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APPENDIX C.1 THEORETICAL APPROACH 

APPENDIX C.1.1 FREQUENCY ANALYSIS 

 

(1) Theoretical Approach 

The standard Gumbel method is used to analyze the relationship of the rainfall or flow rate and 
its return period.  The basic equations are as follows: 
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where  T = return period, year 

  P(x) = Probability of Exceedance 

  F(x) = Probability of Non-exceedance 

  x = Maximum rainfall or flow rate each year, mm or m3/s 

From a series of data x, F(x) can be calculated by using the Hazen Method or Weibull Method as 
follows: 
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Where  j = Order of xj from maximum 

  N = Total number of the data series 

From the above F(x), a new parameter x and y are defied as follows: 
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where a and x0 can be calculated from the following equation 
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Where  y,x  = Average value of the data series x and y 

The relationship between rainfall or flow rate (x) and return period (T) can be converted to the 
following equation: 

 y
a

xx 





+=

1
0             (C.1.9) 

 ( ){ }1−−−= TlnTlnlny            (C.1.10) 

Where x0 and a are now know parameters  

(2) Data Arrangement 

The data used as the input for the model are as follows: 

- Maximum rainfall (normally hourly) or flow rate each year 
- The table of standard parameters for Gumbel method (the relation between the number of 

samples, average y and the standard deviation of y ( ySy,N and ) 
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APPENDIX C.1.2 RAINFALL – RUNOFF ANALYSIS 

 

(1) Theoretical Approach 

A storage function method is used to analyze the relationship between the rainfall and runoff. 
The basic equations are as follows: 
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where ql = discharge, mm 

  re = average rainfall in the basin, mm 

  s = storage, mm 

  t = time, s 

The above equation can be simplified and discretized as follows: 
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The Newton – Ralpson method was employed to calculate the above equation by assuming f(q) 
as follows:  

 0=++= Cbqaq)q(f p           (C.2.6) 

By using 2nd order Tayler’s series, the derivative of f(q) is 
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Therefore, the Newton – Ralpson equation can be expressed as: 
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From this equation, qi can be calculated from qi-1. The program will select the best value of qi 
that makes 

 01 =− )q(fy              (C.2.9) 

 (2) Data Arrangement 

The data used as the input for the model are as follows: 

- The synthetic rainfall pattern at each return period and 
- The necessary parameters in the model (k, p and drainage basin area). 
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APPENDIX C.1.3 HYDRAULIC SIMULATION 

The data on water level and discharge are available from the gauging stations in the basin. 
Hydrograph is calculated and used as a boundary condition.  An unsteady flow program, 
MIKE11 developed by the Danish Hydraulic Institute (DHI), is used to simulate the flow along 
the river. 

 

(1) Theoretical Approach 

The program can be used to solve the vertically integrated equations of conservation of 
continuity and momentum (so called “Saint Venant equation”) for incompressible and 
homogeneous fluid.  The basic governing equations are: 
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where Q = discharge, m3/s 

  A = flow area, m2 

  q = lateral inflow, m2/s 

  h = stage above datum, m 

  C = Chezy resistance coefficient, m1/2/s 

  R = hydraulic radius, m 

  α = momentum distribution coefficient 

  g = gravity acceleration, m/s2 

  t, x = The axis of time, s, and distance, m, respectively 

These equations are transformed into a series of finite difference equations in a computational 
grid consisting of alternating Q-points (discharge) and h-points (water level). The transformed 
equations are as follows: 
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where bs = river width, m 

  n, j = time and distance step 

The schematic diagram of time and distance increment is illustrated as follows: 

 

(2) Data Arrangement 

The data used as the input for the model are as follows: 

- The grid set up from the river survey for river network, 
- River cross sections’ coordinates, 
- River bed and material data, and 
- The boundary condition, in this case the hydrograph at the upstream end and the water 

level at the downstream end. 
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