Name/Address Telephone Fax
Raymond Acuna, PE (602) 262-4960 (602) 262-7322
City of Phoenix

200 W. Washington, 5* Floor
Phoenix, AZ 85004

Gary Benton, PE

City of Phoenix

Street Transportation Department

Design and Construction Management
Division

1034 E. Madison Street

Phoenix, AZ 85034-2292

(602) 495-2050

(602) 495-3670

Ralph L. Goodall, PE

City of Phoenix

Street Transportation Department

Design and Construction Management
Division

1034 E. Madison Street

Phoenix, AZ 85034-2292

(602) 495-2050

(602) 495-3670

Robert Gofonia, PE

City of Phoenix

Street Transportation Department

Design and Construction Management
Division

1034 E. Madison Street

Phoenix, AZ 85034-2292

(602) 495-2050

(602) 495-3670

V. Ottozawa-Chatupron, PE
Arizona State Land Department
1616 W. Adams

Phoenix, AZ 85007

(602) 542-2683

(602) 542-4668

.| Joseph W, Warren, PE
- .| Drainage Section Leader .

ADOT " %

i :;_In_termodaliTranspbrfatioﬁxDepartment ,_
| 2058, 17" Avenue, 283E '\

(602) 255-7197

(602) 407-3056

/| Phoenix, AZ 83007-3212.
~ " {'Stephen D. Waters T
|FCDMC

2801 W. Durango
Phoenix, AZ 85009

(602) 506-1501

(602) 506-4601

| Larry Scofield !
' ATRC

1130 N. 22™ Avenue
Phoenix, AZ 85009

(602) 407-3131

(602) 256-6367

* ' WRP/28900042/CORRESPONDENCE/NAME LIST




CITY OF PHOENIX

PHOENIX STORM DRAINAGE DESIGN MANUAL

Meeting No. 4
18 November 1997

. REVIEW AND EVALUATION OF THE
- NOAA SEMI-ARID PRECIPITATION STUDY
‘ AND COMPARISON WITH NOAA ATLAS 2
RAINFALL DEPTH-DURATION-FREQUENCY STATISTICS

George V. Sabol, PhD, PE
Stantech Consulting Inc.




. SEMI-ARID PRECIPITATION FREQUENCY STUDY
NOAA NATIONAL WEATHER SERVICE
SILVER SPRINGS, MD

Work Products

1. Precipitation Frequency Maps
Duration: 1-hour and 24-hour
Frequencies: 2-, 5-, 10-, 25-, 50-, and 100-year

Orographic effects to be included.

2. Ratios of rainfall for durations less than 1-hour.

3. Depth-duration curves (mass curves) of the temporal distribution of storms for both short-
duration (1-hour) and long duration storms.

4. Depth-area curves for both small areas (less than 100 square miles) and large areas.
5. Digital results in a GIS format.

' Schedule

3-year duration starting 1 October 1991.

Budget

111 man-month effort
$783,165 cost
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NCDC
SNOTEL

RAWS

ARS —
USGS
Supplementary
Supplementary

Supplementary

ALERT

‘DATA SETS

National Climatic Data Genter
SNOwpack TELemetry

Remote Automated Weather
Station

Agricultural Research Service
U.S. Geological Survey

Dept. of Water Resources
San Bernardino County, CA
Riverside County, CA

Automated Local Evaluation
in Real Time

| California Storm Data

New Mexico Climate Data

NOAA
USDA/SCS

USDA/BLM & FS

USDA/ARS

Dept. of Interior

| California

J. Gdodridge
Ken Kunkel
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Figure 2. Semiarid study station locations.




Table 1.

. - DAILY STATIONS WITH AT LEAST 19 YEARS OF DATA
Core States Semiarid NOAA Atlas 2 Increase

Arizona : 267 125 142
Nevada o 34 57
New Mexico 212 143 69
Utah . S V4 82 89
Total 741 384 357
Other Stations
California 288
Border states 148
SNOTEL 147
Mexico 108
Total Other 691
TOTAL DAILY - 1432

HOURLY STATIONS WITH AT LEAST 15 YEARS OF DATA

. Core States Semiarid NOAA Atlas 2 Increase
Arizona 42 32 10
Nevada 41 27 14
New Mexico 81 42 39
Utah 44 .20 - 24
Total 208 121 87
Other Stations
California 182
Border states 59
Total Other 241
TOTAL HOURLY 449

: TOTALS
DAILY 1432
HOURLY 449

. TOTAL STATIONS 1881
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Figure 5a. Comparison of NOAA Atlas 2 and Semiarid dally stations, by years of record.
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Figure 5b. Comparison of NOAA Atlas 2 and Semiarid hourly stations, by years of record.
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Figure 1. Semiarid study climatic regions.




ATTACHMENT 10c

TopE———— 7 T
r o e s e ryed
YELRL Al Ll i il Ml il AL (o Sl il d i ML

Month
B 10-min 15-min

1] 30-min 60-min [XX3] 120-min

5-min

| ®
02-6481 Phoenix, AZ 84 YOR
Percent Frequency of N-min max

. O ilg] (@] 0 o n Q w0
n < < (op] M - N N —

Aausnbaei4 jusolsd



New Mexico
»>=1.50

Nevada

Arizona

=]

.-..| Utah

0.76t0 1.49

%
75

0t 0

hes)

inc

75100

Differences (

AAIIIIIHIHH T
. 7,

0

[ (=]

7~

Percent Differences - NOAA Atlas 2 to
Semiarid Study by State (100yr24hr map)

E )
.
»

7
<=-1.50

S

& ) 3 % & § 3 5
Qﬂme@_ﬁcmemn_ ._
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Figure 3a. Differences of 100-yr, 24-hour values (Semiarid minus NOAA Atlas 2) by percent of area for Arizona.




Table 3.
Percent area differences from NOAA Atlas 2 to Semiarid Study
by State
100-year 24-hour computer-generated map

DIFFERENCE <=-1.50 -149 -0.74 0.00 0.76 >=1.50

to to to to
(inches) -0.75 -0.01 075 149
Arizona. 0.7 249 560 155 27 0.1
Nevada 0.0 66 659 234 3.2 0.9
New Mexico 22 159 646 144 2.9 0.0 .
Utah 0.3 205 673 9.2 22 0.5
: Range:
Arizona 816% <0 18.3% >0 -2.33 to 2.11
Nevada 725% < 0 27.5% >0 -1.46to 3.29
New Mexico 82.7% <0 173% >0 -2.69to 149
Utah 88.1% <0 119% >0 -193to03.37

The Semiarid (SA) values are lower than NOAA Atlas 2 values over about 80
percent of the area in Arizona, New Mexico and Utah, and over 70 percent of the area
in Nevada. Most SA values are between 0 and 0.75 inches less than NOAA Atlas 2.
About 20 percent of the area of Arizona and Utah has even lower values, that is from
.76 to 1.49 inches lower than NOAA Atlas 2. The SA areas that are higher than .
NOAA Atlas 2 are generally those in higher elevations where SNOTEL data are now
available, such as the Wasatch Range and the Uinta Mountains in Utah and some
areas of Nevada. For reference, the SNOTEL station areas are shown in Figure 3.
Although in general, SNOTEL values are higher than NOAA Atlas 2 estimates, Arizona
provides an exception, where the precipitation observed at SNOTEL stations is not
notably higher than NOAA Atlas 2. Another area where SA values are higher is the
region 10 part of southwestem Arizona. Reglon 10 has the highest RGFs, which may
have some effect, but other areas within region 10 have values that are lower than
NOAA Atlas 2. Another difference between SA and NOAA Atlas 2 is that the
'dry areas are drier and the wet areas wetter’ in several areas of the Southwest study
area. The changes reflect information from longer datasets, observations in areas

where there were none for NOAA Atlas 2, more objective curve-fi ttlng techniques, and
regionalized analysis, among others.

13th Quarterly, October-December 1994 K 9



FILENAME: PHX-04P.OPF

1
*x Q UT PUT DA TA ***

REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES
PRECIPITATION FREQUENCY VALUES FOR PHOENIX: LAT. 33N, LONG. 112W

PRIMARY ZONE NUMBER= 7

SHORT-DURATION ZONE NUMBER= 8

LATITUDE  33.40N LONGITUDE 112.06W

POINT VALUES
RETURN PERIOD
DURATION 2-YR 5-YR 10-YR 25~YR 50-YR  100-YR  500-YR

5-MIN .33 .43 .50 .60 .68 .76 .94  5-MIN
10~-MIN .49 .65 .77 .92 1.04 1.16 1.44 10-MIN
15-MIN .59 .82 .97 1.17 1.33 1.49 1.86 15-MIN
30-MIN .79 1.09 1.30 1.58 1.80 2.02 2.53 30~MIN

1-HR .96,90 1.35 1.61 1.97 2.25 2.532,0 3.17 1-HR

2-HR 1.04 1.47 1.76 2.15 2.45 2.76 3.46 2-HR

3~HR 1.10 1.55 1.85 2.27 2.59 2.91 3.65 3-HR

6~HR 1.20420 1.70 2.03 2.49 2.85 3.202.0 4.01 6~HR
12-HR 1.30 1.85 2.22 2.72 3.11 3.50 4.40 12-HR
24-HR 1.40 2.00 2.40 2.95 3.38 3.80 4.78 24-HR

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:

DEPTH~AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40

ZEHR AND MYERS

AUGUST 1984

INPUT DATA

PROJECT NAME=PHOENIX: LAT. 33N, LONG. 112W

ZONE= 7 SHORT-DURATION ZONE= 8

LATITUDE= 33.40 LONGITUDE= 112.06 ELEVATION= 0
2-YR, 6-HR PCPN= 1.20 100-YR, 6-HR PCPN= 3.20

2-YR, 24-HR PCPN= 1.40 100-YR, 24-HR PCPN= 3.80

* ok Kk END OF RUN * ok ok Kk

PAGE # 1




FILENAME: PHX-12P.OPF

**%* OUTPUT DATA ***
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR PHOENIX: LAT. 33N, LONG. 112%

PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 8

————>= OPTION NUMBER 2 --- INPUT OF 12 PRECIP VALUES
LATITUDE 33.40N LONGIT 06w ELEVATION 2000 FEET

POINT VALUES

RETURN PERIOD

DURATION 2-YR 5-YR 10-YR 25-YR 50-YR 100-YR 500~-YR
5-MIN .32 .43 .50 .60 .68 .75 .93 5-MIN
10-MIN .48 .65 .76 .91 1.03 1.15 1.43 10-MIN
15-MIN .59 .81 .96 1.16 1.32 1.48 1.85 15-MIN
30-MIN .78 1.08 1.29 1.57 1.79 2.01 2.51 30-MIN
1-HR .95, 70 1.34 1.60 1.95 2.23 2.512.0 3.14 1-HR
2-HR 1.03 1.46 1.74 2.14 2.44 2.74 3.44 2-HR
3-HR 1.09 1.54 1.84 2.26 2.58 2.90 3.64 3-HR
6-HR 1.19 420 1.69 2.03 2.49 2.85 3.203.0 4.02 6~-HR
12-HR 1.29 1.85 2.22 2.73 3.13 3.52 4.42  12-HR
24-HR 1.40 2.01 2.42 2.98 3.41 3.84 4.83  24-HR
~ * IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:
DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40
ZEHR AND MYERS
AUGUST 1984
INPUT DATA
PROJECT NAME=PHOENIX: LAT. 33N, LONG. 112w
ZONE= 7 SHORT-DURATION ZONE= 8
LATITUDE= 33.40 LONGITUDE= 112.06 ELEVATION= 2000
12-VALUE PRECIPITATION OPTION
PRECIPITATION VALUE:
1.20 1.70
2.00 2.50¢ &~ -
2.85 3.20 2- 5~ Jo~, RS =, 3O~ own 2o~y
2 J /
1.40 2.00
2.40 3.003 245y
3.45 3.80

**xx END OF RUN * » * #

PAGE #1







PHOENIX STORM DRAINAGE DESIGN MANUAL
Hydrology - Design Rainfall

SEMI-ARID PRECIPITATION FREQUENCY STUDY
National Weather Service
Silver Springs, Maryland

NOTEBOOK CONTENTS

SECTION 1 - PHOENIX MANUAL CORRESPONDENCE

1. To/From NWS
2 To City of Phoenix

SECTION 2 - MISCELLANEOUS

" Proposal from NWS, February 1991

2 NWS letter of 15 April 1992 defining NWS database

3. NWS letter of 22 October 1992 requesting data A - . & & ”~ e~ Koo o/
( Food /v 8« )y Ao/ s 5

2 / .
SECTION 3 - SEMI-ANNUAL MEETINGS ‘/f’}’f A aﬁ, o5 ,{,,y £ Wah's

1 5 December 1991

. List of Interagency Support Group
. Agenda

. Handouts

o Meeting Minutes

s 10 June 1992

u Agenda
W Handouts
- Meeting Minutes

3 7 December 1992

. Agenda
. Handouts
. Meeting Minutes w/enclosures

4. 9 September 1993

- Agenda
u Handouts
. Meeting Minutes w/enclosures

Wrp/28900042/misc/stormdrainnotebook




5.

7 November 1994
. Meeting Minutes w/enclosures

SECTION 4 - QUARTERLY PROGRESS REPORTS

RIS IOy B &5 O 9 o

—t e e e e e e O
SR SR okl - $—

First - February 1992
Second - April 1992

Third - August 1992

Fourth - November 1992
Fifth - February 1993

Sixth - April 1993

Seventh - July 1993

Eighth - October 1993
Ninth - January 1994

Tenth - April 1994

Eleventh - August 1994
Twelfth - October 1994
Thirteenth - January/February 1995
Fourteenth - April/May 1995
Fifteenth - July 1995
Sixteenth - November 1995
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Stantech Consulting Inc. Ph: (602) 438-2200

7776 Pointe Parkway W. Suite 290 Fax: (602) 431-9562

Phoenix AZ e-mail: stanley.phx@stantech.com
85044 USA www.stantech.com

Stantech

Consulting

7 November 1997
File: 28900042

NOAA/NWS W/OH2
1325 East-West Highway
Silver Springs, MD 20910

Attention: Lesley T. Julian, PhD
Dear Lesley:
Reference: PHOENIX STORM DRAINAGE DESIGN MANUAL

Since our phone conversation on 22 August 1997, I have been in communication with and
obtained information from Larry Scofield (ATRC), V. Ottozawa-Chatupron (ASLD), Joe Warren
(ADOT) and Steve Waters (FCDMC). I have obtained the following concerning the Semi-Arid
Precipitation Frequency Study (SA Study):

Draft isopluvial maps dated 27 August 1997 for the following:
A. 2-year, 1-hour

2-year, 6-hour

100-year, 1-hour

100-year, 6-hour

NOTE: Those maps were obtained by plotting files from a diskette provided by Larry
Scofield.

B. Minutes for five Semi-Annual Meetings:
5 December 1991
10 June 1992

7 December 1992




NOAA/NWS W/OH2
. Lesley T. Julian, PhD
7 November 1997

9 September 1993

7 November 1994

G Sixteen Quarterly Progress Reports for the Period February 1992 through November
1995

I am in the processing of reviewing that information for our client, the City of Phoenix, in regard
to using the results from the SA Study in a new Phoenix Storm Drainage Design Manual. At this

time, I have the following questions:

1. Considering the information that I have indicated herein, do I have all of the relevant and
"best" available information for reviewing the status and work product for the SA Study?

2 As I understand, the SA Study is also to provide information concerning the spatial and
temporal distribution of storms. Such depth-area-duration and depth-area relations are
needed for Phoenix (and Arizona) due to the questionable applicability of some existing

. relations that are currently being used. Isthe SA Study still proceeding along those lines?
What is presently available, and/or when will those results be available?

Orographic factors in the Phoenix meteorologic/hydrologic area probably significantly
influence precipitation. The Phoenix area appears to be very complex in this regard with
mountain ranges nearly encircling the City. Observation by myself and others seems to
indicated preferred storm paths or storm hot-spots. Those may be influenced by
orographic factors and possibly by urbanization in the Valley. Do orographic features
play a role in the development of the isopluvial maps? To what extent? Is there an
accounting for urban influences or storm tracks, etc.? In this regard, are more "detailed"
or larger scale maps of the Phoenix meteorologic/hydrologic area available that may
provide better detail of the spatial depth-duration-frequency relations (isopluvial maps)
for this area?

(8]

4. Have comparisons been made, formally or informally, of the difference between the
NOAA Atlas 2 isopluvials and those from the SA Study for the Phoenix area? If so, I
would be interested in the results.

Over the next few weeks, I will be assessing the presently available SA Study results in regard to
depth-duration-frequency for use in Phoenix. I will send you the comparisons that I compile and
will ask you to review my work. I do not want to make an error or draw the wrong inference
from the information that I have. Your assistance will be greatly appreciated.

Stantech 2 of 3

R 5551



NOAA/NWS W/OH2
Lesley T. Julian, PhD
7 November 1997

The SA Study has great interest to me. Incidentally, I made the initial contact with John Vogel
concerning the need for that study back in 1989 or 1990. Please keep me informed of your
results. I would like to receive any future reports and to attend review meetings. I understand
that you made presentations on this project recently in both San Diego and Laughlin.
Regrettably, I could not attend either meeting. If you had publications or presentation handouts,
I would appreciate copies. It has been some time since the last review meeting. For my part, I
would find such a project meeting useful. Do you have plans for a review meeting sometime in
the near future?

Thank you for your assistance. Please keep me informed and I will do likewise.

Sincerely,

STANTECH CONSULTING INC.

P

George V. Sabol, PhD, PE
Senior Associate

ce: Mr. Robert Gofonia, City of Phoenix
Mr. Ralph Goodall, City of Phoenix
Mr. Gary Benton, City of Phoenix
Mr. Ray Acuna, City of Phoenix
Mr. Larry Scofield, ATRC
Mr. Joe Warren, ADOT
Mr. V. Ottozawa-Chatupron, ASLD
Mr. Steve Waters, FCDMC

rh/p:\28900042\correspondence\julian Itr 11-7.doc
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Stantech Consulting Inc. Ph: (602) 438-2200

7776 Pointe Parkway W. Suite 290 Fax: (602) 431-9562

Phoenix AZ e-mail: stanlev.phx@stantech.com
85044 USA www.stantech.com

Stantech

Consulting

22 August 1997
File: 28900042

NOAA/NWS W/OH2

1325 East-West Highway

Silver Springs, MD 20910

Attention: Ms. Lesley Julian, PhD
Dear Lesley:

Reference:  Phoenix Storm Drainage Design Manual

Enclosed is a copy of the PREFRE program and users manual. Please keep me informed in
regard to NOAA Atlas 14 and related analysis.

I will ask Larry Scofield to make all work products available to me.

Thank you for your assistance. We look forward to incorporating the study results into the
Phoenix manual.

Sincerely,

STANTECH CONSULTING INC.

4

George V. Sabol, PhD, PE
Senior Associate

Enclosure

rh/p:\28900042\correspondence\julian Itr a22.doc






Memo

To: Distribution
From: George Sabol
Date: 8 September 1997

Reference: PHOENIX STORM DRAINAGE DESIGN MANUAL
NEW PRECIPITATION ANALYSIS FOR PHOENIX
FILE: 28900040

The source of design rainfall information was, and still is, the NOAA Atlas 2 for Arizona along with a few
supplemental publications by other Federal government agencies. However, the need for a revised rainfall
analysis of depth-duration-frequency statistics and other rainfall design information for Arizona has been
recognized since the mid-1980s. At the time that the Flood Control District of Maricopa County (FCDMC) and
the Arizona Department of Transportation (ADOT) were producing its hydrology manuals (from 1986 through
about 1992), there was an effort to bring about a reanalysis of rainfall data. That process culminated in an
agreement by NOAA to undertake a regional study of rainfall data. Various entities, such as ADOT, FCDMC
and other state and county agencies within the region cooperated in financing the NOAA study. That study was
mnitiated in October 1991 and was to have been completed in three years. The document to be produced is
NOAA Atlas 14 (semi-arid region precipitation study) and that atlas will cover all or parts of about six states.

I was involved in the initial contacts with NOAA and have had some minor involvement in staying informed
about the study since 1991. Over the past few weeks, I have discussed the project with several persons in order
to determine the status of that study. The best source of information is the NOAA Project Manager, Dr. Lesley
Julian. The status of the study is as follows.

Isohyetal Maps

n Draft isohyetal maps for 2- and 100-year frequency, 1-, 6- and 24-hour duration have been prepared.
Those drafts are being sent to Mr. Larry Scofield (Arizona Transportation Research Center) on 27
August 1997.

= I contacted Larry Scofield and requested a copy of those maps and any previous study reports that may
be useful to us. He will provide those to me.

= Those maps are apparently in English units and there is a question of whether the final product will be
English or metric units. The Phoenix manual is to be in English units, but many of the project sponsors
(such as ADOT) will require metric unit products. With the Federal initiative for conversion to metric,
[ anticipate a metric unit product. Therefore, there may be the need for us to perform a conversion or
otherwise repackage those maps. This is presently unknown.
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Rainfall Area Reduction Factors

L] This is a topic of great interest and need. FCDMC adopted a Corps of Engineers criteria for the 6-hour
. storm based on historic storms in Arizona, and another criteria for 24-hour storms. ADOT uses the
criteria in NOAA Atlas 2 which was originally developed by the National Weather Service (NWS)

based on midwest storms.

3 NOAA is presently working on this topic, but preliminary results probably will be not available until
about mid-December.

Temporal Storm Distributions

3 Again, this is a topic of great interest and need. FCDMC developed a 6-hour design storm and adopted
an SCS 24-hour storm. ADOT uses a hypothetical 24-hour storm.

n NOAA has developed temporal distributions for 12-, 24- and 72-hour storms. They have also looked at
seasonal rainfall patterns for "severe" and "garden variety" storms.

B [ will obtain and review what has been produced in this regard.
Lesley was very interested in our plan to produce an electronic version of our manual. In that regard, I sent her a
copy of the PREFRE program that is used in conjunction with rainfall statistics from the NOAA Atlas to
produce tables of rainfall depth-duration-frequency and intensity-duration-frequency. She will evaluate the use
or modification of that program with the new NOAA Atlas.
At this point, my work plan is as follows:

. 1. Obtain all information that is available from NOAA concerning its new study.
2. Perform a preliminary review of that information.

3. Review the draft report that presumably will be available in mid-December.

4. Within a month of obtaining the draft report, provide an assessment of information that will be available
with the new NOAA atlas.

5. Finalize a work plan and schedule for the rainfall section of the manual. This will probably result in some
rescheduling of some of the work products because of the delays in obtaining information for the NOAA

study.

6. I will report on this topic at our next meeting, which is scheduled for 12 September.

George V. Sabol, PhD, PE
Senior Associate

Attachment
Distribution: Robert Gofonia, City of Phoenix
Gary Benton, City of Phoenix
Ralph Goodall, City of Phoenix
‘ Ken Lewis, KVL Consultants
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To: Street Fax No. 495-3670
Transportation Department
Date: 8 September 1997

Attention:  Bob Gofonia
3 page(s) total including cover sheet.
Reference: PHOENIX STORM

DRAINAGE DESIGN Original will NOT follow by mail.

MANUAL

FILE: 28900042 E-mail: gsabol@stantech.com
Sender: George Sabol

The content of this Fax Transmittal is Confidential. If the reader is not the intended recipient or its agent, be advised that any
dissemination, distribution, or copying of the content of this Transmittal is prohibited. If you have received this Transmittal in
error, please notify the sender immediately and return the original to us by mail at our expense. Thank you.

Attached is a memo concerning the ongoing analysis of rainfall data by NOAA as may be relevant
to the Phoenix manual.

L i

George V. Sabol, PhD, PE
Senior Associate

Attachment
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Stantech Consulting Inc. 7776 Pointe Parkway W. Suite 290 Phoenix AZ 85044
Ph: (602) 438-2200 Fax: (602)431-9562 e-mail: stanley.phx@stantech.com www.stantech.com
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NATIONAL WEATHER SERVICE

SEMI-ARID PRECIPITATION FREQUENCY STUDY

- Tasks
1 a) Data Reduction

b) Quality Control
Frequency Test
Short-Duration Relations
a) Algorithm/Data Plot
b) Frequency Calculations
c¢) Algorithm Calculation
d) Final Adjustments
Spatial/Temp. Relations
a) Atlas

b) PC Package

c) Final Report

Work Station (IBM RS 6000 or
Equivalent

Laboratory of Climatology,
ASU (12 months)

State Climatologist

Independent Advisory Group
(consulting & travel) 12 trips

Travel (NWS) 21 trips

Travel-State Reps. & State
Climatologists 35 trips

Supplies (NWS)

Data (NWS Obtaining Cost)

Publication (Report & Atlas)

S LN

o

TOTAL

DETAILED BUDGET

Computer
Personnel ~ Charges
$42,975 $1,500
$43,910 $2,500
$43,650 $500
$50,640 $500
$40,070 $2,000
$40,525 $1,000
$46,330 $2,000.
$48,870 $500
$38,400 $500
$61,055
$62,080 $5,500
356,490 $500
$574,995 $17,000

PROJECT TOTAL COST
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Total
$44 475

. $46,410

$44,150
$51,140
342,070
$41,525
$48,330
$49,370
$38,900
$61,055
$67,580
$56,990

$20,000

$47,170
$30,000

$27,000
$16,000

$25,000
$5,000

35,000
$16,000

$783,165

$783,165

Personnel
Months
9.47
9.57
7.48
10.11
7.24
7.18
8.32
8.28
11.00
11.03
10.82
10.50

111.00
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SEMI-ARID PRECIPITATION FREQUENCY STUDY

. PROBLEM STATEMENT

Current precipitation frequency data as represented in NOAA Atlas 2 (1973) for the 11
western states has been questioned in a number of areas. The National Weather
Service (NWS) intends to review available data from all sources (Federal, State, local,
and private), consider current statistical practice and techniques, and provide an
updated report covering the semi-arid states of Arizona, Nevada, New Mexico, Utah,
southeastern California, and western Texas. The product would be available as an atlas
and in digitized format for ease in hydrologic appiications.

NOAA Atlas 2 was based on available data through the mid- to late 1960’s. The
period of record for hourly data was relatively short. Only 73 recording raingages for
all 11 western states had records of more than 30 vears. Regression techniques
developed for these studies required extensive manual calculation of data. Relations for
durations less than 6 hours were not well founded and durations longer than 24 hours
are not available. Depth-area and depth-duration relations were based on studies for
other parts of the country. A lack of data did not ailow for extensive studies of the
relation between terrain and precipitation. These are all tcpics that will be addressed
in the proposed N'WS study.

The N'WS has a long history of experience and expertise in precipitation-irequency
analvses and in this study intends 1o add to this backcround oy including studies of the
fundamental distributions and firting procedurss used in the past as well as those
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The research will review and process all available rainfall ca:a for the homogeneous
egion of Arizona, Nevada, New_Mexico, Utan, southeastern California, and western
Texas and utilize accepted statistical methods. It is recognized that the rainfali data as
archived by the National Climatic Data Center (NCDC) mav not be adequate to



accomplish the objectives of this research. Therefore, local, State, and Federal
networks that are not compiled by the NCDC, will be added to the NCDC data to
define frequency relations, local variations, as well as to provide details with regard to
depth-area, depth-duration variations, seasonal and terrain relations.

New statistical techniques for the development of frequency distributions and objective
spatial analysis developed over the past 30 vears will be evaluated and used for the new
frequency relations. The extensive adoption of automated procedures by hydrologists,
engineers, and others requires that the results of these efforts be made available in a
machine compatible format. Therefore, an additional effort will be directed at
producing a digital file that is adaptable to most users.

III. BACKGROUND

The first national precipitation-frequency atlas for durations up to 24 hours for the
contiguous United States was prepared by Yarnell in 1935. Subseguently, this work was
updated by the National Weather Service beginning in the 1950's. Currently, the NWS
has ten reports which provide the stancards for precipitation-frequency relations for the
50 states, Puerto Rico, and the Virgin Islands for durations from 5 minutes to 10 days.
For some of these reports additional Gata has been collected for another 30 vears.

The NWS recognized the need to review these publications. About two vears ago the
NWS began a pilot study of the precipitation-irequency relations in Pennsylvania and
West Virginia with funding from the Soil Conservation Service. Some preiminary
results are now available. The best available extreme-vaiue distribution for precipitation
up to the 1970's was the Gumbel exireme-vaive distribution using a Weibull fitiing
formula. Recent staustical advances have trought new techniques to test ¢ata and
frequency distriputions. as well as provided peuer fiting techniques. The preiiminary
resuits irom Pennsyivania and West Virginia using these tecinnigques indicat2 that the
Generalized Exzreme Vaiue (GEV) disibudon betuer describes the freguency
distributon for precizitation than deas the Gumbel. The Gumbel is a special case o
tne GZV disuiburion. Friming techniques have improved over the vears with ine

Merhod of Moments teing used in the 1970°s and the Probability Weignted Momen:s

T

(PWM) and L-Momen: fitting technicuss beine more recant developmernts. 1hess new
fitting technigues are bemrer abie 1o utiize the shorer peniods of rezord which ars priss

a major probiem in meecrology and hyvdroicgy. In additon, the t2chniques are aiso
useful In the quality-control of cata. Objective analvsis schemes are also being explore
to analyze isolines and to develop relations between the topography and precipitation
frequency.

19




IV. WORK PLAN:

The review and revision of precipitation frequency information in the semi-arid
southwestern states of Arizona, Nevada, New Mexico, Utah, southeastern California,
and western Texas involves the following specific tasks. Some of the tasks need to be
worked in sequence because of dependence on results from earlier tasks, some can be
considered concurrently. The time table included at the end of the task descriptions
(page 13) provides an indication of how the tasks will be managed. A brief discussion
of the budget is presented in Section VIII, followed by a breakdown of costs according
to the various tasks and other charges.

TASK 1

a) Data Collection b) Qualitv Control

A. Background

Some 20 vears or moere of data have accumulated since the completion of
NOAA Atias 2. In addition many stations that were not considered in that
publication because of short records, now have as much as 30-40 vears of useful
records available. Furthermore, unknown quantities of supplemental data exist
as a result of wrwo”'s and stations maintained by Federal, State, county and
private agencies, and not archived in NCDC. The attempt will be made to

obtain the precipitation data from the northern portions of Sonora. Mexico
B. Analyses

Both daiiv and hour:y data will be used, and where available 13-minute cama
use in shori-durauon reiatons. as well as other czia cf
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and dring it 10gerner in a consisient cata base. this 2né. use wili b2 =ads

of the knowisdes and capabilities of Stawe Cum':tomms*s 10 G2 :Dr:::hs what

Informaticn exisis and now and irom whom it may be obtain
Database will be organized into three groups:

1) NWS precipitation gages (recording and non recording) used in NOAA

Atlas 2 and those that co ]d pe emploved in this analysis,
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2) non-N'WS precipitation gages and records not used in NOAA Atlas 2 that
have data of sufficient length to test the old maps and to use in a new analysis,
and

3) precipitation gages (both NWS and non-NWS) with records too short (less
than 15 years after 1970) to evaluate return periods, but which could be
emploved in the analysis of events of interest, and eventually will have archived
data for future analyses.

Seasonal distribution of precipitation for all durations will be examined. This
requires careful attention to the definition of seasons in the semi-arid region of
the Southwest. Quite likely the traditional definition of seasons (sum

winter, fall, spring) may not be applicable. In the Southwest it may be more
appropriate to define a monsoonal season, rather than 2 summer or warm
season. The seasonal definition may also be different for various sections
within the region.

Th“ seasonal definition probably varies as a function of the duration of the
ents being investigated. For exampie short-duration convective storms of

6 hours or less most likely occur most frequentiy ircm May through October.
However, storms with a duration of 10 days or more most likely occur from

ctober through April. Thus, there may be some overiap of months depending
upon the duration of the storms being investigatec. Deiineation of season must
be accomplished early during the data processing period t0 ensure that the daia
to be used in the freouenw analysis is properiy archived in the b°ﬁinr~5m'
These decisions will be e in conceri with the NWS, Siate Climatciogisis. -
siate partcipanis. and the L ndependant Advisory Group.

O-’ COnsSICZranie mporiance 1§ i€ neec ITr cuanly gonimel 9f 1he collesisd garm.
Procedurss wiil b2 appiied 10 the automated routine used in orec ...SSA"’_' ins
cata that will search for unusual extremes anc note doih ..‘.SSII".Q anc

ccumuiated precipitaton periccs 1ae degres of guaiin controel that exisis i
these caza 1s unknown and ’juit- likelv vanies consiéeradly petween vanous
sources. £ven :he daia archived B the XCDC nesg © be seorehad for
cunching or other £Tors.

The effor: 1o process these data imo a usesaple daia base is of mzjor
imporiance 1o ihe overall reliability of the final preduct. It is undersitandable,

therefore that this portion of the study will be given deliberate artention, as
well as adequate ime allotied, 10 accomplish this gcal.




C. Product

A data base of all-available precipitation data for stations in the semi-arid
southwestern states and the immediate surroundings will be created by this task.

TASK 2
Freauencv Distribution/Fittine Studies

A. Background

The NWS has provided many studies of precipitation frequency over a period
of some 35 years, and almost all these studies have been based on the Gumbel
distribution (Fisher-Tippett Type I) fitted by the Gumbel fitting procedure
(Weibull Plotting positions). Through the last 20-30 years, much research has
described other statistical distributions and fitting techniques, each with an
application to a particular type of data or location.

B. Analysis

It is important that in a major review, such as proposed herein, consideration
be given to these recent developmenss, and an attempt made to Incorporate
any improvements that are real and can be supported. This task will selec
from the extensive literature those disiributions and fitting procedures that
appear most applicable. Some of t'nase are the Generalized Extreme Value
(GEV), the Pearson III, Generaiized Log-Normal. the Gamma, the Generalized
Pareto, Generalized Logistic distribuniens. and the L-moment, method of
morments. and other fitzing procedurss. as examples. Tests and comparisons
will be made to evaivate the appiicaticn of each 1o the data from the region of
study.

Resuits from a piiot study 10 vpdate ine precipiiaton-ireguency data in the
Pennsvivania-West Virginia arsa have orovided much insight into recen:
statisticai techniques and many of e _:roaxw-‘s ihat can be expecied mn a study
of the precipitation-irsguency rsiations for a region Or a siate. Some of the
conciusions are: 1) problems in the recucton of daia have pesn recognized
and improved software will be deveioped for future work: and ) the new

staustical techniques provide improvec ways of handling outiiers in the dara:

3) procedures for the quality control of precipitation data have bezn identified:
4) L-moment staustics, which is an evoiution of probabilitv-weighted moments.
will be used for future frequency studies; 5) techniques for selecting the
frequency distribution whicn bes: fits the data for an area have been developed

and tested using L-moment statistics ancd other techniques.
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This task will draw on the expertise of the Independent Advisory Group, State
. Climatologist, and state participants to guide the NWS toward the best solution
in this area. Thought needs to be given to the benefits/drawbacks involved in
solutions that result in regional variations between selected distributions and
fitting procedures. This consideration may require sample tests be made in
other regions outside the southwest. In the event different distributions are
accepted, a discussion of boundary differences will be needed. Inter-regional
consistency is important, but sometimes this can be mitigated by judicious
choice of regional boundaries (e.g., consistent with major drainage limits).

C. Product

The outcome of this task will be the selection of a frequency distribution and

fitting technique best suited to the precipitation data to be used in this study
region.

TASK 3
Short- Du ation Relations

A. Background

‘ Short-duration information (durations of less than 1 hour) is vaiuabie in the
design for small-area structures, such as, drans, cuiverts, collecticns, and other
similar hvdraulic structures. Presently, NOAA Atias 2 provides raies adapted
from a national average for durations of less than 1 hour. Gtiher preiiminary
work by Frederick and Miller (1979) and Arkell and mc*.:r:s (1986) shows that

7/
s, Bomoas sty
2

the ratio oi rainiall less than 1 hour is differsnt in the West from o 121 IR 10
= - P ~arsrle P | TN -~ e - *3 = Mt y R . ey Ny PERE S SH
=ast (rrederick et al. 1977). and that these ratos likeiv van' iroughour the
Weast.

B. Anaivsis

Te - > - 1 ~e-s 1 RWRAIIS A § ——me myv=m 4

It is necessery 10 develop relzions berween 1 hour 2nd shorer curdzions.
Oniv limite¢ cigitized dara are availabie for this anaivsis. Thesa cata scurce

3 minute and shorter periods availabie irom Fischer-Porier gages
he nauonal nerwork maintained by the NWS; 2) special shori-

ation da:a from NWS fxrsl orcer weather stations for intense storms;

3) reak-point data from special dense raingage networks maintained by the
Agncuhmal Research Semce. and 4) short-duranon data captured and archived
by a variety of other Federal agencies, and local and siate gOVS.x.an[S.

‘ When analyzing these data we must be careful to maintain the spatial continuity

of the meteorology of the data sets. For example, data from east of the
Rockies will be useful for those regions east of the Rockies, but would probably
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not be applicable to areas west of the Rockies. The major reasons for this are
the difference in the moisture sources and the types of weather associated with
the event. These homogeneous regions must be defined in the early part of the
analysis. Special attention will also be paid to urban areas, if sufficient data
exists, to determine if there are any differences in the intensity of rainfall in the
downstorm direction.

Many of the storms will be due to convective activity. Another natural
stratification of the data will be to determine if there are any differences in the
temporal distribution of precipitation with height.

C. Product

The final products of these studies will be ratios or maps of ratios that can be
applied to the 1-hour duration data to determine the frequency distribution of
durations of less than 1 hour.

TASK 4
a) Algcrithm/Data Plot (Algorithm Development/Applicaticn)

A. Background

For frequency calculations, not all portions of the semi-arid southwest are
adequately represented by data. Thnerefore, it is important to develop
algorithms or relations that are based on data-rich areas 1o be used in cata-
poOr area

3. Analvsis

Previous studies spow that ine geographical disiribuiion Of gaging siaiions variss
significantly throughout the region. A.n apjscave 1econious I8 mesdes A will

allow the "*‘al\S’ Cr ine COmDUIBI. 10 D oToviGe 2 comsisient ruie IFTCU”"O“’

[RRSR b el POTeuBeul GRS 98

lovestigation of crecipiiation-terrain reiotions will be =ade in daiz-rich areas
f*-“'\""xoo alegrithros for use in zhose regions wpare here are livde or no gas.

\ ser1es Of topographic and/cr mersorciogicai variabies are often s
appl}' In such studies. These couid inciuds cisiance ITOm moOisiure sources.
seasonality, slope, elevauon, height above an arbitrary level, disiance ircm a
barrier, etc., as examples. Other data that will be mvestigated are sateliite
ciimatologies providing added definitions about the disiribution of precipiiation
and thunderstorms in data-poor regions.




b) Frequencv Calculations and ¢) Alcorithm Calculations

This task will be coordinated with both the State Climatologists for their
knowledge of local variations and anomalies, and the Independent Advisory’
Group for their experience and recommendations.

C. Product

The most important product in this task is the set of precipitation-terrain |
relations that apply in data-sparse regions. |

A. Background

Once the data base has been established in task number 1, and the various
relations determined as in tasks number 2 to 4, the data will be processed to
obtain various outputs.

B. Analysis

Precipitation frequency values for durations between 5 minutes and 10 days at
return periods betwesn 2 anc 100 years will be calculated for all stations within
and surrounding the semi-aricé region. Results will be obtained both monthly
and on a maximum annual basis. Consideration will be given in the digital
process to esiablish routines that will allow bi-monthly or weekly products, if
needed, 10 be computed. However these decisions must be made in the
peginning, so daia-procsssing costs do not become 100 expensive.

i
1

The rasults will be examined Ior inconsistenciss, SITors, Or meteoroiogical
tnreasonableness. An imporant part of the study is 10 provide information
that makes sense and can b2 supported by meteorological experience anc
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d) Final Adjustments (Frequencv Relation)

A. Background

After all the frequency values are calculated, the spatial analysis of these values
will begin. Algorithms will be used to develop relations between the
precipitation frequency data and the underlying terrain. Further smoothing will
be provided by regionalization of the frequency relations. This ensures that the
frequency relations within a rcgion are homogeneous and account for any
unusual singular points in the data set and the underiying terrain.

B. Analysis

For selected durations and return periods (e.g., 2-vr i-hr, 2-yr 24-hr, 2-yr 10-day
and comparable 100-yr values), the calculated frequency values will be plotted
and an objective spatial analysis program will be used to anaiyze the results.
These analyses will be reviewed for internal consistency, known local effects,
meteorological reasonableness, and to develop any suppiemental hard copy
analyses. The objective spatial analvsis program will regionalize the daia,
providing a smoother final analysis that will account for the underiving terrain.
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Seasonal relations can be developed for selected freguencv/return periods either
by month or by mid-season month, or seasonal average. Tests will be made 10
provide comparative information that will allow the best reiatcen to be chosen.
Comparisons will also be made to other indices. such as runoif.
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seasons. As par: of this task, the method of presenmration will be sxaminad o
determine if alternate metnods of presentaticn of the irequency rziations are
possibie. Final decisions will be made after consuiting with the Independent
Advisory Group, the State Climatologists, and the s:ates involved With he
project.




. TASK 5

Spatial/Temporal Relations (Depth-Duration and Depth-Area Studies)

A. Background

These studies will be divided into two parts. The first part will examine depth-
durations or mass curves for durations of 1 hour or less and depth-area curves
for area sizes of 100 miles? or less. Such relations provide information for use
over small areas and for short durations, and concentrate on local
thunderstorms. The focus of the second part of the study will be on depth-
duration curves from 1 hour through 10 days, and the depth-area results will
explore areas of 500 miles? or greater. These results will give details about the
longer duration and more generalized storms. This data base will develop
information from convective storms, tropical storms anc general storms.

B. Analysis

The depth-duration studies for small-area storms will concentrate on convective
storms to identify the maximum intensity of rainfall in periods of 1 hour or iess.
A family of meteorologically consisten: mass curves will be prepared. The data
base will contain rainfall for periods of less than 1 hour. Arkell and Richards
. (1986) and Frederick and Miller (1979) have shown tha: there are different
subregions within the area. As a resul:, special attentcn must be paid 10
define the homogenous subregions. If sufficient Gata exists, urban areas will
examined to determine if there are any differences in the intensity of rainfall
downstorm of the city. Another natural stratificaiion of the data will be 10
determine if there are any differsness in the temporal Sisuibution of

precipitauon withi€ievation.
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dayvs, and for areas greater than 300 miles”. The cata base for this anaiysis will
be denived from the extreme events identified in the dz:a processing procedure.
This will include data from the N'WS national nerwork. 2nd data from the
various dense raingage networks anc :he individual staticns of various Federal,
siate, local. and private groups.
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The depth-duration or temporal analysis of the data will follow the scheme
developed by Huff (1967) and Huff and Vogel (1976) which identifies famulies
of mass curves. These families of curves provides a range of meteorologically
possible non-dimensional mass curves, showing the median and the extreme
possible mass curves that can occur. Durations for this analysis will range from
1 hour up to 10 days. Consequently, a series of non-dimensional mass curves
will be assembled that will encompass this wide variation of durations. The
analysis will provide extreme point estimates and consider areal-averaged mass
curves. For this semi-arid area of the United States there will be differences
between convective storms and general storms, the data will be stratified to
identify these differences. It will also be necessary to identify any regional
variations and differences with elevation.

C. Products

The final products of these small-area, short-duration studies will be relations
that can be plotted and smoothed for use in small-area design problems.
Area-depth curves will aiso be derived for areas greater than 500 miles”. If
possibie, a family of curves will be developed to show the extreme area-depths
that are possible. These curves wiil be stratified by duration and area size to
maximize the utility for design purpcses. A smoothed set of curves will also be
generated for generalized results. Regional and elevation variations will be
identified, and curves will be generated o distinguish between general storms.
tropical storms and convective storms where such stratifications are possipie and

mersoroloaicallv reasonabie.
SRmINes 01 mass curves and arsa-éapin curves will Be eEnesaradiananaispiaves
as a iuncton of the duraten ané area siz2. If the data permlis. In2 anajvsis

wiil aiso pe dispiaved by sicrmm n'Te anc 2isvauorn.
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NOAA series with initial distribution according 1o a mailing iist developed by
the NWS and the participants. Further disiwribution will be made through NTIS,

and from a reserve suppiv maintained by the NWS.

The report will contain derailed discussion of the daia and procedures used 10
obtain precipitation frequency values aiong with background and information
about studies made to arrive at these conciusions. Maps of analyzed results
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will be provided along with graphical relations needed to obtain intermediate
values. Seasonal variation, -depth-area distribution, and the temporal
distribution of rainfall in extreme storms will be discussed, and graphs and
figures appropriate to defining these results for the region will be given.

In addition, and unique to this study, a digital file will be created so that the
results at any location in the region and the data bases can be obtained. It is
intended that the digital file will be a practical solution to most field users
needs, particularly those who make continual reference to these data, or wish to
incorporate these results into some larger computational routine.

Note: The digital file will be in the GIS form.
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V. REPORTS AND MEETINGS

A.Reports

During the course of this study, progress reports will be provided by the
contractor on a quarterly basis. These reports will include brief
summaries of studies under development, comments On CONciusions
reached, problems encountered and changes that may be necessitated in
the initial schedule of work. The progress reports (working summaries of
the tasks) will be prepared and submitted to all participants and advisors
prior to each meeting.

A draft document of the entire study will be prepared by the contractor
for review by the various identified parties, as well as selected outside
interests. Comments from this review will be acted upon 10 form the final
report.

B. Meetings

A schedule of meetings has been proposed that calls for general mezetings
to include 2il participants and for progress meetngs that appiy 10 mcre
limited interssts. It is proposed that general meetings be held in the
study region, 1) at the onset of the project, 2) after the first vear. a2nd

3) during the writing of the draft report. The progress meetings wiii de
held at approximately six-month intervals. These meeungs will be h2id at
either a fixed site or on a rotaung site basis within the region. A: inese

Oin&rs. as aroroorials. 10 aiscuss in€ progress O in€ SWGV anc COonSiciy
= 5 iR s = Sa inAnadsal o
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Mammte e dhs saae tesade sbauae | asim e 2
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VL SUPPORT GROLPS

A. Local Hyvdrologic Rezresentatives

o~

. \ her otfices providing financial support to :his siuCy
will be represented at all technical mesungs called by the contracier

(NWS). It is recommended that each such office appoint a technics!
represeniative who wili have the following responsibiiitias:




‘ o Attend all meetings called to discuss or review the precipitation
frequency study.

o Provide their individual state DOT officials with updated status reports
on progress of study.

o Bring to various meetings comments, questions, or information from
their individual state DOT offices regarding this study.

o -Be able to technically understand the procedures and processes being
applied in the study, as well as the methods used to evaluate different
results.

0 Assist in the review of the various products and add local knowledge to
these products.

B. State Climatologists

Official NWS-type data will be obtained through information available at
the NCDC in Asheville, North Carolina. Since data collection and quality
‘ control of the data is an important part of this study; it is anticipated that
it will be necessary 1o include state climatologists from the major siates
being studies 1n our meetings. It may also be useful to include
representative(s) from the Western Region Climate Cenier to these

meeunes as well. The role of these individuais will p2 10 2ic In colleciuna
and orcanizing ¢aia rom nurmerous privare. iocal. znd sizI2 namworks ior
wiich there are no rcuine coliecuon anc processine ceniars. Menizs

nave DSST SEI asice [l 1Ne Duggetl 10 oLsel SCme CI ness 2IIghis.

Responsibilities in this area inciuds:

¢ Survey, iccare. coiieci. and sizndardize avaiiabie lonc-term Draciniieiion
Caia rom sources ciher :xan official NWS sizuons within their si2z=.

~ D= o - s T o o S = 2 _

O Provids somsa deeres of qualiiv ¢Oairol ¢r assignment ©f guaiiny 16 the
inc¢ividual cdata sourcas

0 Aitend meetings called to discuss this stucy.
0 Prowvide information and guidance to coniractor regarcing known local

tcpographical anomalies affecting precipiiation.
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o Review draft products and input knowiedge of local features in their
area.

C. Independent Advisory Group

In order to assure that the study is using the most up-to-date technologies,
it 1s recommended that an independent advisory group be appointed to
review all aspects of the technical approach proposed for this study. The
independent advisory group shouid be composed of individuals
representing the various major concerns used In the study, e.g., hydrology,
statistics, and meteorology/climatology. Three to four experts in these
fields will be selected by the contractor to comprise the group with the
following responsibilities:

o Attend all meetings called to discuss the precipitation frequency study.
Contractor will interact with advisory group throughout the course of
study to determine strategies, preferred approaches, and confirm
results. '

o Provide their individual technical expertise with regard to aspects of the
study 1o assure a proper course of action.

o Participate as a reviewer of draft report at completon of this siags of
study. |

VII. PROGRAM MANAGEMENT ‘

Mz, John Vogel, Chief of the Hyvcromerecroiogical Sranch ci the Warer Manageme=n:
infcrmation Division (WMID). Oifce cf Hvdroiogy. Nauczal Weather Service, will bz
ne ,-or:c_:n m:na--. 1or 1nis swucy. \" \rocm. anc Mr. Marsnall Sapsen. Division

zi! raczniczt =Hors of the NWS ea—.

Tnis team is I'SS’JOT'ISxDI.. J.OT cotapienon of s 373.".__"""12:‘" 2nd Snal TEDCIS 20C Ior
”“Li.l;";g ali "“?.SIIII‘ZS M:. Voes! is further T250Cn ois o e IZI‘.C D2 meTiosss 81 e

'—wﬁn a a ~ = -
incéependent Agvisory Groug.

VIII. BUDGET STATEMENT

C/J

The total cost of this 3-vear project is S338.850. Commitments have already been
obtained from the Corps of Engineers. U.S. Degariment of Agriculture (Soii
Conservation Service), FEMA, anc the National Wezather Service to finance the Federal
poruon of this work. Additional monetary commitzients are being sought and are
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expected to be forthcoming. In all, it is anticipated that the costs will be shared aimost
equally between Federal and state funds.

Tasks 1 through 6 have been divided to show the personnel and computer-related
charges. These total $376,900. Miscellaneous charges include a special allocation to
the Laboratory of Climatology at Arizona State University to develop data bases for
many of the special networks of precipitation data in Arizona and in Sonora, Mexico;
charges by state climatologists to develop other precipitation data bases within their
states; and the consulting fees and travel for the Independent Advisory Group. Other
charges include the supplies, data acquisition charges, publication charges, and travel.
The travel charges are further divided to show the anticipated travel costs and the total
number of trips for the state representatives, state climatologists, and the National
Weather Service. Most of the travel will be for attendances at the semi-annual
progress meetings. At these meetings the various groups will be providing advice and
input to the National Weather Service for the semi-arid region frequency study. It is
anticipated that these meetings will last 1 to 2 days. Some of the meetings may be
longer; especially at the beginning of the project, when many decisions need to be
made, and at the end of the project, when final products and the final report are being
prepared and discussed.

This proposal applies primarily to the states of Arizona, Nevada, New Mexico, and
Utah. Although Arizona appears prepared to initiate the funding for this study, it is
expected the remaining states will provide funds in subsequent years.

18 5/81¢1




. NATIONAL WEATHER SERVICE
SEMI-ARID PRECIPITATION FREQUENCY STUDY

DETAILED BUDGET

Computer Personnel
Tasks Personnel Charges Total Months
1 a) Data Reduction $53,100 $1,500 $54,600 10.97
b) Quality Control $40,085 $2,250 $42,335 8.21
2 Frequency Test $25,600 $500 $26,100 4.40
3 Short-Duration Relations 320,125 $500 520,625 4.03
4 a) Algorithm/Data Plot $33,100 $2,000 $35,100 - 5.50
b) Frequency Calculations $35,750 $1,000 $36,750 6.33
c) Algorithm Calculation $25,440 $2,000 $27,440 4.57
d) Final Adjustments $24,435 $500 $24,935 4.14
5 - Spatial/Temp. Relations . §13,700 $500  $14,200 3.92
6 a) Atlas - $31,855 $31,855 5.74
b) PC Package $38.250 §5,500 $43,750 6.67
c) Final Report $35,460 $500 $35,960 6.59
‘ 376,900 393,650
Laboratory of Climatology,
ASU (12 months) $30.000
State Climartoiogist £30.000
independent Advisory Group
(consuiting & travel) 12 TIDS $27.900
Travel (NWS) 21 wips $16.800
Travei-State Reps. & Siare
Climartoiogists 25 mips S24.500
Suppiies (NWS) £3.000
Data (NWS Obraining Cost; $5.000
Publication (Report & Adtlas) $20.000
$165,200
TOTAL $376,900 $16,750  $342,100 60.10
. PROJECT TOTAL COST $558,850
19
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5' ‘Y ‘- U.S. DEPARTMENT OF COMMERCE
N National Oceanic and Atmospheric Administration
%, ",é’ NATIONAL WEATHER SERVICE
*rares of Silver Spring, Md. 20910

April 15, 199aa7:fgfmjuf.”“
I"' Vel

APR 27 1092

H11:JLV

Ms. Carol Davis
Hydrology Division S ) CHD
Flood Control District . -
of Maricopa
2801 West Durango
Phoenix, AZ 85009 w ]

Dear Carol,

As I promised, I am forwarding maps and listings of daily and
hourly precipitation stations in and within 75 miles of Maricopa
County. The listings provide the station name and number
assigned by the National Climatic Data Center, as well as the
latitude, longitude, elevation and the period of record (POR).

Generally, we require stations with a period of record that
covers at least 15 years. However, the period of record can be
less for higher elevations or stations that are located in
regions which are data sparse. In those circumstances we may not
be able to use the data directly, but the data will provide
guidance that might not be available in any other way. After a
number of storms are identified for processing of area-depth and
depth-duration data, we will be obtaining additional data for
specific storms and will use all the data we can find.

If you have any questions, please feel free to call me on
(301) 713-=1669.

L)
Sincer¢1¥ﬁ

(._ AN ) //
> oot ;/‘M

John L. Vogel, Chief
l'gydrometeorological Branch
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ARIZONA DEPARTMENT OF TRANSPORTATION

TRANSPORTATION PLANNING DIVISION
206 South Seventeenth Avenue Phoenix, Arizona 85007-3213

HARRY A. REED

FIFE SYMINGTON ARIZONA TRANSPORTATION RESEARCH CENTER Y A
Governor Division Director
November 25, 1992 r
CHARLES E, COWAN ¢ !
Director }
‘ NNy o n N9

Carol H. Davis i

. n
Hydrologist 4
Flood Control District Of Maricopa County oo
2801 West Durango Road -

Phoenix, AZ 85009 i
/I CHp

Refined Precipitation Frequency Maps Project R
Project HPR 018 A
Request for Precipitation Records/
Quarterly Progress Report

Subject:

Dear Ms. Davis:

Enclosed is a copy of a letter from the NWS requesting additional data for the

. subject project. If you or your agency can provide any of the desired information, o
know of another source of this information, please provide the information directly to the

NWS at the address on the letter.

Enclosed also is a copy of the 4th Quarterly Progress Report.
If you have any questions, please call me. My phone number is (602)831-0662.

Respectfully,

QQ"’LIJ,O& WE \)O '

MNIS——

W/ Joseph W.Warren, P.E.
Senior Research Engineer
Research Section

enclosures
JWW/daj

HIGHWAYS AERONAUTICS . MOTOR VEHICLE PUBLIC TRANSIT ADMINISTRATIVE SERVICES TRANSPORTATION PLANNING

o,




U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration

NATIONAL WEATHER SERVICE
Silver Spring, Md. 20910

October 22, 1992 W/OH11l:LFT

RECEIVED

Mr. Joe Warren

Ny N2
Arizona State University NGV § 4 1992
Engineering Research Center
Room 405 ARIZONA TRANSPORTATION
Tempe, AZ 85287-6306 RESEARCH CENTER
Dear Joe,

As you may already be aware, the National Weather Service and
several other Federal agencies (Corps of Engineers, Soil
Conservation Service, Bureau of Reclamation, FEMA, and the
Department of Highways), as well as various state and local
government agencies, are working to develop new precipitation
frequency atlases. The current precipitation frequency atlases
for the western United States are NOAA Atlas 2 (durations through
24 hours) and Technical Paper No. 49 (durations from 2 days to 10
days). These atlases were prepared by the National Weather
Service 20 to 30 years ago. As more quality data and new
statistical techniques are now available, we have begun this
multi-year project with the southwestern United States.
Currently, we are revising the precipitation frequency relations,
area-depth curves, and depth-duration curves for the semi-arid
southwestern states of Arizona, Nevada, New Mexico, Utah, and the
southeastern portion of California. Area is shown on enclosed
map.

The base data are the precipitation records available from the
National Climatic Data Center (NCDC). However, these data are
strongly biased by population density and there are only a few
precipitation records at high elevations or in sparsely populated
regions. Consequently, we are attempting to obtain data records
from as many other groups or individuals as possible to
supplement the precipitation data available from NCDC. Many
Federal, state, and local agencies, as well as private
organizations such as power companies, have installed
precipitation networks and we want to include as many of these
data as feasible to provide the best data set for final analysis.

Specifically, we are looking for precipitation records of any
duration (daily, hourly, storm, etc.), and we would prefer to
have at least 15 years of record for statistical purposes.
Although this is a somewhat marginal record length, it should
provide enough information in concert with other stations in the
vicinity to provide meaningful information. However, it is also
recognized that many of the stations in the data-sparse regions
may not have a record length of 15 years long and for these
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{

&




stations we will relax the 15-year record requirement. This is
also true if the station has records with durations shorter than

1 hour. For those stations with less than 15 years of data,

individual judgments on the application of the data for this
project will have to be made. We can supply you with an
inventory of the data that are available from NCDC, as well as
maps showing the locations of the stations for your area of
interest, in order to avoid duplication.

The Project is also examining precipitation within major storms.
For this part of the analysis, detailed isohyetal and temporal
analyses of major storms will be made. This means that even if
some of the precipitation stations do not have sufficient record
lengths for the statistical part of the study, precipitation data
from major storms will still be very useful in the study of
individual storms and contribute valuable insight into their
structure.

If you can provide precipitation data useful to this study, your
assistance would be greatly appreciated and would help to provide
valuable information to the hydrometeorological community. If
you have any precipitation data that you believe would be useful
to this study or if you have any questions, please feel free to
contact me at (301) 713-1669, or you can send correspondence to
me at the following address:

NOAA, National Weather Service
1325 East-West Highway

OHl1ll1l - SSMC-2 - Station #7166
Silver Spring, MD 20910-3233

Sincer 1y

Mete€o ologist
Hyﬂfpmeteorological Branch

Enclosure
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Regional flood frequency analysis using L-moments

J. R. M. Hosking and J. R. Wallis

IBM Research Division
T. J. Watson Research Center
Yorktown Heights, New York 10598

Abstract:  An index-flood procedure which uses probability weighted moments (PWMs)

[Greenwood et al., 1979] to estimate the parameters of a regional flood frequency distribution has
been shown in recent research to perform wel] It is easy to use and statistically efficient and gives
more accurale flood quantile estimates than the official flood frequency procedures recommended
for the U.K. and the U.S. [Hosking et al., 1985 Wallis and Wood, 1985; Potter and Lettenmaier,
1990].

L-moments are summary statistics for probabxhty distributions. They are derived from PWMs
but are more easily interpretable as measu;es of distributional shape (coefficient of vanation,
skewness, kurtosis, etc.). Their statistical applications are described in Hosking [1990].

In this paper we discuss the application of ‘L-moments to flood frequency analysis. Companson
of the spread of at-site sample L-moments with what would be expected of a homogeneous region

aids the identification of homogeneous regions The regional averages of the at-site sample

L-moments give an indication of which dlstnllautxons are plausible flood frequency distributions for

the region. The use of L-moments rather than PWM:s in the index-flood procedure itself sometimes

gives a small improvement in the accuracy of flood quantile estimates. In summary, the use of

L-moments makes the PWM-based index-flood procedure easier 1o use while maintaining its high
efliciency.




1. Introduction

Floods are the greatest natural catastrophes that mankind experiences. Year in
and year out they cause enormous loss of life and damage to property. Floods
on the Huang He (Yellow River) in China are estimated to have caused 6 million
deaths in the last 100 years [Smith, 1981, p. 441]. Of the 531 Federally declared
disaster events in the U.S.A. between 1965 and 1985, 392 were flood-related
[Rubin et al., 1986]. The total annual monetary loss due to floods in the U.S.A.
averages $3.9 billion [Platt, 1979]. Estimation of how often a large flood may
be expected at a given site is therefore a matter of great importance. It is needed
for the design of dams, bridges and flood-alleviation structures, and for the defi-
_nition of flood-prone areas for purposes of zoning regulations.

Many factors affect the magnitude of the floods which can be expected at a
given site. Some of these factors are known and can be measured or estimated
with reasonable accuracy: for example, the catchment area upstream from the
site, or the average annual rainfall over the catchment. Some factors are known,
but cannot be measured accurately enough for their effect on the pattern of floods
to be precisely determined: one such factor is the pattern of soil type within the
catchment. Some factors may not be known at all. And the sequence of floods
in any given time interval is affected by the unpredictable weather patterns which
control both the total amount of water entering the catchment as precipitation
and the rate, dependent on how wet the catchment was before a storm, at which
this water travels to the catchment outflow.

Because there are numerous sources of uncertainty about the physical proc-
esses that control flood magnitude, a statistical approach to the estimation of
extreme floods is desirable. Statistical methods acknowledge the existence of
uncertainty and enable its effects to be quantified. Let Q be the magnitude of the
largest flood which occurs in a year at a given site. We regard Q as a random
quantity (a random variable), potentially taking any value between zero and
infinity. The fundamental quantity of statistical flood frequency analysis is the
flood frequency distribution, which specifies how frequently the possible values of
Q occur. Denote by F(x) the probability that the actual value of Q is at most x:

Fix) = P[o<x]. )

F(x) is the cumulative distribution function of the flood frequency distribution.
Its inverse function x(F), the quantile function of the flood frequency
distribution, expresses a flood magnitude in terms of its nonexcession probability




F. The flood quantile of return period T, Qr, is that {lood magnitude which has
probability 1/7T of being exceeded in a year, i.e.

Qr = x(1-1/T) (2)

or
F(Qp) = 1-1/T. (3)

The goal of flood frequency analysis is to obtain a useful estimate of the flood
quantile Q7 for a return period of engineering relevance: this period may be the
design life of a structure (T'=50 years, say) or some legally mandated design
period (e.g. T=10000 years in some dam safety applications). More generally,
the goal may be to estimate Qr for a range of return periods, or to estimate the
entire quantile function. To be “useful”, an“estimate should not only be close to

the true quantile but should also come with an assessment of how accurate it is
likely to be.

2. Regional flood frequency analysis — current ideas

Regional flood frequency analysis has been| an established method in hydrology

for many years: the index-flood procedure o‘f Dalrymple [1960] is an early exam-

ple. Several methods recommended by nat%onal organizations for general use by

hydrologists have a strong regional compo@ent. Bulletin 17 of the U.S. Water

Resources Council [1981] fits a ]og-Pear}son type III distribution to annual
maximum streamflows at a single site, the s}kewness of the logarithmically trans-
formed distribution being obtained by comjbining a data-based estimate with a
value read from a map. The method use% regional information insofar as the
mapped values are derived from observed skewness statistics at many sites. The
U.K. Flood Studies Report [Natural Environment Research Council, 1975]
divides the British Isles into 11 regions with region boundaries following those of
major catchments. Each site in a region|is assumed to have the same flood
frequency distribution after the at-site data have been divided by the mean
annual flood.

Since these methods were published, research has indicated several ways in

which regional flood frequency analysis can be improved, and several principles

which are useful for constructing a regional flood frequency analysis procedure.




1. Flood frequency analysis should be robust. Flood frequency analysis proce-
dures, like virtually all scientific methods, postulate some kind of model for the
process which ‘generates the observed data. The actual flood-generating mech-
anism is so complicated that it is unreasonable to expect the model to be “true”,
i.e. an exact representation of the physical process: it is at best an approximation.
Therefore when fitting the model to the data, any desirable attributes possessed
by a model-fitting procedure when the model is true may be irrelevant. Much
more important is that the procedure should yield flood quantile estimates whose
accuracy is not seriously degraded when the true physical process deviates from
the model’s assumptions in a hydrologically plausible way. A modeling procedure
with this property is said to be robust.

2. To assess a flood frequency analysis procedure, use simulation. To establish the

properties of a flood frequency analysis procedure, or to compare two or more

procedures, we recommend the use of Monte Carlo simulation. Though when
specifying a model for flood frequency analysis we may not know the exact
mechanism by which floods are generated, we can recognize that some kinds of
departure from the model are hydrologically plausible. For example, the flood
frequency distribution may have a heavier or a lighter tail than the model
assumes, and magnitudes of extreme floods at different sites may be positively
correlated. Data can be generated according to whatever pattern of real-world
data structure is of concern, and the adequacy of the proposed modeling proce-
dure can be assessed for such data. The advantage of using simulated data for
this purpose is that the true flood quantiles are known, so it is easy to judge how
well the modeling procedure performs. This is not the case for methods which
use only observed flood data, such as split-sample testing or comparing proba-
bility plots of observed samples and fitted distributions.

3. Regionalization is valuable. Regionalization is the inclusion in flood frequency
analysis of data from sites other than the site at which flood quantile estimates

are to be estimated. Because more information is used than in an “at-site” anal-

ysis using only a single site’s data, there is potential for greater accuracy in the
final flood quantile estimates. But the extra information comes at the price of
having to specify the relationships between flood frequency distributions at
different sites. For example, index-flood procedures assume that flood frequency
distributions at different sites are identical apart from a scale factor, i.e. that the
sites form a “homogeneous” region. Benson [1962] suggested that this assump-
tion was not valid for U.S. flood data, because the cocfficient of variation (CV)
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of the flood frequency distribution tends to decrease as catchment area increases.
Thus there is reason to doubt whether regio}nalization is worthwhile. Research
has shown these doubts to be unjustified: even though a region may be moder-
ately heterogeneous, regional analysis will still yield much more accurate flood
quantile estimates than at-site analysis [Let‘tenmaier and Potter, 1985; Hosking

and Wallis, 1987; Lettenmaier et al., 1987].

4. Regions need not be geographical. Regional flood frequency analysis is
advantageous when the sites forming a r%gion have similar flood frequency
distributions. The term “region” suggests a set of contiguous catchments, but
geographical closeness is not necessarily én indicator of similarity of flood
frequency distribution. Indeed some aspect$ of the flood frequency distribution

can show sharp discontinuities when considered as functions of the location of the

site. Consider a site downstream of the confluence of two rivers and sites on the
. at the CV or skewness of a flood
frequency distribution could be very different at the three sites. For this reason
maps of regional skewness, as used by Bulletin 17 [Water Resources Council,
19817, seem likely to be very unreliable.

two upstream branches: it is plausible th

It is, however, intuitively reasonable t

- frequency distributions should have sin

characteristics that determine the flood fre

reasonable to identify regions by grouping tc
in some suitably defined space of catchment

used to define this space could be geograph
but other characteristics more directly and

hat catchments with similar flood
nilar values of those catchment
quency distribution. It is therefore
ogether catchments that are adjacent
t characteristics. The characteristics
ical — latitude and longitude, say —
physically related to the occurrence

of large floods, such as altitude, average annual rainfall, catchment area or soil

type, are intuitively more appropriate. A fu
that is geographically dispersed rather than

rther advantage of choosing a region
compact is that the flood frequency

distributions at the different sites are then less likely to be highly correlated,

thereby reducing the variability of the eventual flood quantile estimates.

5. Flood frequency distributions are not “textbook” distributions. Lognormal,
Pearson type IIl and extreme-value type I (qumbel) are examples of probability
distributions for which a fairly thorough ma‘thematical and statistical theory has
been developed, and which resemble in their general shape what experience

!
suggests a typical flood frequency distributiion should look like. It is therefore

tempting to declare one such “textbook” d
distribution for fitting to flood data, or to

stribution to be the flood frequency
choose a distribution from among a




small group of textbook distributions. A problem with this approach is that the
samples of annual maximum streamflow data which are typically available are
not so large that the flood frequency distribution can be unequivocally identified.
In particular a heavy-tailed distribution, with Qr increasing rapidly as T
increases, will, if undetected, cause severe underestimation of extreme flood
quantiles. Several authors have found evidence that flood frequency
distributions can be heavy-tailed [Houghton, 1978; Landwehr et al., 1978; Rossi
et al., 1984; Ahmad et al., 1988]. It is therefore wise to consider as candidate
flood frequency distributions a wide range of moderate- and heavy-tailed
distributions, or to use a distribution with enough free parameters that it can
mimic a wide range of plausible flood frequency distributions. The Wakeby
distribution [Houghton, 1978], with § parameters, is one such

“mimic-everything” distribution.

6. L-moments are useful summary statistics for flood data. Although
nonparametric methods have been proposed for at-site flood frequency analysis
[e.g. Adamowski, 1985], most regional flood frequency analysis procedures
attempt to fit flood data by a distribution whose form is specified apart from a
finite number of undetermined parameters. Sample moment statistics, partic-
ularly skewness and kurtosis, are often used to judge the closeness of an observed
sample to a postulated distribution. But these statistics are unsatisfactory: they
are algebraically bounded, with bounds dependent on sample size [Kirby, 1974;
Dalén, 1987}, and in many small or moderate samples it is unusual for sample
skewness and kurtosis to take values anywhere near the population values [ Wallis
et al., 1974].

We recommend an alternative approach based on quantities which we call
L-moments [Hosking, 1986, 1990]. These are analogous to the conventional
moments but can be estimated by linear combinations of the elements of an
ordered‘sample, i.e. by L-statistics. L-moments have the theoretical advantages
over conventional moments of being able to characterize a wider range of
distributions and, when estimated from a sample, of being more robust to the

presence of outliers in the data. Experience also shows that, compared with

conventional moments, L-moments are less subject to bias in estimation.




3. Regional flood frequency analysi

s — an index-flood procedure

Suppose that annual maximum flood data %xre available at N sites in a region,

with n years' of record at site i, and let Q,-ﬁ
flood frequency distribution at site i. The;

F') be the quantile function of the
key assumption of an index-flood

procedure is that the region is homogenejous, i.e. that the flood frequency

distributions of the N sites are identical apart from a site-specific scaling factor,

the index flood. We may then write
Q{(F) = lliQ(F)a

Here y; is the index flood. We shall take it
annual maximum instantaneous discharge), t
flood frequency distribution may be used in
uses ‘th.e 90% quantile Q40.9). The remainin
growth curve, a dimensionless quantile functi

The mean annual flood is naturally estim
the annual flood data at site i. Other locatic
a trimmed mean could be used instead.

The dimensionless rescaled data g; = Q;

basis for estimating the regional growth curve
form of ¢(F) is known apart from p undete

write g(F) as q(F;0,, ...
separately at each site, the site-i estimate of

,8,). In our appr

estimates are combined to give regional estim

N N

AR A

= 3 mb
i=1 i=1

This is a weighted average, with the site-i es

n; because for regular statistical models the
tional to n;,. Substituting these estimates int
growth curve §(F) = q(F; 6F, ..., 9,’} ). This
mates is essentially that of Wallis [1980], ex

to m; is a later addition, suggested by Wallis [
were used by Dalrymple [1960] and Natu

[1975].

i=1,..,N.

(4)

to be the mean annual flood (mean
hough any location parameter of the
stead — for example, Smith [1989]
g factor in (4), g(F), is the regional
on common to every site.

ated by p; = Q, the sample mean of
on estimators such as the median or

Boj=1,..,m i=1,..,N, are the
> q(F). It is usually assumed that the
rmined parameters 0y, ..., 6,, so we
oach the parameters are estimated
6, being denoted by @k,. The at-site

ates:

(5)

timate given weight proportional to
variance of éki is inversely propor-
o g(F) gives the estimated regional
method of obtaining regional esti-
cept that the weighting proportional
1982]. Somewhat different methods

ral Environment Research Council




The flood quantile estimates at site i are obtained by combining the estimates
of p; and g(F):

A A
O(F) = B;4(F). (6)
This index-flood procedure makes the following assumptions.

Annual floods at any given site are identically distributed.

Annual floods at any given site are serially independent.

Annual floods at different sites are independent.

Flood frequency distributions at different sites are identical apart from a scale
factor.

5. The mathematical form of the regional growth curve is correctly specified.

b=

The first two assumptions are plausible. Provided that the data are screened
50 as to exclude sites whose streamflows are affected by regulation, changes in
urbanization, land use or vegetation, or errors in gaging, there is little reason to
suspect that flood frequency distributions change over time periods typical of the
length of streamflow records. Neither does serial dependence appear to be a
significant problem in flood frequency analysis. Some studies have found
evidence of serial dependence in annual flood series [e.g. Carrigan and Huzzen,
1967] and some have not [e.g. Wall and Englot, 1985]. The effect of serial
dependence on at-site flood frequency analysis has been investigated by
Landwehr et al. [1979a] and McMahon and Srikanthan [1982]. They considered
flood frequency distributions of extreme-value type I and log-Pearson type 111
respectively, and found that serial dependence caused a small amount of bias and
a small increase in the standard error of flood quantile estimates. We conclude
that a small amount of serial dependence in annual flood series has little effect
on the quality of flood quantile estimates.

The last three assumptions are unlikely to be satisfied by real-world flood
data. Because a storm can cause floods in many catchments, it may be expected
that the magnitudes of annual floods in neighboring catchments are positively
correlated. The last two assumptions will never be exactly valid in practice. At
best they may be approximately attained, by careful selection of the sites that are
to be regarded as forming a region and by careful choice of a flood frequency
distribution that is consistent with the data. Therefore an index-flood procedure
can be appropriate only if it is robust to hydrologically plausible departures from
these three assumptions. Recent research [Hosking et al., 1985; Lettenmaier and
Potter, 1985; Wallis and Wood, 1985; Hosking and Wallis, 1987; Lettenmaier et
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al., 1987] has shown that it is possible to construct index-flood procedures that
|
yield suitably robust and accurate flood quan:tile estimates.

|
4. L-momc{mts

Probability weighted moments of a random ivariable X with cumulative distrib-

ution function F were defined by Greenwood et al. [1979] to be the quantities

\
rl

M, .= E[ X"{FO0Y {1 = FOOY ] ™)
|

Particularly useful special cases are the probability weighted moments

a,=M,,,and f, =M, , o Hosking [1986, ‘{990] defined L-moments to be the
quantities |

4, = ELX Pl (FX)] ®)
\

\
where P;(.) is the rth shifted Legendre polynomial. L-moments and probability

weighted moments are related by

r
Ay = Z Pri B 9)
k=0

where
r

r = - 0. (10)

N’

L-moment ratios are the quantities
1, = A,/A;. (11)

L-moments are more convenient than probability weighted moments, because
they are more easily interpretable as measures of distributional shape. In partic-
ular 1, is the mean of the distribution, a measure of location; A, is a measure of
scale; 13 and 74 are measures of skewness and kurtosis respectively.

The foregoing quantities are defined for a probability distribution, but in
practice must often be estimated from a finite sample. Let x; <x, < < x, be
the ordered sample. Let

r
ol = va.k by » (12)
k=0




where

AN U=0G=2) (=
b= J; n-Dn-2)(n—1) (13)

Then ¢, is an unbiased estimator of A,. The estimator ¢, = ¢,/¢, of 7, is consistent
but not unbiased. The quantities ¢,, ¢,, t; and ¢, are useful summary statistics
of a sample of data. They can be used to identify the distribution from which a
- sample was drawn Hosking [1990, section 3.5]. They can also be used to esti-
mate parameters when fitting a distribution to a sample, by equating the sample
and population L-moments [ Hosking, 1990, section 4.1].

5. Steps in regional flood frequency analysis

" Given that annual flood data are available at a large number of sites and that
flood quantile estimates are required at each site, regional flood frequency
analysis using an index-flood procedure will involve the four steps outlined below.

1. Screening of the data. As with any statistical analysis, the first stage of flood
frequency analysis is a close inspection of the data. Gross errors and inconsist-
encies should be eliminated and a check made that the data are homogeneous
(stationary).over time. External information can be useful here, especially infor-
mation about methods of data collection and measurement and about any
changes in land use that may have affected peak streamflows in any of the
catchments.

2. Identification of homogeneous regions. The next step in regional flood
frequency analysis is the assignment of the sites to regions. A “region”, a set of
sites whose flood frequency distributions are (after appropriate scaling) approxi-
mately the same, is the fundamental unit of regional flood frequency analysis.
As noted in section 2, regions need not be geographical, but should instead
consist of sites having similar values of those catchment characteristics that
determine flood behavior. Suitable catchment characteristics include altitude,
average annual rainfall, catchment area, soil type, and the storage capacity of
swamps and lakes in the catchment. Of course latitude and longitude are also
catchment characteristics and may be used as surrogates for other unmeasured
characteristics that vary smoothly with location. The homogeneity of a proposed
region should be tested by calculating summary statistics of the at-site flood data
and comparing the between-site variability of these statistics with what would be




expected of a homogeneous region. L-moments are suitable statistics for this
purpose.

3. Choice of a flood frequency distribution. After a region has been identified, the
final stage in the specification of the statistical model is the choice of an appro-
priate flood frequency distribution, g(F) 1r:1 (4). This is a common statistical
problem, usually solved by computing surhmary statistics from the data and
testing whether their values are consistent with what would be expected if the

data were a random sample from some postulated distribution. This approach
can be used in flood frequency analysis, but two extra considerations apply.
First, the available data are not a single ran(;iom sample but a set of samples from
the different sites; and second, the chosen dlistribution should not merely fit the
data well but should also yield flood qu%mtile estimates that are robust to
hydrologically plausible deviations of the true flood frequency distribution from
the chosen flood frequency distribution. 1

4. Estimation of the flood frequency distrijbution. Estimation of the regional

flood frequency distribution can be achieved by estimating the distribution sepa-
|

" rately at each site and combining the at-siteiestimates to give a regional average,

as described in section 3. An efficient method of doing this is the method of
regional L-moments, which combines at-site }L-moment statistics via the weighted

average (95). ‘

There are two important situations in wh‘:ich the foregoing procedure must be
modified or extended. '

First, there may be one site of special injterest, such as a nuclear power plant
or an actual or proposed dam site, with thé‘i aim of the analysis being to obtain
flood quantile estimates for this site. In thi$ case special care should be taken to
 make the site typical of the region to Which§ it is assigned. So far as is possible,
the site’s catchment characteristics should bé typical of those of the other sites in
its region and should not be at either ext}eme of the range of values of the
catchment characteristics. This is to reducé the bias in flood quantile estimates
which can occur at sites that are not typica]iof the region as a whole.

Second, flood quantile estimates may be r‘equired at one or more ungaged sites.
On the basis of its catchment characteristics, an ungaged site can be assigned to
one of the regions identified for the gaged sites. This gives an estimate of the
regional growth curve at the ungaged site. | There remains only the problem of
estimating the index flood, usually the mean annual flood g, at ungaged sites.

10




The most reasonable approach is to regard u as being a function of catchment
characteristics, and to calibrate the relationship between mean annual flood and
catchment characteristics by using data from the gaged sites. Stedinger and
Tasker [1985] describe one appropriate method.

References

Adamowski, K., Nonparametric kernel estimation of flood frequency, Water Resour.
Res., 21, 1585-1590, 198S5. C '

Ahmad, M. 1., C. D. Sinclair and A. Werritty, Log-logistic flood frequency analysis, J.
Hydrol., 98, 215-224, 1988.

Benson, M. A., Evaluation of methods for evaluating the occurrence of floods, Water
Supply Pap. 1550-A, U.S. Geological Survey, Reston, Va., 1962.
Carrigan, P. H., and C. S. Huzzen, Serial correlation and annual floods, in Proceedings

of the International Hydrology Symposium, pp. 322-328, Water Resources Publications,
Fort Collins, Co., 1967.

Dalén, J., Algebraic bounds on standardized sample moments, Statist. Prob. Lett., 5,
329-331, 1987.

Dalrymple, T., Flood frequency analyses, Water Supply Pap. 1543-A, U.S. Geological
Survey, Reston, Va., 1960.

Greenwood, J. A.,J. M. Landwehr, N. C. Matalas and J. R. Wallis, Probability weighted
moments: definition and relation to parameters of several distributions expressable in
inverse form, Water Resour. Res., 15, 1049-1054, 1979.

Hosking, J. R. M., The theory of probability weighted moments, Res. Rep. RC122]0,

- IBM Research, Yorktown Heights, N.Y., 1986.

Hosking, J. R. M., L-moments: analysis and estimation of distributions using linear
combinations of order statistics, J. R. Statist. Soc. B, 52, 105-124, 1990.

Hosking, J. R. M., and J. R. Wallis, An “index-flood” procedure for regional rainfall
frequency analysis (abstract), Eos Trans. Amer. Geophys. Union, 68, 312, 1987.

Hosking, J. R. M., J. R. Wallis and E. F. Wood, An appraisal of the regional flood
frequency procedure in the UK Flood Studies Report, Hydrol. Sci. J., 30, 85-109, 198S.

Houghton, J. C., Birth of a parent: the Wakeby distribution for modeling flood flows,
Water Resour. Res., 14, 1105-1109, 1978.

Kirby, W., Algebraic boundedness of sample statistics, Water Resour. Res., 10, 220-222,
1974.

Landwehr, J. M., N. C. Matalas and J. R. Wallis, Some comparisons of flood statistics
in real and log space, Water Resour. Res., 14, 902-920, 1978. Correction: Water
Resour. Res., 15, 983-984, 1979.

Landwehr, J. M., N. C. Matalas and J. R. Wallis, Probability weighted moments
compared with some traditional techniques in estimating Gumbel parameters and
quantiles, Water Resour. Res., 15, 1055-1064, 1979.

11




Lettenmaier, D. P., and K W. Potter, Testing flood frequency estimation methods using
a regional flood generation model, Water Resour. Res., 21, 1903-1914, 1985.

Lettenmaier, D. P., J. R. Wallis and E. F. Wobd, Effect of regional heterogeneity on

flood frequency estimation, Water Resour. Res}., 23,313-323, 1987.

McMahon, T. A., and R. Srikanthan, Log Pearsbn type 3 distribution effect of depend-
ence, distribution parameters and sample size on peak annual flood estimates, J.
Hydrol., 52, 149-159, 1982. ‘

Natural Environment Research Council, Flood Sgudzes Report, Vol. 1, Natural Environ-
ment Research Council, London, 1975. |

Platt, R. H., Options to improve federal non-structural response to floods, Consultants
Rep., U.S. Water Resources Council, 1979. ‘

Potter, K. W., and D. P. Lettenmaier, A comparison of regional flood frequency esti-

\
mation methods using a resampling method, Water Resour. Res., 26, 415-424, 1990.

Rossi, F., M. Fiorentino and P. Versace, Two-co}mponent extreme value distribution for
flood frequency analysis, Water Resour. Res., ?O 847-856, 1984.

Rubin, C. B., A. M. Yezer, Q. Hussain and A. Webb Summary of major natural disaster
incidents in the U.S., 1965-85, Graduate Program in Science, Technology and Public
Policy, George Washington University, 1986. ‘

Smith, D. (Ed.), The Cambridge Encyclopedia of Earth Sciences, Cambridge University
Press, 1981. 1

Smith, J. A., Regional flood frequency analysxs using extreme order statistics of the
annual peak record, Water Resour. Res., 25, 311 317, 1989.

Stedinger, J. R., and G. D. Tasker, Regional hydrologxc analysis 1. Ordinary, weighted
and generalized least squares compared, Water‘ Resour. Res., 232, 1421-1432, 19876.
Wall, D. J,, and M. E. Englot, Correlation o{ annual peak flows for Pennsylvania

streams, Water Resour. Bull., 21, 459-463, 1985.

Wallis, J. R., Risk and uncertainties in the evahilation of flood events for the design of
hydraulic structures, in Piene e Siccitd, edited by E. Guggino, G. Rossi and E. Todini,
pp. 3-36, Fondazione Politecnica del Medlterraneo Catania, Italy, 1980.

Wallis, J. R., Hydrologic problems associated w1th oilshale development, in Environ-
mental Systems and Management, edited by S Rinaldi, pp. 85-102, North-Holland,
Amsterdam, 1982. \

Wallis, J. R., N. C. Matalas and J. R. Slack, Just a moment!, Water Resour. Res., 10,
211-219, 1974. \

Wallis, J. R,, and E. F. Wood, Relative accur:
Hydraulic Eng., 111, 1043-1056, 1985. |

- Water Resources Council, Guidelines for detergnning flood flow frequency, Bull. 175,

Hydrology Committee, Washington, D.C,, 1981.

acy of log Pearson IIl procedures, J.

12







U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration

NATIONAL WEATHER SERVICE
Silver Spring, Md. 20810

January 8, 1992 éb(‘\ W/OH1/EMH
% vy, ///
% <,
304/ /V/- 5\0
é:gé: /\'? &/,6'
’fc;gs;go <
61’»%7/\
Cp /O’V

MEMORANDUM FOR: Interagency Suppogz:;# up/ " ) S;
7 ‘rzy (O
FROM: W/OH1 - E. Marshall Hansen

SUBJECT: Minutes of December 5, 1991 Meeting

I have attached a copy of the minutes describing the interagency
meeting of December 5, 1991, held in Phoenix, Arizona, to
introduce the NWS precipitation frequency study for the
Southwestern states. As a matter of record for this project,
copies of future meeting minutes, as well as quarterly progress
reports, will be provided to members of the "Interagency Support
Group," (listing attached) made up of those agency
representatives providing funding support, members of the
Independent Advisory Group, State Climatologists, and other
interested parties.

Attachments




INTERAGENCY SUPPORT GROUP

. Name Agency Phone

Dr. Frank Tsai | FEMA (202) 646-2753
Mr. Donald DOA, SCS ~ (202) 205-0543
Woodward

Mr. Shap Zangeneh DOD, COE (202) 272-8508
Dr. Charles Woo DOT (703) 285-2444
Mr. Louis DOI, USBR (303) 236-3791
Schreiner

Mr. Joe Warren DOT, Arizona (602) 965-35438

(Includes distribution to DOT, Nevada; DOWR, Arizona; Albuguerque
Metro FCA; Cochise Co. FCD; Maricopa Co. FCD; Yavapai Co. FCD;
ASU Climatology Laboratory.)

Mr. Francis Peairs Riverside, Co. (714) 275-1207
FCD, California

Mr. Ken Guidry San Bernadino Co. (714) 387-2525
‘ FCD, California '
Mr. Fred Sage DOWR, California (916) 323-5241
Dr. Ken Kunkel Isws, Illinois (217) 244-1488
Dr. Robert Clark University of (602) 621-3842
Arizona, Arizona
Dr. James Wallis IBM, New York (914) 945-3000
Mr. Arlo Waddoups DOT, California FTS 484-2618
Dr. Don Jensen St. Climat., Utah (801) 750-2190
Dr. Tony Brazel St. Climat., (602) 965-6265
Arizona
Dr. John James St. Climat., (702) 784-6995
Nevada
Mr. Marshall NWS, OH - (301) 713-1543
Hansen
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Southwest Precipitation Frequency Study
Introductory Meeting - Tempe, Arizona
December 5, 1991

AGENDA
8:30 a.m. Introductory remarks and
introduction of all attendees

8:45 a.m. Purpose of meeting - review agenda
9:00 a.m. Review of study background

9:30 a.m. Proposed study outline

10:15 a.m. BREAK

10:30 a.m. Review of recent NWS studies

11:00 a.m. Review of current progress

‘ 11:30 a.m. LUNCH

12:30 p.m. Open discussion by attendees
2:00 p.m. BREAK:

2:15 p.m. Discussion continued
3:00 p.m. Summarization, revised milestones,

next meeting

3:30 p.m. Close meeting
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e PURPOSE CF MEETING

o Introduce participants
¢ Review agenda
e Explain background

® ~ » Review our experience
. De_scribe proposed study
e Review progress to date
e Understand user needs

e Open discussion




CURRENT VALID REFERENCES

5 min - 60 min

1 hr - 24 hr

2 day - 10 day

West

East

Arkell & Richards
(1988)

Frederick & Miller
(1979)

Tech. Memo 35

(1977)

NOAA Atlas 2
(1973)

Tech. Paper 40

(1961)

Tech. Paper 49
(1964)

Tech. Paper 49

(1964)
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STATEMENT OF PROBLEMS

Present studies 20 - 30 years old
New stations, longer rec’ords

T.P. 49/NA-2 incompatible

Short duration not detailed
Results in different references

User concerns for adequacy/accuracy of existing
reports

Detail in orographic regions
New statistical procedures

Requests for updates

4/ }v“',',r/,

Political




PROPOSAL

UPDATE PRECIPITATION FREQUENCY
FOR ENTIRE UNITED STATES

Include Durations - 5 min. to 10 days

Return Periods - 2 to 100 years

Complete as regional units
Incorporate GIS information

Provide results in both map and digital
file




BENEFITS

Provide updated frequency information

Improve accuracy through longer record base and supplemental
stations |

Make use of local data and expertise in developing frequency
relations

Provide inter-state consistency through region
Provide extensive experience of NWS

Create authoritative nature of a Federal product as recognized and
accepted standard

Produce a cost savings by performing multi-state analyses
Utilize outside expertise with an independent consultant review team
» Provide advice on i'mproving observation networks

Provide results in digitized format, as well as hard copy maps

L LD YA



® TASK 1
Data Collection/Quality Control

Daily/hourly records

15-minute data

Data base formation
1. NWS data
2. non-NWS data

|
3. short record data (< 15 yr)
Seasonal distributions by duration
QC for: outliers
missing data
accumulations
homogeneity
@

temporal _trends
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TASK 2

® Frequency Distribution/Fitting Studies

Examine most applicable distributions

Fitting

GEV
Pearson Il
GLN
Gamma

G Pareto
G Logistic

technique
L-Moment

Pilot study insight

data reduction programs
resolve outliers

aid in quality control
selection of distribution
regional analysis

Independent Advisory Group

State Climatologists/Others

=
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® TASK 3
Short—-Duration Relations

California study

Other western states

Develop ratios: N-minute to 1 hour
e NWS data (15 minute)
o Intense storm data
J Breakpoint data
e (Other sources

Meteorological homogeneity

® T1.mporal distribution
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TASK 4
Algorithm/Data Plots

Geographical distribution of stations

Objective technique for precipitation/terrain relations
e topographic variables
e meteorological variables

Satellite climatologies

Local variations/anomalies

Calculations
e data processing
- 2 to 100 year return periods
- 5 minute to 10 day durations
- monthly/annual results
- bimonthly/weekly results
e consistency checks/quality control

Algorithm development

Spatial analysis
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TASK 5

o
Spatial/Temporal Relations

Depth-duration (mass curves) relations
‘® 1 hour and less
® 100 mi? and less

Depth-duration relations
o 1 hour to 10 days
° 500 mi? and more

o Subregions

Temporal distributions vs. elevation

Mass-curve families
e storm types
e regional variations

Area-depth relations
e regional variations

‘ L elevation variations

e storm types




TASK ©
Deliverables

Atlas maps

Digital files

e access by

)

latitude/longitude/season

J GIS support

Final report

° detailed discussion

e background information
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Naghavi et al.
ABSTRACT

Four popular regional flood frequency methods were investigated using Louisiana stream
flow series. The state was divided into four homogéneous regions and all undistorted, long-term
stream gauges were used in the analysis. The generalized extreme value (GEV), two component
extreme value (TCEV) and regional log Pearson type 3 (LP3) ‘methods were applied to this data
base and compared in terms of descriptive capabilities. Based upon several factors, the GEV
method was selected as the overall superior method. The GEV pdrameters were estimated using
the probability weighted moments (PWM). Indexing was accomplished using the first PWM (the
mean). A procedure to apply this method to ungauged watersheds using regression equations
and a regional non-dimensional flood distribution was developed. It was found that the
procedure performed well when applied to data not used in the calibration of the model. The
regional GEV procedure was compared with the U.S. Geological Survey (USGS) method and
showed significant improvement over the USGS equations in terms of fit to the observed data.
This method is easier to apply and more accurate in terms of descriptive and probably predictive

ability than other feasible methods for Louisiana data.

INTRODUCTION

Often in hydrologic work, discharges must be estimated for sites at which stream gauge
records are unavailable. Several techniques have been developed over the years to accomplish
this task. Many of these methods are based upon some type of regional frequency analysis. The
Louisiana Department of Transportation and Development employs the USGS regression

technique (/) to obtain discharge estimates at ungauged sites in the state. These equations
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contain a fair degree of error and have not been compared to alternate techniques. The USGS
equations are based on regression analysis of at-site frequency estimates, which in turn are based
upon the LP3 distribution. However, this distribution does not lend itself to regionalization
techniques because of the variability of the skew coefficient used in LP3 parameter estimation
(2). Also, LP3 parameters are not easily related to physical watersﬁed characteristics (3).
Furthermore, the error reported for the USGS equations (typically 40-50 percent) represents the
“standard error of the regression estimates and does not include the error inherent in fitting the
LP3 to the samples. This error has been shown (4) to run anywhere from 10 to 30 percent for
Louisiana stations.

Another widely used regional analysis method, recommended by the Interagency
Advisory Committee on Water Data IACWD), is also based on the LP3 distribution but uses
a weighted generalized skew coefficient (5). The use of a generalized skew coefficient instead
of the sample skew coefficient results in a more reliable flood frequency analysis for streams
with short records (5).

Alternate regional frequency techniques have been proposed by Dalrymple (6) and
Stedinger (7). Greis and Wood (8) recommended an indexing method similar to that of
Dalrymple (6), but with Extreme Value Type 1 (EV1) as the base distribution and parameters
estimated by probability weighted moments. This parameter estimation method, first proposed
by Greenwood et al. (9), has been shown to possess very attractive asymptotic characteristics
when used to estimate the parameters of several distributions, especially in cases where the

samples exhibit wide variability (J0). This characteristic makes the method very useful for

regional frequency analyses. In support of this, Potter and Lettenmaier (2) tested 10 commonly
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used frequency methods and found that the 'GEV index method possessed predictive
characteristics superior to the other methods tested.

Another highly regarded method is the TCEV. Rossi, et aly. (11) applied the TCEV with
the maximum likelihood method of parameter estimation to regional data series.

The purpose of this study was to formulate two alternate methods of regional frequency
analysis using Louisiana annual peak streamflows; to compare these methods with the LP3 based
upon generalized skew coefficients; to select the best method based upon statistical comparison
indices of descriptive capabilities and the ease of use (requiring less physical data); énd to
compare the selected regional method to the USGS regression equations. The two regional
methods investigated are the TCEV (I and 12) and the GEV (13), indexed by the method of

PWM (9) outlined by Greis and Wood (8).

REGIONALIZATION

The State of Louisiana was divided into four hydrologically homogeneous regions. The
homogeneous regions within the state were determined by soil, geologic, topographic, climatic,
and streamflow similarities. The purpose of this analysis was to divide the state into regions
such that the hydrologic response of watersheds within each region is comparable. Thus, the
regions should have relatively homogeneous soil and topographic characteristics. In addition,
the watersheds within each region shouid be subjected to similar climatic conditions.
Information needed to make the determinations was readily available from previously published
sources. The Atlas of Louisiana (/4) and the General Soil Map of Louisiana (/5) were used in

forming the regional groupings. The Geological Map of Louisiana shows that the state is
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divided into four general regions by the Mississippi alluvium. The regional groupings were
further compared based upon climatic and soils information available. A complete description
of the methodology used in determining the homogeneous regions is given in Naghavi, et al.
(16).

Once preliminary regions had been identified, the annual peak streamflows of gauged
watersheds within each region were analyzed for similarities. This was accomplished by plotting
the log mean (log QM) of the annual flood series (in log space) against the corresponding
drainage area (A) for each watershed in the region. A curve through the points was fitted by

standard regression techniques. The regression equations for the four regions are as follows:

SE: log Qy = 2.695 A% (1)
R? = .86
Cv =131

SW:  log Qy = 2.561 A% )
R? = .84
Cv =322

NW: log Qy = 2.836 A% 3)
R? = .76
CV = 2.509

NE: log Qy = 2.406 A% 4)
R? = 97
CV = 1.36

In analyzing these equations, the coefficient of determination (R? represents the percentage of
-the total variance of the dependent variable (log QM) explained by its relationship with the area.
The coefficient of variation (CV) represents a dimensionless measure of the error in the

regression fit. Thus, the relationship between log mean annual flood values and drainage areas
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appears to be well confirmed in these cases. Watersheds that fell outside this linear trend ( by
visual inspection) would not be expected to behave similarly to the other basins within the
region. In this way, minor revisions to the regional groupings were determined. These regional
boundaries are delineated in Figure 1. The locations of all the stream gauges used in the

analysis are also plotted on this figure.

DATA

The data for all stream gauges in the physiographical regions of the state with a minimum
of 20 years of systematic record was obtained. A few gauges which fell in the -general
physiographical regions of Louisiana, but were physically located outside state boundaries, were
included in the analysis. Locations of all gauges are shown in Figure 1. The data set consisted
of 110 long-term, continuous stream gauge records. These records were then screened for

- possible anomalies resulting from flow diversions, interbasin transfers at high discharges, or
missing records. The records which passed this screening were further analyzed for consistency
within the homogeneous regions previously defined. It was ascertained that gauges with
drainage areas less than 10 square miles generally did not follow the trend of the rest of the
data. Therefore, these records were excluded from the analysis. In the end, 85 gauges passed
the screening process and formed the data base for the rest of the analysis. The number of
gauges in each region were as follows: 24 in the Southeast region, 32 in the Southwest region,
24 in the Northwest region, and five in the Northeast region. A listing of these gauges along
with their drainage areas, periods of record, and skews of the log-transformed data is given in

Tables 1 through 4.
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FLOOD FREQUENCY ANALYSIS

Regional frequency analyses were performed for each homogeneous region based upon
all of the screened annual peaks observed in each region. Flood frequency analyses consist of
fitting preselected probability distributions to recorded flood data at individual sites, and then
estimating the magnitude (quantile) of flood events corresponding to given exceedance
probabilities from the distributions. However, the use of the observed data from only the site
under investigation can result in unreliable estimates. This is especially true when the length
of record at a single site is relatively short when compared with the recurrence intervals to be
estimated from the data. For instance, it may be necessary to estimate the 100-year flood from
only 20-30 years of record at an individual site. This is the reason that regional flood frequency
analysis has received much attention in the recent engineering literature. Regional frequency
analysis consists of using data at other sites, which are considered similar to the site in question,
to augment the information at an individual site. This reduces the uncertainty inherent in short,

systematic records.

Two Component Extreme Value - The TCEV has been derived as a mixture of two
exponential marginal distributions from a Poisson counting process (/0). Thus, its cumulative

distribution function (CDF) can be expressed as the product of two extremal distributions:
F(x) = exp[-\ exp(- x/8) - \; exp(- x/6,)] - (5)

where A’s and ’s are the shape and the scale parameters respectively, and F(x) is the non-

exceedance probability of an event of magnitude x. This distribution attempts to account for the
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possibility that two distinct sub-distributions make up the total annual distribution of flood peaks.
In cases where the marginal distributions can be shown to be exponential or the asymptotic
distribution is Gumbel, the TCEV has been shown to give accurate results.

In the original formulation (/1), TCEV parameter estimation was accomplished by
maximum likelihood. However, Amell and Gabriele (I7) found that maximum likelihood
estimates of TCEV regional parameters sometimes failed to converge and resulted in relatively
variable quantile estimates. Therefore, in this study the TCEV was fitted to the regional data
series by the method of maximum entropy proposed by Fiorentino, et al. (J2). This method has
been shown to be computationally less cumbersome and more reliable than the maximum
likelihood procedure originally proposed by Rossi, et al. (11).

In the regionalization technique, two dimensionless parameters, § = 6,/6,and A = \/\ ",
are assumed to be constant for the homogeneous region, and the other two parameters, 6, and
A, are allowed to vary from site to site. The parameters 6, and A, represent the basic component
and 6, and A, represent the outlying component of the compound distribution. The parameters
6 and A represent the regional component of the distribution. Conceptuaily, 6, and A, represent
the smaller, more frequently occurring events which would be expected to vary from site to site
within the region. 6, essentially represents the mean flood for this distribution, while A
represents the number of floods per year over the watershed. The parameters § and A represent
the regional distribution, which are expected to behave similarly within the homogeneous region.
As 1n the previous case, 6 represents the mean flood of this distribution, while A represents the

number of such events occurring per year. The maximum entropy procedure results in four

equations to be solved for the four unknowns described above.
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Generalized Extreme Value - The index method has been receiving a great deal of attention in
recent engineering literature, although its basic premise was outlined by Dalrymple (6) almost
30 years ago. In this procedure, an assumed distribution is fitted to the observed flood series
at each site in a hydrologically similar region. The statistics (or parameters) of the distributions
at each location are standardized by dividing by the at-site mean in each case. Regional
estimates of the parameters are obtained by averaging the parameter estimates for the region.
These regional parameters are then used to generate flood quantiles for the site of interest and
are subsequently readjusted to account for the differences in scale between watersheds.

The index method has gained popularity since the introduction of the probability weighted
moments method of parameter estimation by Greenwood, et al. (9). It has recently been used
by Greis and Wood (8), Landwehr, et al. (10), and Stedinger (7). The PWM, which 1s usually
applied only to distributions that can be expressed in inverse form such as Gumbel and GEV,
offers a method of parameter estimation that may be more robust and less biased than the

traditional methods. The GEV can be expressed in inverse form as (I3):

x(F) = ¢f+a(l-(¢-logFk k=0

= { - o log(- log F) k=20 (6)

where F is the nonexceedance probability corresponding to the quantile x, and £, «, and k are
the parameters of the distribution. When k = 0, the GEV reduces t0 the extreme value type I
(EV1). The index procedure is applied by calculating the PWM from the observed data at each

site in the region. The PWM are standardized at each site by dividing each PWM by the at-site
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mean. The standardized PWM are then averaged over all of the sites in the region. These
regional average PWM are used to obtain the parameters of the regional GEV distribution.
Regional indexed quantiles can be generated for any exceedance probability (I-F) from Equation
6. These quantiles are then rescaled for any site of interest by multiplying by the at-site mean.
The at-site mean flood can be determined from the plot of log mean Q versus drainage area for

any gauged or ungauged site.

Log Pearson Type 3 - The regional procedure recommended in the IACWD guidelines (5)

involves the LP3 distribution. The probability density function (pdf) of the LP3 is:

N e e ] ey ] )

where X is the raw (untransformed) flood magnitude, and a, b, and c are the scale, shape, and
location parameters, respectively. I'(b) is the gamma function of the parameter b where b is
always positive. The LP3 density function is very flexible and can take many different forms.
Parameters a, b, and c are estimated by the method of logarithmic moments (4).

The varniability of the skew coefficient of the station record is sensitive to extreme events
and sample size, thus making it difficult to obtain accurate skew estimates from small samples.
For this reason, the generalized skew values are used in place of at-site skew values, or the at-
site skew values are adjusted using the generalized skew when skew estimates are to be obtained
from small samples. A generalized skew coefficient for each region was obtained from the

arithmetic mean of the station skew values. The generalized skew value was then used to
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estimate LP3 parameters. Regional quantiles are generated at each site of interest by using the
at-site meaxj and standard deviatibn of the logarithms of the observed data series, together with
the regionalized skew value. In this study, in contrast to Bulletin 17B (5), only the generalized

skew values were used.

COMPARATIVE ANALYSIS

Each of the three regional frequency methods was fitted to the data by the procedures
previously described using tﬁe observed annual series at the 85 stream gaugeﬁ. The purpose of
this analysis was to select the most accurate method, based on the comparisons to the observed
vdata, among the three methods. At-site quantiles were generated from the regional distributions
for each gauge location in the study. These quantiles were compared to the observed data at
each site in terms of standardized root meanw square error (SRMSE). The SRMSE between

observed and predicted values is given by:
N * o
SRMSE = [(I/N) T 1((xi - x)/X ) )
1=

where

x; = observed value of standardized variate x

x; = predicted value of variate at the same probability point as xi

Z,
I

sample size

X = sample mean - used to standardize the root mean square error (RMSE)
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A

x; is calculated as F'(p(x)), where p(x, is approximated by the Weibull plotting position
formula. The RMSE is standardized by dividing by the sample mean to remove the effects of
scale and to make the comparison meaningful. This index only measures the descriptive
capability of the methods. That is, SRMSE is an index of the ability of each method to
interpolate the observed data at eaéh gauged location.

The SRMSE results for the three methods are given in Tables 1 through 4. As can be
seen from these results, no one method gave superior fits for all four regions. The TCEV
resulted in the lowest SRMSE for the Southwest region, the LP3 method gave superior results
in the Southeast region, while the GEV resulted in superior fits to observed data in both the
Northwest and Northeast regions. However, the difference between the methods did not appear
to be significant in many cases. The TCEV and LP3 methods performed about equally in the
Southeast region and both performed significantly better than the GEV for this region. All three
methods performed about the same in the Southwest region where the average SRMSE
differences between the methods was less than 10 percent. In the Northwest region, the GEV
and TCEV performed evenly and resulted in significantly better fits to observed data than did
the LP3, while the LP3 and GEV outperformed the TCEV by a considerable margin in the
Northeast region. Thus, each method was clearly inferior to its counterparts in one region, was
clearly superior in one region each, and performed about equally well elsewhere. It would
appear difficult to choose between them on a statistical goodness-of-fit basis.

lelsed‘ on the extreme ease with which the GEV can be extended to ungauged sites when
compared to the other methods, it was selected as the superior method. The only

geomorphological relationship needed is between the indexing factor (mean flood, Q,,) and basin
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characteristics. Since past studies have shown that the mean flood is highly correlated to the
drainage area (as shown by Equations 1-4), a simple Q,, versus drainage area relationship 1s all
that is required to apply this method to ungauged sites.

Another important factor in the selection of the GEV is that parameter estimation 1s done
by PWM. It has been shown by Greenwood et al. (9) and Hosking et al. (13), that PWM are
more robust and less biased than conventional methods. Thus, estimates obtained by this method
should be better in these respects than those' obtained from other methods. This was confirmed

in a study by Potter and Lettenmaier (2).

REGIONAL COMPARATIVE ANALYSIS

Regional comparative analysis was performed between the USGS equations and the GEV.
The combined records of all the gauges within each region comprised the data base for that
particular region. The GEV regional procedure was applie;‘l by using Equations 1 through 4 to
approximate the means at each location in the study. Using the mean values, the at-site quantiles
corresponding to recurrent intervals of 2, 5, 10, 25, 50 and 100 years were recalculated from
the regional values. These quantiles were then compared to the observed data at each site by
the SRMSE. The regional average SRMSE results are given in Table 5. The table shows that
the error in the procedure averages about 48 percent for the Southeast, Southwest and Northwest
regions, and about 13 percent for the Northeast region. However, the error in the quantile
estimates from the distribution itself will be greater for the Northeast region because of the small

data base.
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Table 5 also shows the average SRMSE values obtained by a comparison of the USGS
equations with the observed data at each site in each region. The USGS equations were derived
by fitting the LP3 distribution to the data representing 217 gauging stations with more than 10
years of recorded data. Based on the results of this analysis, a regression equation was

developed for quantile estimation. The general form of this equation is:

log Q, = loga+ wlog A+ ylog (P-35)+zlogs$ 8
where

Q. = Peak discharge for a given recurrence interval (x)
a = Regression constant

A = Drainage Area (mi?)

P = Average annual precipitation (in)

S

w

Average stream channel slope (ft/mile)
Regression coefficients

» Ys 2

This equation was calibrated for quantiles corresponding to recurrence intervals of 2, 5, 10, 25,
50 and 100 years using the LP3 results. Thus, the comparison of this method with thevregional
GEV can only be based on the analyses of these quantiles.

The results show, in every case, that the GEV procedure showed a significant
improvement over the USGS equations in terms of fit to the observed data.

It is assumed that if a method accurately describes the data at gauged sites, it will
probably describe the ungauged data within a hydrologic homogeneous region. Of course, a
frequency method must not only describe the observed data accurately, but should be capable
of extending the data as well. Many times quantiles, which are beyond the systematic record,

must be predicted. The SRMSE index does not directly measure this ability. However, studies
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by Greis and Wood (8), Hosking, et al. (13), Landwehr, et al. (J0), and Potter and Lettenmaier
(2), have examined the predictive capabilities of various regional and at-site frequency
techniques. Based on Monte Carlo or Boot Strap sampling methods, the studies concluded that
methods based on probability weighted moments possessed asymptotic characteristics in terms
of bias and variability of long-term quantile estimates that were superior to other conventional

methods.

VERIFICATION OF RESULTS

In order to verify the GEV regional procedure, the procedure was evaluated using short-
term data not used in the development and calibration of the distribution. Five gauges were
selected in each region, except in the Northeast where only one gauge was available. Because
of the lack of adequate' data in the Northeast region, verification of results would not be
meaningful for this region. The sites from the other three regions were selected in order to gain
maximum coverage of each region. The locations of these gauges are shown by the open circles
on the regional map in Figure 1.

In performing this analysis, the sites were treated as ungauged areas. The mean floods
were estimated from the appropriate drainage area plots and used to scale the respective regional
quantiles for each test site. The regional at-site quantiles were then compared to original data
for each gauge record by SRMSE. Each gauge used in this phase of the study had betwéen 15
and 20 yeéu's of record. Thus, the SRMSE values are based on those number of events in each

case.
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The SRMSE values shown in Table 6 result from analysis of each site by the GEV
regional method, the at-site LP3, and the USGS equations. The LP3 distribution is used for the
comparison, considering that the at-site LP3 would give the best possible distributional fit to the
observed data. Analysis of the results in the table shows that the average SRMSE value by the
GEV regional method for the Southeast region was .278, for the Southwest region was .483, and
for the Northwest tegion was .546. Comparison of these values with those given in Table 5
reveals that the method performed as well or better with the new data as with the data used In
its derivation. Furthermore, the GEV method was generally superior by a wide margin to the
USGS equations and even compared fairly well with the at-site' LP3 in two regions. These
results suggest that the method can be used confidently throughout the regions delineated on

Figure 1.

LIMITATIONS

The applications of the results of this study are limited by the range of data available.
First, the procedure should not be applied outside the physical bounds of the areas where gauge
data were available. These areas are delineated on Figure 1 and should be strictly adhered to.
This eliminates the coastal zones and the Mississippi alluvium (except the Northeast region) from
applicability. Second, the range of drainage basin sizes and the corresponding land uses
available in each region also limit the application of this procedure. Note that the drainage basins
represent undeveloped conditions. The drainage areas of each basin used in the study are given
in Tables 1-4. The method should not be applied to drainage areas smaller than 10 square miles,

because preliminary work clearly showed that these areas respond differently to a storm event
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than do the larger areas. A sufficient number of these small gauges was not available on which

to perform a separate study.

CONCLUSIONS

The results of this study indicate tﬁat the GEV distribution fitted by the method of
probability weighted moments describes the annual flood series of Louisiana streams better than
other methods examined in this study. Verification results feyealed that the GEV procedure
describes data better than thé USGS method in the vast majority of cases. Past Monte Carlo
studies have shown that this procedure also possesses superior predictive capability in the cases
for which flood estimates are required that may be out of the range of the recorded data.
.Therefore, based upon the results of this analysis as well as previous studies cited in this report,
it is concluded that the GEV/PWM procedure results in overall superior flood estimates from
both descriptive and predictive points of view and can be used confidently throughout the regions
delineated in Figure 1. GEV/PWM is easily extended to the case of ungauged watersheds by;
using the relationship between the mean of the observed data (indexing factor) and corresponding
drainage area of the watershed (Equations ] - 4) for each region. However, this procedure
should not be applied outside the physical bounds of the areas used in its development and
verification. Particularly, the method should not be applied to drainage areas smaller than 10
square miles, because preliminary work clearly showed that these areas respond differently to

a storm event than do the larger areas.
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TABLE 1 - PERTINENT DATA OF WATERSHEDS IN SOUTHEAST LA

STATION
No.

02492000
02492360
02490105
02491500
02491700
02491350
02490000
07378500
07375222
07380160
07375170
07376000
07376500
07375500
07377300
07376600
07375480
07375000
07377000
07375800
07375307
07378000
07377500
07373500

AREA
IN
(sq.mile)

1213
175
73
990
44
42
12
1280
46
.20
88
247
80
646
884
14
91
103
580
90
52
284
145
35

YEARS
OF
OBS.

50
21
22
66
20
21
20
49
22
33
20
47
44
49
35
32
20
44
39
32
22
44
45
21

REGIONAL AVG.

SKEW OF

LOG TRAN.

DATA

-0.08
-0.02

0.12
-0.34
-0.69

0.70
-0.63
-0.12
-0.69
-0.34

0.33
-0.20
-0.08
-0.14

0.17
-0.89
-0.23
-0.13
-0.44

0.24

0.20
-0.53
-0.22
-0.32

-0.21

20
SRMSE
GEV TCEV  LP3
0.256 0.317  0.327
0.149 0.107 0.111
0.209 0.222  0.215
0.171  0.186  0.201
0.280 0.236  0.188
0.186 0.188  0.179
0.357 0.319  0.173
0.122 0.142  0.130
0.324 0.227  0.244
0.298 0.111 0.084
0.144 0.145  0.169
0.129 0.152  0.108
0.183  0.097  0.090
0.157 0.211 0.193
0.159 0.110  0.125
0.394 = 0.122  0.081
0.191 0.200  0.166
0.266 0.244  0.164
0.183 0.150 0.198
0.439 0.411 0.379
0.406 0.329  0.262
0.189  0.069  0.090
0.215 0.171 0.179
0.172  0.110  0.104
0.232 0.191 0.173
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TABLE 2 - PERTINENT DATA OF WATERSHEDS IN SOUTHWEST LA

STATION
No.

07386500
07381800
08012000
08010000
08011800
08015500
08013500
08014500
08014000
08014200
08013000
08016800
08016400
08016600
08015000
08014800
08014600
08013800
08031000
08030000
08028700
08029500
08028000
08025850
08025500
08023000
07354000
07353990
07351700
07351500
07351000
07344450

AREA YEARS

IN OF
(sq.mile) OBS.

19 28
68 33
527 49
131 49
44 24
1700 49
753 49
510 48
171 27
94 37
499 44
177 3]
148 39
82 38
238 31
120 24
26 20
10 21
83 34
65 32
13 26
128 36
365 36
10 20
148 31
97 28
21 30
37 22
20 26
66 49
79 43
81 31

REGIONAL AVG.

SKEW OF
LOG TRAN.

DATA

-1.33
-0.22
0.95
-0.96
-0.32
0.46
-0.17
0.16
0.29
-0.02
-0.46
0.08

- 0.21

0.36
0.02
-0.30
0.13
-0.50
-0.78
-0.17
0.68
0.84
0.38
0.80
0.72
-0.25
-0.71
-0.02
0.36
-1.12
-1.12
0.05

-0.06

21
SRMSE
GEV TCEV LP3
0.346 0.100  0.110
0.169 0.168  0.105
0.188 0.247  0.321
0.355 0.155  0.087
0.153 0.110  0.109
0.215 0.255 0.351
0.104 0.098  0.165
0.656 0.642  0.720
0.263 0.314  0.323
0.370 0.387  0.422
0.139  0.131  0.113
0.186 0.272  0.328
0.161 0.179  0.168
0.278 0.211  0.16]
0.262 0.218  0.181
0.111 0.129  0.121
0.249 0.284  0.270
0.116 0.150  0.103
0.221 0.199  0.147
0.199 0.156  0.145
0.173 0.253  0.332
0.453 0.445 0.514
0.430 0.352  0.301
0.306 0.371  0.437
0.461 0.419  0.457
0.140 0.136  0.119
0.353  0.176  0.118
0.326 0.285  0.219
0.978 0.981  1.050
0.121 0.095 0.219
0.192 0.136  0.270
0.354 0.372  0.352
0.282 0.263  0.273




Naghavi et al.

TABLE 3 - PERTINENT DATA OF WATERSHEDS IN NORTHWEST LA

STATION
No.

07373000
07372500
07372200
07370750
07372110
07372000
07370500
07371500
07366420
07365000
07364870
07365500
07366000
07366200
07364700
07362100
07365800
07352000
07352500
07348700
07349500
07348725
07348800
07353500

AREA YEARS
IN OF
(sq.mile) OBS.
51 46
92 31
1899 30
48 30
24 23
654 42
271 30
355 49
113 22
355 28
47 22
178 30
462 43
208 32
141 22
385 49
180 29
154 47
423 43
605 30
546 49
33 22
67 24
47 26

REGIONAL AVG.

SKEW OF
LOG TRAN.
DATA

0.03
1.15
-0.31
0.53
0.72
-1.10
-1.07
-0.44
0.16
-0.34
-1.27
0.96
0.12
-0.13
1.28
0.04
0.39
-0.12
0.17
-0.03
-0.36
-1.71
-0.01
-0.17

-0.06

[S®]
D

SRMSE
GEV TCEV LP3
0.285 0.295  0.164
0.518 0.566  0.76%9
0.124 0.142  0.208
0.138  0.226  0.318
0.443 0.433  0.517
0.320 0.254  0.275
0.194  0.195 0.280
0.074 0.148  0.123
0.462 0.463  0.533
0.162 0.185 0.140
0.173  0.130  0.230
0.547 0.56l 0.765
0.385 0.424  0.524
0.357 0.395  0.431]
0.737 0.725 0.875
0.176  0.203  0.327
0.969  0.8%94 1.044
0.183  0.240  0.097
0.337 0.289  0.147
0.173  0.237  0.256
0.285 0.172 0.122
0.314 0.213  0.377
0.094 0.165 0.212
0.311  0.270  0.180
0.323 0.328  0.380
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TABLE 4 - PERTINENT DATA OF WATERSHEDS IN NORTHEAST LA

STATION
No.

07369500
07370000
07368500
07364500
07364190

AREA YEARS

IN OF
(sq.mile) OBS.
309 51
782 60

42 28
1645 52
1170 45

REGIONAL AVG.

SKEW OF
LOG TRAN.

DATA

-0.58
-0.43
-0.55
-1.93
-1.92

-1.08

SRMSE

GEV - TCEV LP3

0.068 0.943  0.038
0.102 1.270  0.104
0.048 1.070  0.075
0.071  1.103  0.097
0.089 1.088  0.101
0.076  1.095 0.083
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TABLE 5§ - MODEL COMPARISON BASED ON SRMSE FOR EACH REGION

REGION REGIONAL AVG. SRMSE %
DIFF.
GEV/PWM USGS/REG
SE 0.468 0.536 + 15
SW 0.491 0.695 + 42
NW 0.532 0.872 + 64
NE 0.132 0.563 + 327
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TABLE 6 - VERIFICATION OF REGIONAL GEV MODEL

25

SRMSE
STATION :
REGION NO. REGIONAL USGS AT-SITE

GEV/PWM REGRESSION LP3
SE 07375050 0.220 0.433 0.201
07376520 0.230 0.623 0.140
07375463 0.314 0.315 0.339
07377190 0.449 0.407 0.248
02491200 0.176 0.307 0.169
AVG. 0.278 0.417 0.219
SW 08010500 0.435 -- 0.147
08012900 0.578 0.824 0.277
08016700 0.661 0.158 0.356
08022765 0.515 0.389 0.102
08024000 0.225 0.530 0.267
AVG. 0.483 0.475 0.230
NwW 07370700 0.402 0.520 0.339
07370600 0.145 0.113 0.161
07365300 0.888 1.140 0.682
07352700 0.638 1.261 0.367
07351980 0.658 1.151 0.155
AVG. 0.546 0.843 0.341




Naghavi ‘et al.

FIGURE 1: Hydrologic Regions of Louisiana
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Minutes of Introductory Meeting
Intergovernmental Precipitation Frpquency
for the Southwest Stateg .

D
S

= %
December 5, 1991 % 7 /2;
Arizona Department of Transpok%gggonfﬁ (29
1) 3 " .
Phoenix, Arizona %5, .
4 S T
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1. INTRODUCTION. The meeting was convened in thé&XEecutive
Conference Room of the Arizona Department of Transp rEhtion
Offices, 2612 South 46th Street, Phoenix, Arizona, December 5,
1991. Joe Warren, ADOT Senior Research Engineer, assigned to
monitor this study, opened the meeting at 8:30 a.m. by welcoming
the attendees and making a few housekeeping announcements.

2. ATTENDEES. See Attachment 1.

3. AGENDA. Marshall Hansen of the National Weather Service
(NWS) organized the meeting according to the agenda (Attachment
2). No changes were suggested to change the agenda.

4. PURPOSE OF THE MEETING. Marshall Hansen discussed the basic
reason for calling this introductory meeting (Attachment 3).
Primarily these were to meet all the parties contributing to this
study, review NWS experience in precipitation frequency studies,
present some results from recent studies by the NWS and provide
everyone an opportunity to ask guestions or discuss their
interests and needs relative to this project.

5. REVIEW OF STUDY BACKGROUND. Marshall Hansen showed a number
of viewgraphs in describing the background and long record of
experience (about 50 years) the NWS has had with providing pre-
cipitation frequency studies. He listed the evolution of such
studies applicable to the southwest and western states showing
examples of the coverage and degree of analyzed detail. He also
showed a breakdown of the freguency studies currently applicable
to the southwest for three duration categories (Attachment 4).
Because some of these studies are more than 20 years old and are
incompatible with each other, there is an obvious need to update
studies for the region, as part of an overall revision planned
for the entire United States. A number of problems encountered
as a result of current needs were discussed (Attachment 5), that
strongly support the present effort to revise and update these
data. It was noted that a political consideration exists that if
the Federal sector does not provide an update, numerous
uncoordinated independent agencies will undertake such studies
for their own subregions. If left alone, these independent
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studies would cause considerable problems at geographical
boundaries, and, where hydrologic concerns crossed such
boundaries, results may represent differing analysis bases and
techniques.

6. PROPOSED STUDY OUTLINE. Marshall Hansen discussed briefly
the outline for the Semi-Arid Southwest Precipitation Freguency

Study (Attachment 6) and noted that primary benefits are provided
through the use of new statistical technigques, incorporation of
Geographical Information System (GIS) capabilities, and the
provision of results both as hard copy maps and in digital
formats. These and other benefits are listed in Attachment 7.
Marshall noted that the NWS has been criticized for not including
an independent peer review as part of the release procedure for
past documents. In an effort to improve this image, NWS has
appointed an independent advisory group to monitor progress in
this study and advise in areas of individual expertise. The
members of this group, who were all present at this meeting, are
as follows:

Dr. James R. Wallis (Statistical Applications), IBM
Research Center, Yorktown Heights, NY

Dr. Robert A. Clark (Hydrology), University of Arizona,
Department of Hydrology, Tucson, AZ

Dr. Kenneth Kunkel (Climatology), Illinois State Water
Survey, Champagne, IL

Mr. V. Ottozawa-Chatupron: (Engineering Applications),
Arizona State Land Department, Phoenix, AZ

In addition, there will be an active effort to obtain comments
from local users, including the various groups making monetary
contributions and from local climatology experts such as state
climatologists.

Marshall also pointed out a difference in funding support for
this study when compared to previous studies. Past studies have
been funded almost exclusively by the Soil Conservation Service,
whereas they are unable to bear the entire cost of a new study.
Therefore, NWS has resorted to a multi-agency funded program made
up of Federal, state and local contributors. Presently, 16
agencies support the southwest study and sufficient funding has
been obtained to complete the three-year effort.

Each of the six principle tasks (Attachments 8-13) were reviewed
and briefly discussed.
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7. REVIEW OF RECENT NWS STUDIES. John Vogel, Chief of the
Hydrometeorological Branch of NWS, presented some findings from
the Pilot Study initiated three years ago to update precipitation
frequency for West Virginia and Pennsylvania. This study has
been funded by the Soil Conservation Service and is nearing
completion of the draft report. John showed viewgraphs of
station distribution, elevation contours and the results of using
new statistical techniques. The latter supported selection of
the Generalized Extreme Value (GEV) II distribution over others
and involved use of L-moment techniques to determine the best fit
(see item 9 for brief comments on the L-moment procedure). A
comparison (Attachment 14) was shown between the results for 100-
year 24 hr from the current study (Pilot Study) and those in
Technical Paper No. 40 (Hershfield 1961), the applicable
reference study in the eastern United States. Two zones of
increased values in the new data are separated by two 2zones of
reduced values relative to Technical Paper No. 40. These
variations range between minus 20 and plus thirty percent.

A recent study was made by NWS of the updated precipitation
frequency for two parishes in southern Louisiana (Orleans and
Jefferson), and John discussed the available data and results
obtained for the Corps of Engineers. Comparisons were shown
between the new results, Technical Paper No. 40 and Hydro-
meteorological Report No. 35 (applicable to durations of 1 hour
and less). The new results are not significantly different than
presented in Technical Paper No. 40, but include a little more
detail (Attachment 15). John noted that the new results agree
better with Technical Paper No. 40 than with Hydrometeorological
Report No. 35 for one hour.

8. REVIEW OF CURRENT PROGRESS. John Vogel described some of the
data processing and gquality control that is being done for the
Southwest Study. A limited effort has been ongoing in this area
since April 1991 with most of the official data (available to
NWS) for Arizona completed at this time. Processing of data for
the other states will be started soon. John noted that the level
of effort for this study will be significantly increased now to
maintain the time schedule proposed for the study. A gquestion
was asKked relative to what differences might be expected between
results from the Pilot Study and those of the current study.

John responded that he expected to see most changes occur at
higher elevations. Another question asked if the new techniques
are much better than those used in Technical Report No. 40. John
said the new technigues give a more accurate result and a better
one.

In order to improve the spatial analyses of this study, NWS
intends to collect and process as much non-NWS data as available.
Two types of data are of interest here, the first is from
stations with at least 15 years of record that can be used in the
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frequency analyses and the second is dense-network data from
which depth-area and duration information can be obtained. The
Arizona State Climatological Laboratory has submitted a proposal
to NWS to collect, format and otherwise process such data for
Arizona and some stations in northern Mexico (Sonora). NWS has
considered the proposal and intends to implement it early in the
study. Similar, but perhaps not as complete sets of non-NWS data
will be sought for the other states through contacts with the
respective state climatologists. The California Department of
Water Resources has offered to make their data available to NWS,
as has the various water conservation districts that are
participating in this study.

9. COMMENTS ON THE L-MOMENT TECHNIQUE. Jim Wallis presented a
short overview on the development of and benefits from use of L-

moment techniques in frequency analysis. The procedures have
evolved over the last 10 years and are the joint product of
studies by Wallis and John Hosking, also of IBM. Jim said a
particular advantage is that the statistics are unbiased for
small samples and that the data are uniformly distributed about a
point and converge to that point (the real value) as the sample
size increases. The procedure provides automated tests to check
the data for outliers and homogeneity. He notes that errors are
not likely to come from the distribution. Jim also noted that
usage of this technique is spreading and mentioned some examples
of applications in Canada and New Zealand. Copies were made of
two IBM research notes on the subject and are attached to these
minutes.:

10. DISCUSSION. The discussion was opened to those attending to
comment on the work being done, the proposed plan of study, or to
provide information on individual or agency needs relative to
types of results expected, specific formats or other gquestions.

A number of guestions were asked that dealt with data and how it
was analyzed, quality controlled and its accuracy. Some of the
specific comments were:

-~ Confidence levels need to be determined for results
to give engineers an idea of the gquality of the
analysis.

- ©Need to output maps or gridded data on a CD ROM
because of convenience and replaceability.

- Since some users do not have access to computers, it
is still necessary to provide hard copy results.




- Need to improve depth-area analysis over that
currently available. It was also asked that temporal
distributions be given for various storm types and
degrees of urbanization.

- Some applications use duration information longer
than 24 hours; e.g., detention basins, and it would
be helpful to include discussions of how storms
follow one another; frequency, relative magnitudes,
etc. John asked that the various users in attendance
consider what durations beyond 24 hr would be useful
and let him know by January 1991.

- There was a request that results include information
on the elevation impact on temporal/spatial
information.

- NWS attention was brought to the fact that most field
engineers use information based on section, township
and range rather than latitude, longitude.

Resolution of this issue is immediate for those with
access to a GIS capability, but could be facilitated
for others by some sort of acetate overlay. Towns,
highways and rivers can be handled similarly. 1In
addition, it would be possible to have a central
source print the information with different
backgrounds for the same nominal fee.

- A guestion was asked regarding information for
"within"-storm events as opposed to "among"-storm
events. Within storm implies all durations come from
the same storm. The question asked for results to
provide information regarding ratios of precipitation
within the same storm.

- A guestion was raised about interest from Nevada
(Clark County, specifically) where it was claimed a
1.44 multiplier is applied to NOAA Atlas 2 values.
NWS has not made contact with Clark County to date.

11. SUMMATION. Marshall Hansen presented the time lines for the
three-year study (Attachment 16). They are the same as presented
in the NWS proposal; however, because of delays in completing the
intergovernmental agreement for the pooled-funded study with the
State of Arizona, it was considered necessary to slide the times
for initiating and completing the study. Discussion at this
meeting resulting in mutual agreement that the official start of
study would be October 3, 1991, when the pooled-fund agreement
was signed, and that the completion would be September 1994.
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The meeting was concluded at 4:45 p.m., with the date for the

next meeting left unspecified, but in the time frame of mid-May
to early June 1992.

Attachments
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AGENDA
SOUTHWEST PRECIPITATION FREQUENCY STUDY
SECOND MEETING--TEMPE, ARIZONA
JUNE 10, 1992
I. Introductory Remarks
ITI. Data Acquistion
IITI. Software Development
A. Hourly Data
B. Daily Data
IV. Data Quality Control
V. Temporal Trends
7I. Seasonality
VII. Storm Analysis

VIII. Personnel

Znclosure [ - Agenda.
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02-882058 7 .43
02-882058 7 =99
02-882058 7 .02
02-882058 7 .66
02-382058 7 .87
02-882058 7 .93
02-882058 7 .93
Enclosure 4a - Hourly processed

5022 1

5022 2

5022 3

5022 6

502212

502224

502248

0

0

0

0

precipitation data at Tucson,

>
Al

5022

5021

5021

5021

5021

5020

5020

for July 1958,




02-88956611 0.12 7481 1 31 16 0 7481
02-88956611 0.15 7481 2 81 16 0 7480
02-88956611 0.15 7456 3 81 16 0 7456%

02-88956611 0.30 7456 81 16 0 7456%

(@)

02-88956611 0.61 745612 81 16 0 7456%
02-88956611 0.86 748124 0 0 0 7458%
02-88956611 0.96 748148 0 0 0 7456%
02-88956612 0.45 8157 1 0 0 0 8157

02-88956612 0.86 3157

N
o
o
o

8157
02-88956612 1.26 8157 3 0 0 0 8157
02-88956612 1.79 8157 5 0 0 0 8155
02-88956612 2.30 815712 0 0 0 8150
02-88956612 3.57 815724 0 0 U 8137

02-88956612 4.96 315748 0 0 0 8113

) g e Bl
Enclosure 4b - Hourlyv processed precipitation data at Tuweep, .2, ftor November
and December 1966.




29-0022 1974 210 729 45 1210 728145 1 0 0 0 O O |
29-0022 1974213 8 1 193 12183 8 1113 2 0 0 0 0O O |
29-0022 1974 210 729 263 1210 729145 4 0 0 0 O O |
29-0022 1974 210 729 396 1210 729145 7 0 0 0 O O
29-0022 1974 209 728 474 2210 72914510 0 0 0 O O

29-0022 1974 202

|

21 527 89210 72914520 0 0 00 O
29-0022 1974 207 726 283 4210 72914530 0 O 0 0 O
’ 29-0022 1974 189 7 8 626 22210 72914545 0 0 0 O O

29-0022 1974 205 724 848 6210 72914560 0 0 0 0 O

29-0022 1980 118 427 240 1118 427240 1 0 O O O 1
29-0022 1980 118 427 240 1118 427240 2 0 0 0 O

29-0022 1880 115 424 260 4118 427240 4 0O O 0O O 1
29-0022 1980 115 424 260 4118 427240 7 0 0 0 O 1
29-0022 1980 115 424 260 4118 42724010 0 O O O 1
29-0022 1980 118 427 435 1118 42724020-8 0 0 O 1
29-0022 1880 115 424 458 4118 42724030-8 0 0 0O 1
29-0022 1980 G3 4 2 475 26118 42724045-8 0 0 O 1

. 29-0022 1980 82 322 498 37118 42724060-8 0 0 O 1

fnclosure 5 - Dailv processed precipitation data snowing annual maximum
intensities at Abbott 1SE, M. for 1974 and 1980.

T



29-0041 1987 211 730 16110-1 0 0 0
29-0041 1987 235 823 125102 0 0 0O
29-0041 1987 160 6 9 10210-3 0 Q O
29-0041 1987 3031030 9610-4 0 Q O
29-0041 1987 136 516 90105 0 0 O
29-0041 1987 8318 76106 0 0 0

29-0041 1988211 729 37910-1 0 Q O
29-0041 1988 139 518 179102 0 0 O
29-0041 1988 236 823 17110-3 0 0 O
29-0041 1988 255 311 90104 0 0 O
29-0041 1988202 720 86105 0 0O O

29-0041 1988 180 628 6510-6 Q 0O 0

Enclosure 6 - Top six 10-dav precipitation intensities at Abiquiu Dam
for 1987 and 1988.




MEMORANDUM FOR:

FROM:

SUBJECT:

U.S. DEPARTMENT OF COMMERCE
Nationai Oceanic and Atmospheric Administration

NATIONAL WEATHER SERVICE
Silver Spring, Md. 20910

July 28, 1992 W/OH11:JLV

Participants in the Southwest Semi-
Arid Precipitation Frequency Study

~ ‘; -
W/OH1l - John L. Vogé&;?gkj‘ VQQ%?C/<\”
) e 1/
/

Minutes of the Southwest Semi-Arid
Precipitation Frequency Study -
Second Meeting

Enclosed is a copy of the minutes for the Second Meeting of the
Southwest Semi-Arid Precipitation Frequency Study held on

June 10, 1992.

These minutes summarizes work through

approximately June 1. The Third Quarterly Progress Report should
follow in about two weeks.

Enclosure




Minutes--Second Meeting
Semi-Arid Precipitation Frequency Study
Tempe, Arizona
June 10, 1992

Attendance
Joe Warren ADOT' (602) 965-3548
George Lopez-Depero ADOT (602) 255-7481
Ray Jordon ADOT (602) 255-7545
Lou Schreiner USBR? (303) 236-3791
Frank Peairs RCFCD® (714) 275-1200
John Vogel Nws* (301) 713-1669

Introductory Remarks

John Vogel opened the meeting about 8:20 am, and thanked Joe Warren
for acting as the host. The agenda (enclosure 1) was distributed.
It was explained that the major work according to the schedule over
the past six months was the development of software for the

reduction of the data, hiring of new personnel, and the acquisition
of data.

Data Acquisition

Several data acquisitions were made in the six months from December
1991. Hourly and daily precipitation data were obtained in
February from the National Climatic Data Center (NCDC) for the
years 1989 and 1990. Generally, this means that digitized hourly
and daily precipitation data are available from 1948 through 1990.
In addition, a reciprocal data agreement between the states and
NCDC during the 1950s means that for certain stations in the
various states precipitation data were digitized prior to 1948.
The number of stations and the number of years vary from state to
state. These earlier records are also available from NCDC. In
addition to the hourly and daily precipitation data, 15-minute data
were obtained from the beginning (about 1971 or 1972) of this data
set through 1990. Hourly precipitation stations with 20 years or

more of data were highlighted to show the distribution of these
data.

Contacts were also made to obtain daily precipitation and snow data
from the Soil Conservation Service SNOTEL (SNOwpack TELemetry)
network through October 1991. These data were obtained about June
1, 1992, from the Western Regional Technical Center in Portland,

' Arizona Department of Transportation
2 United States Bureau of Reclamation
3> Riverside County Flood Control District

4 National Weather Service




Oregon. An example showing the format of these data are shown in

enclosure 2. The data for Frisco Divide in New Mexico were
accumulated by water year (1 October through 30 September) in
tenths of an inch. The station shows that 0.2 1inch of

precipitation fell from October 1 to October 2, and an additional
0.6 inch fell between the second and third of October, for an
accumulated total of 0.8 inch. Many of the SNOTEL stations are
available since 1979, giving 13 years of data. These data are
primarily located in the mountainous areas of the West, providing
data in regions and elevations which are not normally part of the
NCDC data base. For example, in Utah there are 77 SNOTEL stations
and 74 of these stations are located above 7,000 feet. These data
need to be put into a format compatible with the daily NCDC format.

Contact was made with the Western Region Climate Center (WRCC) in
Reno, Nevada, to acquire the hourly precipitation data from the
RAWS (Remote Automated Weather System) network. This is one of the
few networks that has hourly data available at high altitudes.
Examples of these data have been obtained and will be used to
supplement hourly data in remote regions of the Southwest. The
spatial distribution of these stations is shown in enclosure 3 from
Redmond's description of the RAWS network. It is anticipated that
these data will be obtained from the WRCC in August.

Software Development

Software is being developed to handle the various nuances of the
hourly and daily precipitation data available from NCDC. Examples
of how these data are being processed are shown in enclosures 4a
and 4b. Enclosure 4a shows processed data for the state of Arizona
(02), Tucson WSO Airport (8820) in 1958 (58) and the seventh month
(7). The maximum l-hour duration precipitation was 1.43 inches in
Julian hour 5022 (July 29, at the end of the sixth hour). The next
three zeros indicate the accumulated amount of precipitation (0),
the number of accumulated hours (0), and the number of missing
hours (0). The 5022 at the end of the line indicates the beginning
Julian hour of the duration. For a l-hour duration the maximum and
beginning hours are identical. The second line indicates that the
maximum 2-hour duration was 2.39 inches with the maximum hour of
precipitation being in Julian hour 5022, and the beginning Julian
hour for this sequence was 5021. Similarly the maximum 3-, 6-, 12,
24, and 48-hour durations are defined. These monthly maximum

precipitation intensities will be calculated for each month in a
year.

The next example, enclosure 4b, is for Tuweep, Arizona (station
number 8895) during November and December of 1966. The maximum 1-
hour precipitation was 0.12 inch in Julian hour 7481 (November 8,
hour 17). The 81 in the fourth to last column indicates that 0.81
inch of precipitation was accumulated over 16 hours (third to last
column), with no missing hours of data. The third line shows that
the maximum 3-hour duration was 0.15 inch in Julian hour 7456.

2




This is the same precipitation intensity shown for the 2-hour
precipitation intensity. There was no further precipitation
concentrated around Julian hour 7481, and the accumulated data
began in Julian hour 7456. If we divide the accumulated amount of
0.81 inch by 16 hours, the average hourly precipitation is 0.0506
inch, so that the 3-hourly accumulation would be 0.15 inch. 1In the
case of a tied precipitation intensity for a month, the decision
was made to take the first occurrence. As a result the 3-hourly
precipitation intensity was 0.15 in the event beginning at Julian
hour 7456, as calculated from the accumulated precipitation amount.
The asterisk at the end of the line indicates that the 3-hour
intensity is the result of a calculated precipitation amount
beginning in Julian hour 7456. The remaining precipitation
intensities shown for 6-, 12-, 24-, and 48-hour durations are
similarly calculated.

Enclosure 5 provides examples of annual maximum intensities
determined from daily precipitation. The 29 indicates the state of
New Mexico, 0022 is for Abbott 1 SE, the year is 1974, the Julian
day is 210 or 7/29, the maximum precipitation is 1.45 inches, the
1 shows the relative position of the maximum day in the sequence
(which for a l-day duration is identical to the first day or Julian
day, 210), and the amount is 1.45 inches. The last five zero are
used for various indicators or to define the amount of accumulated
precipitation or the accumulated number of days, or missing days in
a year. For example, if there had been an accumulated amount that
was part of the 10- or 20-day duration intensities then the code,
-8, would appear in the fifth last column, (see the second example,
year 1980). If part of the duration had some missing data a -9
would appear. The last three columns provide accumulated amount of
precipitation (if any), the number of accumulated days (if any),
and the number of missing days (if any) for the year. For the year

1974 there were no missing or accumulated days, therefore there was
no accumulated precipitation.

The sixth line gives the precipitation intensity for the 20-day
duration in 1974. The beginning day of the sequence is Julian day
202 or July 21 with a total of 5.27 inches of precipitation during
the 20-day period. The day with the maximum precipitation is
Julian day 210 or July 29, and this was day 9 in the sequence,
(column 7). The maximum day for each duration in the sequence of
days is given in the same manner.

For duration of 7 days and greater, monthly maximums are not being
calculated. Rather the top six to ten precipitation intensities
for durations of seven days or more are being calculated. Enough
of the top intensities for each of the durations greater than 7 day
will be calculated so that seasonal relations for these durations
can be determined. Enclosure 6 shows the top six durations for
Abiquiu Dam (0041) in New Mexico for the years 1987 and 1988.
Again the Julian day, date and the precipitation intensity is




shown. Interestingly, the highest three 10-day intensities in
1988 are greater than the highest 10-day intensity for 1987.

Temporal Trends

An important assumption in any investigation of precipitation-
return frequencies is stationarity of the data set. If there is a
shift in the intensities of the return frequencies, then one must
adjust for this trend. Several different tests are being
investigated for use in this project. One is the Potter test,
which is a bivariate test used to detect systematic changes in the
mean of the data. Another test being examined is the Kruskal-
Wallis test, a nonparametric test for determining if there are any
significant differences in the precipitation frequencies between
one particular period and another.

Plots of data will also be made to determine if there are any
trends in the data that are evident from a simple time plot of the
annual or seasonal maximums of data. Additionally, ratios will be
made between earlier periods and more recent periods to examine
possible spatial relations.

Seasonality

Software development has been started to begin the examination of
possible seasonal relations of the precipitation intensities. The
initial software only examines the year beginning from January 1.
However, this software will be further developed to examine various
options beginning with different months.

Storm Analysis
One of the thrusts that will begin during the next quarter is the

development of a storm analysis program. The Bureau of Reclamation
(Lou Schreiner and Dick Stodt) have developed a program for use on

a main-frame computer. It provides a tool that allows for
individual storms to be analyzed, providing isohyetal analyses,
mass curves, and depth-area-duration (DAD) curves. While the

original program was programmed for a main-frame computer, the
concepts from the original program will be reprogrammed for the IBM
RISC 6000 work station. The results from this software will be
used to analyze individual storms for determining DAD curves and

mass curves for use along with the precipitation-return
frequencies.

Personnel

During the past six months a significant amount of time was spent

developing vacancy announcements, interviewing potential new
personnel, and hiring new personnel. A major new addition was
Lesley Tarleton on June 29. She will come on board to take over

many of the day-to-day decisions and work for the Semi-Arid

4




Precipitation Frequency Project. A computer specialist, Dan
Romberger, was hired. He will concentrate over the next six months
on the development of the storm analysis program for the IBM RISC
6000 work station. Julie Olson, a recent graduate from the
University of Maryland, was hired as a physical scientist to assist
in the day-to-day work of this and other projects. Both Julie and
Dan joined the Water Management Information Division on June 1.







II.

‘ III.

IV.

V.

Agenda for Semi-Annual Meeting
of the Semi-Arid Precipitation Frequency Project

December 7, 1992

Welcome and Overview
Data
A. Data Reduction
1. Progress of hourly and daily data processing
2. Merging/Deletion of stations
B, Data Acquisition
C. Data Quality Control
1. L-Moments
2. Mass Curves
D. Data Comparisons Planned
Seasonality
A. Dry Periods
B. Probability of Precipitation Amounts
C. Frequency of Annual Maximum Values

Frequency Calculations

Storm Analysis




[
(o
~N
8 (@]
2SS
=
o |
o
RS
e >
W
S
Cc 3
- et
o U
-
0 >
L 0O
2 C
L O
+ 3
S O
4 <« . P lu O )
<eq «' . o o < '« « ¢ Ac MuAV% S —
« Ko ‘e “ ‘ v/ ”A ] e 9 L
lA b . : %o « ‘h e A‘t < ‘ \ e
. ° « s * < A"& « co c C
< « K S Lo ol v e o Y —~ O
L, - «* e 4°F Tooqt e e _eelr, et
< < “« < AOAAQ OJAAAOO A.A O‘Oﬂ.u v * cC B
3 R w5 o ¢ | = 8
AAQJMAﬂ.A AA AAAO OA OOAA Al’.o. OA AA& c m .l.“\
R I 2 s % T a
<l A 'Aloo\noOAA W ..n.u\ & ) .a
’ ) ER g 0
p A b= 3 Dl
S 0o o -
._ s A A .0
c O O )
v Z pd O
I//\ll\\ -+
X 4 @ o))




o DATA REDUCTION

Hourly NCDC  1948-1990

Core States Initial No. After
of Stations QC
Arizona 81 48
Nevada 73 46
~ New Mexico 141 54
® Utah | 91 61
SE California 100 -

Border States 60 miles around Core

California 160 =
‘ Oregon 19 -
Idaho 37 -
Wyoming 16 -
Colorado 100 -

® Texas 86 ~




® e all formatted by month

' o Annual Maximum for durations
calculated 1-hr, 2-hr, 3-hr,
6-hr, 12-hr, 24-hr, 48-hr




CRITERIA

To Run L-Moment

e Need at least 5 years

To Combine

* < 5 miles

e < 300 feet difference in
elevation

For Frequency Analysis

e "within" cluster of L-skew vs.
L-kurtosis plot - i.e., not
‘real far out’

e 15 years for frequency
analysis




PROCESS

Use Formatted Statewide Data Set

Run L-Moment FORTRAN program
{MN,CV,SK,K,5th}
(without < 5-year stations)

Plot L-skew vs L-kurtosis, check
outliers for erroneous data, if
outliers:

correct, if necessary
combine, if possible
delete, otherwise

Check proximity for merging

< 5 miles

< 300 feet
(especially to combine 2 or more
short records to make 1 long
record)




K NEXT STEPS

e Delete < 15 year records to do
frequency analysis

e Partial Duration




@ Semi-Arid Precipiation Frequency

Summary Of Hourly Stations

(as of 12/2/92)

Arizona Nevada New Mexico Utah
Orginal Number
of Stations 81 73 141 91
delete <5 yrs -3 -4 -25 -17
‘ "loss" to
combinations -11 -6 -24e -9e
Other Deletions
i.e. (L-Moments) -8 -6e -8e -7e
Total 59 57 84 78
Next Step
delete <15 yrs -11 -11 -30 -17
TOTAL 48 46 54 61

e = estimated




® DATA REDUCTION

Daily

NCDC + TP40
Records mostly 1948—1990
Some as early as 1880

Core States

Arizona
Nevada

Utah

New Mexico
California
Border States

Initial > 19 yrs
438 276
211 105
316 186

*
447
462

SNOTEL (SNOpack TELemetry)

- 163 stations for area

- Software complete



o | [
New Mexico Daily Data
Format Problems

Missing Data
-99 ... -99 -99 -99 -99 -99 .. .
-99 ... -99 -99 99 99
Date: 21 ... 28 29 30 31

Note: last 2 days of month 99 instead of -99

-99 = missing data

Solution: write program to change 99 at ends
of month to -99



¢ DATA REDUCTION

e Storm Analysis Data

e Software development for
GRASS storm format

e |nitial data: California,
post - 1948 data

o
¢ 15-minute Data
e Tapes have been read
. Preparing list of stations

o N-minute Data - packed in zip
format

e 5-, 10-, 15-, 30-, 60-,
4 90-, 120-, ..., 1440- min




® N-Minute Data Base

Arizona
Durations: 5-, 10-, 15-, 30-, 60-,

120-, 1440- minutes

1951 -

FLAGSTAFF 1898 -
®  PHOENIX 1:82 :
TUCSON 12‘2‘2 .
WINSLOW 12:1 ]
YUMA 1881 -

1978
1978

1978
1978

1978
1978

1978
1978

1978

(all)
(1440)

(all)
(1440)

(all)
(1440)

(all)
(1440)

(1440)

Maximum precipitation for each
duration for each year




NCDC
SNOTEL

RAWS
ARC

USGS

ALERT

J. Goodridge

DATA SETS

National Climatic Data Center
SNOwpack TELemetry

Remote Automated Weather
Station

Agricultural Research Center
1neludes  Lbfnadt Geteh

U.S. Geological Survey

San Bernardino County, CA

Automated Local Evaluation
in Real Time

California Storm Data

NOAA
SCS/USDA

BLM & FS/USDA

ARS
SGS/USDA

Dept. of
Interior



Location of “utomatic Local Flood Warning
Systems i1 the United States 1992

N
i
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L4

-

g

.- . . ’
Flans are currently underway to add automated local warning systems in many

other counties,
Created From FCC /7c°f‘»‘m'2‘ a/’P/f'C’czz//d?s'



OBBSERVED DATA-—-PROBABILITY DISTRIBUTION
»< 1. METHOD OF MOMENTS

Yy 2. METHOD OF MAXIMUM LIKELIHOOD

O\

LET f(x; 6,,6,,...) BE THE pdf, THEN

L - H (x;6.,0,...) Likelihood Function

i=1

® dL/08, solve for 8,

e 3. METHOD OF L-MOMENTS

a) robust, less sensitive to sampling errors
and outliers

b) capable of characterizing a wide range
of distributions

c) linear combination of order statistics




L-MOMENTS

r.v. X with cdf F(X) & quantile func X(F)

X $ X <$---4 X

1:n 2:n nn
L-MOMENT for r = 1, 2, are
r-1 r - 1
lr: f'1 (-1)k ] EXr k:r
‘ k- O k .
L-CV = A,/A,

L-SKEW = A./A,

L-KURTOSIS = A,/A,

o



STAGES IN FREQUENCY ANALYSIS

1. DATA SCREENING--DISCORDANCY D,

Let ﬁ, : [tz‘",tj”,tf”]r be a vector for site i

where 5 - (N - 1)"2 ,(LT- ﬁ)([lj- ﬁr

i= 1

{




ARIZONA

N
a‘gt;w
62
77
23
27
20
78
96
22
43
41
31
25
36
21
31
30

MEAN

NAME

0060
0080
0625
1169
1248
2329
3595
3926
4182
4586
4675
8184
8273
8329
8649
9114

L—-CV

-3701
-3219
.6247
-5143
-3579
.6048
- 3050
-6020
- 5953
.4228
-5143
.3878
.6879
.2380
-4440
.2876

. 3204

L-SKEW

- 3096
.2578
-3033
- 3350
-5132
.2209
.3651
.2393
.3706
.5015
.2027
.2024
-3359
-.1023
. 1948
-4463

-2107

270 SITES

L—-KURT

- 1531
.2595
-.0599
-1190
-5364
-1396
4777
271712
.22178
-4345
.0470
-3303
.2568
-1926
.2993
-4276

-1726

D(I)
Discerdanc
1.10 -
0.43
6.97%%
3.54%
7.33%x%
4.45%%
5.51%%
5.34%%
4.21%%
4.59%x%
3.20%x
3.07%
6.84%x
1.36 =
3.02%
4.11%x




Beginning Date of Driest 120 Consecutive Days
per 2-year Period, Utah

0.5

0.45

0.4+

0.35

RELATIVE FREQUENCY

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

MONTH

JMO 11/24/92




Beginning Date of Driest 120 Consecutive Days
per 2-year Period, New Mexico

.45

0.4

0.35 —

0.3

0.25-

0.2+

0-15_ ........................

RELATIVE FREQUENCY

(o) I —

0.05 e

JAN FEB MAR APR

MAY JUN JUL AUG SEP OCT NOV DEC
MONTH

JMO 11/24/92




' ! WESTERN REGION STATION LOCATIONS

SCALE 110,000,000
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AJOe ARIZONA 20080 AJO, ARIZONA 20080
PRECIPITATION MEANS AND PROBABILITIES FOR 1 WEEK PERIODS PRECIPITATION MEANS AND PROBABILITIES FOR 2 WEEK PERIODS
PERIOD MEAN PROB PROBABILITY (PERCENT) OF RECEIVING AT LEAST PERIOD MEAN PROB PROBABILITY (PERCENT) OF RECEIVING AT LEAST
BEGINS PCPN O-T THE FOLLOWING AMOUNTS (IN) OF PRECIPITATION BEGINS PCPN O-T THE FOLLOW ING AMOUNTS (IN) OF PRECIPITATION

0006 0610 0,20 0040 0,60 100 140 2,00 4.00 04,06 0420 0,20 0630 0460 1,00 1,40 2.00 4,00
MAR 01 24 s3 24 22 18 12 9 S 3 1 MAR 01 * 40 46 36 33 28 22 17 11 7 a4 1
MAR 08 «16 76 26 24 20 15 11 7. L3 2 MAR 15 «36 43 44 41 34 25 18 10 6 3
MAR 15 25 73 25 23 19 14 10 6 4 F MAR 29 «11 66 27 24 17 10 S 2
MAR 22 12 60 25 22 17 10 6 3 2 1 APR 12 «03 83 18 15 8 3 1
MAR 29 «04 83 19 17 12 6 3 1 APR 26 «07 73 22 19 12 S 2
APR 05 «06 80 12 10 7 o 2 MAY 10 «03 73 14 110 S 2
APR 12 0,00 100 7 S 3 2 1 MAY 24 «03 a3 11 8 3
APR 19 02 83 10 8 a 1 JUN 07 0,00 100 8 7 4 1
APR 26 «0S 76 12 10 6 2 JUN 21 «09 60 30 26 18 9 ) 2 1
MAY 03 0,00 100 8 & 4 1 JUL 0S .49 16 7 66 56 40 29 15 8 3
MAY 10 °03 80 8 S 3 ) JuL 19 95 (1] 91 87 79 64 52 34 23 t2 2
MAY 17 <01 93 6 4 1 AUG 02 1,13 10 90 88 83 72 61 43 29 16 2
MAY 24 0,00 100 'Y 3 1 AUG 16 96 10 81 78 71 $9 49 33 23 13 2
MAY 31 «02 86 6 4 2 AUG ‘30 «36 33 57 53 a4 33 26 16 10 6 1
JUN 07 0,00 100 3 2 1 SEP 13 43 43 49 45 38 28 21 13 8 S 1
JUN 14 0,00 100 L3 3 2 1 SEP 27 36 36 a9 46 38 26 19 10 S 2
JUN 21 «0S 80 11 9 6 2 1 ocT 11 ol4 66 32 30 25 17 12 6 3 1
JUN 28 04 76 21 18 12 6 L) 1 1 - .. ocT 25 «20 56 38 35 28 18 12 S 2 1
JuL. 0S .19 56 35 32 25 1S 10 4 2 1 NOV 08 27 33 53 48 36 22 13 5 2
JUL 2 «30 40 S1 47 38_ 25 _ 17 8 . 4 1 NOV 22 18 53 45 41 .32 19 12 5 2
JuL 19 39 23 64 59 49 34 25 131 7 3 DEC 06 32 a3 St 48 40 28 19 9 a4 2
JUuL 26 «56 20 72 68 58 a3 32 18 . 10 . DEC 20 82 30 59 55 46 33 2a 12 6 2
AUG 02 61 20 72 68 60 A6 35 20 112 S JAN 03 38 36 S7 53 a5 32 23 11 6 2
AUG 09 52 26 68 64 -1 41 31 18 10 S JAN 17 37 33 59 ' S8 a6 32 22 11 S 2
AUG 16 .84 23 65 61 52 38 28 16 9 ) JAN 31 31 30 59 54 44 29 19 9 4 1
AUG 23 52 30 s8 54 a5, 32 23 137 .8 4 FEB 14 38 23 s? 51 a1 27 19 9 s 2
AUG 30 18 46 45 41 32 21 14 7 4 2
SEP 06 18 56 3a 31 24 16 11 6 a4 2
SEP 13 32 60 30 27 22 16 12 7 S 3
SEP 20 oll 63 29 26 20 13 8 4 2 1 AJOes ARIZONA 20080
SEP 27 13 63 29 26 20 13 8 L] 2 PRECIPITATION MEANS AND PROBABILITIES FOR 3 WEEK PERIODS
OCT 04 <23 70 .27 .25 21 14 10 s 3 ) .
ocT 11 «08 76 21 19 15 10 6 3 . | PERIDD MEAN PROB PROBABILITY (PERCENT) OF RECEIVING AT LEAST
ocT 18 «06 80 19 17 13 8 [ 2 1 BEGINS PCPN O-T THE FOLLOWING AMOUNTS (IN) OF PRECIPITATION
oCcTY 25 «16 70 21 19 14 9. .6 3 1 0406 0410 0620 0440 0460 1400 1,40 2400 4.00
NBV 01 08 76 24 21 15 8 s 2 1
NOV 08 e15 63 30 26 19 10 S 2 1 MAR 01 64 40 49 46 40 31 25 17 12 7 1
NOV 15 012 46 .36 31.. 22..10... S5 b § MAR 22 22 36 46 a3 32 20 13 6 3 1
NOV 22 12 63 30 26 18 9 4 1 APR 12 «07 63 30 25 15 S 2
NOV 29 «07 76 24 21 16 10 6 2 1 MAY 03 +05 70 23 18 11 4 2
DEC 06 .19 66 28 25 20 13 8 4 2 MAY 24 «03 83 15 11 S
DEC 13 12 53 36 32 25 15 9 4 2 JUN 14 «09 S6 34 29 20 11 6 2 t
DEC 20 24 50 40 36 29 18 i1 4 2 JuL 0S5 «88 6 89 86 77 62 49 32 21 11 2
DEC 27 .18 60 34. .31 .25. ..11.. 1%t S 2  } JUL 26 1.69 (4] 97 96 93 .85 77 60 46 30 6
JAN 03 «16 63 33 31 25 16 107 4 2 1 AUG 16 115 [ 88 85 79 68 59 43 31 19 [
JAN 10 22 53 - 38 35 29 18 11 4 1 SEP 06 «61 26 61 57 49 39 31 21 14 9 2
JAN 17 *16 60 37 34 27 17 11 4 2 SEP 27 Pt 30 60 56 47 34 26 14 8 4
JAN 24 21 56 35 32 28 16 10 4 2 OoCcT 18 26 50 a7 43 35 25 17 9 5 2
JAN 31 13 60 37 33 25 15 9 3 1 NOV 08 «38 30 61 56 45 30 20 9 4 1
FEB 07 e18 46 38 34 25 15 .9 3 1 NOV 29 «38 26 64 60 50 36 26 13 7 3
FEB 14 19 53 39 34 26 16 10 4 2 1 DEC 20 «58 23 70 67 59 45 35 20 11 5
FEB 21 .19 46 30 27 21 13 8 3 1 JAN 10 59 23 73 69 61 46 35 19 10 4

JAN 31 «50 20 73 68 57 41 30 17 10 4
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FREQUENCY OF ANNUAL MAXIMUM (years)

@
ANNUAL MAXIMUM HISTOGRAM
AJO, ARIZONA n=43 years
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2.

IDENTIFICATION OF HOMOQENEOUS REQION,
HETEROGENEITY, H "IS THE OBSERVED
BETWEEN-SITE DISPERSION OF THE SAMPLE
L-MOMENTS FOR THE GROUP OF SITES
UNDER CONSIDERATION LARGER THAN WOULD
BE EXPECTED FROM A HOMOGENEOUS
REGION?"

[(OBS. DISP) - (MEAN DISP BY
SIMULATION)]/SD OF SIM DISP
SIMULATION: 4-PARAMETER KAPPA
DISTRIBUTION

H= (V- u)/o,

WHERE V IS THE WEIGHTED SD AT EACH SITE

SAMPLE L-CV OR L-SKEW OR L-KURTOSIS

My, oy FROM MONTE CARLO




AZ

#%% HETROGENEITY MEASURES ss#

SIMULATIONS = 500

OBSERVED SD OF GROUP L-CV 0.0769
SIM. MEAN OF SD OF GROUP L-CV 0.0351
SIM. SD OF SD OF GROUP L-CV 0.0015
STANDARIZED TEST VALUE 27.38%%
OBSERVED AVG OF L-CV/L-SKEW DIST 0.0935
SIM MEAN OF AVE L-CV/L-SKEW DIST 0.0717
SIM SD OF AVE L-CV/L-SKEW DIST 0.0028
STANDARDIZED TEST VALUE 7.68%%
OBSERVED AVG OF L-SKEW/L-KURT DIST 0.0860
SIM MEAN OF AVG L-SKEW/L-KURT DIST 0.0860
SIM SD OF AVG L-SKEW/L-KURT DIST 0.0033
STANDARDIZED TEST VALUE 0.01

/

show AL 7 a
sungle climati¢

Cpf'ec,/y} /'67':0"2




3. GOODNESS-OF-FIT Z

ZCGEV . (_i:_t ) thV)
o

4

® where ﬁ is the regional average L-Kurtosis.

T, is the L-kurtosis of the fitted GEV
distribution, and

o, Iis the standard deviation of i




/4; .(,I?A
5{:‘; Zg(‘()
GOODNESS-OF-FIT MEASURES \'
GEN LOGISTIC L-KURTOSIS = 0.204 Z VALUE = 17.30
X GEV L-KURTOSIS = 0.167 Z VALUE = -2.06
GEN NORMAL L-KURTOSIS = 0.157 Z VALUE = -4.62
PEARSON TY III L-KURTOSIS = 0.138 Z VALUE = -9.75

GEN PARETO L-KURTOSIS 0.083 Z VALUE = -23.76







s U.S. DEPARTMENT OF COMMERCE
e @ . | National Oceanic and Atmospheric Administration
% & NATIONAL WEATHER SERVICE
Trares ot P Silver Spring, Md. 20910
February 10, 1993 W/OH11:JLV
MEMORANDUM FOR: Southwest Semi-Arid Precipitation ,
Frequency Study Support G 3p M~ "
FROM: W/OH11 - John L. Vogel \gA’ ‘ 67/7' -

SUBJECT: Minutes from the Deceyb r 7, 1992
Semi-Annual Meeting

Enclosed is a copy of the minutes from the Third Semi-Annual
Meeting for the Southwest Semi-Arid Precipitation Frequency
Project. These minutes summarize the progress of the Group from
approximately June 1, 1992 through the first part of December
1992. If you have any questions, please feel free to call me or
Lesley Tarleton at (301) 713-1669.

Enclosure




Minutes--Third Meeting
Semi-Arid Precipitation Frequency Study
Phoenix, Arizona
December 7, 1992

Attendance
Joe Warren aporl (602) 831-0662
Ray Jordan ADO (602) 255-7197
Tony Brazel ASU (602) 965-6265
George Lopez Cepero ADOT (602) 255-7481
Cliff Anderson AMAFCA3 (505) 884-2215
Stephen Waters Maricopa FCD (602) 506-1501
Jess Romero Yavapai FCD (602) 771-3196
Lesley Tarleton NOAA/NWS (301) 713-1669
John Vogel NOAA/NWS (301) 713-1669

INTRODUCTION

The Third Semi-Annual review meeting for the Southwest Semi-Arid
Precipitation Frequency Project was convened at 9 AM at the Arizona
Department o6f Transportation Administration offices in Phoenix.
Joe Warren served as the host. The agenda for the meeting is
included as Enclosure 1. Lesley Tarleton and John Vogel of the
Office of Hydrology, Water Management Information Division (WMID)
presented the review. John Vogel led off by summarizing some
general progress of the project.

In August, two IBM RISC 6000 computers (models 340 and 220) were
obtained by WMID. These computers will be used to assist in
mapping the precipitation fields, and to assist in any statistical-
physical modeling of the precipitation intensities for this
project. As part of this acquisition, GRASS (Geographical
Resources Analysis Support System), a GIS system developed by
various Federal agencies, was also installed. The Corps of
Engineers Research Laboratory (CERL) in Champaign, Illinois, is
responsible for coordinating and, in part, developing GRASS. 1In
September 1992, three representatives from CERL presented, in
Silver Spring, Maryland, a 3-day training course in GRASS for this
and another project, which was attended by most of the technical
staff of WMID. Additional training in UNIX for several staff
members was taken during October and November. Additional UNIX and
C-Language training is anticipated during the first part of 1993.

1l aArizona Department of Transportation
2 Arizona State University, Office of Climate
3Albuquerque Metropolitan Arroyo Flood Control District

1




Currently, the first major software being developed on the RISC
6000 computers is a storm analysis program. This software will be
ugsed to develop area-depth, depth-duration, and mass-curve
relations for storms in the Semi-Arid regions of the Southwest.
This work is progressing and it is anticipated to have a working
version early in 1993. This will be the first working version of
this software on our system, and will still require considerable
staff interaction. Refinements of the software will continue in
the future in an effort to develop more objective analysis schemes.
Work has begun on reducing data for some storms in the Southwest.

John met with Leonard Lane at the U. S. Department of Agriculture
Southwest Watershed Research Center in Tucson, Arizona, on Friday

and Saturday, December 4-5. Leonard briefed John on the
availability of precipitation data from Walnut Gulch, Arizona, and
Alamogordo Creek, New Mexico, Experimental Watersheds. Some

precipitation data were obtained previously through the
Agricultural Research Service (ARS) in Beltsville, MD. However,
Leonard indicated that more data were available for the Walnut
Gulch Experimental Watershed. Leonard indicated that his group
would supply WMID with daily data for six to nine of the raingages
in the densé raingage network. These gages have been shown by
statistical analysis to be reasonably independent of each other.
Later in the year, when a new data processing system becomes
available at the Southwest Watershed Research Center, breakpoint
data for the same gages will also be made available. This will
give valuable information about short-duration rainfalls.

Since June several new people have joined the staff of the
Hydrometeorological Branch. They are Lesley Tarleton as a Project
Leader on the Semi-Arid Precipitation Project. She is coordinating
many of the day-to-day activities on this project. Dan Romberger
is a computer analyst, who is deeply involved in developing the
storm analysis software, and assisting in developing techniques for

the vector analysis of gridded data. Julie Olson, physical
scientist, has been working on the data quality control, and in
developing seasonal relations for the Semi-Arid Southwest. Doug

Kluck, a meteorologist, is primarily working on another project,
but is assisting in the development of storm data for the Semi-Arid
Southwest.

DATA

A major portion of the first year of this project was taken up with
the development of software for reducing the data and quality-
control procedures. Enclosure 2a summarizes the data reduction of
the hourly precipitation data from NCDC from 1948 through 1990 for
the core and border states in the Semi-Arid Project. The L-moment
program requires at least 5 years of data to run the software, but
more importantly at least 15 years, preferably 20 years, of record
are required to obtain reliable frequency data (Enclosure 2b). Due
to missing data, the combination of nearby stations, short record
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periods, and inconsistencies in the data set, the actual number of
stations that have taken data for the past 45 years was reduced by
50% or more for the final analysis.

L-moment statistics have been found to be a powerful technique for
quality control of the data (Vogel and Lin, 1992). After
determining the maximum annual intensity for various durations, the
data are processed using L-moment statistics. As part of this
process the mean, L-coefficient of variation, L-skew, L-kurtosis,
and the fifth moment are calculated. For example when using
L-moment statistics if the L-skew and the L-kurtosis points for a
number of stations are plotted in a scatter diagram, a cluster of
points is expected. If several points are not near this cluster,
this usually means that some data for this station need to be
examined carefully (Enclosure 2c). For annual maximum
precipitation values, it could mean that one of the years was
incorrectly entered, and needs to be corrected; or that there are
missing data that have been given a zero value and were not coded
as missing. These are but a few examples.

The daily data have been treated in a similar manner, and the
number of stations with 19 years or more of data is shown in
Enclosure 3. Data for New Mexico were obtained from Ken Kunkel,
the former State Climatologist for New Mexico. This is a very
valuable data set, since it extends the data base prior to 1948 to
the beginning year of the station. However, the format for these
data is slightly different from the format used by the National
Climatic Data Center (Enclosures 4a and 4b), making it difficult to
differentiate between accumulated and missing data. Some different
software must be developed to incorporate these differences. New
software has been prepared to reduce the daily data from the SNOTEL
(SNOw TELemetry) network maintained by the Soil Conservation
Service. These data are generally in remote and high-elevation
sites in the various states, and will provide information for
regions that have not generally been available.

A variety of other data that are being examined (Enclosure 5) are:
1) precipitation data for input into the storm analysis program,
initially this will be for the post-1948 era and for Southeast
California; 2) the tapes for the 15-minute precipitation data have
been read and a list of stations within the core and border area
for the Semi-Arid Southwest are being prepared; and 3) N-minute
data (rainfall amounts for durations from 5 to 1440 minutes) have
been examined and inventoried (Enclosure 6).

Enclosure 7a provides a list of those groups who have supplied or
indicated that they will supply precipitation data for the
Southwest Semi-Arid project. The RAWS (Remote Automated Weather
Station) data are expected to be available by the beginning of the
1993 calendar year. The data from Jim Goodridge were obtained, and
still need to be examined and inventoried. A map showing the
distribution of daily and hourly stations from the NCDC, and the

3




SNOTEL data from the SCS is given in Enclosure 7b. Note how the
SNOTEL data (starred stations) supplement the data from the NCDC,
especially in the high-altitude regions.

L-moment statistics provide a new way of examining data, and our
experience shows that it is a very powerful tool. Previously, the
analysis of the return frequency of precipitation has used various
fitting procedures. For NOAA Atlas 2 (Miller et al, 1973) the
method of moments was used, and others more recently have used the
method of maximum likelihood, which is more cumbersome. L-moments
use probability-weighted moments. This technique 1) supplies a
more robust analysis which is less sensitive to sampling errors and
outliers, 2) uses linear combinations of order statistics, and 3)
is capable of characterizing a wide range of statistical
distributions (Enclosure 8a). The basic definition for the
L-moments is given in Enclosure 8b. Using the L-coefficient of
variation, L-skew, and L-kurtosis, Hosking and Wallis (1991) have
developed a measure of discordancy (Dj),which can be used to detect
possible non-homogenities within the data set (Enclosure 8c). This
measure was tested on 1l-day duration precipitation data using the
annual maximum series for 276 daily stations in Arizona which had
been previously quality controlled. Thirteen stations were found
to have Dj values of 3 or greater, indicating that these stations
had some unusual data points (Enclosure 8d). Several of these
stations had relatively low periods of record (< 25 years):;
however, many of the stations had long periods of record and these
stations are generally considered to be more stable. Discordancy
indicates the need to verify the data, but does not indicate that
the data are wrong, just different from most of the stations within
the data set. Subsequent verification of the data indicated that
the values in the annual maximum series of stations were valid.

Another powerful technique that can be used to examine the
reliability of precipitation data is the double-mass curve. For
our analysis, we compare the accumulated annual maximum rainfall at
a station to the average annual rainfall at several nearby stations
that are known to be reliable. This technique can be used to
determine graphically if there has been any significant change in
the exposure of the raingage, and to examine the potential merging
of nearby raingages with short records into a longer record period.
Three different hourly raingages have been located at the Grand
Canyon National Park (3581, 3595, and 3596) from 1949 through 1979.
None of these stations has a record length greater than 9 years,
and if they could be combined a satisfactory record length could be
obtained. The double-mass curve (Enclosure 9) shows that these
three stations have experienced only minor changes in slope over
the period. These three stations are all within 300 feet and 5
miles of each other. The double-mass curve indicates that the
combination of these stations is possible, subject to further
checking of the data.




Similarly, double-mass curves were plotted for Alamo and Alamo Dam
(stations 0096 and 0100) in Arizona (Enclosure 10). Again these
stations met the spatial criteria for possible combination of
records to form a longer record period. However, the slopes of
these two stations relative to a group of nearby stations showed
considerable difference. Alamo had an average slope of 0.94, while
Alamo Dam had an average slope of 0.77. It was concluded that
these two stations could not be combined into a long record length,
they would be analyzed separately, and it would be determined later
if either station would provide an accurate hourly analysis of the
region.

A variety of other data analyses are planned. These include
comparisons of 1) the annual maximum series and the partial
duration series for various durations, 2) daily rainfall amounts

and 24-hour amounts, and 3) hourly and shorter durations rainfall
amounts.

SEASONALITY

An important part of the initial analysis is determining the
seasonality ‘of intense precipitation occurrences. In just about
any region of the world there are particular months or periods of
months which dominate the intensity of the return frequency.
During these periods more than half of all the highest intensity
rainfalls can be expected. The other periods can have significance
for other reasons, and it is important that the precipitation
return frequencies for these other seasons also be defined. In
addition, the seasonality will delineate the physical first cut of
the regionalization of the Semi-Arid Southwest.

Three different sets of data are being examined to define the
seasonality for this project. They are 1) the initial month of
120-day dry periods, 2) the probability of precipitation amounts
expected during particular weeks of the year, and 3) a monthly

frequency count of the annual maximum rainfall intensity for
particular durations.

Enclosure 11 shows an analysis of the monthly beginning dates of
the driest 120 consecutive days for 2-year periods in Arizona, New
Mexico, Nevada, and Utah. No attempt at stratifying the data by
regions within the state was made at this point, rather for each
state all the data for the whole state were lumped together. The
highest spike in these data occurs during the month of March for
Arizona. It indicates that nearly half of all the 120-day dry
periods in Arizona begin during March, and that less than 10% of
the dry periods in Arizona begin in other months except for
February. This means that over 60% of all the 120-day dry periods
begin in March or February. Consequently, the wet period can be

expected to maximize during the months from June through August, or
during the Monsoon season.




In New Mexico the dry periods generally begin during the months of
January through March and September through December. The wet
period in New Mexico can be characterized as the period from April
through August. Nevada and Utah show that the 120-day dry periods
begin mainly from May through September, and that the wet period
can be expected from October through February or April.

A second way of exploring seasonality relations is to examine some
statistics that provide more detailed information, and at the same
time integrate some of the characteristics of the weather systems
which characterize different periods of the year. During the 1960s
the Western Region Technical Committee of the U. S. Agriculture
Department Experiment Stations developed a climatology of the
percent probability of selected precipitation amounts within
various weeks of the year beginning with March 1, or the climatic

year (Gifford et al, 1967). These data were analyzed for the
stations shown in Enclosure 12a with an example of this data set
shown in Enclosure 12b for Ajo, Arizona. The first column shows

the beginning of each one-week period starting with March 1. The
next column gives the mean precipitation amount for that week. The
third column provides the probability of no rain or only a trace of
precipitation within the week, and the next eight columns provides
the probability of receiving a precipitation amount equal to or in
excess of a given amount. These values vary. If the station
averages less than 30 inches of precipitation in a year, the values
are 0.06, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.4, and 2.0 inches. 1If
the station averages more than 30 inches of precipitation in a
year, the values are 0.06, 0.1, 0.2, 0.4, 0.6, 1.0, 1.4, 2.0 and
4.0 inches.

For each station in the Semi-Arid Southwest region an isopercental
analysis was done, as shown in Enclosure 12b. The isopercental
analysis for one-week periods clearly shows a maximum beginning
about June 21 and ending about September 20 at Ajo, Arizona. This
maximum also corresponds to some of the highest weekly average
precipitation amounts and some of the lowest probabilities of zero
or trace rainfall amounts during a week. In this instance the
Monsoon Season is at its peak, and is characterized by convective
rainshowers. A second maximum begins about November 1 and
continues through the middle or last part of March. The mean
rainfall amounts during these weeks are less than those experienced
during the warmer months, and represent a secondary maximum of mean
rainfall. The third period, middle or late March through mid June,
is characterized by very 1low rainfall amounts and high
probabilities of zero or trace rainfall amounts.

A similar analysis was done for all the stations in the Semi-Arid
region shown in Enclosure 12a. For our analysis no attempt is
being made to divide the seasons into less than a one-month period.
The preliminary analysis of these data, Enclosure 12c, indicates
that Arizona and New Mexico west of the Continental Divide can be
characterized by three seasons: 1) July through October (primarily
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the Monsoon Season, 2) November through February (a period
characterized by large-scale general storms), and 3) March through
June (a relatively dry period). New Mexico east of the Continental
Divide can be depicted by two seasons. The eastern most region can
be divided into a warm season (April through October) and a cold
season (November through March). A second region is south-central
New Mexico, where the seasons appear to be defined by June through
October (warm season) and November through May (cold season). For
Nevada and Utah the seasonality is not clearly defined from the
preliminary analysis. The northern parts of Nevada and Utah appear
to be divided into two seasons: a dry period beginning in June or
July through September, and a wet period from October through May
or June. The central and southern regions of Nevada and New Mexico
are portrayed by transitional periods between northern Nevada and
New Mexico and Arizona-New Mexico.

The third data set is a frequency count of the months in which the
annual maximum intensity occurred for durations of 3, 12, 24, and
48 hours. Thirteen stations have been chosen for the initial
analysis (Enclosure 13a). The frequency counts by months for Ajo,
Arizona, 1is shown in Enclosure 13b. July through September
dominate the maximum annual occurrence for all durations through 48
hours, with a dry period from April through June. This analysis is
in agreement with the results found from the other two data sets,
which indicate a wet period from July through October, a secondary
maximum from November through February or March, and a dry period
from April through June. The analysis for the other stations show
similar results for the various reasons, including some sort of a
transitional period over central and southern portions of Nevada
and Utah. There are minor differences in the results from this
preliminary analysis of the three data sets, but these three data
sets should be sufficient to define the seasonality of the Semi-
Arid Southwest.

FREQUENCY CALCULATIONS

An important part of determining the intensity of the frequency
relations for the various durations using L-moments is to determine
if the data in the physical regions that are being defined are
homogeneous or non-homogeneous (heterogeneous). Hosking and Wallis
(1991) have developed a test that examines heterogeneity, H. This
measure of H "compares the between-site variations in sample
L-moments for the group of sites with what would be expected for a
homogeneous region." (See Enclosure 1l4a.) This technique
essentially uses the graphical property of anticipating a close
cluster of points around some central value for a plot of the
L-coefficient of variation and the L-skew. If the points are
closely clustered around a central point then the region might be
considered to be homogeneous; but if the points are scattered then
the region is considered to be heterogenous.




As a numerical measure of therogenelty Hosking and Wallis
determine the average distance from a site's plotted point to the
group average point that would be expected of a "homogeneous
region." The expected value of the homogeneous region is obtained
by simulating the expected values of a homogeneous region using a

4-parameter kappa distribution. ‘The 4-parameter kappa distribution
was chosen, so that a partlcular distribution for the data is not
forced. After the simulation a comparison between the observed and
simulated dispersion is made, uélng the appropriate statistics, as
follows: !

(observed dispersionﬁ - (mean of simulation)
(standard deviation of simulation)

|
This can be done for the t-coeff1c1ent of variation, the
combination of L-coefficient of variation and L-skew, or the
combination of L-skew and L-kurtosis. The farther one gets from
only u51ng the L-coefficient of| variation, the more tolerance on
what is considered to be homogeneous.

As a crude first 1nvest1gatlon an analysis was performed using the
276 daily stations in Arizona (Enclosure 14b). For this data set
the threshold was 3.0; i.e., if the measure of heterogeneity (H) is
greater than 3.0, then the datd are not homogeneous, but if H is
less than 3.0 than the data are homogeneous. This analysis showed
that if only the L-coeff1c1ent\of variation is used the Arizona
daily data are not homogeneous; if the L-coefficient and the L-skew
are used the daily data are not homogeneous, but if the L-skew and
the L-kurtosis are used then H equals 0.01 and the data are
homogeneous. This means that in a gross sense the daily data from
Arizona are homogeneous, but one should expect other physical
divisions if one expects to have a truly homogeneous data set.

Another important part of anﬁi frequency investigation is the
determination of the optimum frequency distribution for the data
set. Hosking and Wallis (1991) developed a goodness-of-fit
measure, 2Z, (Enclosure 1l4c) whlch can be used to determine the
optimum frequency distribution for a given data set. Again the 276
daily stations for 1l-day duratlons and an annual-maximum series

were chosen for a test run of this measure. The closer the
absolute value of 2Z is to \zero, the better the frequency
distribution. The results from this test run are shown in

Enclosure 14d. They indicate | 'that the GEV or the Generalized
Extreme Value distribution, with a Z value of -2.06, is the optimum
distribution for a duration of one-day for Arizona. This is the
same result that was found for precipitation data over West
Virginia and Pennsylvania. The mext best frequency distribution is
the generalized normal distribution with a Z value of -4.62. The




generalized logistic is third with an absolute value of Z equal to

7.30. Results for some other frequency distributions are also
shown on Enclosure 144d.

Various people have worked on these projects. The data processing,
quality control of data, and data for future storm analyses have
been done in part by EAd Chin, Doug Kluck, Julie Olson, Lesley
Tarleton, John Vogel, and Mike Yekta. Seasonality has been tackled
by Ed Chin, Julie Olson, Lesley Tarleton, and John Vogel. The
frequency calculations has been accomplished by Ed Chin, Julie
Olson, and John Vogel.

The progress for the storm analysis software were summarized in the
introduction, and were not further discussed. The meeting was
adjourned at about 1220 PM.
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Agenda for Semi-Annual Meeting
of the Semi-Arid Precipitation Frequency Project

December 7, 1992

I. Welcome and Overview
II. Data
A. Data Reduction
l. Progress of hourly and daily data processing
2. Merging/Deletion of stations
B. Data Acquisition '
C. Data Quality control
1. L-Moments
2. Mass Curves
D. Data Comparisons Planned
III. Seasonality
A. Dry Periods
B. Probability of Precipitation Amounts
C. Frequency of Annual Maximum Values
Iv. Frequency Calculations

V. Storm Analysis




Encloswe 2 -

Semi-Arid Precipitation Frequency @

Summary Of
(as of

Hourly Stations
12/2/92)

Arizonal Nevada New Mexico Utah

Orginal Number

e = estimated

of Stations 81 73 141 91
delete <5 yrs -3 -4 -25 -17
"loss" to .
combinations -11 -6 -24e -9e
Other Deletions
i.e. (L-Moments) -8 -6e -8e -7e
Total 59 57 84 78
- Next Step
delete <15 yrs -11 -11 -30 -17
TOTAL 48 46 54 61
’ @




CRITERIA

To Run L-Moment

e Need at least 5 years

To Combine

® < 5 miles

e < 300 feet difference in
elevation

For Frequency Analysis

e "within" cluster of L-skew vs.
L-kurtosis plot - i.e., not
‘real far out’

* 15 years for frequency
analysis




PROCESS ®

Use Formatted Statewide Data Set

Run L-Moment FORTRAN program
(MN,CV,SK,K,5th}

(without < 5-year stations)

Plot L-skew vs L-kurtosis, check
outliers for erroneous data, if
outliers: o

correct, if necessary

combine, if possible

delete, otherwise

Check proximity for merging
< 9 miles
< 300 feet

(especially to combine 2 or more

short records to make 1 long
record)




DATA REDUCTION

Daily
NCDC + TP40

Records mostly 1948-1990
Some as early as 1880

Cdre States Initial > 19 yrs
Arizona 438 276
Nevada 211 105
Utah 316 186
New Mexico *

California 447

Border States 462

SNOTEL (SNOpack TELemetry)

- 163 stations for area
- Software complete




New Mexico Daily Data
Format Problems

Missing Data
-99 ... -99 -99 -g99 -99 -99 .. ..
-99 ... -99 -99 99 99
Date: 21 ... 28 29 30 31

Note: last 2 days of month 99 instead of -99
-99 = missing data

Solution: write program to change 99 at ends
of month to -99
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New Mexico Daily Data
Format Problems

Accumulated Data

.0 0 O -99 110 O O

Note: Accumulated data is not coded -88 in this data
set, it is coded -99, same as missing.

-88 = Accumulated data

Solution: Distribute data over days}with -99 prior to
observation.

Example: -99 110 (1.10)
55 55 (.55 .55)




DATA REDUCTION @

e Storm Analysis Data

e Software development‘ for
GRASS storm format

e Initial data: California,
post - 1948 data

* 15-minute Data
e Tapes have been read
* Preparing list of stations

* N-minute Data - packed in zip
format

e 5-, 10~, 15-, 30-, 60-,
90-, 120-, ..., 1440- min®
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N-Minute Data Base

Arizona

Durations: 5-, 10-, 15-, 30-, 60-,
120-, 1440- minutes

1951 - 1978 (all)

FLAGSTAFF \o0a - 1978 (1440)
PHOENIX 128: : }3;2 ﬁﬂlm
e T 6
WINSLOW 1221 : 12;2 5?2)40)
YUMA 1881 - 1978 (1440)

Maximum precipitation for each
duration for each year




DATA SETS

NCDC National Climatic Data Genter NOAA
SNOTEL SNOwpack TELemetry USDA/SCS
RAWS gf;r:ic;t: Automated Weather USDA/BLM & ES
ARS Agricultural Research Service USDA/ARS
USGS U.S. Geological Survey Dept. of Interior
Supplementary Dept. of Water Resources ~California
Supplementary San Bernardino County, CA
Supplementary Riverside County, CA |
ALERT Qu;oena*nlat;?n:ocal Evaluation
California Storm Data J. Goodridge
New Mexico Climate Data Ken Kunkel
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OBSERVED DATA--RPROBABILITY DISTRIBUTI(C

1. METHOD OF MOMENTS

2. METHOD OF MAXIMUM LIKELIHOOD
LET f(x; 6,,8,,. ‘) BE THE pdf, THEN

: H (x39,,6.,...) Likelihood Function
s

d L/08, solve for 8,

3. METHOD OF L-MOMENTS

a) robust, less sensutlve to sampling errc
and outllers

b) capable of characterizing a wide ran

of distri butions

c) linear combm‘atlon of order statistics
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o
L-MOMENTS
r.v. X with cdf F(X) & quantile func X(F)
)(1:n g Xz:n 0 Xn:n
L-MOMENT for r=1, 2, - - - are:
. r- 1
b= ! (-1)* J EX. ..
. ;.0 k k:
L-CV = A./A,

L-SKEW = A,/A,

L-KURTOSIS = A.,/A,
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Eunclosure Fe

EQUENCY ANALYSIS
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be a. vector for site i

unweighted group mean
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ARIZONA

62
77
23
27
20
78
96
22
43
41
31
25
36
21
31
30

MEAN

NAME

0060
0080
0625

1169

1248
2329
3595
3926
4182
4586
4675
8184
8273
8329
8649
9114

L—-CV

.3701
-3219
.6247
.5143
.3579
.6048
.3050
.6020
.5953
.4228
.5143
.3878
.6879
.2380
.4440
.2876

-3204

L—SKEW

-3096
.2578
-3033
-3350
-5132
.2209
.3651
-2393
.3706
-5015
.2027
.2024
-3359
-1023
. 1948
-4463

-2107

Eu,c.loﬁ U Nl yi

276 8ITES
L-KURT D(I)

. 1831 1.10
.2595 0.43
-0599 6.97%x
-1190  3.54%
-9364  7.33%x
-1396  4,45%x
ATTT S.51%%
2772  5.34x%
2278 4.21%%
-4345  4,.59%x
0470  3.29%x
-3303 3.07%
.2568 6.84%x
-1926 1.36
.2993 3.02%
-4276 4.11%x

- 1726
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DOUBLE MASS CURVE (1949-1979)

Stations 3581, 3595, 3596

350

250__ .......

- :
|
k‘”:—slope - ‘127 B
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\ = Statlon Break 70 N
.................. AR /. = N

Grand-Canyon-(3581)-7/48-8/57

Cum Precip at Test Sites (in)

Grand Canyon N P (3595) - 8/57 - 5/76

200

150

1001

Grand Canyon N P 2 (3596) - 5/76 - 5/79
after 5/79 station record incomplete

--------- Nearby Stations: 3586, 3595, 8792, 1169 -~
, Mlssmg Years: 1966, 67, 71 72, 74-76 ;

i l i i |
150 200 350 400 450 500 ‘50

Cum Precip at .arby Stations (in)




Stations 0096 & 0100

. Ev\c!e:?uvja. !°;

DOUBLE MASS CURVE (1949-1979)

| | |
120 Alamo (0096) -7/48 -3/65 i P
Alamo Dam (010Q) - 3/65 - 12/78
after 12/79 record incomplete
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Cum Precip of Test Stations (in)

Nearby Stations:
6250, 0949, 0060, 4053

20 .
| | Missing Years: 1951, 63-55, 68-59, 65, 78
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WESTERN REGION STATION LOCATIONS
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AJG, ARIZONA .
PRECIPITATION MEANS AND PROBABILITIES FOR 1 WEEK PERIODS
PERIOD MEAN PROB PROBABILITY (PERCENT) OF RECEIVING AT LEAST
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SIMULATIONS = 500

OBSERVED SD OF GROUP L-CV 0.0769
SIM. MEAN OF SD OF GROUP L-CV 0.0351
SIM. SD OF SD OF GROUP L-CV 0.0015
STANDARIZED TEST VALUE 27.38%=
OBSERVED AVG OF L-CV/L-SKEW DIST 0.0935
SIM MEAN OF AVE L-CV/L-SKEW DIST 0.0717
SIM SD OF AVE L-CV/L-SKEW DIST 0.0028
STANDARDIZED TEST VALUE 7.68%%
OBSERVED AVG OF L-SKEW/L-KURT DIST 0.0860
SIM MEAN OF AVG L-SKEW/L-KURT DIST 0.0860
SIM SD OF AVG L~SKEW/L-KURT DIST 0.0033

STANDARDIZED TEST VALUE

0.01




3. GOODNESS-OF-FIT Z

(T - o)

g,

ZOEV

L

where t, is the regional average L-Kurtod.

T, is the L-kurtosis of the fitted GEV
distribution, and

g, is the standard deviation of 1-:.t
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ARIZONA DEPARTMENT OF TRANSPORTATION

TRANSPORTATION PLANNING DIVISION
206 South Seventeenth Avenue Phoenix, Arizona 85007-3213

FIFE SYMINGTON HARRY A. REED
Governor Division Director
. ARIZONA TRANSPORTATION RESEARCH CENTER
LARRY S. BONINE AUgUSt 6. 1993
Director 2‘) :

FLugh CONTRCL DISTNCT
RECFIVED

AUG2 6 1993

l

Joe Rumann

Maricopa County Flood Control District
3335 West Durango Road

Phoenix, Arizona 85009

Re: Revised Storm Rainfall Probability Atlas for Arizona

. Dear Mr. Rumann:

A meeting of the above referenced subject will be held at the Arizona Department (//
of Transportation Human Resouce Development Center, 1130 North 22nd Avenue, /(
Phoenix, Arizona, (602)255-7613 on September 9, 1993 from 8:30 am. - 12:30 p.m. A
map of the area is attached.

If you have any questions please contact our office (602)831-2620.

Respectfully,

toy teofel/

Larry A. Scofield
Manager-Transportation Research
ATRC

HIGHWAYS . AERONAUTICS . MOTOR VEHICLE . PUBLIC TRANSIT . ADMINISTRATIVE SERVICES . TRANSPORTATION PLANNING
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Agenda for Semiannual Meeting
of the Semiarid Precipitation Frequency Project

9 September 1993
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Data
A. Datasets

B. Annual maximum versus partial duration series
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§ % | U.S. DEPARTMENT OF COMMERCE
F ; | National Oceanic and Atmospheric Administration
kY & | NATIONAL WEATHER SERVICE

ares or Silver Spring, Md. 20910

October 13, 1993
MEMORANDUM FOR: Southwest Semiarid Precipitation Frequency

Project Study Group

-\

FROM: W/OH11 - Julie Olson\ i jce oG

SUBJECT: Minutes from the Semiannual Meeting - Semiarid
Precipitation Frequency Project

Enclosed is a copy of the minutes from the forth semiannual
meeting of the Semiarid Precipitation Frequency Project, which
was held on September 9, 1993 in Phoenix, Arizona. These minutes
were written by Lesley Tarleton, who presided at the meeting.

If you have any questions or comments, please feel free to call
her at (301) 713-1669.




Minutes--Fourth Meeting
Semiarid Precipitation Frequency Project
Phoenix, Arizona
9 September 1993

Attendance
George Lopez-Cepero ADOT!' (602) 225-7481
Joe Warren Pinal County FCD (602) 868-6501
David Creighton ADWR? (602) 542-1541
Patrick J. Ellison Cella Barr Assc. (602) 242-2999
Lou Schreiner USBR? (303) 236-3791
Cliff Anderson AMAFCA* (505) 884-2215
Steve Waters Maricopa County FCD (602) 506-1501
Lesley Tarleton NOAA/NWS (301) 713-1669

INTRODUCTION

The Fourth Semiannual review meeting for the Semiarid
Precipitation Frequency Project was convened at 8:30 AM

September 9, 1993 at the Arizona Department of Transportation
(ADOT) Human Resource Development Center. George Lopez hosted
the meeting for ADOT. The agenda is included as Attachment 1.
Lesley Tarleton of the National Weather Service, Office of
Hydrology presented the review. She pointed out that the quality
control for the daily and hourly data is complete, with the
caveat that one must consider some quality control until the last
line is drawn. Attachment 2 is a map of the southwestern region
with daily, hourly, and SNOTEL (SNOwpack TELemetry) stations
shown. Essential to the analysis is the division of the project
area into subregions based on seasonality, orography, synoptic
climatology, and other factors. Fourteen subregions have been
defined and final frequency analysis is underway. The report
included discussion of partial duration (PD) versus annual
maximum (AMX) series, daily to hourly conversion factors, and the
large numbers of 'front end' or short-duration extreme events
that exert a major influence on the longer durations as well.

The main emphasis in the report was on the seasonality and
regionalization. A comparison of preliminary frequency results
from the current study with NOAA Atlas 2 was also shown.
Discussion included a number of questions from Lou Schreiner and
others regarding the implications of new findings on final
results and on the schedule for completion.

' Arizona Department of Transportation

2 Arizona Department of Water Resources
> U.s. Bureau of Reclamation

Albuquerque Metropolitan Flood Control District




DATA
Partial Duration Versus Annual Maximum Series

An annual maximum series consists of the highest precipitation
amount for each duration in each year. A partial duration series
consists of the n highest amounts, where n is the number of years
of record, regardless of year of occurrence. Thus, partial
duration series are more representative of the occurrence of
extreme events. The maps in NOAA Atlas 2 were analyzed from
annual maximum series, and then converted to partial duration by
multiplying the annual maximum return frequency results by the
empirical factor 1.13 for 2-year return periods, 1.05 for 5-year
return periods, and 1.01 for 10-year return periods. However, as
we now have the computing power to quickly calculate partial
duration series, it is preferable to analyze partial duration
data directly. Some of the differences between the two series
are: the partial duration series has fewer low values, a smaller
range, the same high values, and a higher median. These
differences are illustrated in various ways in Attachments 3a-3f.

o Attachment 3a shows box-and-whisker plots for two
stations in Arizona, Buckeye-1026 (97 years) and Clifton-
1849 (98 years). The 'box' contains the middle 50 percent,
while the 'whiskers' show the range of the data. The line
inside the box is the median line. As expected, the partial
duration series has a much smaller range for both stations,
and, in fact, the lowest partial duration values are greater
than the lowest quartile of the annual maximum series.

o The same information is illustrated in another way in
Attachment 3b, with an x-y plot of the partial duration and
annual maximum series at Clifton. ©No partial duration value
is less than 1.1, and more than 20 annual maximum values are
less than 1.1.

o In another analysis the L-statistics were calculated for
277 Arizona stations, and plotted with the L-coefficient of
variation (L-CV) against the L-skewness (L-SK) for AMX
(Attachment 3c) and PD (Attachment 3d). Comparing the two,
one sees that the AMX has higher variability (higher L-CV)
and less skewness (L-SK) than the PD. Furthermore, The PD
shows no negative skewness (L-SK). Plots of L-skewness and
L-kurtosis (not shown) also confirmed differences between
AMX and PD.

Differences between annual maximum series and partial duration

series are important for at least two reasons: 1) for the
determination of the best-fit distribution, and 2) for possible
differences in the frequency analysis results. For example,

implications for frequency analysis are shown in the log-log
plots of precipitation and return frequencies for Buckeye (1026),
Arizona, for AMX and PD (Attachments 3e and 3f, respectively).
The AMX (Attachment 3e) gives much lower estimates, ranging from



0.31 to 1.20 inches for the 1- to 2-year return frequencies. The
estimates from the PD series (Attachment 3f) range from 1.00 to
1.29 inches for the same return periods. The differences also
have implications for determining the optimum probability
distribution for return frequency analysis. The distribution to
be used for the final analysis is being determined using L-moment
statistical tests for goodness-of-fit (Hosking and Wallis 1991),
and a real-data-check against return frequency results (Lin and
Vogel,1993). Furthermore, the distribution must be one that
satisfactorily fits all subregions throughout the study area.

Conversion of Daily Data to 24-hour Data

In the final quality-controlled dataset, there are 1307 daily
stations and 452 hourly stations, or about 3 times as many daily
as hourly observations (Table 1). Therefore, for shorter
durations (e.g., 1-, 2-, 3-, 12-hour, etc.), we need to know the
relationship of the daily data to 24-hour data in order to extend
the daily data to hourly analysis. Technical Paper 40 and NOAA
Atlas 2 used an empirical factor to convert daily data to 24
hours:

24-hour precipitation = 1.13 X observation day precipitation

Although this factor was used on all return frequencies, NOAA
Atlas 2 gives no information about other possible empirical
conversion for return frequencies greater than two years. As in
Technical Paper No. 40, the assumption was made that the relation
between the 2-year, 24-hour and the 2-year daily return
frequencies would also be valid for all return frequencies.
Intuitively, one would anticipate that for the highest daily
values in a series the empirical value would decrease as the
values approach the maximum value, because the higher daily
maximum values probably more closely approach a true 24-hour
value. Furthermore, as the factor was computed many years ago
and applied to the entire country, it was decided to evaluate its
use on southwestern precipitation data. 1Initial results using
annual maximum data from 20 stations in Arizona, Nevada, New
Mexico, and Utah are shown in Attachments 4a-4c. The values of
1.15, 2-year (4a) and 1.12, 10-year (4b) are comparable to the
1.13 used in earlier works. However, the 100-year return
frequency value (4c) of 1.06 needs further investigation. 1In
order to explore this relationship, we are comparing and
evaluating return frequencies from annual maximum and partial
duration series for the entire dataset in each subregion. This
will be completed shortly.




Table 1.

Daily Hourly

Arizona 277 42
Nevada 102 41
New Mexico 271 81
Utah 185 44
california' 324 185
Border

States 148 59
Totals 1307 452

'Note: california includes SE California and the part of
California bordering the core area, including many stations in
the Los Angeles area.

Discordancy Test Examples

In regard to quality assurance, one of the most effective
techniques is a discordancy test (Hosking and Wallis 1991). The
discordancy test was described in the Fifth Quarterly Progress
Report for the Semiarid Project (Oct-Dec 1992) and a summary of
L-moment definitions, including Discordancy is repeated here in
Attachment 5. The discordancy test is also used to help assess
the homogeneity of a region and is discussed later in this report
in the section on Seasonality and Regionality.

Several examples will illustrate its functionality in flagging
data series that contain erroneous data. In the list in Table 2
of Arizona annual maximum data, each record had a high
discordancy score. The data were examined for extreme outliers -
which were found - and, going back to original data sources
(e.g., microfiche, climate summaries, etc.), the correct annual
maximums were found. The station numbers, errors, and
corrections are given in Table 2.

Table 2.

Station # Error Comment Correct Annual

Maximum Value
29-8015 70,02 should be .02 1.80
29-3128 11.10 should be trace 1.04
29-5490 40.15 should be 0.15 2+29
29-3511 13.00 should be missing 0.83
29-1063 8.00 should be 0.00 0.38

29-1403 11,30 should be trace 1.43




SEASONALITY AND REGIONALITY
Regions

In order to choose appropriate regions for analysis with L-moment
statistics, several criteria need to be considered. Among these
are: the season (or seasons) of highest precipitation, the
precipitation type (e.g., general storm, convection, monsoon,
decayed tropical storms or decayed hurricanes, or a combination),
the climate, the topography (especially as it interacts with the
weather systems), and the homogeneity of these factors in a
single area.

Seasons

An analysis of the seasonality of each station was based on
several sources: 1) Gifford et al.(1967), a report on the weekly
probabilities of various precipitation amounts (.01,...,1.00,2.00
inches) for over 200 stations in the Western United States;

2) the National Weather Service (NWS) regions from the Climate
Data Summaries (NOAA, 1989); and 3) histograms of the
frequencies of the maximum precipitation for various durations by
month, among others. The analysis using Gifford et al. (1967) was
described in the Semiarid Project Fifth Quarterly Report
(10/1/92-12/31/92). The example used in that report is repeated
in Attachment 6, which illustrates the high precipitation in July
and August in Ajo, Arizona. The second source noted is the NWS
climate regions. As an illustration, the NWS Arizona climate
regions are shown in Attachment 7. The third method, using
monthly histograms from over 30 stations (Attachment 8), is
described below. However, a discussion of the 'naming' of the
seasons precedes the details of the seasonal analysis.

A discussion of the problems of naming seasons seems appropriate.
In meteorological terms we commonly define precipitation as
'summer precipitation' or 'winter precipitation" meaning of
course, the type of rain or snow most commonly associated with

that season. It is important to note that the various types of
precipitation may occur nearly any time of year, but are usually
more common in a particular season. In summer, showery

precipitation, short-term and intense, is prevalent. The
thunderstorm exemplifies the most common summer convective
precipitation. In general, winter precipitation is of the
general storm type, widespread in area, and with durations of one
to several days. However, the use of the words winter and summer
may not suggest southwestern precipitation types. For example,
the word winter may conjure up blizzards and deep snow, which may
and do occur in the northern part of the southwest; but the
emphasis needed here is that of the precipitation climate or
precipitation regime appropriate to various areas of the
southwest. Therefore, the terms, warm and cool, are used to
designate the two precipitation seasons into which we have
divided the subregions (Attachment 9).




Over thirty stations over the entire study area were used to
develop seasonal histograms. The map in Attachment 10 shows the
initial 14 regions defined within the bounds of the four core
states and southeastern California. The dates of the two seasons
for each region are outlined within each area on the map. 1In
Attachment 10 the regions are also grouped with regard to the
season in which the greatest number of annual maximum values
occur, or the maximum season. After determining the maximum
season, the next consideration was to separate a secondary
maximum into the 'other' season. Therefore, months of few or no
extremes are scarcely considered and can be included in either of
the two seasons. However, dry months can be used to separate
cool and warm regimes. Although each region has been divided
into only two seasons, warm and cool; the bounds of warm and cool
are different in different regions. They vary from warm =
May-October (5-10) and cool = November-April (11-4), to warm =
August-September (7-9) and cool = October-June (10-6). Also, the
length of a season may vary from a minimum of three months to its
complement, a maximum of nine months. Note also, that there are

two cool seasons, 'winter' and 'spring'. To clarify, spring
precipitation in the southwest is most commonly of a general
storm type, similar to winter weather precipitation. Therefore,

in regions 2 and 4, with spring maximums, the cool seasons run
from October to May or June and include the spring months. On the
other hand, convective summertime (warm) type precipitation may
run into the fall. In this situation, we have included the fall
months with summer. Thus far, a primary maximum has not been
found in the fall. To illustrate the seasonal precipitation
distribution, Attachments 1la-11d show representative histograms
for the seasons.

Cool (winter).

The histogram for Minden AP, Nevada (Attachment 1la) in region 1
shows the prevalence of extreme precipitation in the cool season
(October-February), with relatively little activity in the other
months of the year.

Cool (spring).

A spring maximum in region 2 is illustrated with the Owyhee,
Nevada histogram (Attachment 11b) with a warm season (July-
September) and a cool one (October-June). The transition from
winter to spring precipitation maximums is gradual and 'moves'
eastward from northern California across Nevada, with an increase
toward spring the farther east one goes.




Warm (summer).

Two different warm maximum regimes are illustrated with Tuweep,
Arizona in region 8 (Attachment 11c), and Albuquerque, New Mexico
in region 13 (Attachment 11d). Although both stations have most
of their extremes in July and August, Tuweep has some extremes
throughout the year, including winter. On the other hand,
Albuquerque's precipitation extends later into the fall and has
almost no extremes in the winter (November-March). Note October,
particularly: Albuquerque has an October frequency nearly equal
to the highest months of July and August; Tuweep has almost no
October occurrences.

October.

In general, October has proved to be extremely difficult to
categorize in several regions of the southwest. It is not only
transitional between summer and winter; it is possible, even
likely, to have several varieties of precipitation - warm
convection, monsoon, decaying tropical storm, general storm, or a
combination of these at a single station. On the other hand,
October may be routinely a dry month, as at Tuweep

(Attachment 11lc).

Other Regional Factors

After determining two seasons for each station, the stations were
grouped on the basis of seasons and physiography, using a digital
shaded-relief map of the United States (Thelin and Pike, 1991).
Consideration was given to barriers, synoptic climatology,
homogeneity, precipitation climatology, among other parameters.
Spatial differences in variability have also been taken into
account. For example, maps of L-Coefficient of variation (L-CV)
across the study area (Attachment 12) were included in the
analysis. It must be emphasized that these are 'first trial'
regions, to be confirmed by the L-moment analysis, or to be
brought into question, and final regions to be determined through
an iterative analytic process.




STATISTICAL TESTS AND ANALYSIS

Hosking and Wallis (1991) have developed three tests using
L-moments for assessment of the homogeneity and appropriate
probability distribution for regional frequency analyses:

1) Discordancy (described above in the Data section),

2) Heterogeneity, and 3) Goodness-of-Fit. Mathematical
definitions for these three tests were given in Attachment 5.

Discordancy.

Initially, the discordancy measure was used for data checking and
quality control. 1In evaluating regions, it used to determine if
a site has been assigned to the appropriate region. It is based
on the L-moments (L-CV, L-skewness, and L-kurtosis), which
represent a point in 3-dimensional space, for each site. Then,
the discordancy is a function of the distance from the 'cloud' of
points for the sites in the region being tested. The 'cloud' is
in fact the unweighted mean of the three moments for the sites
within the region being tested. Sites with a discordancy value
of 3 or greater are considered discordant, and should be examined
to see if they possibly belong in another region or have a data
problem. The threshold value of 3 is not a rigorous test, but a
reasonable level to be expected within a homogeneous region.
Attachments 13 and 14 show results from discordancy,
heterogeneity, and goodness-of-fit tests for region 8. The
annual maximum series (AMX) is shown in Attachment 13, and the
partial duration (PD) series, in Attachment 14. A discordant
station (D(I) >= 3) would be flagged with an asterisk. Thus,
none of the 22 sites in region 8 is discordant. (The example
shown at the meeting had a software error and mistakenly showed a
discordant station).

Heterogeneity. Actually, the heterogeneity test (see

Attachment 5) consists of three parts, one based on L-CV, the
second based on L-CV and L-skew, and the third based on L-skew
and L-kurtosis. Like the discordancy test, there is also a
threshold value; Hosking and Wallis (1991) recommend a threshold
of 1 (absolute value). For both the AMX and PD, all three
measures indicate that this region is homogeneous.

Goodness-of-fit. This test measures the "distance" of L-moment
statistical parameters of a dataset from various theoretical
probability distributions. The threshold for goodness-of-fit
tests is 1.64 (absolute value), and 'best-fit' values (those less
than the threshold) are starred. For AMX (Attachment 13) the
GENERALIZED LOGISTIC and GENERALIZED EXTREME VALUE (GEV) are both
'best-fit' distributions. For PD (Attachment 14), the
GENERALIZED LOG NORMAL and GENERALIZED PARETO are acceptable
distributions. The final choice of distribution will depend on
these tests and a real-data-check, Lin and Vogel (1993).




SHORT DURATIONS

In reviewing the return frequency results for the various
durations (e.g., 1-, 2-, 3-, 6-, 12-, and 24-hour), it was noted
that the higher return frequency values may be the same or very
similar regardless of duration. For example, the 2-, 3-, and
6-hr values for Soldier Summit (7959), Utah, (Attachment 15a)
'converge' to about 1.90 inches at the 100-year return frequency.
They are also close at the 50-year return frequency. In the data
plot for Soldier Summit (Attachment 15b), the highest values for
all durations, except l-hour, are the same. This indicates that
the data sample contains many more short-duration events and that
they affect the frequency analysis results at the longer
durations. This provides a reasonable picture of the prevalence
of convective extreme events in the study area. However, it
means that less frequent, but important, longer duration storms
are being masked (and/or not sampled) by the influence of extreme
1-, 2-, and 3-hour events. Another example is the return
frequency plot for Blanding (0738), Utah, (Attachment 16a), which
does not converge as much as Soldier Summit, except at 2- and
3-hour durations. The data plot for Blanding (Attachment 16b)
shows that the highest 11 values for 2-hour and 3-hour durations
are essentially equal. As under-represented, longer duration
events occur primarily in winter, seasonal analysis should help
determine their return frequency. The seasonal analysis is being
done.

The influence of short duration events is shown in the sample of
15-minute data for Oracle 2 SE (6119), Arizona, in Attachment 17.
Reading the first line: 02=Arizona, 6119=station number,
8=August, 0.80=15-minute annual maximum in inches, and
5149=Julian hour of occurrence. The column with 1, 2, 3, 4,..,
96 indicates the duration: 1=15-minute, 2=30-minute, and so on up
to 96=24-hour. The final 4-digit number is the beginning Julian
hour of the event. It is evident that the same event is noted
for all durations.




STORM ANALYSIS
Depth-Area Duration

Area-depth and depth-duration curves are an integral part of
storm analysis. Data from major storms in the semiarid Southwest
will be used to develop these curves. The various software
components are being developed using PCs and the GRASS GIS system
on a workstation environment. The process begins with data
extraction from a digital database and pairing the daily stations
with an hourly station to establish a mass curve for the storm
duration. The mass curve software is complete, and a sample set
of curves is shown in Attachment 18 for a southern California
storm on January 20 through 24, 1943. The hourly station for
this set of stations is Glenville, and the two daily stations
that are timed are Glenville (near) and Kernville. The data are
verified to determine whether the assigned daily and hourly
stations are compatible. If there is a problem a new hourly
station is sought for the daily station or a composite of several
hourly stations is used to define an hourly station that best
fits the daily values. A spreadsheet is being used as the base
software for this work.

After the mass curves are defined, ratios between the observed
values and the NOAA Atlas 2 (Miller et al, 1973) 100-year return
values are calculated. These percents are plotted and an
isopercental analysis is made with these data. The isopercental
map is then transformed into an isohyetal analysis. From this
analysis, depth-area-duration curves are developed. The depth-
area-duration curve software has been developed and is being
used. Some further refinements still need to be done, but the
system is producing good results.

Depth-area-duration curves for major storms in the Semiarid
Southwest will be developed, and these will be provided to the
users. Users will then be able to define the volume of
precipitation within major storms. These curves will replace the
curves that are currently provided in NOAA Atlas 2. It is
anticipated that the curves will extend well beyond 400 square-
miles, which is all that is available in NOAA Atlas 2.

Elevation Data

Rugged terrain covers much of the Semiarid Southwest. Such
terrain often augments precipitation on the windward side, and
causes lower moisture conditions on the leeward side. Thus, the
intensities of the return frequencies in such regions can be
directly affected by elevations, aspects, and slopes. It is
important that terrain and its many effect be incorporated into
any study of this region. Digital terrain elevation data have
been obtained from the Defense Mapping Agency on a CDRom in
binary format. These data are being extracted in meters with a




resolution of 3 arc/sec or roughly a data point every 90 meters,
and are being stored in units of 1 degree by 1 degree. Software
has been developed to convert from binary to ASCII format, which
places the data in a 1201 x 1201 matrix of points. The data are
then imported into the GRASS GIS system for further use.

Future work will experiment with the spacing necessary for
resolving the elevation data for use in the mapping of
precipitation intensities. Also, these data will be used to
develop relations so that precipitation intensities for different
return periods can be estimated in regions with little or no
precipitation data. Elevation, slope, and aspect will be
important inputs into these analyses and the GRASS GIS system
will be used to examine possible relations among precipitation,
aspect, slope, and elevation. Other parameters, such as the
distance from moisture sources will also be considered.

SNOTEL (SNOwpack TELemetry) data are also being used to assess
precipitation/elevation relationships. Ratios are being
determined to extend data analysis into data-sparse mountainous
areas. The SNOTEL sites are operated by the Soil Conservation
Service (SCS) in the mountains of western United States. There
are about 200 sites with elevations ranging from about 6000 feet
to over 11,000 feet in the study area. Each site has 14 years of
daily observations measured to 0.01 inches using tipping bucket
gages.

RETURN FREQUENCY COMPARISONS

Some preliminary return frequency results for region 8 are shown
in Attachments 19a and 19b. The 2-year, 24-hour return
frequencies using a GEV distribution for both AMX and PD are
mapped in Attachment 19a. The 100-year AMX and PD are mapped in
Attachment 19b. Partial duration series will be used for the
final analysis; however, comparisons with annual maximum results
provide additional quality control.




DISCUSSION AND COMMENT
Discussion and some questions and answers are summarized here.

Lou Schreiner raised the questions of whether our results will be
different from NOAA Atlas 2, and if so, how? and why? There are
differences - modest in magnitude and real. They are due to
increased record lengths, more stations, improved statistical
techniques (L-moment statistics) that are especially applicable
to extreme-value analysis, computer capability, and other
factors. The relatively homogeneous regions used in the L-moment
provides a spatial component to the frequency analysis, that was
impossible with earlier techniques. The computing power also
makes it possible to analyze the more representative partial
duration series directly. Changes will be thoroughly documented
and justifiable.

Additional regional studies are anticipated. A contract with New
Jersey is nearly complete and work will start shortly. A
contract with Puerto Rico is pending. The Semiarid project has
included considerable upfront development, which means that
further studies can be done with less startup time.

Although problems and questions have been raised in our study,
e.g., partial duration versus annual maximum series, the
conversion of daily data to 24-hour data, software development
glitches, etc., we are at the 'edge' of production mode,
especially for the frequency analysis. Precipitation - elevation
relationships are being evaluated with SNOTEL data. Storm
analysis and preparation of depth-area-duration curves has been
computerized to a significant extent and the process is working
well. Therefore, we expect to have a draft frequency analysis
report on the Semiarid Project by early summer 1993. The final
report will include frequency maps, area-depth curves for
representative storms and short-duration (less than 1 hour, down
to 5-minute durations) information. Several attendees expressed
interest in the very short duration events, and this will be
analyzed with the dense raingage networks and n-minute data.
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METHOD OF L-MOMENTS

a) robust, less sensitive to sampling errors and outliers
b) capable of characterizing a wide range of distributions
¢c) linear combination of order statistics

L~-MOMENTS - DEFINITIONS

random variable X with cdf F(X) & quantile func X(F)
X1:n 2 XZ:n 2003 X

n:n

L-MOMENT for r =1, 2, -+ - - are:

L-CV = A,/A,
L-SKEWNESS = 1,/A,

L-KURTOSIS = A,/A,

L-MOMENT TESTS

1. DATA SCREENING--DISCORDANCY D;

= (£ L LT . :
Let U; = |t;7°,t; 7, £, '| be a vector for site i

N
U =N'Y U; -- unweighted group mean

i=l

THE DISCORDANCY FOR SITE i IS DEFINED:

Dy = 3 (U; - B)Ts™ (U - T)

N
where S = (N - 1) E (U; -0) (u; -O)T

i=1




WHERE

where

/47%&046080%:\Jrf72-

HETEROGENEITY--H
HOMOGENEOUS REGION - HETEROGENEITY, H: "IS THE BETWEEN-SITE
DISPERSION OF THE SAMPLE L-MOMENTS FOR THE GROUP OF SITES
LARGER THAN WOULD BE EXPECTED FROM A HOMOGENEOUS REGION?"
((OBS. DISP) - (MEAN DISP BY SIMULATION) ]/SD OF SIM DISP

SIMULATION: 4-~PARAMETER KAPPA DISTRIBUTION

H_= (V- uy) /oy

V IS THE WEIGHTED SD AT EACH SITE
SAMPLE L-CV OR L-SKEW OR L-KURTOSIS

Ky, 0, FROM MONTE CARLO

GOODNES8-QOF-FIT 2

(& - ™)
g,

Z GEV

t, 1is the regional average L-Kurtosis.

LA is the L-kurtosis of the fitted GEV
distribution, and

g, 1s the standard deviation of £,
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Appachemeat 7

EXTREME PRECIPITATION
SEASONALITY ANALYSIS

* 2 SEASONS: COOL & WARM

* PRECIPITATION SEASONS:
# Winter (COOL)
# Spring (COOL)
# Summer (WARM)
# October (IMPOSSIBLE)



+ * 2 * 4 * + +
43.00, - 123.00 4300, ~102.00
1 I2
7-9
10-6
3 4
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FREQUENCY OF ANNUAL MAXIMUM (years)

ANNUAL MAXIMUM HISTOGRAM
TUWEEP (8895), ARIZONA n=43 years
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A tachment 13

24-hour, Annual Maximum, region 8 22 SITES

SITE N NAME L-Cv L-SKEW L-KURT D(I)
42 02-0487 ANM 2123 .1049 .1528 1.04

43 02-0808 ANM  .1623 .1866 .2074 .96

16 02-2754 ANM 1650 .1575 2226 .84

43 02-3010 ANM  .1804  .1264 .0415 1.34
02-4586 ANM  .2425 .1238 .1582 1.89
39 02-5325 ANM  .1920 .1972 .1126 .45

42 02-6323 ANM 2344 2991  .2352 .60

43 02-6468 ANM 2315 .1631  .2008 .68

22 02-6801 ANM 2246  .3101  .2903 1.07

10 18 02-7708 ANM  .1817  .1279 .2801 1.30
11 43 02-8778 ANM 2434 2459  .2066 .41
12 43 02-8895 ANM  .2087  .2475 .2144 .19
13 43 02-9271 ANM 2076  .1639  .1311 .28
14 43 02-9439 ANM 2099  .2701  .0844 1.44
15 43 29-0818 ANM  .2923  .3342 .2179 2.44
16 18  29-1018 ANM  .1767 2131 .1358 .76
17 43 29-3142 ANM (1715 .1606  .2002 .52
18 21 29-5273 ANM 2294 1726  .2537 .79
19 26 29-5800 ANM  .1873  .1459  .0633 .94
20 24 - 29-9897 ANM  .1911  .1622 .3402 1.93
21 61 42-0738 ANM  .2465 .3672 .2890 1.85
22 17 42-1308 ANM  .1920 .1863  .1300 .26

OO NONWV B W
~
w

WEIGHTED MEANS 2121 .2072 .1836
FLAGGED TEST VALUES
PARAMETERS OF REGIONAL KAPPA DISTRIBUTION .8567  .2507 -.1182 -.2792

wxkxk HETEROGENEITY MEASURES **#*w

(NUMBER OF SIMULATIONS = 500)

OBSERVED S.D. OF GROUP L-CV = ,0325

SIM. MEAN OF S.D. OF GROUP L-CV = .0292

SIM. S.D. OF S.D0. OF GROUP L-CV = 0049

STANDARDIZED TEST VALUE = .67
OBSERVED AVE. OF L-CV / L-SKEW DISTANCE = .0729

SIM. MEAN OF AVE. L-CV / L-SKEW DISTANCE = .0817

SIM. S.D. OF AVE. L-CV / L-SKEW DISTANCE = .0124%

STANDARDIZED TEST VALUE = -
OBSERVED AVE. OF L-SKEW/L-KURT DISTANCE =  .0940

SIM. MEAN OF AVE. L-SKEW/L-KURT DISTANCE = .1042

SIM. S.D. OF AVE. L-SKEW/L-KURT DISTANCE = .0144

STANDARDIZED TEST VALUE = -.M"

*x*AE GOODNESS-OF-FIT MEASURES *#*ww
GEN. LOGISTIC L-KURTOSIS= .202
GEN. EXTREME VALUE L-KURTOSIS= .166

VALUE= .86 *
VALUE= -1.31 *

Z

Z
GEN. LOGR NORMAL L-KURTOSIS= .156 Z VALUE= -1.87
PEARSON TYPE II1 L-KURTOSIS= .137 Z VALUE= -3,00
GEN. PARETO L-KURTOSIS= .081 2 VALUE= -6.30
QUANTILE ESTIMATES FOR DISTRIBUTIONS ACCEPTED AT THE 90X LEVEL

.100 .500 .800 .900 .960 .980 .990

GEN. LOGISTIC 581 929 1.246 1.479 1.817 2.111 2.446
GEN. EXTREME VALUE .580 .923 1.269 1.511 1.832 2.081 2.339
WAKEBY 561 .930 1.252 1.500 1.843 2.115 2.399
PARAMETERS:
GEN. LOGISTIC 929  .197 -.207

GEN. EXTREME VALUE .816 .290 -.057
WAKEBY 399 1.564 4.953 .319 .058




Atachmens 1%

24-hour, Partial Duration, region 8 22 SITES

SITE N NAME L-CV  L-SKEW _ L-KURT D(Iy
22 02-0487 PO .1433 .2711 .1321 .45

43 02-0808 PO .1055 .4056 .2177 1.00

16 02-2754 PD  .1270 .3318 .1453 .32

43 02-3010 PD  .1169 .1822 .0538 1.61

43 02-4586 PD  .1418 .3646 .2066 .02
02-5325 PD 1218 3149 1303 .45
42 02-6323 PD  .1785 .4677 .2724 1.05

43 02-6468 PD L1521 3776  .2345 .07

22 02-6801 PD 7946 4226 L2794 .79

10 18 02-7708 PO .1019 .4205 .4174 2.56
11 43 02-8778 PO .1464  .4320 .3256 @ .38
12 43 02-8895 PD L1487 L4264 2661 .18
13 43 02-9271 PO .1259 .3119 .0570 1.39
14 43 02-9439 PO .1646 .2855 .1369 .72
15 43 29-0818 PD L2107 3792 2126 2.40
16 18 29-1018 PD .1360  .2980 .1533 .21
17 43 29-3142 PD  .1152 .4250 .1968 1.22
18 21 29-5273 PO .1309 .3680 .3685 1.76
19 26 29-5800 PD JA327 L1947 1756 2.34
20 24 29-9897 PD L1168 5030 .3813 1.48
21 41 42-0738 PD L1722 5092 3425 1.19
22 17 42-1308 PD L1245 3473 .1518 .40

O~ SN
W
O

WEIGHTED MEANS L1430 3662 .2129
FLAGGED TEST VALUES
PARAMETERS OF REGIONAL KAPPA DISTRIBUTION L7751 .2122  -.1455 .7182

wkwk® HETEROGENEITY MEASURES *#*¥**

(NUMBER OF SIMULATIONS = 500)
OBSERVED S.D. OF GROUP L-CV = .02n
SIM. MEAN OF S.D. OF GROUP L-CV = .0262
‘ SIM. S.D. OF S.D. OF GROUP L-CV = .0049
STANDARDIZED TEST VALUE = .19
OBSERVED AVE. OF L-CV / L-SKEW DISTANCE = .0767
SIM. MEAN OF AVE. L-CV / L-SKEW DISTANCE = .0808
SIM. S.D. OF AVE. L-CV / L-SKEW DISTANCE = .0127
STANDARDIZED TEST VALUE = -.32
OBSERVED AVE. OF L-SKEW/L-KURT DISTANCE = .1087
SIM. MEAN OF AVE. L-SKEW/L-KURT DISTANCE = .1122
SIM. S.D. OF AVE. L-SKEW/L-KURT DISTANCE = .0170
STANDARDIZED TEST VALUE = .21
**A** GOODNESS-OF-FIT MEASURES wwwiw
GEN. LOGISTIC L-KURTOSIS= .278 2 VALUE= 2.66
GEN. EXTREME VALUE  L-KURTOSIS= .258 Z VALUE= 1.69
GEN. LOGe NORMAL L-KURTOSIS= .229 Z VALUE= .30 *
PEARSON TYPE 111 L-KURTOSIS= .179 2 VALUE= -2.08
GEN. PARETO L-KURTOSIS= .193 Z VALUE= -1.,38 *

QUANTILE ESTIMATES FOR DISTRIBUTIONS ACCEPTED AT

THE 90% LEVEL

.100 .500 .800 .900 .960 .980 .990
GEN. NORMAL 751 911 1,145 1.343 1.644 1.906 2.200
GEN. PARETO 751 906 1.161 1.365 1.651 1.880 2.122
WAKEBY L7490 U911 1,151 1.347 1.641 1.892 2.173
PARAMETERS:
GEN. NORMAL 911 197 775
GEN. PARETO 726 256 -.072
WAKEBY 716 114 .205  .160

1.857
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Figure 19. Set of mass curves for a southern California storm from January 20 through 24, 1943.
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Comparison of 2—year, 24—hour values of

Partial Duration

Annual Maximum

Annual Maximum and Partial Duration Series

1.28

o
X

YY) £ U?LUy?z%/.ﬂ




\

Comparison of 100—year, 24—hour values of
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MEMORANDUM FOR: Southwest Semiarid Pre01p1tatlon Frequency Study
Group

el
FROM: W/OH5 - Lesley Tarleton ;EX

SUBJECT: Minutes: Semiannual Meetlng for the Arizona
Department of Transportation (ADOT),
Tempe, Arizona, 28 November 1994

Enclosed is a copy of the Minutes for the Semiannual Meeting
and report on the Semiarid Precipitation Frequency Project. The
Minutes include copies of about 30 charts and graphs that were
shown at the Meeting. Larry Scofield hosted the Meeting for ADOT
and I made the presentation for the National Weather Service.

If you have any questions, comments, or suggestions, please
feel free to call me at (301) 713-1669.

Enclosure
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Minutes--Fifth Meeting
Semiarid Precipitation Frequency Project
Tempe, Arizona
7 November 1994

Attendance
Cliff Anderson Smith Engineering (505) 884-2215
for AMAFCA!
Ching-Tai Chyan ADOT?/Bridges (602) 255-8613
David Creighton ADWR? (602) 542-1541
Javier O. Guana '« ADOT?/Drainage (602) 255-8610
Itty P. Itty ADOT?/Drainage (602) 255-7542
Ray Jordan ADOT?/Drainage (602) 255-7197
George Lopez-Cepero ADOT?/Drainage (602) 225-7481
George Sabol GVSCE* (602) 483-3368
Lou Schreiner USBR® (303) 236-3791
Larry Scofield ADOT?/ATRC® (602) 831-1353
Lesley Tarleton NOAA/NWS (301) 713-1669
-

INTRODUCTION

The Fifth Semiannual review meeting for the Semiarid
Precipitation Frequency Project was convened at 9:00 AM November
7, 1994 at the Arizona Department of Transportation (ADOT)
Research Center (ATRC) in Tempe, Arizona. Larry Scofield hosted
the meeting for ADOT. Lesley Tarleton of the National Weather
Service, Office of Hydrology presented the review. The agenda is
included as Attachment 1. The report included discussion of
various aspects of the final datasets, including partial duration
(PD) versus annual maximum (AMX) series, daily to hourly
conversion factors, a comparison with the amount of data used for
NOAA Atlas 2 (Miller et al 1973), and the n-minute (short
duration) data analysis. In addition, a regional study of the
Salton Sea area (Imperial <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>