Unit Hydrograph —
Convolution Equation
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Linear System — Discrete Time

* Time intervals for excess rainfall m= b
* Time intervals for direct runoff nheed
* Excess rainfall during mt time interval Pnm=12-M
e Streamflow at end of nt" time interval Qnn=12,N

* Response of a linear system is the sum (convolution) of the
responses to inputs that have happened in the past.

t nsM
Q) = ju(t—r)dr Qn = z PnUn—m+1
° m=1

Continuous time Discrete time



Expanding the Convolution Equation

ns<m

Qn = Z PnUn—m+1
m=1

Q1 =P U,

Q; = PU; + P, U,
Qs = P3U; + P,U, + P, U;

QM — PMU1 + PM_1U2+...+P1UM
QM+1 - O + PMU2++P2UM + PlUM+1

QN—l - O + 0++0 + O++PMUN—M + PM—lUN—M+1



Deriving unit hydrograph from Convolution

* Q, and P, are given, derive unit hydrograph (UH) (lets say M =3 and N = 6)

* UH will have N-M+1 = 4 pulses

* Use the discrete convolution to write down the equations

Q=P U141 = PU;

Q2 =P Uz_141 + PUz 241 = PoU + P U,
Q3 = P 1Uz_141 + PoUs 341 + P3Usz 341 = P3U; + PU; + P1U3
Q4 =P 1Us—141 + PRUs—241 + P3Uy—341 = P3U; + PoU3 + Py U,

Then solve for U,, U,, U;. and U, as below

Ul_& U2=Q2_P2U1 U3:Q3_P2U1_P2U2

Pl Pl P1
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