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EEnnggnneeeerriinngg  HHyyddrroollooggyy  

RReeffeerreenncceess::    
  

11..  EEnnggiinneeeerriinngg  HHyyddrroollooggyy  bbyy  SSuubbrraammaannyyaa  

22..  AAddvvaanncceedd  HHyyddrroollooggyy  bbyy  VV..TT..  CChhooww  

33..  EEnnggiinneeeerriinngg  HHyyddrroollooggyy  bbyy  LLiinnsslleeyy  
  

CCoonntteennttss::  
  

CChhaapptteerr  11..  IInnttrroodduuccttiioonn  

CChhaapptteerr  22..  PPrreecciippiittaattiioonn  

CChhaapptteerr  33..  AAbbssttrraaccttiioonnss  FFrroomm  PPrreecciippiittaattiioonn  

CChhaapptteerr  44..  SSttrreeaammffllooww  MMeeaassuurreemmeennttss  

CChhaapptteerr  55..  RRuunnooffff  

CChhaapptteerr  66..  HHyyddrrooggrraapphhss  

CChhaapptteerr  77..  FFllooooddss  

CChhaapptteerr  88..  FFlloooodd  RRoouuttiinngg  

CChhaapptteerr  99..  GGrroouunndd  WWaatteerr  
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CChhaapptteerr  11    

IInnttrroodduuccttiioonn  

  
11..11  HHyyddrroollooggyy::  

 
 

 

  

  
  

11..22..  HHyyddrroollooggiiccaall  CCyyccllee  
Hydrologic cycle (Fig. 1.1) is the water transfer cycle, which occurs continuously in 

nature; the three important phases of the hydrologic cycle are: 

 (a) Evaporation and evapotranspiration 

 (b) Precipitation and 

 (c) Runoff  

    The globe has one-third land and two thirds ocean. Evaporation from the surfaces 

of ponds, lakes, reservoirs. ocean surfaces, etc. and transpiration from surface 

vegetation i.e., from plant leaves of cropped land and forests, etc. take place. These 
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vapours rise to the sky and are condensed at higher altitudes by condensation nuclei 

and form clouds, resulting in droplet growth. The clouds melt and sometimes burst 

resulting in precipitation of different forms like rain, snow, hail, sleet, mist, dew and 

frost. A part of this precipitation flows over the land called runoff and part infilters 

into the soil which builds up the ground water table. The surface runoff joins the 

streams and the water is stored in reservoirs. A portion of surface runoff and ground 

water flows back to ocean. 

      Again evaporation starts from the surfaces of lakes, reservoirs and ocean, and the 

cycle repeats. Of these three phases of the hydrologic cycle, namely, evaporation, 

precipitation and runoff, it is the ‘runoff phase’, which is important to a civil engineer 

since he is concerned with the storage of surface runoff in tanks and reservoirs for the 

purposes of irrigation, municipal water supply hydroelectric power etc. 

  

  
The hydrologic cycleFig. 1.1   
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NN..BB  11  

PPhhaasseess  ooff  tthhee  hhyyddrroollooggiiccaall  ccyyccllee  aarree::  

  

  

  

  

  

  

  

  

  

NN..BB  22  

  

RRaaiinn  ssttoorrmm  
 

  

  

  

  

  

  
  
  
  

NN..BB  33  
 

The catchment (drainge area or river basin): the area which is drained by the river 

 

Basin Recharge Direct Runoff Ground Water 

1. Interception; 

2. Depression storage; 

3. Soil moisture; 

     a. Hydroscobic water; 

     b. Capillary water 

1. Over land flow; 

     (surface runoff) 

2. Inter land flow 
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CChhaapptteerr  11  

IInnttrroodduuccttiioonn  
11..33  WWaatteerr  BBuuddggeett  EEqquuaattiioonn  

CCaattcchhmmeenntt  AArreeaa  

 
  

  
  

WWaatteerr  BBuuddggeett  EEqquuaattiioonn    
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Assume we have a lake with surface area of 1 km2, the rainfall is 2cm/hr and average 

evaporation rate is 10 cm/day, if the infiltration volume is 1000000 m3/day calculate the 

change in storage for this lake after 5 days..  Assume the depth of water in this lake was 10m 

after 5 days the final depth will be …….. ? 

 

Solution: 

Input : rainfall,  output : evaporation +infiltration 

 

 5cm 24hr mP = *5day* * = 6m
100cmhr day

 

  
10cm mE = *5day* = 0.5m

100cmday
  

  
3 1 3

6 2

1000000mI = *5day* = 5m
day 10 m

  

  

= P-E-I =5mS   

  Depth final =Depth initial± change in storage 

                    = 10+0.5=10.5 m 

EExxaammppllee  11..33  
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11..44  MMeetteeoorroollggiiccaall  DDaattaa  

  

11..44..11  TTeemmppeerraattuurree::  
Air temperature is recorded by thermometers (Fig. 1.3) housed in open louvered boxes, known 

as Stevenson screens, about 1.25 m above ground. Protection is necessary from precipitation 

and the direct rays of the sun. 

 Maximum and minimum temperature, thermometers are usually used. 

 Temperature is measured in degrees Celsius. 

 Temperature decreases with height at about 5.6 °C per 1000 m height increase 

 

 

 

                                             

                                                                                                   

 

 

 

 

 

 

 

 

                  

                                                          Fig. 1.3. Thermometer 

 

Mean temperature of the day= (Maximum Temperature + minimum Temperature)/2    (1.3)        

Mean temperature of the month= (∑ mean temperature of all days)/ No. of days)          (1.4) 

Mean temperature of the year= (∑ mean temperature of all months)/ 12).                            (1.5)           

  

11..44..22  RRaaddiiaattiioonn:: 

It is a form of energy. 

                                                                                                                    RRaaddiiaattiioonn  

 

  

  

 

 

Incoming short-

wave radiation 

from sun and sky 

Reflected short-wave and 

long-wave radiation from 

the earth's surface  
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Radiometers (Fig.1.4) are used to measure radiation. 

The units of radiation is kWh/m2 

 

 
                                                       Fig. 1.4. Radiometer    

11..44..33  WWiinndd:: 

 

 Wind speed is measured by anemometer (Fig. 1.5). 

 Wind direction is measured by wind vane (Fig. 1.5). 

 

Because of the frictional effects of the ground or water surface over which the wind is 

blowing, it is important to specify in any observation of wind, the height above ground at 

which it was taken. An empirical relationship between wind speed and height has been 

commonly used 

                                                                                                       (1.6) 

where uo = wind speed at anemometer at height zo 

            u = wind speed at some higher-level z. 

 

 
Fig. 1.5. Anemometer and wind van    
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CChhaapptteerr  TTwwoo  

PPrreecciippiittaattiioonn  
22..11  IInnttrroodduuccttiioonn:: 

 

 

 

22..22  FFoorrmmss  ooff  PPrreecciippiittaattiioonn:: 

 

RRaaiinn  IItt  iiss  uusseedd  ttoo::  

 

 
 

22..33  TTyyppee  ooff  rraaiinn::  
 

Conventional Rain: 

The cause of the fall in temperature of an air mass may be due to convection, the warm moist 

air rising and cooling to form cloud and subsequently to precipitate rain. This is called 

convective precipitation. 
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Orographic (Relif) Rain: 

Orographic precipitation results from ocean air streams passing over land and being deflected 

upward by coastal mountains, thus cooling below saturation temperature and spilling 

moisture. Most orographic rain is deposited on the windward slopes. 

 

 
 

Frontal (cyclonic ) Rain: 
The third general classification of rainfall is cyclonic and frontal precipitation. When low-

pressure areas exist, air tends to move into them from surrounding areas and in so doing 

displaces low-pressure air upward, to cool and precipitate rain. 
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22..44  RRaaiinn  MMeeaassuurreemmeennttss::  
1. Non Recording (Manual) Gauge 

 

 
 

2. Tipping Bucket Rain Gauge 
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3. Recording gauge (weighing type gauge): 
 

 
 

4. Float Recording Gauge: 

 
 

 

22..55  DDeeffiinniittiioonnss..  
 Intensity.(i,mm/hr) This is a measure of the quantity of rain falling in a given time; for 

example, mm per hour. 

 Duration.(t,hr) This is the period of time during which rain falls. 
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 Frequency (T,year).This refers to the expectation that a given depth of rainfall will fall 

in a given time. Such an amount may be equaled or exceeded in a given number of days 

or years. 

 

 
 

22..77  AAddeeqquuaattee  ooff  rraaiinnggaauuggee  ssttaattiioonnss::  

  

  

  
  

100 σ
m 1Cv p


   

  
m 2p

m i2 1p -
mi1σ =

m-1 m-1
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m

1

1
P p

im
 
 
 


    

  

WWhheerree::  
N= optimal number of rain gauge stations  

Cv =coefficient of variation  
= allowable degree of error 

σ= Standard deviation 
p = Mean precipitation 

M=number of precipitation value 

 

EExxaammppllee:: A catchment that contains (6) stations for measuring rainfall, and in one year the 

annual rain is recorded as follows: 

Station                          A          B          C          D          E         F 

Rainfall rate (cm)       82.6     102.9    180.3    110.3    98.8    136.7 

Assuming a 10% error in the estimating of the mean rain, calculate the optimal number of 

stations in this catchment. 

  

SSoolluuttiioonn::  

mm  ==  66                    ;;                σσmm--11  ==  3355..0044        ;;            єє    ==  1100%%                                      6.118

_

P   

  
==  110000  **  3355..0044  //    111188..66  ==  2299..5544  vvCC  

  

NN  ==  88..77  ==  99  ssttaattiioonnss  ,,    tthhrreeee  mmoorree  aaddddiittiioonnaall  ssttaattiioonnss  aarree  nneeeeddeedd  

  

  

HH..WW::    
Calculate the optimal number of stations if the allowable error 5%   
      Station                           A       B       C      D      E        

Rainfall rate (cm)          26     17      20     22    18     
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22..88  PPrreeppaarraattiioonn  ooff  DDaattaa  

  

  
  

22..99  EEssttiimmaattiinngg  ooff  MMiissssiinngg  RRaaiinnffaallll  DDaattaa    

    
The point observation from a precipitation gage may have a short break in the record because 

of instrument failure or absence of the observer. Thus, it is often necessary to estimate the 

missing record using data from the neighboring station. The following methods are most 

commonly used for estimating the missing records. 

1. Simple Arithmetic Method 

2. Normal Ratio Method 

 

2.9.1  Simple Arithmetic Average - The missing precipitation Px can be determined using 

simple arithmetic average, if the normal annual precipitation at various stations are 

within 10% of the normal precipitation at station, x, as follows: 

 

Px = precipitation at the missing location 

Pi = precipitation at index station I 

m = number of rain gauges 

Used when N1=N2=……Nm =Nx,  ±10%Nx 
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H.W: Calculate the average rainfall of this cathment: 

 

2.9.2 Normal Ratio Method - If the normal precipitations vary considerably then Px is 

estimated by weighting the precipitation at various stations by the ratios of normal 

annual precipitation.  The normal ration method gives Px as: 

 

Where: 

Px = missing rainfall value 

m = number of surrounding stations 

Pi = recorded rainfall value of surrounding stations 1,2….m 

Ni=Normal rainfall value of surrounding stations 1,2….m 

Nx= Normal rainfall value for inoperative station 

 

Used when N1=N2=……Nm ≠Nx,  ±10%Nx 

 



Al-Muthanna University                                                                          Engneering Hydrology Lectures    

College of Engineering                                                                            Fourth Year 

Civil Engineering Department                                                                Dr Huda M. Selman 

 

 3 

Example The normal annual rainfall at stations A, B, C and D in a basin are 80.97, 67.59, 

76.28, and 92.01 cm, respectively.  In the year 1975, the station D was inoperative 

and the stations A, B, and C recorded annual rainfall of 91.11, 72.23, and 79.89 cm, 

respectively.  Estimate the rainfall at station D in that year. 

Solution:  As the normal rainfall values vary by more than 10%, the ration method is adopted. 

 

  

H.W 

 

22..1100  CCoonnssiisstteennccyy  ooff  RRaaiinnffaallll  RReeccoorrdd  
 

Many studies require long term rainfall data, therefore, a test must be conducted to check 

homogeneity or self consistency of the rainfall record.  This is necessary because over a 

period of time, it may happen that there be a some obstructions (trees, buildings) may have 

emerged after the installation of gage or its location might have changed or observational 

procedure might have changed.  The inconsistency of rainfall record can be checked by 

graphical or statistical methods including double mass curve, the von Neumann ratio test, 

cumulative deviation, run test.  Double mass curve method described below is one of the most 

common and widely accepted methods for checking the consistency of rainfall record. 

 

DDoouubbllee--mmaassss  CCuurrvvee  

This method is based on the assumption that the mean accumulated precipitation for a large 

group of stations is not significantly affected by a change or changes in individual stations.  If 

we plot the mean accumulated precipitation for several stations against the accumulated 
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precipitation of the record for the station that needs to be adjusted, any change in slope will 

indicate a “break” in the station record.   

 

A double-mass curve is used to check the consistency of a rain gauge record: 

 compute cumulative rainfall amounts for suspect gauge and check gauges ) ΣPav(  

 plot cumulative rainfall amounts against each other (ΣPx) and )ΣPav(  (divergence from 

a straight line indicates error) 

 multiplying erroneous data after change by a correction factor  k  (Me /Ma) where: 
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Example 

Test the consistency of the 22 years of data of the annual precipitation measured at station A. 

Rainfall data for station A as well as the average annual rainfall measured for a group of eight 

neighboring stations located in a meteorologically homogeneous region are given below as 

follows: 

Year Annual Rainfall of Station A (mm) Average Annual Rainfall (AAR) of 8 Station Group (mm) 

1946 177 143 

1947 144 132 

1948 178 146 

1949 162 147 

1950 194 161 

1951 168 155 

1952 196 152 

1953 144 117 

1954 150 130 

1955 130 190 

1956 141 170 

1957 160 190 

1958 155 166 
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1959 140 150 

1960 120 125 

1961 148 140 

1962 142 163 

1963 140 145 

1964 130 143 

1965 137 135 

1966 130 150 

1967 163 165 

 

         a) In what year is a change in regime indicated? 

         b) Adjust the record data at a station A and determine the mean annual precipitation. 

      Solution:  

Year 

Annual 

Rainfall of 

Station 

A(mm) 

Average Annual Rainfall 

(AAR) of 8 Station groups 

(mm) 

Cumulative 

Station A 

rainfall (mm) 

Cumulative  of 8 

Station A.A.R. 

(mm) 

Correction 

factor 

Adjusted 

rainfall at 

station A 

1946 177 143 177 143 

1.18 

140.8471 

1947 144 132 321 275 114.5875 

1948 178 146 499 421 141.6428 
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1949 162 147 661 568 128.9109 

1950 194 161 855 729 154.3748 

1951 168 155 1023 884 133.6854 

1952 196 152 1219 1036 155.9663 

1953 144 117 1363 1153 114.5875 

1954 150 130 1513 1283 119.3619 

1955 130 190 1643 1473 

0.94 

196 

1956 141 170 1784 1643 141 

1957 160 190 1944 1833 158 

1958 155 166 2099 1999 145 

1959 140 150 2239 2149 132 

1960 120 125 2359 2274 95 

1961 148 140 2507 2414 148 

1962 142 163 2649 2577 142 

1963 140 145 2789 2722 140 

1964 130 143 2919 2865 130 

1965 137 135 3056 3000 137 
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1966 130 150 3186 3150 130 

1967 163 165 3349 3315 163 

      

139.134 

 

 

Correction factor: (0.935/1.175)= 0.7957= 0.796 or 0.8 

Mean Annual Precipitation =139.134 
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22..1111  PPrreesseennttaattiioonn  ooff  RRaaiinnffaallll  DDaattaa  

  
The rainfall data are usually presented in the following form: 

1) Mass curve of rainfall 

2) Hyetograph 

 

11))  MMaassss  ccuurrvvee  ooff  rraaiinnffaallll  
 

 

  
 

Important notes: 

 The mass curve of rainfall is arising curve. 

 A horizontal portion of the curve indicates that there was norainfall during that period. 

 Slope of the cuve will give the intensity during that period. 

 It is useful in extracting duration and magnitude of the storm. 

 Records of automic rain gauges are of this type (for non-recording gauges,the beginning 

and end of the rainfall is not known, so only an approximate mass curve can be 

prepared). 
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22))  HHyyeettooggrraapphh  
Hyetograph is abar diagram plotted between the intensity of rainfall and time 

 

  
Important notes: 

 The hyetograph can be prepared either from a mass curve or directly from the data 

obtained from atomic rian gauges. 

 Area under the graph represents the total rainfall occurred in that period. 

 The intensity is taken as the average intensity for a constant time interval (∆t). 

 The time interval chosen depends upon the required accuracy and the storm duration. 
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Example: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22..1122  AAvveerraaggee  PPrreecciippiittaattiioonn  oovveerr  AArreeaa::  

  

  
  

  

  

11..  AArriitthhmmeettiicc  MMeeaann  MMeetthhoodd  
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Example: Calculate the average precipitation for this catchment (as figure below) using 

arithmetic mean method. 

 

  
  

Solution: 

 
P av.= (62+70+84+100)/4 = 79 cm 

 

 

 

 

 

 

22..  TThhiisssseenn  PPoollyyggoonnss  MMeetthhoodd  

  

To calculate the average precipitation using thiessen polygon method we need to prepare the 

thiessen polygon map first, the following steps are showing how to prepare the map: 

1.  
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2.  

 
 

 

 

 

 

 

3.  
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4.  

 
 



Al-Muthanna University                                                                          Engneering Hydrology Lectures    

College of Engineering                                                                            Fourth Year 

Civil Engineering Department                                                                Dr Huda M. Selman 

 

 7 

 
33..  IIssoohhyyeettss  MMeetthhoodd  
 

 
 

A

2

PP
a.......

2

PP
a

2

PP
a

P

n1-n
n

32

2
21

1 






 








 








 




 



Al-Muthanna University                                                                          Engneering Hydrology Lectures    

College of Engineering                                                                            Fourth Year 

Civil Engineering Department                                                                Dr Huda M. Selman 

 

 8 

 



Al-Muthanna University                                                                          Engneering Hydrology Lectures    

College of Engineering                                                                            Fourth Year 

Civil Engineering Department                                                                Dr Huda M. Selman 

 

 9 
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22..1133  FFrreeqquueennccyy  ooff  ppooiinntt  rraaiinnffaallll  
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EExxaammppllee::  

  
 

 
  

22..1144  PPlloottttiinngg  PPoossiittiioonn  CCrriitteerreeaa  
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EExxaammppllee::  

  
  

SSoolluuttiioonn::  
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EExxaammppllee::  
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SSoolluuttiioonn::  
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CChhaapptteerr  TThhrreeee  

AAbbssttrraaccttiioonn  ffrroomm  PPrreecciippiittaattiioonn  

  

33..11  EEvvaappoorraattiioonnpprroocceessss  

  

  

  
  

  

  

  

  

  

  
33..22  EEvvaappoorriimmeetteerr  
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33..33  EEvvaappoorraattiioonn  MMeeaassuurreemmeenntt  SSttaattiioonnss  

  

  
  

33..44  EEmmppiirriiccaall  EEvvaappoorraattiioonn  EEqquuaattiioonnss..  

  

MMeeyyeerr
,,
ss  EEqquuaattiioonn  

  
  

RRoohhwweerr
,,
ss  EEqquuaattiioonn  

  
 

ew  from table (3.1) 

Uh = U ( h )1/7  
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33..55  AAnnaallyyttiiccaall  mmeetthhooddss  ffoorr  eessttiimmaattiinngg  EEvvaappoorraattiioonn  

  

  
  

WWaatteerr  BBuuddggeett  MMeetthhoodd  

  

 
 

33..66  EEvvaappoottrraannssppiirraattiioonnEEqquuaattiioonnss  

  

 
  

PPeennmmaann
,,
ss  EEqquuaattiioonn  
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33..44  EEmmppiirriiccaall  EEvvaappoottrraannssppiirraattiioonnEEqquuaattiioonnss..  

  

BBllaanneeyy  ––  CCrriiddddllee  ffoorrmmuullaa  
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33..88  IInnffiillttrraattiioonn    

  

Infiltration is the process by which water on the ground surface enters the 

soil. It is  commonly used in both hydrology and soil sciences. 

The infiltration capacity is defined as the maximum rate of infiltration.  

  

  
  

IInnffiillttrraattiioonn  MMeeaassuurreemmeenntt::  

The infiltration rate is the velocity or speed at which water enters into the 

soil. It is usually measured by the depth (in mm) of the water layer that 

can enter the soil in one hour. An infiltration rate of 15 mm/hour means 

that a water layer of 15 mm on the soil   
.
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CChhaapptteerr  FFoouurr  

SSttrreeaamm  FFllooww  MMeeaassuurreemmeenntt  

                    

                44..11  IInnttrroodduuccttiioonn::  
 

Streamflow, or channel runoff, is the flow of water in streams, rivers, and 

other channels, and is a major element of the water cycle. It is one component of 

the runoff of water from the land to waterbodies, the other component 

being surface runoff. Water flowing in channels comes from surface runoff from 

adjacent hillslopes, from groundwater flow out of the ground, and from water 

discharged from pipes. The discharge of water flowing in a channel is measured 

using stream gauges or can be estimated by the Manning equation. The record of 

flow over time is called a hydrograph. Flooding occurs when the volume of water 

exceeds the capacity of the channel. 
 

  
  

1. The velocity-area method  

The velocity-area method is the most common method of estimating river flow. 

As the term implies, the flow is the product of the average velocity in the cross-

section and the cross-sectional area of flow. 

 

 

 
  

https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Stream
https://en.wikipedia.org/wiki/River
https://en.wikipedia.org/wiki/Channel_(geography)
https://en.wikipedia.org/wiki/Water_cycle
https://en.wikipedia.org/wiki/Runoff_(hydrology)
https://en.wikipedia.org/wiki/Waterbody
https://en.wikipedia.org/wiki/Surface_runoff
https://en.wikipedia.org/wiki/Groundwater
https://en.wikipedia.org/wiki/Discharge_(hydrology)
https://en.wikipedia.org/wiki/Stream_gauge
https://en.wikipedia.org/wiki/Manning_equation
https://en.wikipedia.org/wiki/Hydrograph
https://en.wikipedia.org/wiki/Flood


Al-Muthanna University                                               Engneering Hydrology Lectures    

College of Engineering                                                 Fourth Year 

Civil Engineering Department                                     Dr Huda M. Selman 

 

 2 

EExxaammppllee  ::    

  
Section V0.2 V0.8 A(m2) 

# revolulion Time # revolulion Time 

1 39 55 --- --- 20 

2 57 50 76 40 35 

3 65 48 81 54 44 

4 43 51 --- --- 15 
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H.W: 
the data pertaining to a stream-gauging operation at a gauging site are given below. 

The rating equation of the current meter is 𝑣 = 0.51 𝑁𝑠 + 0.03 𝑚/𝑠 Calculate the discharge in the 

stream. 

 

Distance from left water dege (m)                         0    1.0    3.0   5.0    7.0    9.0    11.0   12.0 

Depth (m)                                                               0    1.1    2.0   2.5    2.0    1.7    1.0      0  

Revolutions of a current meter kept at 0.6 depth   0    39     58    112   90     45     30       0 

 Duration of observation (s)                                   0    100  100   150   100   100   100     0 

 
Ans. Total discharge 𝑄 = 6.457m3 /s 
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CChhaapptteerr  FFoouurr  

SSttrreeaamm  FFllooww  MMeeaassuurreemmeenntt  

                    

    22..  DDiilluuttiioonn  mmeetthhoodd::    
The tracer-dilution method consists of adding a known amount of concentrated tracer at 
a constant rate to the flow stream.  Chemical analysis is used to determine the dilution of 
the uniformly mixed concentrate at some downstream point.  It is important that the 
tracer be added at a known and constant discharge rate.  

An advantage of the tracer-dilution method is that no measurements of the flow channel 
geometry are required. 

Tracers may be color-dilution or salt-dilution, with the former suitable for measuring small 
to large flows (the cost of the dye being relatively low) and the latter suitable for turbulent 
streams of small to medium size where other methods of flow measurement are 
impractical. 

Tracer-dilution methods can vary considerably in accuracy, from +/- 1% to over 
30%, depending upon the equipment used, experience of the personnel, and 
the accuracy of the measuring equipment.   
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3. Flow measurement using hydraulic structures 

 

Flow measurement using hydraulic 

structures involves the placement of a 

selected hydraulic structure such as weirs 

or flumes across a river channel. This is 

to generate flow properties that can be 

used to develop relationships between 

flow rate and water levels at certain 

section along the stream. This method 

uses a hydraulic structure constructed 

across a channel to produce flow 

properties that are characterized by 

relationships between the water level 

measurement at some location and the 

flow rate of the stream. The streamflow is 

estimated by taking measurement of the 

water surface level in or near the 

restriction of the hydraulic structure.  
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4. Rating Curve 
A rating curve is a plot of the stage of the water versus the flow that the stream 

had at that stage. An example of a rating curve is shown in the following 

figure. 
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The stage is the height of the water surface above some datum point, which is 

usually taken as the deepest point in the stream channel. (Difference between 

Stage and Depth) 

 

Importance of Rating Curve 
Hydrologists very often need to know flow rates in streams under many 

different conditions but they do not have the time or resources to go into the 

field and measure these flow rates continually. Instead, they often rely on 

rating curves to give them this information. When the time and energy is taken 

to directly measure stream flow (using sections) at a given point in a stream, 

the stage of the water is usually recorded at the same time. Using these data 

points of the water elevation (stage) and the measured flow rate, hydrologists 

can produce a rating curve. 

 

Surface Run- off: 

When water does not soak into 

the ground, it runs-off into 

gullies, streams and rivers. 

Nearly 40 per cent of all 

precipitation flows back across 

the land to rivers, lakes, seas 

and oceans. 

 

Baseflow is a portion of 

streamflow that is not directly 

generated from the excess 

rainfall during a storm event. In other words, this is the flow that would exist in 

the stream without the contribution of direct runoff from the rainfall. 

But runoff which is also called Surface runoff is water, from rain, snowmelt, or 

other sources, that flows over the land surface, and is a major component of 

the water cycle. ... When runoff flows along the ground, it can pick up soil 

contaminants such as petroleum, pesticides, or fertilizers that become discharge 

or overland flow. 

 

https://civilengineerspk.com/difference-stage-depth/
https://civilengineerspk.com/difference-stage-depth/
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Stream Flow and Its Measurement Methods 
stream flow is usually defined as visible water on the ground, i.e., the surface water. 
This may include ponds, brooks, creeks, rivers, lakes, reservoirs, etc. Surface water 
is valuable for water supply and environmental concerns. For example, a lake is a 
natural water reservoir that can be used for water supply as well as irrigation. 
 
STREAM FLOW MEASUREMENTS 
1- Water stage measurements. 
2- Discharge measurements. 
 

1- Water stage measurements 
The stage of a river is defined as its water-surface elevation measured above a 
datum. This datum can be the mean-sea level (MSL) or any arbitrary datum 
connected independently to the MSL. 
The simplest way to measure river stage is by means of staff gage. The stage 
measurements are made by noting the elevation of the water surface in contact with a 
fixed graduated. 
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2- Water discharge measurements 

Q = v ∗ A 

First: Direct methods (stream gaging) (Area Velocity method) 
(a):- Current-meter method 
(b):- Ultrasonic method (ADCP) 
(c):- Floats 
(d):- Pitot tube 
(e):- Venture meter 
(f):- Orifice meter 
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Second: - Hydraulic Devices (Area Velocity method) 
(a):- Weirs and notches 
(b):- Orifices 
(c):- Flumes 
 
Third: - Indirect Techniques 
(a):- Slope-area method 
(b):- Rating Curve 
 
 
First: Direct methods (stream gaging) 
(a):- Current-meter method (Area Velocity method) 
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Runoff: 
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Example: 
 

 
 

 

 
 

Imperical formula: 
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Example: 
 

 
 
Sol: 
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