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Hydrology (definition) 

hydrology is a “science that treats all the waters of 
the earth, their occurrence, circulation and 
distribution, their chemical and physical properties, 
and their reaction with their environment including 
their relations to living things” 

  

We concerned with hydrology since our water 
supplies are taken from sources (streams, aquifers, 
..etc) which are fed by precipitation.  
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Application of hydrology include: 
 

 Determining water balance of a region (see 
subsequent discussion) 

Predicting floods and droughts 

Designing irrigation projects 

Preventing catastrophic events due to excess 
flooding  

Provide means to supply drinking water to 
communities 

Helps design dams, reservoirs, sewers, bridges  
and other structural and hydrologic projects 
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 Hydrologic Cycle: 
 

Hydrologic cycle is the water circulatory system on 
earth. The cycle has no beginning or end as the 
evaporated water rises to atmosphere due to solar 
energy. 

The evaporated water can be carried hundreds of miles 
before it is condensed and returned to earth in a form of 
precipitation 

Part of the precipitated water is intercepted by plants 
and eventually returned to the atmosphere by 
evapotranspiration from plants and upper layers of soil, 
runs overland eventually reaching open water bodies 
such as streams, oceans or natural lakes or infiltrates 
through the ground forming deep or shallow 
groundwater aquifers. 
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 Hydrologic Cycle: 
 

A good portion of the precipitated water 
evaporates back to the atmosphere thereby 
completing the hydrologic cycle. Elements of 
hydrologic cycle are: 

  Evaporation, E 

 Transpiration, T 

 Precipitation, P 

 Surface runoff, R 

 Groundwater flow, G, and, 

 Infiltration, I 

 

9/17/2013 



6 
9/17/2013 

Hydrologic Cycle in Visual Form: 



7 

System Concept in Hydrologic Cycle:  
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Hydrological cycle 

Involves the following processes 
 A portion known as the interception is retained on buildings, 

trees, and plants.  This is eventually evaporated,  the 
remaining quantity is known as the effective precipitation. 

 Some the effective precipitation is evaporated into the 
atmosphere directly. 

 Another portion is infiltrated into the ground.  A part of the 
infiltration in the root zone is consumed by plants. 

 The water that percolates deeper into the ground constitutes 
the groundwater flow. 

 If the precipitation exceeds the combined evaporation and 
infiltration, puddles known as depression storage are 
formed.  
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Hydrological cycle „ continue‟ 

 After the puddles are filled, the water begins 
flowing over the surface to join stream channel. 

 Runoff can not occur unless a layer of water is 
formed (detention storage) 

 The destination of all streams is open bodies of 
water, i.e., oceans, seas, rivers 

 The evaporation from all bodies together with 
transpiration caries moisture to the atmosphere.  
This results in forming clouds that contribute to 
the precipitation in step 1. 
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Hydrologic Budget 
 

Estimate components of hydrologic cycle in order to 
design projects and, more importantly protect the public 
from excessive floods and draughts 

 

Accounting technique that is not unlike keeping track of 
money in the bank 
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The hydrologic budget is a quantitative accounting 
technique 

The components of water budget are inflow, outflow 
and storage.  

 

 INFLOWS -  OUTFLOWS   =   STORAGES  

  Or,in mathematical term 

I – O = ∂S / ∂t 

Breaking system into individual component as shown in 
schematic figure: 

P – E + ([(Rin + Gin)] – (Rout + Gout)] – T = dS/dt 
• Where: 

• P: Areal mean rate of precipitation (L/T) 

• E: Evaporation (L/T) 

• Rin, Gin: Inflow from surface and groundwater (L/T) 

• Rout, Gout:  Outflow from surface and groundwater (L/T) 

• S: Storage (L) and, 

• T: Transpiration (evaporation from plants, L/T) 
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Balance Equation for Open Bodies with 
Short Duration: 
 

And, for an open water bodies, short duration, 

 I - O =   S/ t   
Where,  

I   = inflow volume per unit time 

O = Outflow per unit time 

Balance Equation for Urban Drainage: 

For urban drainage system, ET (evapotranspiration) is 
often neglected, 

• P - I - R - D = 0 
• P = precipitation 

• I = infiltration 

• R = direct runoff 

• D = Combination of interception and depression storage 
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Precipitation: 
• Precipitation is the 

discharge of water out of 
the atmosphere.  

 

• The principal form of 
precipitation is rain and 
snow and to a lesser 
extent is hail, sleet. 

 

• physical factor producing 
precipitation is the 
condensation of water 
droplets due to 
atmosphere cooling 

The steps required to form precipitation 
include: 
  
1. Cooling which condensate moist air 

to near saturation,  
2. Phase change of water vapor to 

liquid or solid and,   
3. Growth of water droplet to 

perceptible size. This mechanism 
requires cloud elements to be large 
enough so that their falling speed 
can exceeds the upward movement 
of the air.  If the last step does not 
occur, cloud will eventually 
dissipate. 
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Measurement of Precipitation: 
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Depression Storage: This is the part of 
precipitation that is intercepted by holes in the 
ground and uneven surfaces. This part of 
storage will eventually be evaporated or slowly 
seeps underground. 

  

Infiltration: This portion of precipitation makes 
its way to replenish groundwater through 
seepage. 

 

Overland Flow: This portion of precipitation is 
the access water after the local rate of 
infiltration reaches its maximum. It develops as 
a film of water that moves overland eventually 
reaching streams, reservoirs or lakes. 
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Methods of Estimating Areal Precipitation 
in the Ground:  
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The method of calculation is similar to that of Thiessen method 
except the area is the one bounded by two isohyets. 
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Illustrative 
Example:  
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Alternative Method: 
Inverse Distance Method: The method is based on the 
assumption that the precipitation at a given point is 
influenced by all stations. The method of solution is to 
subdivide the watershed area into m rectangular areas. 
The mean precipitation is calculated using the following 
formula: 

                           m             n                       n 

 P = 1/A ∑ Aj ( ∑ dij 
–b )-1 ∑ d ij 

–b P i 

                          j = 1         i = 1                  i = 1 

Where: m is the number of the subareas, Aj is the area 
of the jth sub area, A is the total area, dij is the distance 
from the center of the jth area to the ith precipitation 
gage, n is the number of gages and b is a constant and 
in most applications, it is taken as equal to 2. Note that 
if b is 0, the equation is reduced to the following:  

 P = 1/A ∑ Aj Pi 
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Methods of Estimating Missing 
Precipitation:  

a) Normal Ratio Method: 

The missing precipitation at station x is calculated by using weights 
for precipitation at individual stations. The precipitation at station x 
is,                     n 

  Px = ∑ wi Pi 

                    i=1 

where  n is the number of stations and wi designates the weight 
for station i and computed as 

              wi = Ax / n Ai   

Where Ai is the average annual rainfall at gage i, Ax is the 
average annual rainfall at station x in question. 

Combining the above two equations,  

                                    n 

       Px = (AX / n) ∑ Pi / Ai   

              i =1 
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b) Quadrant Method: 

To account for the closeness of gage stations to the 
missing data gage, quadrant method is employed. The 
position of the station of the missing data is made to be 
the origin of the four quadrants containing the rest of 
stations. The weight for station i is computed as: 

                      4 

 wi =  ∑ ( 1 / d2
i ) 

                      i=1 

 and the missing data is calculated as, 

                     n             n 

 Px = ∑wi . Pi / ∑ wi 

                    i=1          i=1 
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Gauge Consistency: 

Double Mass Curve  
 The inconsistency could be attributed to  

environmental changes such as sudden weather 
changes that adversely effect  gage reading, 
vandalism, instrument malfunction, etc 

 Double Mass Curve is a plot of accumulated annual or 
seasonal precipitation at the effected station versus 
the mean values of annual or seasonal accumulated 
precipitation for a number of stations surrounding 
the station that have been subjected to similar 
hydrological environment and known to be 
consistent 
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The double mass curve produced is then examined for 
trends and inconsistencies which is reflected by the 
change of slope. A typical Double Mass Curve of infected 
station (station A) versus mean values of similar 
stations is shown below  
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