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Regression Equation Peak Discharge Regression Equation Peak Discharge 
EstimatesEstimates

USGS existing streamflow gage dataUSGS existing streamflow gage data
Statistical analysis limited by number of gage Statistical analysis limited by number of gage 
stations and period of recordstations and period of record

Compute predicted values of discharge for Compute predicted values of discharge for 
various risk levels (various risk levels (““return periodsreturn periods””))



11 hydrologic 
regions



Regression equations for estimation of Regression equations for estimation of 
peakpeak--streamflow frequency for hydrologic streamflow frequency for hydrologic 

regions of Texasregions of Texas



Predicted Peak DischargePredicted Peak Discharge

QQTT = = a(A)a(A)bb(SH)(SH)cc(SL)(SL)dd

QQTT = T= T--year discharge (year discharge (cfscfs))
A = contributing drainage area (sq. mile)A = contributing drainage area (sq. mile)
SH = basin shape factorSH = basin shape factor
SL = mean channel slope (ft./mile)SL = mean channel slope (ft./mile)
a, b, c, d = linear regression coefficientsa, b, c, d = linear regression coefficients

Pay attention to variable limits!Pay attention to variable limits!



Predicted Peak DischargePredicted Peak Discharge

Evaluate regression 
equation applicability 
by comparing basin 
characteristics of your 
site to regression 
analysis.

Figures 4 –
 

14; the 
“clouds”



Confidence LimitsConfidence Limits

Lower & upper confidence limits of predicted Lower & upper confidence limits of predicted 
peak dischargepeak discharge

Procedures included in USGS publicationProcedures included in USGS publication
Compute 50Compute 50--, 67, 67--, & 90, & 90--percent confidence percent confidence 
limitslimits
Not in current Not in current Hydraulic Design ManualHydraulic Design Manual



Central Limit TheoremCentral Limit Theorem

Basis of confidence limitsBasis of confidence limits
The error between measured and actual (or The error between measured and actual (or 
predicted and actual) values is normally predicted and actual) values is normally 
distributed for a discrete sample of datadistributed for a discrete sample of data
The central tendency or spread from the mean The central tendency or spread from the mean 
(predicted) value can estimate the normal (predicted) value can estimate the normal 
distribution distribution –– leading to confidence valuesleading to confidence values



95% Confidence Limits95% Confidence Limits



Computation of Confidence LimitsComputation of Confidence Limits
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Computation of Confidence LimitsComputation of Confidence Limits

log QT
 

± t(α/2,n-p)
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Computation of Confidence LimitsComputation of Confidence Limits

log Qlog QTT ±± tt((αα/2,n/2,n--p)p)[s[s22(1+h(1+h00)])]½½

log Qlog QTT = log= log1010 of Tof T--year recurrence interval year recurrence interval 
peak dischargepeak discharge

Example: Say QExample: Say Q100100 = 9350 = 9350 cfscfs
then logthen log

 
(9350) = 3.9708(9350) = 3.9708



log Qlog QTT
 

±±
 

tt((αα/2,/2,nn--p)p)
 

[s[s22(1+h(1+h00
 

)])]½½

n = # of stations in n = # of stations in 
analysis for analysis for 
regression regression 
equation;equation;

lookup value from lookup value from 
Table 2Table 2



log Qlog QTT
 

±±
 

tt((αα/2,n/2,n--pp))
 

[s[s22(1+h(1+h00
 

)])]½½

p = # of independent variables (A, SH, SL) in p = # of independent variables (A, SH, SL) in 
specific equation, plus 1 (for regression specific equation, plus 1 (for regression 
constant)constant)

QT
 

= a(A)b(SH)c(SL)d

p = {A+SH+SL}+1

= 3+1 = 4



log Qlog QTT
 

±±
 

tt((αα/2,n/2,n--p)p)
 

[s[s22(1+h(1+h00
 

)])]½½

t(t(αα/2,n/2,n--p) = critical value of tp) = critical value of t--distribution for selected distribution for selected 
confidence interval;confidence interval;

 
lookup value from Table 3lookup value from Table 3



log Qlog QTT
 

±±
 

tt((αα/2,n/2,n--p)p)
 

[[ss22(1+h(1+h00
 

)])]½½

s = weighted standard s = weighted standard 
error of estimate of error of estimate of 
regression equation;regression equation;

 lookup value from lookup value from 
Table 2Table 2



Now things get a bit complicated…



log Qlog QTT
 

±±
 

tt((αα/2,n/2,n--p)p)
 

[s[s22(1+(1+hh00
 

)])]½½

hh0 0 = leverage of site, which expresses the = leverage of site, which expresses the 
distance of the sitedistance of the site’’s basin characteristics from s basin characteristics from 
the center of the space defined by the the center of the space defined by the 
independent variables in the regressionindependent variables in the regression
Confidence limits directly related to the Confidence limits directly related to the 
magnitude of hmagnitude of h00

hh00 = = xx0 0 { { XXT T WW--1 1 X X }}--1 1 xx00
TT



hh00
 

= = xx00
 

{ { XXT T WW--1 1 X X }}--1 1 xx00
 

TT

xx00 = row vector of basin characteristics of site= row vector of basin characteristics of site
xx00

TT = column vector of basin characteristics of = column vector of basin characteristics of 
sitesite

xx00 = [ = [ log(Alog(A)  )  log(SHlog(SH)  )  log(SLlog(SL)  1 ])  1 ]
use only basin characteristics as applicable to use only basin characteristics as applicable to 
specific regression equation, plus 1 for the regression specific regression equation, plus 1 for the regression 
constantconstant



{ X{ XTT

 
WW--11

 
X }X }--11

 
= = 

covariance matrix of covariance matrix of 
regression model;regression model;

 lookup matrix from lookup matrix from 
Table 4Table 4

hh00
 

= = xx00
 

{ { XXTT
 

WW--11
 

X X }}--11
 

xx00
 

TT



Covariance matrix for Covariance matrix for 
Region 9 (25Region 9 (25--, 50, 50--, & , & 
100100--year recurrence year recurrence 
intervals) is missing intervals) is missing 
the last row for the the last row for the 
constant values; it constant values; it 
should be a 4 x 4 should be a 4 x 4 
matrix.matrix.

Check back with us Check back with us 
for corrected matrix.for corrected matrix.

Alert:  Table 4 ErrorAlert:  Table 4 Error



hh00
 

= = xx00
 

{ { XXT T WW--1 1 X X }}--1 1 xx00
 

TT

Remember matrix multiplication?Remember matrix multiplication?
hh00 = [A  B  C]= [A  B  C] 1  2  31  2  3 AA

4  5  64  5  6
 

BB
7  8  97  8  9

 
CC

A1  A2  A3A1  A2  A3
+B4  B5  B6+B4  B5  B6 [D  E  F][D  E  F] AA DADA
++C7C7

 
C8C8

 
C9C9

 
BB

 
==

 
+EB+EB

D   E    FD   E    F
 

CC
 

+FC+FC
hh00



log Qlog QTT
 

±±
 

tt((αα/2,n/2,n--p)p)
 

[s[s22(1+h(1+h00
 

)])]½½

Now have all input to compute confidence limits:Now have all input to compute confidence limits:
QQ100100

 

= 9350 = 9350 cfscfs
loglog

 
(9350) = 3.9708   (9350) = 3.9708   3.9708 3.9708 ±± 0.21240.2124

3.7584 3.7584 ≤≤
 

3.9708 3.9708 ≤≤
 

4.18324.1832
Now convert back to discharge by taking Now convert back to discharge by taking 

1010xx

 
of each value of each value 10103.7584 3.7584 ≤≤ 10103.9708 3.9708 ≤≤

10104.18324.1832

5730 5730 cfscfs
 

≤≤
 

9350 9350 cfscfs
 

≤≤
 

15,200 15,200 cfscfs



Computation of Confidence LimitsComputation of Confidence Limits

5730 5730 cfscfs ≤≤ 9350 9350 cfscfs ≤≤ 15,200 15,200 cfscfs
Predicted discharge QPredicted discharge Q100100 = 9350 = 9350 cfscfs
Lower confidence limit for QLower confidence limit for Q100100 is 5730 is 5730 cfscfs
Upper confidence limit for QUpper confidence limit for Q100100 is 15,200 is 15,200 
cfscfs

So what can you do with these So what can you do with these 
confidence limits?confidence limits?



I’m glad you asked…



Why Confidence Limits?Why Confidence Limits?

Use as check for other hydrologic methodsUse as check for other hydrologic methods
Fundamentally different approaches can be Fundamentally different approaches can be 
complimentarycomplimentary
Reflection in hydrologic design processReflection in hydrologic design process
Develop more complete picture for Develop more complete picture for 
judgment calljudgment call



General Hydrologic MethodsGeneral Hydrologic Methods
Stochastic (statisticallyStochastic (statistically--based) methodsbased) methods

Use real streamflow dataUse real streamflow data
Minimum consideration of basin characteristicsMinimum consideration of basin characteristics
Disadvantages Disadvantages ––

Inadequate Inadequate ““samplesample””
Lack of gage coverageLack of gage coverage
Inadequate period of recordInadequate period of record
Basin changes (urbanization)Basin changes (urbanization)
Basin regulation (dams or diversions)Basin regulation (dams or diversions)



General Hydrologic MethodsGeneral Hydrologic Methods
Deterministic methodsDeterministic methods

RainfallRainfall--runoff processrunoff process
UngagedUngaged basinsbasins
Basin changesBasin changes
Historic eventsHistoric events
Disadvantages Disadvantages ––

Validity of inputValidity of input
Standardized by practice/regulatory requirementsStandardized by practice/regulatory requirements



Common Methods

Stochastic models
Stream gage analysis methods
Regression equation methods

Deterministic models
Unit-hydrograph methods
Rational method



Hydrologic Method ComparisonHydrologic Method Comparison
Recommended in Recommended in Hydraulic Design ManualHydraulic Design Manual
Two or more methodsTwo or more methods
DonDon’’t simply be conservativet simply be conservative

More costlyMore costly
Unnecessary stream modificationsUnnecessary stream modifications
Undesirable environmental permittingUndesirable environmental permitting
Floodplain management concernsFloodplain management concerns
Upgrading adequate structureUpgrading adequate structure



Hydrologic Method ComparisonHydrologic Method Comparison

Stochastic method vs. deterministic methodStochastic method vs. deterministic method
““Real dataReal data”” model compliments rainfallmodel compliments rainfall--
runoff modelrunoff model
Typical to compare unitTypical to compare unit--hydrograph hydrograph 
approach with regression equationsapproach with regression equations
Regional regression equations as a checkRegional regression equations as a check



Computer ProgramsComputer Programs

Hydrologic methods are not computer Hydrologic methods are not computer 
programsprograms
TRTR--20, TR20, TR--55, HEC55, HEC--1, HEC1, HEC--HMSHMS

Popular programsPopular programs
All use unitAll use unit--hydrograph methodhydrograph method

Comparing results between these models is Comparing results between these models is 
not sufficientnot sufficient



Time for a brief 
illustration…



Bridge exampleBridge example

Consider proposed bridge replacement in Consider proposed bridge replacement in 
Travis CountyTravis County
Regional regression equation data:Regional regression equation data:

Drainage area = 16 square milesDrainage area = 16 square miles
Stream length = 9 milesStream length = 9 miles
Mean channel slope = 9 feet/mileMean channel slope = 9 feet/mile
Basin shape factor = 5.1Basin shape factor = 5.1



Bridge exampleBridge example

NRCS dimensionless unitNRCS dimensionless unit--hydrograph standard hydrograph standard 
application dataapplication data, using HEC, using HEC--1:1:

TPTP--40 rainfall depths40 rainfall depths
NRCS Type III, 24NRCS Type III, 24--hour stormhour storm
NRCS RCN = 82 (AMC II)NRCS RCN = 82 (AMC II)
TTcc = 4.0 hours; = 4.0 hours; lag time = 0.6Tlag time = 0.6Tcc



Comparing Comparing QQpeakpeak
 

ResultsResults

StormStorm
 

HECHEC--11
 

RegressionRegression
22--yryr

 
4360 4360 cfscfs

 
830 830 cfscfs

55--yryr
 

72657265
 

17501750
1010--yryr

 
84908490

 
24752475

2525--yryr
 

10,98010,980
 

34353435
5050--yryr

 
13,13013,130

 
41654165

100100--yryr
 

15,27515,275
 

49054905



Evaluating Evaluating QQpeakpeak
 

ResultsResults

Substantial difference in peak dischargeSubstantial difference in peak discharge
Regression equations based on 21 gages, but Regression equations based on 21 gages, but 
only 1 with basin characteristics similar to siteonly 1 with basin characteristics similar to site

LP III analysis indicates regression results low?LP III analysis indicates regression results low?
What about confidence limits?What about confidence limits?



HEC-1

RRE & 67% confidence



Revisit UnitRevisit Unit--Hydrograph Hydrograph 
ApplicationApplication

Initial assumed inputs based on Initial assumed inputs based on ““standard standard 
practicepractice””

Reflective of past performance?Reflective of past performance?
Alternative inputs?Alternative inputs?

Recent TxDOT hydrologic research findingsRecent TxDOT hydrologic research findings
Most appropriate for TexasMost appropriate for Texas



Alternative InputsAlternative Inputs

New rainfall depthsNew rainfall depths
New storm distributionNew storm distribution
Storm durationStorm duration
Loss modelLoss model
TTcc



HEC-1

RRE & 67% confidence

HEC-1 adjustment of lower RCN, front-end 
loaded storm, and longer Tc

Original HEC-1 Q25

 

= 10,980 cfs

Revised HEC-1 Q25

 

= 5950 cfs



SummarySummary

Compare two or more hydrologic methods Compare two or more hydrologic methods 
for significant drainage facilitiesfor significant drainage facilities
For existing facilities, review hydraulic For existing facilities, review hydraulic 
performance history of siteperformance history of site
Use engineering judgment & document all Use engineering judgment & document all 
analysesanalyses



David Zwernemann, P.E.David Zwernemann, P.E.
TxDOT Austin DistrictTxDOT Austin District

(512) 832(512) 832--70527052
dzwerne@dot.state.tx.usdzwerne@dot.state.tx.us

Questions?
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