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* This presentation is intended to _
_parameters of concern for rainfall analysi
- and offer a possible approach/resolution.
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Design Rainfall Paral
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« Storm Intensity =
>torm Volume -
Storm Duration
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The Processing
(Laundering) of Rainfall Dat:

o Start out with raw precipitation data (it
depth and time) -

-+ Determine the maximum annual depth fg

| defined storm durations (for consecutive

storms requires lumping adjacent rain
obtain one total depth)

Perform the statistical (frequency)
(eradicates the original pattern)

Wt d i
\. Redistribute the rainfall thro
~ temporal patterns .
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Slngle vs. Multiple “Cloudburst”

» Design Rainfall should reflect reg
specific meteorological patterns,
~ particularly for longer duration eve

~« Shorter duration (<24 hours) stor
typically reflect single cloudburs

nger duration storms shoulc
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Conveyance vs. Storac

» Systems governed by conveyance must
_look at higher intensity, shorter duration

s storms con3|derlng the time of
7 concentration of the watershed

’
¢ Systems governed by storage

_\

ower intensity, higher vc
. rdurat ns.
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High Peak Rainfall E

iy —

« Single Cloudburst events will g
_govern conveyance systems
,-*“”J— High inten§ity correlates with high_pea low

" _The design community generally ’
grasp on associating peak raln Al
Y

as a result of direct ralnf run



TIV4ANIVY




JdOVLS d3AR




High Volume Rainfall

« More problematic to déﬁne, gener: |
_#Iron‘ger storm durations - »

-+ Hydraulics and attenuation/storage
4 Influence system response.

* Some regions have meteorolc

conditions for “no break™ long
.. Some have Proke_ 'h
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Reality Check

. —Er)gjpeers/hydrologi

j{r’&‘hslate rainfall frequency dept
- into re'al_istig storm patterns before =
/ applying them to watersheds.

T

sts/statisticians must
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Max Value

1/1/2100
1/2/2100
1/3/2100
1/4/2100
1/5/2100
1/6/2100
1/7/2100
1/8/2100
1/9/2100
1/10/2100
1/11/2100
11212100
1/13/2100
1/14/2100
1/15/2100
1/16/2100
11712100
1/18/2100
1/19/2100
1/20/2100
1/21/2100
1/2212100
1/23/12100
1/24/2100
1/2512100
1/26/2100
1/27/2100
1/28/2100
1/29/2100
1/30/2100
1/31/2100
2172100
2/2/2100
213712100
21412100
21512100
21612100

24-hour
4.45

0.25
0.1

2-day
4.65

0.35
01
0

0
0.14
0.14
0
0.78
1.2
0.42

3-day
475

0.35
01
0
0.14
0.14
0.14
0.78
1.2
1.2
0.42
0

0

0
1.02
1.02
3.32
4.65
4.65
2.35

4.45
4.45
4.45

1.12
2.87
2.87

22
1.75
3.37
4.04
4.75
3.13
4.51

25

25
0.24

4-day
6.05

0.35
01
0.14
0.14
0.14
0.92
12
12
12
0.42
0

0
1.02
1.02
3.32
5.67
4.65
4.65
235
4.45
4.45
4.45
4.45
1.12
2.87
2.87
3.32
35
3.37
4.49
6.05
4.75
5.63
4.51
25
2.74
0.61

S-day
7.25

0.35
0.24
0.14
0.14
0.92
1.34
1.2
1.2
1.2
0.42
0
1.02
1.02
3.32
5.67
5.67
4.65
4.65
6.8
4.45
4.45
4.45
5.57
2.87
2.87
3.32
4.62
5.12
4.49
8.5
6.05
7.25
5.63
4.51
2.74
3.1
0.72

6-day
91

0.49
0.24
0.14
0.92
1.24
1.34

1.2

1.2

1.2
0.42
1.02
1.02
3.32
5.67
5.67
5.67
4.65

9.1

6.8
4.45
4.45
5.57
7.32
2.87
3.32
4.62
6.24
6.24

6.5

8.5
8.55
7.25
5.63
4.75
3.1
3.22
0.72

7-day
9.1

0.49
0.24
0.92
1.34
1.34
1.34
1.2
1.2
1.2
1.44
1.02
3.32
5.67
5.67
5.67
5.67
9.1
9.1
6.8
4.45
5.57
7.32
7.32
3.32
4.62
6.24
7.36
8.25
6.5
9
8.55
7.25
5.87
5.12
3.22
3.22
0.77

8-day
10.12

0.49
1.02
1.34
1.24
1.24
1.34
1.2
1.2
222
1.44
3.32
5.67
5.67
5.67
5.67
10.12
9.1
9.1
6.8
5.57
7.32
7.32
777
4.62
6.24
7.36
9.37
8.25
9

9
8.55
7.49
6.24
5.23
3.22
3.27
0.77

S-day
10.75

1.27
1.44
1.34
1.24
1.24
1.34
1.2
222
222
3.74
5.67
5.67
5.67
5.67
1012
1012
9.1
9.1
7.92
7.32
7.32
7.77
9.07
6.24
7.36
9.37
9.37
10.75
9

9
8.79
7.86
6.35
5.23
3.27
3.27
0.77

10-day
11.87

1.69
1.44
1.34
1.34
1.34
1.34
222
222
452
6.09
5.67
5.67
5.67
10.12
1012
10.12
9.1
10.22
9.67
7.32
777
9.07
10.69
7.36
9.37
9.37
11.87
10.75
9
9.24
9.16
7.97
6.35
5.28
3.27
3.27
1.31



Max Value
11/2100
1/2/2100
1/3/2100
1/4/2100
1/5/2100
1/6/2100
1/7/2100
1/8/2100
1/0/2100

1/10/2100
1/11/2100
1/12/2100
1/13/2100
1/14/2100
1/15/2100
1/16/2100
111712100
1/18/2100
1/19/2100
1/20/2100
1/21/2100
1/22/2100
1/23/2100
1/24/2100
1/25/2100
1/26/2100
1/2712100
1/28/2100
1/29/2100
1/30/2100
1/31/2100
2/1/2100
2/2/2100
2/3/2100
2/4/2100
2/5/2100
2/6/2100
|

24-hour
4.45
0.25

0.1

0
0.14

0.78

2-day
4.65
0.35
0.1

3-day
475
0.35
0.1
0
0.14
0.14
0.14
0.78
1.2
1.2
0.42
0

0

0
1.02
1.02
3.32
4.65
4.65
2.35

4.45
4.45
4.45

1.12
2.87
2.87

22
1.75
3.37
4.04
4.75
3.13
4.51

25

25
0.24

4-day
6.05
0.35
0.1
0.14
0.14
0.14
0.82
12
12
12
0.42
0

0
1.02
1.02
3.32
567
4.65
4.65
2.35
4.45
4.45
4.45
4.45
112
2.87
2.87
3.32
35
3.37
4.49
6.05
475
5.63
451
2.5
2.74

S-day
7.25
0.35
0.24
0.14
0.14
0.92
1.34

1.2
1.2
1.2
0.42
0
1.02
1.02
3.32
5.67
5.67
4.65
4.65
6.8
4.45
4.45
4.45
5.57
2.87
2.87
3.32
4.62
512
4.49
6.5
6.05
7.25
5.63
4.51
274
3N
0.72

6-day
91
0.49
0.24
0.14
0.92
1.34
1.34

7-day
9.1
0.49
0.24
0.92
1.34
1.34
1.34
1.2
1.2
1.2
1.44
1.02
3.32
5.67
5.67
5.67
5.67
9.1
9.1
6.8
4.45
5.57
7.32
7.32
3.32
4.62
6.24
7.36
8.25
6.5
9
8.55
7.25
5.87
512
3.22
3.22

8-day
10.12
0.49
1.02
1.34
1.34
1.34
1.34
1.2
1.2
222
1.44
3.32
5.67
567
5.67
5.67
10.12
9.1
9.1
6.8
5.57
732
7.32
7.77
462
6.24
7.36
9.37
8.25
9

S
8.55
7.49
6.24
523
3.22
3.27

S-day
10.75
1.27
1.44
1.34
1.34
1.34
1.34
1.2
222
222
3.74
5.67
5.67
567
5.67
10.12
10.12
9.1
9.1
7.92
7.32
7.32
7.77
9.07
6.24
7.36
9.37
9.37
10.75
9

S
8.79
7.86
6.35
523
3.27
3.27

10-day
11.87
1.69
1.44
1.34
1.34
1.34
1.34
222
222
452
6.09
567
567
567
10.12
1012
1012
9.1
10.22
9.67
7.32
7.77
8.07
10.69
7.36
937
9.37
11.87
10.75
9
824
916
7.97
6.35
528
3.27
327
1.31




Max Value
11/2100
1/2/2100
1/3/2100
1/4/2100
1/5/2100
1/6/2100
1/7/2100
1/8/2100
1/9/2100

1/10/2100
1M11/2100
1M12/2100
11342100
114/2100
115/2100
116/2100
11712100
118/2100
111942100
1/20/2100
1/21/2100
1/22/2100
1/23/2100
1/24/2100
142542100
1/26/2100
1/2712100
1/28/2100
1/29/2100
1/30/2100
143142100
2M/2100
2/2/2100
2/3/2100
21412100
2/5/2100
21612100
B

24-hour
445
0.25

0.1

2-day
4.65
0.35
0.1

3-day
4.75
0.35
0.1
0
0.14
0.14
0.14
0.78
1.2
1.2
0.42
0

0

0
1.02
1.02
3.32
4.65
4.65
235

4.45
4.45
4.45

1.12
2.87
2.87

22
1.75
3.37
4.04
475
3.13
4.51

25

25
0.24

4-day
6.05
0.35
0.1
0.14
0.14
0.14
0.92
1.2
12
1.2
0.42
0

0
1.02
1.02
3.32
5.67
4.65
4.65
2.35
4.45
4.45
4.45
4.45
1.12
2.87
2.87
3.32
35
37
4.49
6.05
475
5.63
4.51
2.5
274
0.61

S-day
7.25
0.35
0.24
0.14
0.14
0.92
1.34

1.2
12
1.2
0.42
0
1.02
1.02
3.32
5.67
5.67
4.65
4.65
6.8
4.45
4.45
4.45
5.57
2.87
2.87
3.32
4.62
5.12
4.49
6.5
6.05
7.25
5.63
4.51
2.74
3.1
0.72

B-day
9.1
0.49
0.24
0.14
0.92
1.34
1.34
1.2
1.2
1.2
0.42
1.02
1.02
3.32
5.67
5.67
5.67
4.65
9.1
6.8
4.45
4.45
5587
7.32
2.87
3.32
4,62
6.24
6.24
6.5
6.5
8.55
7.25
5.63
475
31
3.22
0.72

7-day
9.1
0.49
0.24
0.92
1.34
1.34
1.34
1.2
1.2
1.2
1.44
1.02
3.32
5.67
5.67
5.67
5.67
9.1
9.1
6.8
4.45
5.57
7.32
7.32
3.32
4.62
6.24
7.36
8.25
6.5
9
8.55
7.25
5.87
5.12
3.22
3.22
0.77

8-day
10.12
0.49
1.02
1.34
1.34
1.34
1.34
1.2
1.2
222
1.44
332
5.67
5.67
5.67
5.67
10.12
9.1
9.1
6.8
5.57
7.32
7.32
7.77
4.62
6.24
7.36
9.37
8.25
9

9
8.55
7.49
6.24
5.23
3.22
2827
0.77

9-day
10.75
1.27
1.44
1.34
1.34
1.34
1.34
1.2
222
222
3.74
5.67
5.67
5.67
5.67
1012
1012
9.1
9.1
7.92
7.32
7.32
AT
9.07
6.24
7.36
9.37
9.37
10.75
9

9
8.79
7.86
6.35
523
8.27
3.27
0.77

10-day
11.87
1.69
1.44
1.34
1.34
1.34
1.34
222
222
452
6.09
567
567
5.67
10.12
1012
10.12
9.1
10.22
9.67
7.32
7.77
9.07
10.69
7.36
9.37
9.37
11.87
10.75
9
9.24
9.16
7.97
6.35
5.28
3.27
3:27
1.31



Max Value
11/2100
1/2/2100
1/3/2100
1/4/2100
1/5/2100
1/6/2100
1/7/2100
1/8/2100
1/0/2100

1/10/2100
1/11/2100
1/12/2100
1/13/2100
1/14/2100
1/15/2100
1/16/2100
111712100
1/18/2100
1/19/2100
1/20/2100
1/21/2100
1/22/2100
1/23/2100
1/24/2100
1/25/2100
1/26/2100
1/2712100
1/28/2100
1/29/2100
1/30/2100
1/31/2100
2/1/2100
2/2/2100
2/3/2100
2/4/2100
2/5/2100
2/6/2100
|

24-hour
4.45
0.25

0.1

0
0.14

0.78

2-day
4.65
0.35
0.1

3-day
475
0.35
0.1
0
0.14
0.14
0.14
0.78
1.2
1.2
0.42
0

0

0
1.02
1.02
3.32
4.65
4.65
2.35

4.45
4.45
4.45

1.12
2.87
2.87

22
1.75
3.37
4.04
4.75
3.13
4.51

25

25
0.24

4-day
6.05
0.35
0.1
0.14
0.14
0.14
0.82
12
12
12
0.42
0

0
1.02
1.02
3.32
567
4.65
4.65
2.35
4.45
4.45
4.45
4.45
112
2.87
2.87
3.32
35
3.37
4.49
6.05
475
5.63
451
2.5
2.74

S-day
7.25
0.35
0.24
0.14
0.14
0.92
1.34

1.2
1.2
1.2
0.42
0
1.02
1.02
3.32
5.67
5.67
4.65
4.65
6.8
4.45
4.45
4.45
5.57
2.87
2.87
3.32
4.62
512
4.49
6.5
6.05
7.25
5.63
4.51
274
3N
0.72

6-day
9.1
0.49
0.24
0.14
0.92
1.34
1.34

7-day
9.1
0.49
0.24
0.92
1.34
1.34
1.34
1.2
1.2
1.2
1.44
1.02
3.32
5.67
5.67
5.67
5.67
9.1
9.1
6.8
4.45
5.57
7.32
7.32
3.32
4.62
6.24
7.36
8.25
6.5
9
8.55
7.25
5.87
512
3.22
3.22

8-day
10.12
0.49
1.02
1.34
1.34
1.34
1.34
1.2
1.2
222
1.44
3.32
5.67
567
5.67
5.67
10.12
9.1
9.1
6.8
5.57
732
7.32
7.77
462
6.24
7.36
9.37
8.25
9

S
8.55
7.49
6.24
523
3.22
3.27

S-day
10.75
1.27
1.44
1.34
1.34
1.34
1.34
1.2
222
222
3.74
5.67
5.67
567
5.67
10.12
10.12
9.1
9.1
7.92
7.32
7.32
7.77
9.07
6.24
7.36
9.37
9.37
10.75
9

S
8.79
7.86
6.35
523
3.27
3.27

10-day
11.87
1.69
1.44
1.34
1.34
1.34
1.34
222
222
452
6.09
567
567
567
10.12
1012
1012
9.1
10.22
9.67
7.32
7.77
8.07
10.69
7.36
937
9.37
11.87
10.75
9
824
916
7.97
6.35
528
3.27
327
1.31




Max Value
11/2100
1/2/2100
1/3/2100
1/4/2100
1/5/2100
1/6/2100
1/7/2100
1/8/2100
1/0/2100

1/10/2100
1/11/2100
1/12/2100
1/13/2100
1/14/2100
1/15/2100
1/16/2100
111712100
1/18/2100
1/19/2100
1/20/2100
1/21/2100
1/22/2100
1/23/2100
1/24/2100
1/25/2100
1/26/2100
1/2712100
1/28/2100
1/29/2100
1/30/2100
1/31/2100
2/1/2100
2/2/2100
2/3/2100
2/4/2100
2/5/2100
2/6/2100
|

24-hour
4.45
0.25
0.1
0

0

0
014
0

0
0.78
0.42

OMNOOOOO

2-day
4.65
0.35
0.1

3-day
475
0.35
0.1
0
0.14
0.14
0.14
0.78
1.2
1.2
0.42
0

0

0
1.02
1.02
3.32
4.65
4.65
2.35

4.45
4.45
4.45

1.12
2.87
2.87

22
1.75
3.37
4.04
4.75
3.13
4.51

25

25
0.24

4-day
6.05
0.35
0.1
0.14
0.14
0.14
0.82
12
12
12
0.42
0

0
1.02
1.02
3.32
567
4.65
4.65
2.35
4.45
4.45
4.45
4.45
112
2.87
2.87
3.32
35
3.37
4.49
6.05
475
5.63
451
2.5
2.74

S-day
7.25
0.35
0.24
0.14
0.14
0.92
1.34

1.2
1.2
1.2
0.42
0
1.02
1.02
3.32
5.67
5.67
4.65
4.65
6.8
4.45
4.45
4.45
5.57
2.87
2.87
3.32
4.62
512
4.49
6.5
6.05
7.25
5.63
4.51
274
3N
0.72

6-day
91
0.49
0.24
0.14
0.92
1.34
1.34

7-day
9.1
0.49
0.24
0.92
1.34
1.34
1.34
1.2
1.2
1.2
1.44
1.02
3.32
5.67
5.67
5.67
5.67
9.1
9.1
6.8
4.45
5.57
7.32
7.32
3.32
4.62
6.24
7.36
8.25
6.5
9
8.55
7.25
5.87
512
3.22
3.22

8-day
10.12
0.49
1.02
1.34
1.34
1.34
1.34
1.2
1.2
222
1.44
3.32
5.67
567
5.67
5.67
10.12
9.1
9.1
6.8
5.57
732
7.32
7.77
462
6.24
7.36
9.37
8.25
9

S
8.55
7.49
6.24
523
3.22
3.27

S-day
10.75
1.27
1.44
1.34
1.34
1.34
1.34
1.2
222
222
3.74
5.67
5.67
567
5.67
10.12
10.12
9.1
9.1
7.92
7.32
7.32
7.77
9.07
6.24
7.36
9.37
9.37
10.75
9

S
8.79
7.86
6.35
523
3.27
3.27

10-day
11.87
1.69
1.44
1.34
1.34
1.34
1.34
222
222
452
6.09
567
567
567
10.12
1012
1012
9.1
10.22
9.67
7.32
7.77
8.07
10.69
7.36
937
9.37
11.87
10.75
9
824
916
7.97
6.35
528
3.27
327
1.31




Conclusions

e The hypothetical designed storm
_designing facilities or mapping should n

. _amplify portions of longer duration stormn
_ to produce bursts that exceed shorter
duration statistics.

e More work needs to be done tt
region-specific design stc
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Recommendations

 Each system should be evaluat |
g@vérnance of peak (conveyance) or

~'storage and have correspondlng

r""i hydrology.

e Long duration storms could em
uratlon cloudbursts and/or ¢
vithout exceeding sh

N H e!fre
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CONSIDERATIONS FOR
POTENTIAL SOLUTIONS

« Evaluate Meteorological Rainfall Distributions

» Define Shorter Duration Distributions and Add
‘Additional Rainfall Bursts to Build Longe
Duration Distributions

* Define Shorter Duration Distribution
Redefine Peaks of Long Duration L
e More “Evenly” Distributed

\ C eck Frequency Depiths tc

~While Building the Patter
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Questions?




