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Motivation

Hydrology

Hydrology Modeling
Conceptual Hydrologic Model
Used by NWS (National Weather Service)

Errors related to model
Measurement, Input, Model Errors



Hydrology Model

Soil Division
Upper zone
Upper zone tension water
Upper zone free water
Lower zone
Lower zone tension water

Lower zone free water
Primary free water storage
Secondary free water storage



Hydrology Model
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Hydrology Model

Sacramento Catchment model
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Problem formulation

States

X, = upper zone tension water content
X, = upper zone free water content
X, = lower zone tension water content
X, = lower zone primary free water content
X; = lower zone secondary free water content
Xg = additional impervious
Inputs
U, = mean areal precipitation

U, = mean areal evapotranspiration demand
Output

U. = channel inflow per unit time



Problem formulation

Mathematical Equations Involved in Modeling
Model developed By Dr. Georgakakos
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Problem formulation

Output Equation
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H-1infinity estimator design

The Linearized model

Ax=AAx + BAU

Ax = Ax + A x dt

x =x,,, * Ax

m
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H-1infinity estimator design

Errors to the system enter via B, and D,

Ax = AAx + BAU + B, AW
Am =C Ax+D AU +D AW
Ay = C Ax
AW is 6 X 3 matrix, with errors induced in states and
measurement
m is the measured signal
y is the signal desired to estimate
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H-1infinity estimator design

Conditions
D B' =0
DD'=]
AR = ANE + BAU +G(bm —C. % =D NU)

G=0C'

Q = Riccattt equation solution

A% = A% + AR df

x=x, +0x
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H-1infinity estimator design

y is set to 80
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Catchment Description

Scioto River Basin
Deer Creek Watershed in Ohio
228 square miles
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Experimental Results

Daily flow
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Experimental Results

daily flow
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Experimental results

Average monthly stream flow
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Experimental results

average monthly flow from 1972-1980
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Experimental results

Water flow in mm
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Experimental results

Cumulative water flow

4000 T | T T | T T
— H-infinity Estimated flow
3500 — QObserved Flow -
MWS simulated flow
3000 =
2500 -
E
E
= 2000 =
o
™
=
1500 ,/ -
A
1000 | A =
500 -
| | | | | | |

0
17-Apr-1971 29-Aug-1972 11-Jan-1974 26-May-1975 07-Oct-1976 19-Feb-1978 04-Jul-1979 15-Nov-1980 30-Mar-1982

20



Conclusion

H-infinity estimator works better than the
model without state estimation.

H-infinity estimator minimized the maximum
estimation errors
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Future work

Tune H-infinity estimator so that it will more
effectively estimate the states and better take
the snow melt into account.

Implement Kalman Filter and try to reduce the
error.
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