Columns P, P,, P;, P,,and Py
contain the annual precipitation at stations 1,2, 3, 4, and 5, respectively.
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Time Distribution of Precipitation
Recording rain gages provide a continuous graph of precipitation
depth with respect to time. A typical portion of a chart from a recording
age is illustrated in Figure 2.9. The solid line shows the level of
I.".,cipitation, P, in millimeters accumulated at a given time, t. When the
precipitated water' reaches the maximum level, a siphon mechanism
empties the water in the chamber. This is shown by a vertical line in the
chart. The cumulative water level with time may be transformed into
precipiwtfon intensity, p, or precipitation rate at a given time. At a given
time, the slope of the line P versus 7 is approximated as AP/Az, where
AP is the difference in precipitation depth during a short time interval
At. If the time interval is At=1hour, then the precipitation intensity is
simply the difference in precipitation depth during one hour.
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Figure 2.9: A Chart of a Recording Rain Gage

From above, information from recording rain gages is usually
digitally processed and archived in the form of precipitation intensity, p
(mm/hour), versus time, £ (hour). A graph of precipitation intensity versus
time is called the rainfall hyetograph. The hyetograph of a storm (Figure
2.10) shows the time distribution of precipitation intensity, and as such
it may be used to observe the periods of low intensity, the periods of high
intensity, the magnitude of maximum precipitation intensity, p_ ., and its
time of occurrence, the total duration of the storm, f,, and the total

precipitation depth, P (mm).

Example 2.4 |
Figure 2.10 shows the rainfall hyetograph of a particular storm, as
deduced from a continuous recording gage. Estimate the maximum
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The time evolution of precipitation intensity at a fixed point (i.e. 4
a rain gage) is of interest in many hydrologic applications. T
characteristics of the rainfall hyetograph, particularly during extremely
intense events, offer valuable information to the water resources engineer
The design of water resources and hydraulic systems consists in the
dlmen§ional definition of structural components such that when fully
operational at capacity level the system will be able to function under an
extreme pre.cipitation event called the design storm. Urban storm sewers.
;r:;rtlecirz;nage. systems, m.inin.g and underground excavations are
distrillajution :;gérl};frmg .appllf:atlons of hydrologic analysis of the time

precipitation.

The time distributi ; .
that of an indidvlfgglu:;gﬁsfpom precipitation at time scales larger thar
or multi-annual variabyil S;‘lppln?s information on the seasonal, annual
a variety of studies in & of precipitation, and as such it is of interest
climate variability, pj usurface hydrology, groundwater analysis, an
precnp_itation ata Poin% Ii? 2.11 shows a monthly time distribution of
Lr;t:]nzlty of precipitati(.,n tLhre graph is built for a particular year, the

ks Ofpr':“.‘cipitation, an(ziutglil: 151; the year indicates the season?
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seasonal pref:ipitation regime for the location studied. For example, if
Figure 2.11 is actually the mean monthly precipitation at a point ﬁ;en
there is one wet “season” from April to May, and a second less imp;mam
one from October to November. The dry “seasons” at this location are
from June to September and from December to March of the following

year. Ijhe 'prec.ipitation intensities indicated are the mean, or the expected,
precipitation in an average year.

T
ot

Precipitation Intensity (mm/hour)

8 9 10 11 12 13 14 15 16 17

Time ¢ (hours)

Figure 2.10: Rainfall Hyetograph of a Storm

A similar graph may be built for a typical wet year, or a typical dry
year. The visual information offers a simple, yet effective, way to
understand the hydrologic regime at a location, and provides valuable
information for water resources planning.

Total annual precipitation distribution graphs are plotted for the
purpose of observing the long-term variability of precipitation at a
location. When this analysis covers several decades, the pattern of natural
fluctuation in precipitation responding to climatic conditions may be
deduced. The hydrologist takes note of the average duration of dry years
and that of wet years, trends in precipitation, and amplitudes in
fluctuation of precipitation from wet to dry years. This information is
used in connection with water resources planning and management.
Figure 2.12 shows an annual distribution of precipitation obtained from

one station.
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Figure 2.14: Long-Term Seasonal Precipitation ix_\—I;t;il:;lt.it‘:iibii;mm”_J

2.4 SPATIAL DISTRIBUTION OF PRECIPITATION )

' If the analysis of time distribution of precipitation studies its temporal
vaqablhty at' a fixed point, the spatial distribution analysis studies it
regional variability. Given different precipitation depths recorded &
several rain gages across a watershed after a storm, a month, a year, of
szilr]a} yctirs, it is often required to estimate an equivalent precipitation
Spgce(io:i en; en:aizi‘::l watershed during the same duration. Fora uniformly
to use the arit}rmetif Z%Z::gork in a flat area, the simplest approach E

y
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= I
P = h_z:
N b (2.3)

where .
P = average pr_ec1pitation over a region, during a given time (mm)
P, = precipitation on gage i during the same time (7m)
N = number of rain gages

The arithmetic average method, although simple, does not take into
consideration the rain gage density. The Thiessen polygons method is
another method of calculating precipitation averages. In this method, an
afferent area is assigned to each rain gage, depending on the gage location
relative to neighboring ones. Thus, widely spaced gages receive a larger
area of influence than closely spaced ones. Within each area, it is assumed
that the precipitation magnitude is the one recorded at its gage. A
geometrical construction is needed to trace the polygons that delimit each
afferent area.

OI Rain Gage 1
——— Connecting Line
........... Normal Bisector
= Thiessen Polygon

~—_. Watershed Boundary
"4, Area of Gage 1

A

-~ -~

i

i

|

T — :

: 1
|

!

Figure 2.15: Construction of the Thiessen Polygons of 2 Watershed

Referring to Figure 2.15 as an example, the construction of the
Thiessen polygons is as follows:

(1) Connect the stations with straight lines (cqntinuous_ thin lines in
Figure 2.]5). Due to lack of precipitation information 10 9§rt$1;
watersheds, sometimes it is useful to include rain gages outside
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Other methods for estimati 58

ther S lmatmg areal Pl‘eCi t = .

pave been developed. These include EYeballl)li:ct:-ll?;leg(])TnEt(}):n:i e
squares surface mett}od. Lagrgnge-polynomial surface methog ; 1(;&31-
surface .method, _ Inverse-distance interpolation, mult;. uzlc)i ine-
imerp.o]atlon, optimal U_lterp()lation/krigging, empirical G?Tho l:ucl
functions. anq hypson.‘.uetnc method (Bonnor, 1975; Creutin and dgbln(ai
1972; Omernik and Kinney, 1983; Shaw, 1988; Shaw ed,

. and Ly :
Tabios and Salas, 1985; Wallis and Bowden, 1962), nd Lynn, 1972;

25 FREQUENCY ANALYSIS OF PRECIPITATION

Precipitation Variability, Frequency, Return Period, and Design
Rainfall

Pregipitation is a climatic variable subject to environmental
fluctuations. These fluctuations tend to decrease in magnitude as the
hydrologist increases the temporal scale of observation. For example,
with the advent of sophisticated electronic instrumentation, it is now
possible to measure precipitation intensity by the minute. With these
instruments the observer often finds that a typical thunderstorm may
register periods of rainfall intensity of over 100mm/hour that lasts for a
duration of a minute or two, followed by short periods of significantly
lower rainfall intensity (i.e., less than 10mm/hour). If the same storm is
measured in a standard hourly recording rain gage, the hydrologist may
conclude that the hourly precipitation intensity is of the order of 20 or
30mm/hour. That is, the hourly precipitation intensity (i.e., the slope on
the continuous recording chart; see Figure 2.9) is averaged over a longer
period of time and thus the resulting intensity fluctuates less than a
hyetograph built with higher temporal resolution. Consequently, a
monthly precipitation distribution at the same gage may show less
fluctuation in the magnitude of precipitation from month to month. The
monthly precipitation is expected to fluctuate around seasonal averages.
Similarly, annual point precipitation is expected to show even less
fluctuation from year to year. The annual precipitation fluctuates around

long term trends governed by global climatic changes.

From the above discussion, the hydrologist should ex;laect lles?
variability, and less resolution, in precipitation as the temporal scale O

jabili
observation increases. Conversely, one should expect mgrzrw;:;es ﬂtlj:;
and more resolution, as the temporal scale of observation d¢ at :
o en not concerned wit

s especially important since the hydrologist is often es, but rather with
the prediction of seasonal or annual precipitation rt}gﬁl;ve,m T oidlise
the objective estimation of a typically adverserain a .
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ture to withstand the

t is called the design

en used to design a water resources Struc
ms, airport drainage

event is th ] event. The rainfall even

occurrence of such a rainfa nt. :
rainfall. Urban storm sewers, mining drainage syste s s
systems, highway box culverts, bridge foundations,

few examples of water resources and h)'fdrauhc su:ucturfasit“; 1111%11 ;ndl::s:ibe
designed towithstand an objectively estlma'ted design rainfall. P bgln
rainfall must be quantified based on a conscientious prediction 01 possibie
future rainfall events during the service life of the structure. The design
event is not the worst possible event one can im_agme, for such an
approach would produce an expensive design even if the event actually
oceurs. unless the project in question is a large scale water resources
project. Most water resources projects are desi gned to withstand.an event
whose magnitude is proportional to the size of the structure. For instance,
the failure of a small highway bridge during a particular event may cause
some temporary transportation inconvenience, but it is not expected to be
a catastrophic accident as that of the failure of a large dam during a flood.
The latter would cause enormous human and property losses downstream.
Therefore, the magnitude of the design rainfall for a dam should be
significantly greater than that of the small bridge. How does the
hydrologist predict precipitation in an objective manner?

The occurrence of precipitation depends on many meteorological and
geographical variables. The physical interaction between these variables
is complex and often difficult to quantify. For these reasons, the
prediction of precipitation intensity and its geographical distribution faces
practical obstacles. A fundamental problem the hydrologist faces relates
to the estimation of the design rainfall under uncertainty. An approach to
precipitation prediction is based on a careful evaluation of precipitation
data recorded over many years. Although a historical record of
pr_ecipitation is unlikely to occur again in the future, having good quality
rainfall data collected over several decades is by far the best way to study
the beha.w.ior pf an uncertain variable. By studying the historical records
o‘_f precipitation, it is possible to observe the characteristics of time
dlstmbutlor_l of precipitation on an hourly, monthly (or seasonal), and
annual basis. Relationships between precipitation intensity and dur’ation
may be deve}oped. Also monthly (or seasonal) average precipitation
values (see Figures 2.11, 2.12, and 2.14) calculated over many years, and
mean annual precipitation values (see Figure 2.13) may be estimate,d In
addition, average deviations (i.e., variances) from the calculated me;mS
may be evaluz_:tted (see Figure 2.13). In other words, by studying long term
records of point precipitation the hydrologist may quantify the stat%stical
properties of precipitation. Since a precipitation amount may not bé
accurately predicted due to the many uncertainties, at least gne may
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redictitin E}broad_siatistical sense. Furthermore, knowing the statisti
of precipitation facilitates the fitting of theoretical probabilistic m:)sd;z
(., probability distributions, stachastic processes, random fields,etc)
probabilistic models are useful in the study of the pr0perties of
precipitation, andin extendirig historical records for the purpose of testing
water resources structures with respect to various possible occurrences of

precipitation events.

From the above discussion, one must realize that while we are unable
to predict the occurrence of a particular rainfall event, at least we can
predict the frequency of its occurrence. In other words, a statistical
analysis of historical records allows the hydrologist to predict, in all
likelihood, how offen a particular rainfall event may occur during a given
period of several years. For instance, the occurrence of a storm with a
maximum hourly intensity of 120mm/hour may not be determined for a
particular year in the life of a structure. However, after collecting long-
term precipitation information in the nearest rain gage one can ascertain
that this rainfall intensity occurs an average of once every 200 years. This
average interval of time is called the return period, T. We remark that this
is an average interval between successive occurrences of the event. It does
not mean that if the event occurs in a given year, one has to wait 200
years for the next occurrence. A return period of T=200 years means that
i one had a very long precipitation record (i.e., 1,000 years of record,
called a population in statistics), the event would occur on an average of

once every 200 years.

High intensity rainfall events tend to be less frequent, and
correspondingly exhibit long return periods. Similarly, low intensity
events are more frequent, and correspondingly exhibit short return

periods. This implies that, for a given duration, #, (hours, min), there isan

inverse relationship between precipitation intensity, p, and 7. The

duration is important. Again, as the duration (i.e., the temporal scale of

observation) increases the variability of precipitation decreases.

etween precipitation intensity,
), it follows that an objective
ertainty is to assign a returi
Government organizations,

Since there is an intrinsic relationship b
dl{ration, and frequency (IDF relationship
Criterion to select a design storm under unc
Period according to the size of the structure. e
fegulatory agencies, and professional experience recommen a gi o
return period for the design of a water resource project. The lar%nerThe
Size of the structure, the higher the magnitude of the design /-

: . in question
hydrologist must establish the IDF relati nd

onship for the locality inq chin
0 convert the given 7 into the design rainfall . The design rain



