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Run-off Analysis using Storage Function Method

1. Equations for analysis

Storage Function Method is framed by following equations.

1.1 Basic equations

as

i re(t —TL) — qc(t) Equation of continuity (1)
St)=k-{q.(t)}* Relationship between Storage and Direct run-off (2)
re(t) = f - R(t) Effective rainfall (3)

S(t) : Storage (mm/hr) k : Constant for storage function
re(t) : Effective rainfall (mm/hr) D : Constant for storage function
Ty, : Delay time (hr) f : Rate of flow (constant)

¢e(t) : Direct run-off (mm/hr) R(t) : Observed rainfall (mm/hr)

1.2 Equations for Direct run-off

qc(t) = q(t) — g(t) Direct run-off (4)
3.6 -Q(t
q(t) = TQU Total run-off (5)
g(t) =q1 + (i —n1) 0 Base run-off (6)
No — N

qc(t)  : Direct run-off(mm/hr) Q(t) : Observed discharge (m?/s)

gp(t) : Base run-off(mm/hr) A : Catchment area (km?)

q(t) : Total run-off(mm/hr)

ny : Start point of direct run-off qn : Run-off at start point of direct run-off

ng : End point of direct run-off Q2 : Run-off at end point of direct run-off

) : Integer from n; until no

1.3 Equation for the rate of flow
_ 2
> Rr

f: Rate of flow g : Direct run-off (mm/hr) Ry : Observed rainfall (mm/hr)

f (7)

where, observed rainfall means that it is shifted one for same times as the times counted direct run-off.

2. Estimation of parameters and reproduction of Hydrograph

Equation of continuity is approximated into following finite difference approximation.

s At
Ezre(t—TL)—qc(t) = S(t+ At) :S(t)—l—At'Te(t—l—At—TL)—7{qc(t+At)+qc(t)} (8)
In above, since ¢.(t) and r.(t) are known for whole times, the values of S(t) can be obtained successively
by setting the initial value of S(0) =0 at ¢ = 0.

About delay time 77, the proper value of it can be obtained by trial changing the value of Ly from
Z€ero.

There is following relationship between storage S and direct run-off g..

S=k-{¢.}) = InS=lnk+p-Ing (9)

Practically, by comparison with the relations between the storage S and direct run-off ¢. on log-log
graph while changing 77, the value of T, can be established when an agreement degree of the behavior
is the highest during flow increase time and flow decrease time.



The value of k£ and p can be obtained by a regression analysis on log-log graph using established T7..
After obtaining the constant values of k, p and 77, the time history of ¢. can be obtained by the
numerical integration of following differential equation using such as Runge-Kutta mathod.

dqe

1
dt k-p

(re —qe) - g " (10)

Where, the time history of ¢. in above equation is not related the values which were used for obtaining
storage S. At this time, the values of r., p and k are known and the time history of ¢. is unknown.
Therefore, it is necessary to set the small initial value of ¢. at the equivalent time of starting point
of separation m;. After this, the time history of ¢. can be calculated successively using numerical
integration.

If the time history of ¢. can be known, Hydrograph can be re-producted using following equation.

1
Q=55 A (g +am) (1)

Where, please take care of units. The unit of discharge @ is 'm?/s’, the unit for direct run-off ¢, and
base run-off ¢p is 'mm/hr’, the unit of catchment area is km?’.

3. Programing

(O The command for execution of Fortran program is shown below:
> f90_SFM fnameR fnameW nl m md

Where, fnameR’ is a input file name and 'fnameW’ is a output file name.

(O Start point of direct run-off ny is inputted as a command line argument.

(O About the treatment of the end point of direct run-off nsq, is inputted as a command line argument.

e In case of m = 0, the value of base run-off ¢p is constant and the value of it is equal to the
value at the start point of direct run-off.

e In case of m = 1, the value of base run-off qp is variable from the value at n; to the value at
ngy. The end point of direct run-off ny is estimated automatically.

e The condition of estimation of ng is the minimum difference between obsedved from and
re-producted flow in Hydrograph.

e In practical calculation, ns is changed from large value to small value.

e Since the value of direct run-off ¢, shall be greater than or equal to zero, the values of direct
run-off ¢. are amended to zero if they are less than zero.

(O The estimation method of delay time is shown below.

e Although it is known that the relationship between direct run-off g. and storage S becomes
like a loop shape, the parameters of p and k can be calculated using a regression analysis on
log-log graph.

e By shifting the time for effective rainfall, the delay time 77, can be obtained when the residual
error between observed data and estimated data by regression analysis becomes minimum
value.

e For the regression analysis to calculate the constants p and k, special method is adopted to
consider the loop shape of ¢.-S relationship. The data selection method is shown below:

[0 Divide the area in horizontal axis g. to some small areas.

0 Chose the maximum and minimum values of S from each area.

O Do the regression analysis using the total datasets which are selected from each small
area.

e The upper limit of value of p is set as 1.0. If the value of p exceed 1.0 is obtained by calculation,
p is set by 1.0 and k is re-calculated under the condition of p = 1.0.

(O The number of devision of time increment for numerical integration cam be changeable. It is
inputted as a number of md of a command line argument. Discharge data is interpolated by
Spline interpolation, and rainfall data is set as same value during one hour because the unit of
rainfall is ‘'mm/h’.

(O After obtaining the values of 77, k and p, Runge-Kutta method is used as a numerical integration
method in order to re-product Hydrograph.



4. Examples of analysis

Trial calculation for following cases were done.

O Case 1 : Mukawa-river (09/Aug/1992)
(Source: 00DODOO0DODOODDODOOODD (1)-0000D0DO0O 1-in Japanese character)
(O Case 2 : Sample data from textbook
(Source: 00000 OOODOUODODOODOUODOODOOODOODOOODOODO201200 50 210 in
Japanese character)
O Case 3 : Tyuuruigawa-river (05/Aug/1975)
(Source: 00D D0OO0DDOO0DODODOODOODOODODOODODOODOODDOO 620 30 in Japanese
character)
(O Case 4 : Otoshibegawa-river (29/Jun/1960)
(Source: 00D DOO0O0DDOO (DOO0OODOD) in Japanese character)
O Case 5 : Otoshibegawa-river (03/Apr/1961)
(Source: 0O0OOOOODODODODO (DDDDOODO) in Japanese character)
(O Case 6 : Furumaigawa-river (28/Jun/1966)
(Source: 00DDOOO0DOOO (DOOODD) in Japanese character)

After this, the relationship between direct run-off and storage, and re-producted Hydrograph using
analized parameters are shown for each case.



4.1

Case 1: Mukawa-river (09/August/1992)
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Fig.2 Hydrograph for Case 1



4.2

Case 2: Example from textbook
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Fig.4 Hydrograph for Case 2



4.3 Case 3: Tyuuruigawa-river (05/August/1975)
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Fig.6 Hydrograph for Case 3



4.4 Case 4: Otoshibegawa-river (29/June/1960)
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Fig.8 Hydrograph for Case 4
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4.5

Case 5: Otoshibegawa-river (03/April/1961)
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Fig.10 Hydrograph for Case 5



4.6 Case 6: Furumaigawa-river (28/June/1966)
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Fig.12 Hydrograph for Case 6
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