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Outline 
�  Overview 

�  Methods Currently in Use 
�  Empirical, Dimensionless Hyetographs  

(Williams-Sether, 2004) 
�  Graphical Method 

�  Linear Interpolation 

�  Proposed Alternative Method 
�  Distribution Mixture Model 



Overview   
�  Empirical, Dimensionless, Cumulative Rainfall 

Hyetographs Developed for Selected Watersheds in 
Texas  

�  The graphical method for dimensional modeling found 
using the Texas Dimensionless Hyetographs is widely 
used but is limited with small or non-incremental time 
steps  

�  Two methods of  interpolation were explored  
�  Linear interpolation   
�  Distribution-mixture function 

�  TXHYETO.XLS, a provisional tool, was created  



Texas Dimensionless 
Hyetographs 

�  Texas-specific storm hyetographs were reported in 
Williams-Sether et. al. (2004) as a design storm tool for 
use in drainage design 

�  These hyetographs are limited because of  difficulty in 
“dimensionalizing” the tabulated hyetograph values for 
use in hydrologic software (SWMM/HECHMS) 

�  Difficulties in dimensionalizing is two-fold 
�  Tabulated values must be rescaled into dimensional values 

�  Dimensionalized tabulation time intervals may not 
correspond to the time intervals of  interest 



Texas Dimensionless 
Hyetographs 

�  Williams-Sether et. al. (2004) analyzed data from 
over 1,600 runoff-producing storms at 91 USGS 
streamflow-gauging stations in North and South 
Central Texas. 



Texas Dimensionless 
Hyetographs 

�  They developed empirical, dimensionless, 
cumulative-rainfall hyetographs.  

�  Storm-quartile classifications were determined 
using Huff  1967, and  1990 type classification 

 



Texas Dimensionless 
Hyetographs 

First- 
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�  A combined dimensionless family of  envelopes was 
produced  

�  Presented in both graphical and tabular form. 

�  Used to estimate distributions of  rainfall with time 
for Texas watersheds drainage areas of  <160 mi2.  

Texas Dimensionless 
Hyetographs 







Dimensionalization 
�  Requires the user to rescale the time and percent 

cumulative rainfall into actual durations and total storm 
depth. 

�  Engineer must determine the depth for a particular 
duration 
�  Various of  tools to do this in Texas: 

�  Asquith and Roussel (2004) and Asquith (1998) (DDF Atlas) 
�  Frederick et. Al (1997) 
�  Hershfield (1961)  (TP-40) 
�  EBDLKUP-NEW (a campanion product for this project) 

�  Examples of  tools elsewhere: 
�  NOAA Atlas 14 

 



Example of  Rescaling Axes   
�  Example 

�  Suppose a 4% chance (25 year) , 6 hour storm in 
Texas has an anticipated depth of  10 inches 
�  After rescaling, the horizontal axis would range from 0 to 

6 hours 

�  After rescaling, the vertical axis would range from 0 to 
10 inches 
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Alternative Method-Linear 
Interpolation   

•  An initial alternative method of  Linear Interpolation was 
explored using Excel 

•  Linear Interpolation takes specified values of  depth and 
duration, rescales them, and exports time and depth for 
time steps specified by user 

 
 
 
 
 



Linear Interpolation 
Methodology 

�  Input desired 
duration and 
depth 

�  Exports rescaled 
duration and 
depth to linear 
interpolation tab 



Methodology 
�  User chooses 

desired time 
step  

�  Reprogramming 
is necessary for 
different time 
steps 

 



Alternative Method-Distribution 
Mixture Model 

�  Linear interpolation method is situation specific 

�  Distribution-mixture model  
�  fits smooth functions to the tabulation values from 

Texas Dimensionless Hyetograph 
�  can be used to directly estimate time-depth pairs 
�  Time depth pairs can be directly input into computer 

based runoff  modeling software (SWMM/HECHMS) 



Distribution-Mixture Model 
�  Several candidate functions were explored based on the 

shape of  the 50th and 90th percentile curves 

�  A function built from a mixture of  two distributions was 
selected as the best fit functional form because it was 
able to reproduce the shape of  the dimensionless 
hyetographs over the entire range of  the dimensionless 
storm better than the other functions researched .   

�  The functional form was fit using a non-linear least-
squares approach where the difference between the 
model value and the tabulated value were minimized by 
changing the values of  the parameters   



Methodology 
�  Distribution-mixture function model 



Parameter Estimation 
�  The functional form was fit using a non-linear least-

squares approach.  

�  The difference between the model value and the 
tabulated values were minimized by changing the 
parameters. 

�  Excel Solver (GRG Algorithm) was used. 
�  Program defaults were used with initial estimates by 

trial-and-error  



Distribution-Mixture Model 
�  Comparison of  Williams-Sether tabulated values to 

distribution-mixture model function 



TXHYETO.XLS  



Comparison 

�  Compare the 
interpolation 
and 
distribution-
mixture model 
– less than 5% 
difference 



HEC-HMS Example 



HEC-HMS 
�  TXHYETO.XLS efficiently supplies design storms for 

Texas into HEC-HMS or SWMM 

�  Example for 6-hour storm with 15 min. increments  

 

 Input desired 
time increments 
(15 min. for this 
example) 



HEC-HMS 
�  The purpose of  the tool is to simplify supplying 

design storms for Texas into HEC-HMS or SWMM. 

 

Input desired 
storm duration  
(6-hour storm) 



HEC-HMS 

Input tabulated 
depths from 

TXHYETO.XLS 



HEC-HMS 



Conclusions 
�  The provisional tool, TXHYETO.XLS, 

dimensionalizes the Texas dimensionless 
hyetographs for use in rainfall-runoff  models 

�  Tool uses a distribution-mixture function to 
approximate the shape of  the Texas Dimensionless 
Hyetograph 

�  Distribution-mixture model utilized in 
TXHYETO.XLS replicates estimates made using 
linear interpolation with a relative error of  <5% 
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