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Determination of Updated Precipitation Depth Duration
Frequency-values after Tropical Storm Allison

Introduction

Precipitation depths for selected return periods have been determined for Houston
and Harris County several times in the past. The determination of a precipitation depth
for design purposes has previousily been based on a study by the National Weather
Service (NWS) (Technical Paper 40 (TP 40), Hershfield, 1962). Hershfield determined
values in this area from afew NWS rain gages. His techniques were based on the use of
the Gumbel probability distribution function to determine precipitation depths for various
durations and frequencies at locations with rain gages. Hershfield then developed
isohyetal contours of equal rainfall that were plotted on maps for determination of values
at locations without rain gages.

A study completed by the U.S. Geological Survey (USGS) employed more up to
date techniques as well as a more lengthy period of available data (Asquith, 1998).
Asquith first investigated different probability distributions for data in Texas. He
investigated the Generalized Extreme-value (GEV) distribution as well as the
Generalized Logistic (GLO) distribution as these distributions had been suggested by
others as more appropriate than Gumbel. Asguith concluded that the GL O distribution
was best for Texas for durations ranging from 15- minutes to 24- hours whereas the GEV
distribution was best for durations ranging from 1-day to 7-days. His study used only
NWS rain gages. For the Houston areg, this meant that only 4-rain gages were used.
Asquith determined his values using the more recent technique of computed L- moments
(Hosking and Wallis, 1993; Hosking and Wallis, 1997; Rao and Hamed, 2000). Asquith,
also, developed maps of required L- moment parameters so that precipitation depth
duration frequency (PDDF) values could be determined for sites other than locations of
rain gages.

The Tropical Storm Allison Recovery Project (TSARP) applied Asquith’s results
and included a summary of PDDF values available for Houston (TSARP Hydrology Issue
Papers No.1, 2002). The TSARP results, USGS Map, are based on Asquith’s maps and
do not include Tropical Storm Allison (TSA).

This analysis, TSA Update, relies on the techniques developed by Asquith and
extends his results by (1)increasing the number of rain gages used for the area,
(2)increasing the length of record analyzed, and (3)including Tropical Storm Allison in
the data analyzed. The impact of Tropical Storm Allison isillustrated by comparing
values determined with and without TSA included in the data base. A comparison is
made between PDDF values resulting from the three methods. TP 40, USGS Map and
TSA Update. The PDDF values for TSA Update are compared to an upper bound of
PDDF values established for this analyss.
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Approach

The approach for the determination of revised PDDF values for this analysis
consist of the following steps: (1) Determine arain gage network. (2) Select durations to
be used and compute maximum annual precipitation depths for those. (3) Compute the L-
moment parameters for the GLO distribution for the selected rain gages. (4) Determine
the PDDF values for the selected frequencies using only local values of the Tau3
parameter. (5) Determine the PDDF values for the selected frequencies using a regional
value for Tau3. (6) Finally, determine the final PDDF values.

This report also includes a comparison between PDDF values determined for this
analysis, TSA Update, and the previousily determined PDDF values, TP 40 and USGS
Map. TSA Update values are also compared to an upper bound of values determined for
the rain gage network. In additions, an hourly distribution of precipitation depthsis given
in which each of the selected durations yield depths equal to the TSA Update 100-year
values.

Determination of Updated Precipitation Depth Duration
Frequency-values

The gage network consisted of NWS gages, and joint USGS and Harris County
Office of Emergency Management (HCOEM) gages. The network was then limited by
determining the longest period of record where the most gages were available. This
reduced the number of gagesto 11; each of which was analyzed over a common period of
record that began in 1970. It is of interest to note that all but two of these gages are
located in the HCFCD Region 2 (TSARP, 2002). Table 1 lists the rain gages used for the
network. Figure 1 shows the location of these gages in Harris County.

The selected durations were as follows: 1-hour, 3-hours, 6-hours, 12- hours and
24-hours. As noted previousily, Asquith suggested use of the GLO distribution for these
durations. Annual maximum values for the period 1970 thru 2001 (includes Tropical
Storm Allison) were determined by LJA Engineering.

PDDF values are determined from the GLO distribution by using the L- moment
method. The L-moments, L1, L2 and Tau3, are probability-weighted estimates analogous
to the product moments (mean, standard deviation and skew). These were computed for
the selected rain gage network for each of the durations. Vaues for Tau3 computed for
the observed data are referred to as “local” values. “Regiona” values of Tau3 were also
computed by using the maps prepared by Asquith.

PDDF vaues using local Tau3 are shown in table 2. The 24- hour 100-year
precipitation depth is determined to be 14.23 inches. The inclusion of TSA increases the
value by 1.59 inches.

The use of regional Tau3-valuesis similar to the use of aregiona skew valuein
determining flood flows using a Log Pearson Type 11 distribution. PDDF values using
regional Tau3 are shown in table 3. The 24-hour 100-year precipitation depth is
determined to be 13.55 inches. The inclusion of TSA increases the value by 1.01 inches.

An analysis was performed which showed that not only Tau3 but also L1 and L2
computed for the 11-sites on the network were in close agreement with map values
shown by Asquith. Thus, it was assumed that each set of values were equally likely of
occurring. Therefore, afinal set of PDDF values was computed as the weighted (average)
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of the values determined using local Tau3 and regional Tau3. These results are shown in
table 4. Thistable shows that the 24- hour 100-year precipitation depth for Houston is
13.89 inches when this approach is followed. Note that the inclusion of Tropical Storm
Allison in the data set increases the value by 1.30 inches. These values shown in Table 4,
for the period 1970 thru 2001, are considered the updated PDDF values after Tropical
Storm Allison.

Comparison of Precipitation Depth Duration Frequency-values

The final PDDF vaues determined for this analysis, TSA Update, are compared
to those determined for previous studies, TP 40 and USGS Map. Previousto Tropical
Storm Allison, the values from TP 40 were used for design purposes in Harris County.
The values determined by applying the map values from Asquith (1998) have been
suggested as possible replacement values for PDDF (TSARP, 2002).

Table 5 shows a comparison between TP 40 and TSA Update. PDDF values for
TP 40 are higher for al frequencies for the 1-hour duration, and for al durations at or
below a 25-year recurrence interval. TSA Update determines PDDF values for the 3- hour
through 24-hour duration at the 50- and 100- year recurrence intervals that are higher than
TP 40. These increased precipitation depths range from 0.03 inches for 3- hour 50-year
recurrence interval to 1.73 inches for the 12-hour 100-year recurrence interval. The TSA
Update PDDF value for the 24-hour 100-year recurrence interval is 1.29 inches greater
than the similar value from TP 40.

Table 6 shows a comparison between USGS Map and TSA Update. Table 6
shows that PDDF values for all durations and al recurrence intervals less than and equal
to 10-years are within 0.25 inches. The PDDF values from TSA Update are always equal
or higher for al durations for recurrence intervals greater than or equal to 50- years. These
increased precipitation depths range from 0.00 inches for 1- hour 50-year recurrence
interval to 4.04 inches for the 12- hour 500- year recurrence interval. The TSA Update
PDDF value for the 24-hour 100-year recurrence interval is 0.67 inches greater than the
smilar value from USGS Map.

Figure 2 illustrates the differences in the 100-year recurrence interval values
between the three methods of computation. The increase in the 100-year recurrence
interval values for TSA Update is consistent, except for the 1-hour duration, when
compared to TP 40 and USGS Map values. TSA Update values for the 3-hour through
24-hour durations are greater by arange of 0.48 inches for the 3- hour duration to 1.73
inches for the 12-hour duration. The TSA Update 100-year value for the 24- hour duration
is 1.29 inches greater than the TP 40 100-year value and 0.67 inches greater than the
USGS Map 100- year value.

Similarly, Figure 3 shows this difference for the 500-year recurrence interval
when comparing the current study, TSA Update, to USGS Map values. The increase in
the 500-year recurrence interval values for TSA Update compared to the USGS Map
values ranges from 0.33 inches for the 1-hour duration to 4.04 inches for the 12-hour
duration. . The TSA Update 500-year value for the 24-hour duration is 2.67 inches
greater than the USGS Map 500-year value.
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TSA Update does provide consistently higher PDDF values for recurrence
intervals greater than 25-years and durations greater than 1-hour when compared to TP
40. The differences between TSA Update and USGS Map values are not particularly
significant for recurrence intervals less than 10- years; however, TSA Update does show
consistently higher values, from 0.06 inches to 4.04 inches, for all durations for
frequencies greater than or equal to the 100-year recurrence interval.

Comparison of Precipitation Depth Duration Frequency-values
to Upper Bound

An attempt was made to determine a comparison between the TSA Update PDDF
values and an upper bound of these PDDF values for this area. 1deally, computation of
confidence limits would be done. However, this involves computation of a standard error
for the L- moments of the GLO distribution. Rao and Hamed (2000) states that such a
computation is not a simple computation, involving numerical approximation techniques,
and is not currently available in the literature. Thus, it was decided to determine an upper
bound for comparison. An upper bound of PDDF values was determined for the rain gage
network. The maximum value across the network was computed for each available year
of data, 1970-2001, for each of the selected durations. These computations assume that
since these maximum values occurred at a location in the network, then they are
representative of maximum precipitation depths possible within the network. L- moments
were computed for each of the durations. PDDF values were computed for the local Tau3
value only.

A comparison of the TSA Update PDDF values and the computed upper bound
values are shown Figure 4 for the 500- and 100-year recurrence intervals. Table 7 shows
a comparison of these values. The upper bound values are greater for al durations and all
recurrence intervals ranging from 1.13 inches greater for the 1- hour 2-year value to 5.41
inches greater for the 12-hour 500- year value. The 24-hour 100-year TSA Update value is
4.83 inches lower than this upper bound value.

Conclusion

The determination of PDDF values presented by this report indicates that the
PDDF vaues used for design purposes in Harris County should be changed. The
suggested PDDF values are summarized in table 8. While values determined by using
map values found in Asquith (1998), USGS Map, are similar, the values from TSA
Update are consistently equal or higher for all durations and all recurrence intervals
greater than 50-years. The comparison of the TSA Update PDDF values to the upper
bound values indicate that the TSA Update values are not extreme. It is recommended
that those values determined for this analysis and presented as the TSA Update values,
table 8, be used as replacement PDDF values in Harris County.

This recommendation is based on the fact the values determined for this analysis
are the results of the analysis of actual observed data. Thus, the computed L- moments
required for the GLO distribution are determined from real data, and the values are
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determined by a computational method that is not subject to interpretation. This means
that the values computed for the L-moments may be reproduced. The selection of L-
moments from amap is subject to interpretation of the selector and thus different
individuals may not reproduce identical values. However, the fact that the PDDF values
determined by the two methods, TSA Update and USGS Map, are relatively close isa
good indicator. Thus, confidence can be placed in the recommended TSA Update PDDF
values because of their similarity to those determined by applying Asquith’s map values.

In addition to the recommended revised PDDF values of table 8, table 9 is
preserted. Table 9 presents a suggested hourly distribution of precipitation depths for a
24-hour 100-year storm event. The suggested values of table 9 produce precipitation
depths for the 1-, 3-, 6-, 12- and 24-hour durations that are equal to the 100-year
recurence interval precipitation depths of table 8.

Page5 of 6



References

Asquith, W.H., 1998, Depth-Duration Frequency of Precipitation for Texas:
U.S. Geological Survey Water-Resources Investigation Report 98-4044, 107 p.

Hershfield, D.M., 1962, Rainfall Frequency Atlas of the United States for Durations from
30 minutes to 24 hours and Return Periods from 1 to 100 Years: U.S. Weather
Bureau Technica Paper 40, Washington, D.C., May 1961, 61 p.

Hosking, JR.M. and Wallis, J.R., 1993, Some Satistics Useful in Regional Frequency
Analysis: Water Resources Research, v.29, no.2, p.271-281.

Hosking, JR.M. and Wallis, JR., 1997, Regional Frequency Analysis— An Approach
Based on L-Moments: Cambridge University Press, 224 p.

Rao, A.R. and Hamed, K.H., 2000, Flood Frequency Analysis. CRC Press, 350 p.

Tropical Storm Recovery Project, 2002, Recommendations for Rainfall Amountsin
Harris County” , Dodson & Associates, Inc., Hydrology Issue Papers No. 1, 3p.

Prepared by: Fred Liscum, Ph.D., P.E.
PBS&J
July 30, 2002
Version 2: August 14, 2002

Page 6 of 6



FIGURES






Figure 2: Comparison of Precipitation Depth Duration Frequency Curves for 100-Year
Recurrence Interval between Current Study, TSA Update, USWB Technical Paper 40, TP 40,
and USGS WRI 98-4044, USGS Map
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Figure 3: Comparison of Precipitation Depth Duration Frequency Curves for 500-Year
Recurrence Intervals between Current Study, TSA Update, and USGS WRI 98-4044, USGS Map
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Figure 4: Comparison of Precipitation Depth Duration Frequency Curves for the 500- and 100-
Year Recurrence Intervals between Current Study, TSA Update, and Computed Upper Bounds
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Table 1. List of Rain Gages Used

HCOEM
Gage

590
580
480
380
320
840
1670
1660

NWS
Gage

4300
4311
4309

USGS
Gage

8074150
8074250
8074800
8075400
8075650
8075770
8075780
8075900

USGS
Gage

20R
32R
33R

Gage Name

Cole Creek @ Deihl Rd.

Brickhouse Gully @Costa Rica St
Keegans Bayou @ Roark Rd

Sims Bayou @ Hiram Clarke St
Berry Bayou @ Forest Oaks St
Hunting Bayou @ IH 610

Greens Bayou @ Cutten Rd
Greens Bayou @ US Hwy 75(IH 45)

Gage Name

Houston WSO Airport
Houston - Alief
Houston - Addicks

LATitude
(DDMM)

2951
2950
2939
2937
2941
2948
2957
2957

LATitude
(DDMM)

2959
2943
2946

LONGitude
(DDDMM)

9529
9528
9534
9527
9515
9516
9531
9525

LONGitude
(DDDMM)

9522
9536
9539

Years Site
online

37
37
38
38
38
38
37
36

Years Site
online

32
38
59

Begin
Year

1965
1965
1964
1964
1964
1964
1965
1966

Begin
Year

1970
1964
1943

End Year

2001
2001
2001
2001
2001
2001
2001
2001

End Year

2001
2001
2001



Table 2 Comparison of Precipitation Depth-Duration Frequency Values computed with and without Tropical Storm Allison
Precipitation Depths determined by computing the Network Average for each Duration and each Recurrence Interval
Values for each individual rain gage computed using gage value for L1, L2 and Tau3.
Precipitation Depths, inches Precipitation Depths, inches Differences in Precipitation Depths, inches
determined for Period from 1970 to 2001 determined for Period from 1970 to 2000 when including 2001 to when excluding
Recurrence Durations Durations Durations
Exceedance Interval
Probability vears ' 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour
0.5 2 1.79 2.58 3.07 3.54 4.13 1.78 2.56 3.02 3.50 4.07 0.02 0.03 0.05 0.04 0.05
0.2 5 2.36 3.51 4.27 5.06 5.90 2.31 3.41 4.13 4.86 5.69 0.04 0.11 0.14 0.20 0.21
0.1 10 2.76 4.23 5.24 6.33 7.31 2.70 4.05 5.00 5.92 6.94 0.06 0.19 0.24 0.41 0.38
0.04 25 3.34 5.35 6.80 8.39 9.56 3.25 5.00 6.36 7.56 8.84 0.09 0.34 0.44 0.83 0.72
0.02 50 3.84 6.36 8.29 10.37 11.66 3.72 5.86 7.61 9.05 10.58 0.12 0.50 0.68 1.32 1.08
0.01 100 4.40 7.58 10.13 12.85 14.23 4.26 6.86 9.12 10.83 12.65 0.15 0.72 1.00 2.01 1.59
0.004 250 5.28 9.59 13.27 17.12 18.57 5.09 8.49 11.64 13.76 16.03 0.19 1.10 1.64 3.37 2.54
0.002 500 6.07 11.49 16.37 21.36 22.77 5.84 9.99 14.03 16.50 19.20 0.23 1.50 2.34 4.86 3.57
Prepared by: Fred Liscum, PE, PBSJ lofl Aug. 13, 2002



Table 3 Comparison of Precipitation Depth-Duration Frequency Values computed with and without Tropical Storm Allison
Precipitation Depths determined by computing the Network Average for each Duration and each Recurrence Interval
Values for each individual rain gage computed using gage value for L1, and L2 and a Regional Tau3 from Asquith (1998).
Precipitation Depths, inches Precipitation Depths, inches Differences in Precipitation Depths, inches
determined for Period from 1970 to 2001 determined for Period from 1970 to 2000 when including 2001 to when excluding
Recurrence Durations Durations Durations
Exceedance Interval
Probability vears ' 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour
0.5 2 1.81 2.64 3.13 3.65 4.20 1.79 2.58 3.06 3.52 4.08 0.02 0.06 0.08 0.12 0.12
0.2 5 2.38 3.58 4.36 5.21 6.00 2.33 3.44 4.17 4.89 5.71 0.04 0.14 0.19 0.33 0.29
0.1 10 2.77 4.26 5.30 6.41 7.38 2.71 4.07 5.02 5.93 6.95 0.06 0.20 0.28 0.48 0.42
0.04 25 3.31 5.26 6.72 8.23 9.46 3.23 4.97 6.32 7.52 8.85 0.09 0.29 0.40 0.71 0.62
0.02 50 3.76 6.11 8.00 9.86 11.34 3.65 5.75 7.48 8.94 10.54 0.10 0.36 0.52 0.92 0.80
0.01 100 4.25 7.08 9.51 11.78 13.55 4.12 6.64 8.85 10.61 12.54 0.12 0.44 0.66 1.17 1.01
0.004 250 4.97 8.58 11.92 14.87 17.10 4.82 8.01 11.05 13.30 15.75 0.15 0.58 0.87 1.56 1.35
0.002 500 5.59 9.91 14.15 17.72 20.38 5.41 9.22 13.08 15.79 18.71 0.18 0.69 1.07 1.93 1.66
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Table 4 Comparison of Precipitation Depth-Duration Frequency Values computed with and without Tropical Storm Allison
Precipitation Depths determined by computing the Weighted Average as the Average of the (1) Using Local Tau3 -values and (2)
Using Regional Tau3 for each Duration and each Recurrence Interval
Precipitation Depths, inches Precipitation Depths, inches Differences in Precipitation Depths, inches
determined for Period from 1970 to 2001 determined for Period from 1970 to 2000 when including 2001 to when excluding
Recurrence Durations Durations Durations
Exceedance Interval
Probability vears ' 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour
0.5 2 1.80 2.61 3.10 3.59 4.16 1.78 2.57 3.04 3.51 4.08 0.02 0.04 0.06 0.08 0.09
0.2 5 2.37 3.55 4.31 5.14 5.95 2.32 3.42 4.15 4.87 5.70 0.04 0.12 0.16 0.26 0.25
0.1 10 2.76 4.25 5.27 6.37 7.35 2.70 4.06 5.01 5.93 6.95 0.06 0.19 0.26 0.44 0.40
0.04 25 3.33 5.30 6.76 8.31 9.51 3.24 4.99 6.34 7.54 8.85 0.09 0.31 0.42 0.77 0.67
0.02 50 3.80 6.24 8.14 10.12 11.50 3.69 5.81 7.55 9.00 10.56 0.11 0.43 0.60 1.12 0.94
0.01 100 4.32 7.33 9.82 12.31 13.89 4.19 6.75 8.99 10.72 12.59 0.13 0.58 0.83 1.59 1.30
0.004 250 5.13 9.08 12.60 16.00 17.84 4.96 8.25 11.34 13.53 15.89 0.17 0.84 1.26 2.47 1.94
0.002 500 5.83 10.70 15.26 19.54 21.57 5.62 9.61 13.55 16.14 18.96 0.21 1.09 1.71 3.40 2.61
Prepared by: Fred Liscum, PE, PBSJ lofl Aug. 13, 2002



Table 5 Comparison of Precipitation Depth-Duration Frequency Values between TSA Update and TP 40
Precipitation Depths from Current Study, TSA Update, and U.S. Weather Bureau Technical Paper 40, TP40
Precipitation Depths, inches Precipitation Depths, inches Differences in Precipitation Depths, inches
determined for Current Study, TSA Update determined for TP 40 between TSA Update values and TP40 values
Recurrence Durations Durations Durations
Exceedance Interval
Probability vears ' 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour
0.5 2 1.80 2.61 3.10 3.59 4.16 2.02 2.73 3.34 3.78 4.40 -0.22 -0.12 -0.24 -0.19 -0.24
0.2 5 2.37 3.55 4.31 5.14 5.95 2.70 3.90 4.68 5.65 6.62 -0.33 -0.35 -0.37 -0.51 -0.67
0.1 10 2.76 4.25 5.27 6.37 7.35 3.15 4.77 5.78 6.79 8.32 -0.39 -0.52 -0.51 -0.42 -0.98
0.04 25 3.33 5.30 6.76 8.31 9.51 3.72 5.51 6.74 8.37 9.70 -0.39 -0.21 0.02 -0.06 -0.19
0.02 50 3.80 6.24 8.14 10.12 11.50 4.14 6.21 7.64 9.37 11.00 -0.34 0.03 0.50 0.75 0.50
0.01 100 4.32 7.33 9.82 12.31 13.89 4.55 6.85 8.57 10.58 12.60 -0.23 0.48 1.25 1.73 1.29
Prepared by: Fred Liscum, PE, PBSJ lofl Aug. 13, 2002



Table 6

Comparison of Precipitation Depth-Duration Frequency Values between TSA Update and USGS Map

Precipitation Depths from Current Study, TSA Update, and USGS WRI 98-4044 (Asquith, 1998), USGS Map

Precipitation Depths, inches
determined for Current Study, TSA Update

Precipitation Depths, inches
determined for USGS Map

Differences in Precipitation Depths, inches
between TSA Update values and USGS Map values

Recurrence Durations Durations Durations
Exceedance Interval
Probability vears ' 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour
0.5 2 1.80 2.61 3.10 3.59 4.16 1.96 2.59 3.09 3.67 4.37 -0.16 0.02 0.01 -0.08 -0.21
0.2 5 2.37 3.55 4.31 5.14 5.95 2.50 3.46 4.25 5.13 6.20 -0.13 0.09 0.06 0.01 -0.25
0.1 10 2.76 4.25 5.27 6.37 7.35 2.87 4.10 5.13 6.23 7.57 -0.11 0.15 0.14 0.14 -0.23
0.04 25 3.33 5.30 6.76 8.31 9.51 3.39 5.01 6.42 7.83 9.56 -0.06 0.29 0.34 0.48 -0.05
0.02 50 3.80 6.24 8.14 10.12 11.50 3.80 5.79 7.55 9.23 11.27 0.00 0.45 0.59 0.89 0.23
0.01 100 4.32 7.33 9.82 12.31 13.89 4.26 6.67 8.86 10.82 13.22 0.06 0.66 0.96 1.49 0.67
0.004 250 5.13 9.08 12.60 16.00 17.84 4.90 8.00 10.90 13.30 16.20 0.23 1.08 1.70 2.70 1.64
0.002 500 5.83 10.70 15.26 19.54 21.57 5.50 9.20 12.80 15.50 18.90 0.33 1.50 2.46 4.04 2.67
Prepared by: Fred Liscum, PE, PBSJ lofl
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Table 7 Comparison of Precipitation Depth-Duration Frequency Values between TSA Update and Compute Upper Bound

Precipitation Depths from Current Study, TSA Update, and Computed Upper Bound values

Precipitation Depths, inches Precipitation Depths, inches Differences in Precipitation Depths, inches
determined for Current Study, TSA Update Computed Upper Bound values between TSA Update values and Upper Bound
Recurrence Durations Durations Durations
Exceedance Interval
Probability vears ' 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour | 1-Hour 3-Hour 6-Hour | 12-Hour | 24-Hour
0.5 2 1.80 2.61 3.10 3.59 4.16 2.93 4.29 5.17 6.05 7.15 -1.13 -1.68 -2.07 -2.46 -2.99
0.2 5 2.37 3.55 4.31 5.14 5.95 3.55 5.36 6.82 8.35 9.74 -1.18 -1.81 -2.51 -3.21 -3.79
0.1 10 2.76 4.25 5.27 6.37 7.35 4.02 6.17 8.04 10.06 11.56 -1.26 -1.92 -2.77 -3.69 -4.22
0.04 25 3.33 5.30 6.76 8.31 9.51 4.73 7.37 9.83 12.58 14.14 -1.40 -2.07 -3.07 -4.27 -4.63
0.02 50 3.80 6.24 8.14 10.12 11.50 5.37 8.43 11.39 14.79 16.31 -1.57 -2.19 -3.25 -4.67 -4.81
0.01 100 4.32 7.33 9.82 12.31 13.89 6.13 9.67 13.18 17.34 18.72 -1.81 -2.34 -3.36 -5.03 -4.83
0.004 250 5.13 9.08 12.60 16.00 17.84 7.34 11.63 15.97 21.34 22.37 -2.21 -2.55 -3.37 -5.34 -4.53
0.002 500 5.83 10.70 15.26 19.54 21.57 8.46 13.41 18.48 24.95 25.53 -2.63 -2.71 -3.22 -5.41 -3.96
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Table 8 Suggested Precipitation Depth-Duration Frequency Values for Harris County,

Texas

Precipitation Depths from Current Study, TSA Update

Precipitation Depths, inches
Recurrence determined for Current Study, TSA Update
Exceedance -
. Interval, Durations
Probability
Years 1-Hour | 3-Hour | 6-Hour | 12-Hour | 24-Hour
0.5 2 1.80 2.61 3.10 3.59 4.16
0.2 5 2.37 3.55 4.31 5.14 5.95
0.1 10 2.76 4.25 5.27 6.37 7.35
0.04 25 3.33 5.30 6.76 8.31 9.51
0.02 50 3.80 6.24 8.14 10.12 11.50
0.01 100 4.32 7.33 9.82 12.31 13.89
0.004 250 5.13 9.08 12.60 16.00 17.84
0.002 500 5.83 10.70 15.26 19.54 21.57
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Table 9

Suggested Hourly Distribution of Precipitation for 100-Year
Recurrence Interval in Harris County, Texas

Precipitation Depths from Current Study, TSA Update

Time, hours| Precipitation
from Start |Depth, inches
1 0.13
2 0.13
3 0.14
4 0.14
5 0.14
6 0.41
7 0.42
8 0.42
9 0.83
10 0.83
11 1.51
12 4.32
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Time, hours| Precipitation
from Start |Depth, inches
13 1.50
14 0.83
15 0.42
16 0.41
17 0.41
18 0.13
19 0.13
20 0.13
21 0.13
22 0.13
23 0.13
24 0.12
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