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DISCLAIMER

The data and information presented in this report are provided only
to demonstrate current progress on the various technical tasks
associated with this project. Values presented herein are NOT
intended for any other use beyond the scope of this progress
report. Anyone using any data or information presented in this
report for any purpose other than for what it was intended does so
at their own risk.
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HAWAII
PRECIPITATION FREQUENCY PROJECT

Update of Technical Paper No. 43
1. Introduction

The Hydrometeorological Design Studies Center (HDSC) within the Office of Hydrologic
Development of NOAA’s National Weather Service is updating its precipitation
frequency estimates for Hawaii. Current precipitation frequency estimates for Hawaii
are contained in Technical Paper No. 43, "Rainfall-Frequency Atlas of the Hawaiian
Islands for Areas to 200 Square Miles, Durations to 24 Hours, and Return Periods from
1 to 100 Years" (U.S. Weather Bureau, 1962) and Technical Paper No. 51, “Two- to
Ten-Day Rainfall for Return Periods of 2 to 100 Years in the Hawaiian Islands” (U.S.
Weather Bureau, 1965). The update includes collecting data and performing quality
control, compiling and formatting datasets for analyses, selecting applicable frequency
distributions and fitting techniques, analyzing data, mapping and preparing reports and
other documentation.

The project will determine annual precipitation frequencies for durations from 5 minutes
to 60 days, for average recurrence intervals from 1 to 1,000 years. The project will
review and process rainfall data for the project area and use accepted statistical
methods. The project results will be published as Volume 4 of NOAA Atlas 14 on the
Internet (http://www.nws.noaa.gov/ohd/hdsc) using the existing Precipitation Frequency
Data Server with interactive web pages and with the ability to download digital files.

The project area covers the Hawaiian Islands including Hawaii, Maui, Lanai, Molokali,
Oahu, and Kauai. The project area is currently divided into 11 regional groups for long
duration (24-hour through 60-day) analyses (Figure 1) and 4 regional groups for short
duration (60-minute through 12-hour) analyses (Figure 2).
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Figure 1. Hawaii precipitation frequency project area and 11 regional groups
based on 24-hour data.
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Figure 2. Hawaii precipitation frequency project area and 4 regional groups
based on 60-minute data.
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2. Highlights

The latest available data were added to NCDC and RAWS hourly datasets and
Hydronet 15-minute datasets and quality controlled. After a thorough investigation of
data consistency, it was decided to include Hydronet, USGS, and RAWS data as hourly
supplemental stations if they have at least 10 years of data and are in spatially useful
locations. Supplemental stations will not be used in the computation of L-moments but
their mean annual maxima will be used to develop precipitation frequency estimates at
those locations. Additional information is provided in Section 3.1.1, Data Collection and
Quality Control, Hourly.

Concurrent 1-day observations and 24-hour accumulations from co-located daily and
hourly stations were reviewed for data quality. 1-day data were reviewed for common
errors that may lead to erroneous accumulations for longer durations. L-moments for
multi-day durations (2-day through 60-day) were computed. Observations that
exceeded 1,000-year estimates were checked for data quality during the “real-data-
check.” Additional information is provided in Section 3.1.2, Data Collection and Quality
Control, Daily.

Rules to accommodate accumulated data in the extraction of maxima were incorporated
into the partial duration series extraction process. Thresholds were refined for each
duration and region to ensure that erroneously low maxima due to missing and
accumulated data are not included in a series. Additional information is provided in
Section 3.2, Series Extraction.

Preliminary 100-year 24-hour estimates for daily regions were reviewed spatially. The
homogeneity of these regions for multi-day durations is under review. Hourly regions
(Figure 2) were developed using 1-hour data from NCDC stations. Objective clustering
developed the initial four regions that were then modified slightly to achieve
homogeneous regions. Additional information is provided in Section 3.3,
Regionalization.

Modifications to L-moment software are being made to accommodate stations that have
data for one multi-day duration but not others. Additional information is provided in
Section 3.4, Software.

HDSC continuously monitors the integrity and performance of the Precipitation
Frequency Data Server (PFDS), the on-line portal for all NOAA Atlas 14 deliverables
and information. In March 2007, the number of data inquires in a single month
surpassed 10,000 for the first time. Additional information is provided in Section 3.5,
PFDS.

An alternative approach to computing ARFs has been developed, evaluated and tested
utilizing the Chicago, IL hourly precipitation database. The alternative approach has
several advantages over other ARF approaches including utilizing today’s computing
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power and GIS software to spatially interpolate precipitation events and taking
advantage of L-moments in the computation of frequency estimates. Preliminary results
have demonstrated that the approach produces 1-hour ARFs that are consistent with
those shown in TR-24 for Chicago. Additional information is provided in Section 3.6,
Areal Reduction Factors.

3. Progress in this Reporting Period
3.1 Data Collection and Quality Control

3.1.1 Hourly

Data added. Hourly data for the year 2005 became available for stations in the
National Climatic Data Center's (NCDC) database. Also, 2006 data became available
for Hydronet 15-minute stations and Remote Automated Weather Station (RAWS)
Network hourly stations. These data were added to existing stations and quality
controlled by examining extreme events above a given threshold.

Supplemental stations. After a thorough investigation of data consistency (described
below), it was decided to include data from RAWS, Hydronet and United States
Geological Survey (USGS) stations as hourly supplemental stations. Supplemental
stations are defined as:

1. non-NCDC stations,

2. stations in remote locations,

3. stations with less than 15 years of data but at least 10 years of data, and

4. stations with reliable and spatially consistent mean annual maxima and statistics.
Since a sufficient number of data years (in this case 15 years is the minimum for hourly
stations) are necessary to reliably compute precipitation frequency estimates,
supplemental stations will not be used in the computation of L-moments. However,
estimates for durations 1-hour through 48-hour will be computed for those locations
using the regional growth factors derived from the regions in which they reside
combined with the mean of their annual maximum series. Also, their means and
estimates will be included in the spatial interpolation process.

Table 1 shows the number of each type of data that will be used for the hourly analysis
in each hourly region (For additional information on the development of the hourly
regions, see Section 3.2, Regionalization). Figure 3 shows the locations of the NCDC
and supplemental hourly stations, hourly regional boundaries, and spatially interpolated
mean annual maxima using inverse-distance-weighting.

15-minute data at USGS and Hydronet stations were accumulated to 1-hour data and
annual maximum series extracted. No accumulation was necessary for RAWS data
since they were already recorded as hourly. Station consistency was verified by
examining spatially interpolated 1-hour mean annual maxima (Figure 3) and the L-
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statistic, coefficient of L-variation (L-CV), at supplemental stations compared to nearby
NCDC hourly stations and expected climatological patterns.

Table 1. Number of NCDC, Hydronet, USGS, and RAWS stations in final Hawaii hourly
regions. Hydronet, USGS and RAWS data will be treated as supplemental.

Region | NCDC | Hydronet | USGS | RAWS
1 15 8 0 0
2 17 12 0 1
3 28 13 0 2
4 13 6 3 0
total 73 39 3 3
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Figure 3. Locations of the NCDC and supplemental hourly stations, hourly regional
boundaries, and spatially interpolated mean annual maxima.

Hydronet data. The Hydronet network is a system of National Weather Service (NWS)
maintained, telemetered tipping bucket rain gages in Hawaii that began collecting 15-
minute rainfall data in July 1994. Of the 70 Hydronet stations, 39 were retained for use
as hourly supplemental. Only stations with good quality data that were spatially
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valuable due to their location and had at least 10 years of data were retained. To meet
that end, stations were eliminated if they met either of the following criteria: (1) 25% or

more of data were missing or (2) the distance between an NCDC and Hydronet station

was less than 1.5 miles or less than 500 feet in elevation.

To further test the quality of the data for use in L-moments, L-moments were run for the
Island of Oahu as one region with (1) only NCDC stations and (2) NCDC plus Hydronet
stations. The 23 NCDC stations on Oahu averaged 37 data years (ranging from 26 to
42 years). The 25 Hydronet stations on Oahu averaged 11 data years (ranging from 10
to 12 years). Differences were less than 5% for average recurrence intervals (ARI) of 1-
year through 200-year. 500-year and 1,000-year were impacted up to 8%. Since the
NCDC-only analysis resulted in higher estimates for the 25-year through 1000-year, the
exclusion of the Hydronet data avoids a potential negative bias for rarer ARIs most likely
caused by the short record of such stations.

USGS data. USGS precipitation data were re-considered for use as hourly
supplemental. These data were received as combinations of 15-minute and 30-minute
observations. They were accumulated to 1-hour for consideration. There were many
high 1-hour values exceeding the record 1-hour for the United States which is 12 inches
at Kilauea Kauai, HI on January 24, 1956. Therefore, values greater than 10 inches
were automatically set to missing, and values from 7 to 10 inches were reviewed for
data quality and corrected (i.e., set to missing) when appropriate. Three stations will be
used as supplemental based on data quality, length of record and remoteness of
location.

RAWS data. The interagency Remote Automated Weather Station (RAWS) Network
stations are primarily owned by wildland fire agencies and monitor weather data,
particularly in fire-prone areas in the United States. The network is made possible
through the National Interagency Fire Center (NIFC) and National Oceanic and
Atmospheric Administration (NOAA). Precipitation data at the three available RAWS
stations in Hawaii will be included as hourly supplemental stations since they have less
than 15 years of data. The RAWS stations were clearly consistent with the
climatological pattern and with the NCDC and Hydronet station means and L-CV.

3.1.2 Daily

Concurrent 1-day annual maxima and 24-hour accumulations from co-located daily and
hourly stations were reviewed for data quality. During the computation of the 1-day to
24-hour conversion factor, 24-hour accumulations are extracted as unconstrained
observations, meaning that a moving window is used to extract the maximum 24-hour
amount concurrent with a given 1-day maximum within +/- one day. Cases in which 1-
day daily values exceeded concurrent 24-hour hourly values by more than double were
checked for data quality and 35 corrections were made resulting primarily from
accumulated data being improperly recorded. In addition, cases in which 24-hour
values exceeded concurrent 1-day values by more than double were also checked and
two corrections were needed.
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Common errors that potentially impact the accumulation of longer durations were
identified and corrected if necessary. Daily data were screened for occurrences where
missing or accumulated observations may have been erroneously entered and where
monthly totals were entered as having occurred in a single day. Twenty values required
correction with eighteen of the errors resulting from accumulated data being improperly
recorded.

Preliminary L-moments for longer durations (2-day through 60-day) were computed. To
ensure the quality of longer duration data, observations at stations that exceed their
1,000-year precipitation frequency estimates were checked for data quality during a
“real-data-check.” This led to the capture of two erroneous values that pointed to a bug
in the AMS extraction software. The bug was corrected and the extraction re-run.

3.2 Series Extraction

The annual maximum series (AMS) extraction process was previously modified for the
Hawaii Project to accommodate data that are accumulated over a period (for example,
30-days) and may not be suitable for precipitation frequency analysis of shorter
durations (for example, 1-day through 10-day) because the distribution of the total over
the accumulated days is unknown. Accumulated data occur when a gage was not read
daily but the rainfall was collected over a period of two or more days and then recorded.
Since the distribution over the period is unknown, the total amount is distributed equally
among the days of the accumulation series during the extraction process for
consideration as maxima. This may lead to erroneously low, unreasonable maxima
extracted for shorter durations from a long series.

Previously, the AMS extraction software was modified to apply certain criteria so that
only reasonable maxima are extracted from accumulated data. In this way, maxima for
only certain shorter durations (of length t) can be selected from these accumulation
series (of length T) and maxima are not extracted for years that have too much
accumulated data. The rule is:

e |If the total sum of precipitation in a duration of interest, t, is coming from an
accumulation series of length T which is greater than 150% of t, then the sum is
rejected for that duration and not considered as a candidate for a maximum
(200% if a 1-day duration).

o Example: a 4-day duration, t, can be extracted from a 5-day or 6-day
accumulation series but not from a 7-day or longer. Specifically, take the
following daily observations for example,

T

& »

..... 0.3” -888 -888 -888 -888 -888 36.0” .....

t
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where -888 indicates a day of an accumulation series, T is 6 days, and t is
4 days. If T >t*150% or 6 days, then a maximum cannot be extracted.
In this example, T= 6 days which is not greater than t * 150%, so a 4-day
maximum of 4 * 6.0” = 24.0” can be extracted.

o Example: a 1-day duration, t, can be extracted from a 2-day accumulation
but not from a 3-day or longer. Specifically, take the following daily
observations for example,

«—

..... 0.5” -888 -888 25.0” 6.0” .....

t

where -888 indicates a day of an accumulation series, T is 3 days, and t is
1day. If T>t*200% or 2 days, then a maximum cannot be extracted. In
this example, T= 3 days which is greater than t * 200%, so a 1-day
maximum cannot be extracted.

A patrtial duration series (PDS) is constructed by taking all of the highest cases above a
threshold regardless of the year in which the case occurred. For this project, partial
duration series consist of the N largest cases in the period of record, where N is the
number of years with data in the period of record at the particular observing station.
The criteria described above used to extract annual maxima were incorporated into the
logic for extracting maxima for a PDS. See the final documentation NOAA Atlas 14
Volumes 1, 2, and 3 (Section 4, Methods — Data)
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_docs.html for a more complete description of
series extraction.

In addition, thresholds were developed to allow reasonable partial duration and annual
maximum values to be extracted even if there are large amounts of missing and
accumulated data at a station, but not to extract a maximum if the value is below a
given threshold. In Volumes 1, 2, and 3, criteria were applied for each duration where if
a given percentage of a month or year were missing and the maximum daily
precipitation for that month or year was below a given threshold, then the maximum for
that year or month is flagged as missing and no maximum is extracted (again, see
Section 4, Methods — Data of final documentation). For the Hawaii Project, the
thresholds were refined not only for each duration but for each region based on
climatology as well as 1- and 2-year precipitation frequency estimates from Technical
Paper 43 to narrow the thresholds to precipitation values that occur about once per year
or every other year on average. This process ensures that erroneously low maxima due
to missing and also accumulated data are not included in a series. The criteria are as
follows.

Two thresholds for each duration and region were developed to apply stricter criteria if
more data are missing or accumulated. A so-called higher threshold (Table 2) is a

12
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higher value and is applied if the amount of data missing or accumulated is 50% in a
given month or year. A lower threshold (Table 3) is a lower value and is applied if a
greater percentage, which varies by duration, of data are missing or accumulated. If the
maximum in a given month or year for the duration does not exceed the lower or upper
thresholds, the maximum is rejected and is flagged as missing in the series.

Table 2. Higher thresholds applied during series extraction to ensure erroneously low
maxima due to missing or accumulated data are not included in a series.

Higher Climatological Threshold

Duration 1-day 2-day 4-day 7-day | 10-day | 20-day | 30-day | 45-day | 60-day

Percent 509%* 50%* | 50% 50% 50% 50% 50% 50% 50%

missing

Region Threshold in inches

1 0.10 0.15 0.25 0.50 0.75 1.00 1.25 1.50 1.75
2 0.15 0.20 0.30 0.50 0.75 1.00 1.25 1.50 2.00
3 0.15 0.20 0.30 0.50 0.75 1.00 1.25 1.50 2.00
4 0.40 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
5 0.40 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
6 0.40 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
7 0.40 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
8 0.10 0.15 0.25 0.50 0.75 1.00 1.25 1.50 1.75
9 0.15 0.20 0.30 0.50 0.75 1.00 1.25 1.50 2.00
10 0.15 0.20 0.30 0.50 0.75 1.00 1.25 1.50 2.00
11 0.40 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

*Denotes percent missing in a month. The remainder of the percentages indicate amount missing in a
year.

Table 3. Lower thresholds applied during series extraction to ensure erroneously low
maxima due to missing or accumulated data are not included in a series.

Lower Climatological Threshold

Duration 1-day 2-day 4-day 7-day | 10-day | 20-day | 30-day | 45-day | 60-day

Percent 33%* 33%* | 96% 93% 93% 88% 82% 73% 64%

missing

Region Threshold in inches
1 0.04 0.05 0.10 0.25 0.50 0.75 0.85 0.90 1.00
2 0.05 0.09 0.15 0.25 0.50 0.75 1.00 1.10 1.25
3 0.05 0.09 0.15 0.25 0.50 0.75 1.00 1.10 1.25
4 0.20 0.25 0.50 1.00 1.50 2.00 2.50 3.00 3.00
5 0.20 0.25 0.50 1.00 1.50 2.00 2.50 3.00 3.00
6 0.20 0.25 0.50 1.00 1.50 2.00 2.50 3.00 3.00
7 0.20 0.25 0.50 1.00 1.50 2.00 250 3.00 3.00
8 0.04 0.05 0.10 0.25 0.50 0.75 0.85 0.90 1.00
9 0.05 0.09 0.15 0.25 0.50 0.75 1.00 1.10 1.25
10 0.05 0.09 0.15 0.25 0.50 0.75 1.00 1.10 1.25
11 0.20 0.25 0.50 1.00 1.50 2.00 250 3.00 3.00
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*Denotes percent missing in a month. The remainder of the percentages indicate amount missing in a
year.

3.3 Regionalization

Preliminary 100-year 24-hour estimates for daily regions were reviewed spatially and
compared with estimates from Technical Paper 43. Observed differences can be
explained by increases in data length and station density as well as updated
methodology. Stations with the largest differences were investigated. Qualitatively, all
differences seem to be improvements when comparing estimates at stations to the
maxima in their data series. A more complete investigation will take place when the
estimates are finalized. The homogeneity of multi-day durations for the daily regions
developed from the 24-hour data is under review. Further consideration, particularly
regarding stations with significant amounts of accumulated data, may be necessary for
the daily regions and longer durations.

Hourly regions (Figure 2) were developed using 1-hour data from NCDC stations. In a
manner following the 24-hour regionalization, the stations with 1-hour data were initially
delineated into four regions using objective clustering. The three characteristics used
for clustering were mean annual precipitation, mean annual maximum 1-hour
precipitation and maximum observed 1-hour precipitation. Only four cluster groupings
were used since there is much less hourly data than daily. Section 3.4, Spatial
Interpolation, in the 23" Progress Report (http://www.nws.noaa.gov/ohd/hdsc/current-
projects/HIPR23.pdf) provides the details of the objective clustering method.

As suggested in Hosking and Wallis (1997), adjustments of regions, such as moving
stations from one region to another or subdividing a region, were then made to reduce
heterogeneity and also to reduce spatial bull's eyes and unreasonable spatial gradients
in estimates. The final outcome was four statistically homogenous regions (Table 4)
that were climatologically sound. The resulting regions generally fell into expected
climatological categories:

1) Leeward lowlands and slopes including the Kona coast

2) Leeward slopes and interior lowlands

3) Windward lowlands and slopes

4) Rainy windward slopes
These regions will be used for the durations 60-minute through 12-hour.

Table 4. Number of hourly stations and the heterogeneity measure (H1) for each hourly
region.

region # hourly H1
1 15 1.19
2 17 0.88
3 28 -0.37
4 13 0.18
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3.4 Software

Due to accumulated data some daily stations were designated to be used only for
certain longer durations or did not have at least 20 data years due to extraction criteria.
Also, some stations have particular situations where stations may drop in and out of
durations - such as a station with hand-entered monthly maxima which provide enough
data for 1-day duration but then only accumulated data that allows for certain longer
durations. In this way, some durations in regions have different numbers of daily
stations which is problematic for internal consistency adjustments. Internal consistency
adjustments ensure that estimates are consistent from one duration to the next at a
given station. Modifications to internal consistency software are being made to
accommodate stations that do not have enough data for all durations.

Software to extract partial duration series data was modified to incorporate the rules
established for managing accumulated data as mentioned in Section 3.2, Series
Extraction.

3.5 PFDS

The Precipitation Frequency Data Server (PFDS) is the on-line portal for all NOAA Atlas
14 deliverables and information. HDSC continuously monitors the number of inquiries
(hits), integrity and performance of the PFDS, which continues to receive an increasing
number of data inquires per month. In fact, the number of data inquires in a single
month surpassed 10,000 for the first time.

The graph (Figure 4) below summarizes the number of individual data inquires made
since December 2004, while the map (Figure 5) indicates the locations of inquires
during the past quarter. During March 2007, the PFDS logged a record 10,144 inquires.

15
April 2007



Hawaii Precipitation Frequency Project
Update of Technical Paper No. 43
Twenty-fourth Progress Report, April 2007

12000
11000 - 10144
10000 -
S 9000
= i 809
= 7724
S 8000 - 738774147335
= 70637043
o
~ 7000 A 6515 = 6507 6487
0-’ 611
a 6000
£ 5676
5 6000 -
=z
5000 -
4000 -
0 W W W0 WwWwWwwWwwWwoo © © 9 © © © © © © © K~ N~ NI~
QPR ILPIQRYIIYIPIIRPIIIYFIQYPIFPIIIRFIIYPIYIIIIQ
29 § 5 3 ES5 2283282 5356833522883 8¢S 235 s
P=<==3"280z288¢==<3"F o0z288¢P=<
Month-Year

Figure 4: Number of individual PFDS data inquires per month.
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PFDS INQUIRY LOCATIONS
January - March 2007

Figure 5: Map of 25,966 PFDS data inquiry locations during the period January-March
2007.

3.6 Areal Reduction Factors

Work continues on the development of geographically-fixed Areal Reduction Factors
(ARFs) for area sizes up to 400 square miles and durations of 30-minutes to 48-hours
for the United States. The results of this supplementary study will be applicable to all
volumes of NOAA Atlas 14, therefore a dedicated progress report for the ARF project
will begin next quarter.

Efforts to debug the software based on the NOAA Technical Report NWS 24 (Myers,
V.A. and R.M. Zehr, 1980) methodology continued to be unsuccessful and therefore
prompted an investigation into an alternative approach. Although the TR-24 approach
has merit and makes appropriate assumptions based on state-of-the-art methods in
1980, a pilot study demonstrated that today’s geographical information systems (GISs)
could appropriately spatially distribute precipitation between stations, which is key for
ARF computations. Additionally, L-moments have been developed since TR-24 which
provide a more robust statistical basis for computing values of different recurrence
intervals (Hosking and Wallis, 1997).

An alternative approach to computing ARFs has been developed, evaluated and
preliminarily tested utilizing the Chicago, IL hourly precipitation database. Although
details of the final approach are not yet ready for reporting, it is based on the following
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basic ARF equation/definition:

Equation 1.  ArealDepth = ARF * Point Depth

X—year X—year X—year

In general, the steps involved in computing the Areal Depthy.year and Point Depthy.year
terms are:

1. For a given duration, identify and spatially distribute (using a GIS) the concurrent
precipitation at stations for a discrete precipitation event

2. Compute the areal average precipitation surrounding each station by defining
areas bounded by concentric circles of varying radii centered on that station.

3. Repeat steps 1 and 2 for all events in period of record.

4. Based on the areal average precipitation sample developed in steps 1 and 2,
extract an areal annual maximum series (AMS) centered on each station for
various area sizes.

5. Compute areal precipitation frequency estimates using L-moments at various

area sizes centered on each station from the areal annual maximum series.

For each station, determine the point AMS.

Compute point precipitation frequency estimates using L-moments at each

station from the point AMS.

8. Compute the area-to-point ratio at each station for various area sizes by taking
the ratio of areal estimate to point estimate at the same frequencies.

9. Fit a function through the area-to-point values to come up with an areal reduction
curve.

N

This alternative approach has several advantages over other ARF approaches. The
two major advantages are:

o It utilizes today’s computing power and GIS software to spatially interpolate
precipitation events which allows for more accurate areal precipitation averages.
« It takes advantage of L-moments in the computation of frequency estimates.

Our preliminary results produce 1-hour ARFs that are consistent with those shown in
TR-24 for Chicago. Efforts are currently underway to finalize and streamline this
approach such that additional durations and networks can be analyzed.

With the focus on methodology and software development, no additional ARF networks
have been sought or identified. However, the new California precipitation frequency
project is accumulating a number of datasets, some of which have the potential to
become ARF networks. Unless we are made aware of additional quality rain gauge
networks that meet our criteria (10+ years of concurrent hourly precipitation data at 10+
gauges over an area of ~100 to ~500 square miles), we are not actively seeking
additional networks. We have identified, pre-processed and quality controlled hourly
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precipitation data for 15 networks that we believe will anchor the final ARF results.
Seven additional networks have the potential of being added to the base ARF database.
Figure 6 shows the locations of all preliminary ARF networks. The accompanying table
(Table 5) provides additional details of the preliminary ARF study areas.
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Figure 6. Map of ARF study areas.

19
April 2007



Hawaii Precipitation Frequency Project
Update of Technical Paper No. 43
Twenty-fourth Progress Report, April 2007

Table 5. Preliminary ARF study areas.

Average
Date Approx size  No. of Elevation
Study area location Included?  Range (sg-mi)  stations  Lat. Long. (ft)
Albuquerque, NM Yes 1978-1992 400 13 35161 -106.566 5311
Chicago, IL Yes 1949-1980 n/a 18 41830 -87.692 618
Clark County, NV Yes 1990-2004 n/a 48 36.290 -114.978 940
Los Alamos, NM Yes 1990-2005 150 9 35.858 -106.282 7011
Maricopa Cty, AZ Yes 1980-2001 n/a 31 33789 -112.303 2572
Reynolds Creek, ID Yes 1962-1996 n/a 44 43169 -116.769 5342
Riverside Cty, CA Yes 1961-2001 n/a 45 33793 -116.995 1987
Santa Barbara, CA Yes 1968-2003 n/a 38 34590 -119.957 1203
Seattle, WA Yes 1978-2003 216 23 47553 -122.333 152
South-central Washington state
(PAWS) Yes 1989-2005 700 15 46.071 -119.306 765
Southeast Michigan Council of
Governments (SEMCOG) Yes 1988-2002 n/a 50 42518  -83.286 730
Melbourne, FL Yes 1997-2005 450 35 28545  -80.634 0
Harris County, TX Yes 1997-2005 3800 165 29.779  -95.405 -999
Walnut Gulch, AZ Yes 1954-1996 n/a 107 31.728 -110.024 4656
Jefferson County, KY Yes 1991-2005 n/a 18 38.190 -85.670 -999
Chickasha (Micronet), OK Maybe  1994-2005 1130 44 34885  -98.075 398
Coshocton, OH Maybe  1940-2001 n/a 22 40435  -81.799 1044
Goodwin, MS Maybe  1981-1996 n/a 32 34232 -89.914 333
Portland, Oregon HYDRA Maybe  1976-2005 200 45 45537 -122.662 -999
Tifton, GA Maybe  1968-1981 n/a 55 31439  -83.590 -999
Ventura, CA Maybe nla n/a 134 34370 -119.067 -999
Hawaii Maybe  1948-2005 nfa nfa n/a n/a nfa
Alamogordo Creek, NM No 1955-1962 67 64 34920 -104.143 4898
Blacksburg, VA No n/a n/a <10 37.250 -80.417 -999
Denver, CO No n/a n/a n/a 39.750 -105.000 -999
Ft. Collins, CO No 1999-2005 12 40.567 -105.093 5099
Riesel, TX No n/a 10 39 31482  -96.880 544
Hastings, NE No 1938-1967 n/a 19 40255  -98.376 -999
North Danville, VT No 1958-1975 n/a 27 49.678  -74.724 2118
Puerto Rico No 1973-2003 500 10-18 18.260  -65.910 800
Mid-Atlantic DCP and Metar
network No 1990-2004
Bonanza, Caribou-Poker
Creeks Watersheds, AK No n/a 50 nfa 64.750 -148.230 1641
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4. Issues
4.1 Upcoming Presentations

Geoff Bonnin will present a paper, Updates to NOAA Precipitation Frequency Atlases,
(authors Geoffrey M. Bonnin, Deborah Martin, Bingzhang Lin, Tye Parzybok, Michael
Yekta, David Riley, Lillian Hiner, Daniel Brewer) at the EWRI World Environmental and
Water Resources Congress in Tampa, Florida, in May 2007. The paper was prepared
and submitted.

5. Projected Schedule and Remaining Tasks

The following list provides a tentative schedule with completion dates. Brief
descriptions of tasks that will be worked on during the next few quarters are also
included in this section.

Data Collection and Quality Control [April 2007]
L-Moment Analysis/Frequency Distribution [May 2007]
Trend Analysis [April 2007]

Temporal Distributions of Extreme Rainfall [May 2007]
Peer Review of estimates [June 2007]

Spatial Interpolation [August 2007]

Precipitation Frequency Maps [September 2007]

Web Publication [August 2007]

Documentation [September 2007]

Areal Reduction Factors [October 2007]

5.1 Data Collection and Quality Control.

In the next reporting period, conversion factors (2-day to 48-hour, 1-hour to 60-minute
and 2-hour to 120-minute) will be calculated. Partial duration series will be quality
controlled.

5.2 L-Moment Analysis
Software will be modified to accommodate supplemental hourly duration data and to

accommodate longer duration stations for internal consistency adjustments. The
homogeneity of longer durations in the daily regions will be evaluated.
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5.3 Additional Analyses

1-day annual maximum time series will be analyzed for trends and cross-correlation
between stations. Temporal distributions of heavy rainfall will be developed for 1-hour
through 96-hour durations.

5.4 Spatial Interpolation

24-hour and 60-minute mean annual maxima will be submitted to Oregon State
University’s PRISM Group for spatial interpolation. Preliminary 100-year 24-hour and
100-year 60-minute maps will be developed for Peer Review.

5.5 Areal Reduction Factors (ARF)

The alternative ARF approach will be finalized, streamlined and tested during the next

quarter. Barring any unforeseen setbacks, ARF computations will begin immediately
thereafter, followed by evaluation of the ARF results.
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