








TABLE 3.3 (CONT’D.)

RELATIVE BIAS FOR EACH STATION USING
ANNUAL MAXIMUM 24-HOUR RAINFALL SERIES

STA. NO. METHOD LNO2 LNO3 PEAR3 LPEAR3 GUMBEL
MOM -0.01148 -0.01094 -0.01223  -0.01430  -0.01182
10 MLE -0.01338  0.00015 0.00322  -0.01566  -0.02264
POME -0.01338  0.00340 0.00426  -0.01212  -0.01096
MOM -0.01122  -0.01011 -0.01127  -0.01158  -0.01161
11 MLE -0.01227  0.00028 0.00338  -0.01297  -0.01958
POME -0.01227  0.00648  0.00428  -0.01269  -0.01089
MOM -0.00766 -0.01415 -0.01611  -0.01262  -0.00986
12 MLE -0.00919  0.00078 0.00242  -0.01143  -0.01425
POME -0.00918  0.00293  0.00378  -0.01125  -0.00873
MOM -0.00761 -0.01065 -0.01207 -0.01001  -0.00983
13 MLE -0.00868  0.00057 0.00277  -0.01047  -0.01419
POME -0.00867  0.00295 0.00376  -0.00793  -0.00918
MOM -0.01355 -0.02654 -0.01056  -0.02271  -0.01264
14 MLE -0.01613  0.00057 0.00415  -0.01938  -0.01811
POME -0.01612  0.000413 0.00499  -0.01520  -0.00960
MOM -0.00732 -0.00525 -0.00565  -0.00563  -0.00999
15 MLE -0.00724 -0.00021  0.00201  -0.00782  -0.01026
POME -0.00724  0.00219 0.00326  -0.00818  -0.01010
MOM -0.01481 -0.01313 -0.01479  -0.02425  -0.01316
16 MLE -0.01997  0.00044  0.00359  -0.02310  -0.03728
POME -0.01996  0.00346  0.00475  -0.01841  -0.01157
MOM -0.00373 -0.00302 -0.00318  -0.00432  -0.00805
17 MLE -0.0038% -0.00034 0.00151  -0.00582  -0.00763
POME -0.00380 -0.00476  0.00206  -0.00651  -0.00825
MOM -0.01062 -0.00934 -0.01031  -0.00638  -0.01162
18 MLE -0.00970  0.00022  0.00235  -0.00829  -0.01349
POME -0.00970  0.00299  0.00397  -0.00917  -0.01127
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TABLE 3.3 (CONT’D.)

RELATIVE BIAS FOR EACH STATION USING
ANNUAL MAXIMUM 24-HOUR RAINFALIL SERIES

STA. NO. _METHOD LNO2 LNO3 PEAR3 LPEAR3 GUMBEL
MOM -0.00513 -0.00246 -0.00264  -0.00478  -0.00840
19 MLE -0.00532  0.00043  0.00210 -0.00649  -0.01007
POME -0.00532  0.00239 0.00310  -0.00680  -0.00856
MOM -0.01078 -0.01243 -0.01396  -0.01968  -0.01190
20 MLE -0.01349  0.00040  0.00201  -0.01594  -0.02740
POME -0.01349  0.00308 0.00377  -0.01249  -0.01064
MOM -0.00472  -0.00420 -0.00454  -0.00669  -0.00819
21 MLE -0.00534  0.00062 0.00213  -0.00770  -0.01167
POME -0.00534 0.00235 0.00297  -0.00495  -0.00808
MOM -0.01200 -0.01567 -0.01787  -0.02101  -0.01237
22 MLE -0.01500 0.00025 0.00268  -0.01804  -0.02739
POME -0.01500  0.00310  0.00416  -0.013%0  -0.01078
MOM -0.00588 -0.00465 -0.00504  -0.00664  -0.00885
23 MLE -0.00641  0.00068  0.00202  -0.00779  -0.01192
POME -0.00640 0.00265 0.00329  -0.00585  -0.00875
MOM -0.00932 -0.01072 -0.01207 -0.01413  -0.01070
24 MLE -0.01138  0.00065 0.00289  -0.01386  -0.02167
POME -0.01138  0.00316 0.00405  -0.01042  -0.00981
MOM -0.001100 -0.02246 -0.01821  -0.02674  -0.01150
25 MLE -0.01466  0.00090  0.00310  -0.01712  -0.02635
POME -0.01465  0.00357 0.00447 -0.01394  -0.00876
MOM -0.00440  0.00071 0.00069  -0.00003  -0.00798
26 MLE -0.00352 -0.00160 0.00196  -0.00307  -0.00230
POME -0.00351 -0.00061  0.00275  -0.00375  -0.00866
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TABLE 3.4

AVERAGE RELATIVE BIAS FOR 26 STATIONS FOR 24-HOUR ANNUAL

MOM

MLE

POME

MAX
AVG
MIN

MAX
AVG
MIN

MAX
AVG
MIN

MAXIMUM RAINFALL SERIES

LNO2 LNO3 PEAR3 LPEAR3 GUMBEL,
-0.00373 0.00071  0.00069 -0.00003 -0.00772
-0.00855  -0.00918 -0.00924 -0.01181 -0.01033
-0.01481  -0.02654 -0.01821 -0.02674 -0.01316
-0.00352 0.00090  0.00415 -0.00307 -0.00230
-0.00992 0.00029  0.00255 -0.01169 -0.01750
-0.01997  -0.00160 0.00151 -0.02310 -0.03728
-0.00351 0.00413  0.00499 -0.00375 -0.00802
-0.00992 0.00232  0.00370 -0.00978 -0.00964
-0.01996  -0.00476  0.00206 -0.01841 -0.01157
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CHAPTER 4

DEVELOPMENT OF THE 24-HOUR ISOHYETAL MAPS

4.1 INTRODUCTION

One of the objectives of this project was to develop 24-hour isohyetal maps for Louisiana for
various return periods. These isohyetal maps are useful for hydrologic design, urban
development, soil conservation, highway development, etc. The estimated 24-hour rainfall
quantiles were obtained at all 26 stations using LPEAR3 distribution in conjunction with the
WRC-recommended estimation method (MOM).

4,2 DEVELOPMENT OF ISOHYETAL MAPS

Rainfall quantiles for the 26 stations for 11 durations (1 through 96 hours) were computed using
LPEAR3 distribution with the MOM estimation method. These values are represented in Tables
4.1 through 4.11. Since the observed data sets may contain various errors (which will be
discussed in Chapter 6), and may have various lengths of missing records, the estimated
quantiles would inevitably contain errors and uncertainties. It was observed that the computed
quantiles often changed abruptly from one station to another. Therefore, proper care must be
taken for drawing the isohyetal maps. Several rules were devised to make these drawings

meaningful.

First, the means of the quantile values were computed from each one-degree quadrangle of
latitude and longitude, as shown in Table 4.12, to filter out possible random errors. The
"initial” 24-hour isohyetal curves for various return periods were drawn based on these mean
values. However, many other types of errors exist which may render the “initial" isohyetal
curves unacceptable. As a result, these curves have no distinct pattern and sometimes even

intersect each other. To improve the "initial” curves, the following rules were applied:

1. If a station quantile in a one-degree quadrangle deviates from its mean by three standard

deviations, that quantile was eliminated from the computed data set.
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2. If only one or two stations existed in a one-degree quadrangle, adjacent station values

were used to compute the mean value.

3. If a station is located between two adjacent one-degree quadrangles, the quantile at that

station was used in computations by both one-degree quadrangles.

4. At the corner quadrangles where the trend of the isohyetal lines were unclear, nearby

individual station values were given higher importance than average values.

5. When the isohyetal curves changed drastically in a small local area, the curve was
modified based on the nearby curve pattern, geographical and climatological conditions,
or the reliability of the nearby station data. This was necessary to provide smooth
transitions for the isohyetal curves. The final 24-hour isohyetal curves for the return
periods T = 2, 5, 10, 25, 50, and 100 years, were drawn based on the above rules, and

are shown in Figures 4.1 through 4.6.

4.3 COMPARISON OF THE NEW MAPS AND TP-40

A comparison was made between the newly-developed isohyetal maps (“newmap") and TP-40
for the return periods of 2, 5, 10, 25, 50 and 100 years. The average MSE and BIAS defined
by Equations (3.71) and (3.72) were used for the comparison. MSE and BIAS were computed
using values from each map at the corresponding stations. Tables 4.13 through 4,18 give the
results of the comparison between the TP-40 and the "newmap." The "observed" values are the
predicted quantiles from the observed data using LPEAR3-MOM. In general, for return periods
of less than or equal to 25 years, the newly-developed isohyetal maps are superior to the TP-40
maps in terms of both MSE and BIAS. For return periods of 50 and 100 years, the newly-
developed maps are significantly superior to the TP-40 maps in terms of MSE, but have slightly
larger BIAS.

On the average, for all of the 26 synthesized stations corresponding to six return periods, the

new maps reduced the MSE by 58 percent and the BIAS by 80 percent, as compared to the TP-
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40 maps. Thus, the new isohyetal maps greatly improved the accuracy of the old maps based

on the available observed station data.
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CHAPTER 35
DEVELOPMENT OF I-D-F CURVES

5.1 INTRODUCTION

The rainfall I-D-F curves are essential tools for design and evaluation of hydraulic structures
where a rainfall-runoff model is used. For any rainfall duration and return period (or
probability), one can obtain the corresponding rainfall intensity (inches/hour) from the I-D-F
curves. The I-D-F curves or models were developed for all 26 stations from the rainfall-
intensity quantiles generated using LPEAR3 distribution and the WRC-recommended moment

method of parameter estimation.

5.2 DEVELOPMENT OF I-D-F CURVES

At each synthesized station, the 1-, 3-, 6-, 12-, 24-, 36-, 48-, 60-, 72-, 84- and 96-hour
quantiles for six return periods (T = 2, 5, 10, 25, 50 and 100 years) were calculated by the
computer programs discussed in Chapter 2. The corresponding rainfall-intensity quantiles for
the above eleven durations and six return periods were also generated using the LPEAR3
distribution in conjunction with the WRC-recommended moment method of parameter
estimation. With these computed intensity quantiles for the five durations at each station for
each return period, one can fit a model using a non-linear least squares method. The SAS (21)
non-linear regression routine was used to fit a model to the computed quantiles. Several models

were tested and the following three-parameter non-linear model was selected.
I=a(D+b° (5.1

where a, b and ¢ are three constant parameters, I is the rainfall intensity (LT™) for a given return

period and D is the rainfall duration (T).

Figures 5.1 and 5.2 show the fitting of three@arameter I-D-F model to the computed values
obtained from LPEAR3-MOM and the corresponding for stations number 1 and 24, respectively.

The parameters at each station and for different return periods for all 26 stations are given in
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Tables 5.1 through 5.6. The parameters changed a great deal from station to station within a
given return period. This variation of parameters got larger for higher return periods. This is
because errors in the observations increase as the return period is increased. Thus, the I-D-F
curves or regression models developed for each single station only represent the estimate of the
intensity quantile for a given duration and return period for the immediate vicinity of that station
rather than the region. For design purposes, parameters for the station closest to the site should

be used with Equation (5.1) to estimate rainfall intensities.
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S(§) = asy $ G Sy) (6.30)
and for only parameter G,:
8(G,) = [( 32 il G G Gg,)) 1" (6.31)

The partial derivatives with respect to each parameter can be carried out by using Equations
(6.15) and (6.18):

af

2o EXP(Y +KS,) (6.32)
ay
a = K EXP(V +KS,) (6.33)
= §, EXP(V +KSy)— § EXP(Y +KS,) [— +f-ﬂ(q,/6)
G\, G, (6.34)

- Elq, 67 + 2, /6 + 3 (6, /61" )

where t can be computed from Equation (6.20).

Based on the estimated parameters from the annual maximum 24-hr rainfall at station 1 for a

return period of 50 years by using method of moments, the coefficient of variance for the 50-
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year quantile was calculated when the coefficient of variance of each parameter, changed from

-1 to +1. The estimated parameters were § = 1.558, S, = 0.3772, G, = 0.5366, and estimated
quantile X5, = 11.44 inches. Computed results are plotted and shown in Figure 6.1. Output
responses to different estimated parameter values are shown in Figures 6.2 through 6.4. It is
seen from these figures that the output error is most sensitive to errors in parameter y and
secondarily sensitive to parameter S,, but less sensitive to parameter G,. Fortunately, the ranks
of accuracy in estimating these three parameters are in reverse order of the sensitivity analysis,
That is why the moment method of parameter estimation based on the log-transformed data often

yields better results.

6.4 FIRST-ORDER ANALYSIS OF UNCERTAINTY FOR RAINFALL-RUNOFF MODELS
Many models have been developed to represent surface runoff as a function of rainfall. One of

the most simple yet popular models is the SCS model (25):

[P-02(22-10)f

P+0.8(%9-10)*

(6.35)
200 . 2
(P 'a + 2)
= 800
p+5% g
CN

where P is the rainfall input (inches), Q is the surface runoff depth (inches), and CN is a
dimensionless parameter with a value varying from 55 to 98.
Using the equations derived in Section 6.2 for the first-order uncertainty analysis, one can

express the variance of Q in terms of the error in the input variable P and parameter CN,

v@ - EENf vy + PRIy o) (6.36)
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From Equation (6.35)

2P 42 P-4
af(P,CN) _ N = 7 (6.37)
oF p+80 g P02 g
TN TN
and
400 (P - 22 + 2) P42
3f(P.CN) _ ON ), 80, TN g (6.38)
aCN = 800 =2 = | 800
Ny (P+—-8 ([CN) P+=—-8
TN CN

The coefficient of variation for the runoff can be expressed as a function of the coefficient of
variation in input variable P and model parameter CN,

G, @ =—"— (ZCNp ¢, ) + @TECN)

— 2 .05
— S O G, (CN)F ] (6.39)
(P, CN)

If the standard error of the output is caused only by the input error in P, then Equation (6.39)
may be written as

s, (P) =J [ﬂ(_g’l:,@)? G, PF (6.40)

Similarly, if the standard error of Q is caused only by the error in parameter estimation,
Equation (6.39) becomes
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_ | (81P,CN) =
$,(CN) _J [_gT:N”) N G (NI (6.41)

Since CV(P) and CV(CN) represent the relative error of input P and of parameter CN, it is clear
that the magnitude of the standard error in output Q linearly depends on the relative error in the
input variable and the parameter. The relative importance of the input and the parameter to the
contribution of the standard error in output depends on the estimated value CN, observed value

P, and their derivatives.

The relative error of output Q in response to the relative error in input P and relative error in
parameter CN are calculated over four sets of P and CN values. These results are plotted on
Figures 6.5 through 6.7. These plots show that the output is almost equally sensitive to both
the input component P and the parameter CN. Therefore, both P and CN must be obtained with

great accuracy.
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