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1. Abstract

NOAA Atlas 14 contains precipitation frequency estimates for the United States and U.S. affiliated
territories with associated 90% confidence intervals and supplementary information on temporal
distribution of heavy precipitation, analysis of seasonality and trends in annual maximum series data,
etc. It includes pertinent information on development methodologies and intermediate results. The
results are published through the Precipitation Frequency Data Server
(http://hdsc.nws.noaa.gov/hdsc/pfds).

The Atlas is divided into volumes based on geographic sections of the country. The Atlas is
intended as the U.S. Government source of precipitation frequency estimates and associated
information for the United States and U.S. affiliated territories.

2. Preface to Volume 7

NOAA Atlas 14 Volume 7 contains precipitation frequency estimates for selected durations and
frequencies with 90% confidence intervals and supplementary information on temporal distribution of
heavy precipitation , analysis of seasonality and trends in annual maximum series data, etc., for the
state of Alaska. The results are published through the Precipitation Frequency Data Server (PFDS)
(http://hdsc.nws.noaa.gov/hdsc/pfds).

This project was a collaborative effort between the Hydrometeorological Design Studies Center
within the Office of Hydrologic Development of the National Oceanic and Atmospheric
Administration’s National Weather Service and the Water and Environmental Research Center of the
University of Alaska Fairbanks.

Any use of trade names in this publication is for descriptive purposes only and does not imply
endorsement by the U.S. Government.

Citation and version history. This documentation and associated artifacts such as maps, grids, and
point-and-click results from the PFDS are part of a whole with a single version number and can be
referenced as:

Sanja Perica, Douglas Kane, Sarah Dietz, Kazungu Maitaria, Deborah Martin, Sandra Pavlovic,
Ishani Roy, Svetlana Stuefer, Amy Tidwell, Carl Trypaluk, Dale Unruh, Michael Yekta, Erica
Betts, Geoffrey Bonnin, Sarah Heim, Lillian Hiner, Elizabeth Lilly, Jayashree Narayanan,
Fenglin Yan, Tan Zhao (2012). NOAA Atlas 14 Volume 7 Version 2.0, Precipitation-Frequency
Atlas of the United States, Alaska. NOAA, National Weather Service, Silver Spring, MD.

The version number has the format P.S where P is a primary version number representing a
number of successive releases of primary information. Primary information is essentially the data. S
is a secondary version number representing successive releases of secondary information. Secondary
information includes documentation and metadata. S reverts to zero (or nothing; i.e., Version 2 and
Version 2.0 are equivalent) when P is incremented. When new information is completed and added
(such as draft documentation) without changing any prior information, the version number is not
incremented.

The primary version number is stamped on the artifact or is included as part of the filename
where the format does not allow for a version stamp (for example, files with gridded precipitation
frequency estimates). All location-specific output from the PFDS is stamped with the version number
and date of download.

Table 2.1 lists the version history associated with the NOAA Atlas 14 Volume 7 precipitation
frequency project and indicates the nature of changes made.

NOAA Atlas 14 Volume 7 Version 2.0 |



Version history of NOAA Atlas 14 Volume 7.

Table 2.1.
Version Date Notes
number
Version 1.0 August 2011 Draft data used in peer review
Version 2.0 February 2012 Final data released
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3. Introduction
3.1. Objective

NOAA Atlas 14 Volume 7 provides precipitation frequency estimates for the state of Alaska for 5-
minute through 60-day durations at 1-year through 1,000-year average recurrence intervals. The
estimates and associated bounds of 90% confidence intervals are provided at 30 arc-seconds
resolution. The Atlas also includes information on temporal distributions and seasonal information
for data used in the frequency analysis. In addition, trends in annual maximum series data were also
examined.

The information in NOAA Atlas 14 Volume 7 supersedes precipitation frequency estimates for
Alaska contained in the following publications:

a. Technical Paper No. 47, Probable Maximum Precipitation and Rainfall-Frequency Data for
Alaska for Areas to 400 Square Miles, Durations to 24 Hours, and Return Periods from 1 to 100
Years (Miller, 1963);

b. Technical Paper No. 52, Two- to Ten-Day Precipitation for Return Periods of 2 to 100 Years in
Alaska (Miller, 1965).

3.2.  Approach and deliverables

Precipitation frequency estimates have been computed for a range of frequencies and durations using
a regional frequency analysis approach based on L-moment statistics calculated from annual
maximum series. This section provides an overview of the approach; greater detail is provided in
Section 4.

Annual maximum series were extracted from precipitation measurements recorded at 15-minute
to 1-day time increments obtained from various sources; 5- to 60-minute annual maxima series were
also obtained from corresponding monthly maxima. The table in Appendix A.1 gives detailed
information on all stations whose data were used in the frequency analysis. The annual maximum
series data were screened for erroneous measurements. An attempt to quantify rain gauge under-
catch during extreme events and to apply a bias correction to the annual maximum data was
unsuccessful; more details are provided in Appendix A.2. The 1-day and 1-hour annual maximum
series data were also analyzed for potential trends (Appendix A.3).

A region of influence approach was used for the regional L-moments computation at each station
across all durations. A variety of probability distribution functions were examined for each region
and duration and the most suitable distribution was selected. Distribution parameters, and
consequently precipitation frequency estimates, were determined for each duration based on the mean
of the annual maximum series at the station and the regionally determined higher order L-moments.
Higher order L-moments were smoothed across durations to ensure consistency in precipitation
frequency estimates. L-moments for all stations used in frequency analysis across daily durations are
listed in Appendix A.4. Due to the lack of suitable stations recording precipitation at sub-daily
intervals, precipitation frequency estimates for hourly durations were calculated by assuming that
standardized statistics were constant across hourly durations. Sub-hourly durations were computed
from corresponding 1-hour estimates by applying scaling factors.

Partial duration series-based precipitation frequency estimates were calculated indirectly from
the annual maximum series using Langbein’s formula.

Frequency analysis was also done on rainfall (i.e., liquid precipitation only) data for durations up
to 24 hours, but analysis of the limited available data showed that for the range of durations there was
very little difference between the rainfall and total precipitation magnitudes across all frequencies.

NOAA Atlas 14 Volume 7 Version 2.0
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A Monte-Carlo simulation approach was used to produce upper and lower bounds of 90%
confidence intervals for the precipitation frequency estimates.

Grids of precipitation frequency estimates and 90% confidence intervals were determined based
on mean annual maxima grids and at-station precipitation frequency estimates. The mean annual
maxima grids for daily and hourly durations were derived from at-station mean annual maxima using
a hybrid statistical-geographic approach for mapping climate data (Appendix A.5). The grids of
precipitation frequency estimates and confidence limits for all frequencies were then derived in an
iterative process using the inherently strong linear relationship that exists between mean annual
maxima and precipitation frequency estimates at the 2-year recurrence interval and between
precipitation frequency estimates at consecutive frequencies for a given duration. The resulting grids
were examined and adjusted in cases where inconsistencies occurred between durations and
frequencies. Scaling factors were used to derive grids for sub-hourly durations. Both spatially
interpolated and point estimates at selected durations and frequencies were subject to external peer
review (Appendix A.6).

Climate regions were delineated based on characteristics of annual maxima data. The regions
were used in the extraction of annual maximum series, calculations of temporal distributions, and in a
seasonality analysis. For the temporal and seasonality analyses, regions were grouped to increase
sample sizes. Temporal distributions, expressed in probability terms as cumulative percentages of
precipitation totals, were computed for precipitation magnitudes with less than 50% exceedence
probability for selected durations (Appendix A.7). The seasonality analysis was done on annual
maxima by tabulating the number of annual maxima exceeding several selected threshold frequencies
for selected durations (Appendix A.8).

NOAA Atlas 14 Volume 7 precipitation frequency estimates for any location in the project area
are available in a variety of formats through the Precipitation Frequency Data Server (PFDS) at
http://hdsc.nws.noaa.gov/hdsc/pfds (via a point-and-click interface); more details are provided in
Section 5. Additional types of results and information available there include:

» ASCII grids of partial duration series-based and annual maximum series-based precipitation
frequency estimates and related confidence intervals for a range of durations and frequencies with
associated Federal Geographic Data Committee-compliant metadata;

« cartographic maps of partial duration series-based precipitation frequency estimates for selected
frequencies and durations;

« annual maximum series used in the analysis;
« temporal distributions;
» seasonality analysis of annual maxima.

Cartographic maps were created to serve as visual aids and are not recommended for estimating
precipitation frequency estimates. Users are advised to take advantage of the PFDS interface or the
underlying ASCII grids for obtaining precipitation frequency estimates. Precipitation frequency
estimates from this Atlas are estimates for a point location and are not directly applicable for an area.

NOAA Atlas 14 Volume 7 Version 2.0 4



4. Frequency analysis
4.1. Project area

The project area, shown in Figure 4.1.1, encompasses the entire state of Alaska. Alaska is the largest
state in the United States with land covering 586,412 square miles (1,518,800 kmz). It is also the
most northern state reaching into the Arctic Circle. It is mostly surrounded by water with the Arctic
Ocean and the Beaufort and the Chukchi Seas to the north, the Bering Sea to the west and the Pacific
Ocean and Gulf of Alaska to the south. The Aleutian Islands, a chain of 300 small volcanic islands,
extend over 1,200 miles (1,900 km) westward into the Pacific. Canada borders the land to the east.
Two mountain ranges dominate the topography — the Brooks Range in the northern Arctic region and
the Alaska Range in the south, separated by an interior plateau. The land north of the Brooks Range,
termed the North Slope, is primarily uninhabited tundra but with a few villages and the northernmost
U.S. city, Barrow. The interior is primarily uninhabited wilderness but also includes the city of
Fairbanks, the second largest city in Alaska. The Alaska Range houses the highest point in the United
States, Mt. McKinley which is 20,320 feet above sea level. Most of the population lives in the south-
central region near Anchorage and along the southern coast. The state capital, Juneau, resides in
southeast Alaska on the strip of land closest to the lower contiguous United States.

15?'E 1E?'E 16?‘E 1??'5 1?’?‘5 ‘IBIO‘ 1?5I‘W !f?'w |E5I‘W IG[:‘W !5.‘:‘\’\' 15(:'\’\' 145I‘W HOI'W 135I‘W 130I'W' 125I'W 120[‘\1'\" 1!5I‘W 110]"1'\"
\
ARCTIC OCEAN L‘\j/
BEAUFORT SEA

P

CHUKCHI SEA

2y

¥

BERING SEA

[~55°N

; # &\COOK INLET : .r‘" -
3 GULF OF ALASKA
Kodiak Island 5
1)
ALASKA *

PENINSULA

S TOPS s N
W E
PACIFIC OCEAN : i

T ] ] ] 1 J J L J I
180° 175°W 170°W 165"W 160°W 155"W 150°W 145°W 140°W 135°W

L3
N ALEUTIAN ISLANDS
50°N~]

45°N=1

Figure 4.1.1. Project area for NOAA Atlas 14 Volume 7.
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Climatology of heavy precipitation. The climatology of heavy precipitation in Alaska varies widely
across the state and depends on latitude, elevation and the distance from the coast. The northern
portion of Alaska lies within Arctic Circle where the Arctic Ocean along the northern coast is frozen
about eight months of the year. This, combined with the low elevation, the dominance of the polar
high, and the blockage of moisture from the south due to the Brooks Range, causes the northern
region to receive the least amount of precipitation in the state.

During the summer months, a large area of high pressure that resides over the northern Pacific
Ocean, the North Pacific High, dominates much of the state below the Arctic. Radiational warming
due to increased hours of sunlight helps to destabilize the atmosphere creating areas of convection in
the interior region. The convective storms can be triggered and intensified by the passing of an
upper-level trough or a cold front, which are more prevalent during the warm season. Under the right
large-scale pressure pattern, strong southwest flow over Alaska can bring warm moist subtropical air
from the Pacific into the state. The remnants of tropical systems can be picked up in this flow and
supply additional moisture for the air mass as it surges northeast over the Alaska Range. Such was
the case in August 1967 when the Fairbanks area received more than half of its annual precipitation
amount in less than a week.

Towards the end of summer, the polar jet stream moves south in the North Pacific away from the
Arctic circle and a persistent flow of large-scale low pressure systems begins to develop. Strong
thermal gradients, ample moisture and the semi-permanent Aleutian low over the southwest islands
allow for the genesis and intensification of these sub-polar cyclones before they move into western
Alaska or travel along the southern coast. This is the typical storm track for low pressure systems in
the North Pacific causing these regions to receive some of the highest annual maximum rainfall totals
in North America. Occasionally, these storms can become as strong as hurricanes producing
damaging winds, storm surge and heavy precipitation.

During the winter and early spring, the track of these storms tends to move further south over the
Gulf of Alaska where the large mountain chains over western North America act as a barrier to the
westerly flow causing the low pressure systems to stall. During this scenario copious amount of
rainfall can fall over the southern coast and southeast Alaska. The high elevations along the southern
coast provide strong lifting on the windward sides which can create some of the heaviest rainfalls in
the state. Most of the moisture in the air is released on the windward side of the mountain and as air
flows down the leeward side it is much drier creating a rain shadow effect. Coastal lows can also
develop right off-shore and intensify quickly advecting relatively warm moist air from the Pacific
northward up over the mountainous coast.

Based on the characteristics of annual maximum series (AMS) data used in the precipitation
frequency analysis, seven climate regions were formed and used in this project for AMS extraction
(Section 4.3) and portrayal of temporal distributions (Appendix A.7) and the seasonality of annual
maximum data (Appendix A.8). Initial regions were formed based on the climatological
classification from The Climate of Alaska (Shulski and Wendler, 2007) and then refined to depict wet
seasons of annual maxima across a range of durations by assessing the periods in which the majority
of annual maxima occur (see Section 4.3 for more details). Consideration was also given to spatial
variations in 24-hour mean annual maxima (MAM) and monthly maxima for n-minute durations. The
final climatic regions are shown in Figure 4.1.2.

The Arctic region receives the least amount of precipitation and has the lowest MAMs across
durations in the state. The Interior region has slightly higher mean annual precipitation (MAP) as
well as higher MAMs than the Arctic region but is still quite dry. Similarly, the West Coast region
also has only slightly higher MAP and MAMs than the Arctic. The Southwest Interior region
contains a portion of the Alaska Range and is a transitional region between the dry north and wet
south. MAMs and MAP are higher here than in the northern regions especially at higher elevations,
but values are not as high as the southern coastal regions.

NOAA Atlas 14 Volume 7 Version 2.0 6



Islands in the Southwest Islands region are fairly low in elevation, but their location in the middle
of the North Pacific Ocean allows for long durations of light rainfall. Cook Inlet region is very
similar in climate to the transitional Southwest Interior region except it is prone to higher rainfalls at
longer durations which is similar to the other coastal regions. Storms often travel along the southern
coast or through the Gulf of Alaska and then slow down as they approach the steep terrain along the
southeast coast. The high elevations along the coast in South/Southeast Coast region provide strong
lifting on the windward sides which can create some of the heaviest rainfalls in the state and therefore
the largest MAP and MAM values.

To increase sample sizes for temporal and seasonality analyses, regions were grouped in two
larger regions. The Arctic, Interior, West Coast and Southwest Interior regions comprise the
Northern Region and the Southwest Islands, Cook Inlet, and South/Southeast Coast regions comprise
the Southern Region.
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Figure 4.1.2. Seven climatic regions used in NOAA Atlas 14 Volume 7.

4.2. Precipitation data collection and formatting

Precipitation measurements were obtained for 1,689 stations from a number of federal and state
agencies, the University of Alaska Fairbanks (UAF), and Environment Canada. The majority of the
stations were from the National Weather Service (NWS) Cooperative Observer Program’s database
maintained by the NOAA’s National Climatic Data Center (NCDC). Each station was assigned a
unique six digits identification number (station ID) where first two digits were common for all
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stations from the same data provider in order to have a uniform system of numbering. Except for
NCDC stations, assigned identification numbers do not match identification numbers assigned by
agencies that provided the data. A list of all agencies that provided the data for this project together
with abbreviated names used in this document and the first two digits of stations’ identification
numbers are shown in Table 4.2.1. The 19" Century Forts and Voluntary Observers data received
from the Midwestern Region Climate Center were appended to the corresponding stations in the
NCDC’s DSI-3200 dataset.

All data were formatted to a common format at one of three base durations that corresponded to
the original reporting period: 15-minute, 1-hour, or 1-day. Where available, records extended through
May 2011. Table 4.2.2 lists the total number of stations that were obtained and formatted for each
reporting interval. In addition, monthly maxima for various n-minute durations (5-minute through
60-minute) were obtained for 36 NCDC stations; they were used to develop scaling factors used for
sub-hourly precipitation frequency estimates (Section 4.6.3).

Table 4.2.1. Agencies that provided data for the project with their dataset names, abbreviations, data
reporting interval and common first two digits of station identification numbers.

Reporting Common
interval digits

Data provider Dataset name Abbrev.

Alaska Dept. of Transportation Road Weather Information System RWIS 1-day,l-hour 60

. ENV

Environment Canada N/A CANADA 1-day,l-hour 21

Midwestern Region Climate 19th Century Forts and Voluntary

Center Observers Database NEDC 1-day >0

National Climatic Data Center  DS[-3200 NCDC 1-day 50
DSI-3240 NCDC 1-hour 50
DSI-3260 NCDC 15-min 50
Integrated Surface Hourly ISH 1-hour 70

National Interagency Fire Center, Remote Automatic Weather

Western Region Climate Center Stations RAWS I-hour 80

National Weather Service and ~ Automated Surface Observing ASOS 1-hour 55

Federal Aviation Administration System

Natural Resources Conservation SNOwpack TELemetry SNOTEL I-day, I-hour 10

Service
United States Geological Survey N/A USGS 1-day 90
University of Alaska Fairbanks ~ Arctic Long-Term Ecological ARCTIC I-day, 1-hour 30

Research LTER
Arctic Transitions in the Land-

Atmosphere System ATLAS I-hour 41
Bonanza Creek Long-Term BONANZA 1-hour 31
Ecological Research LTER

Water & Environmental Research WERC

Center, North Slope 1-hour 40

NOAA Atlas 14 Volume 7 Version 2.0 8



Table 4.2.2. The number of stations that were obtained per reporting interval.

Data reporting Number of
interval stations
1-day 913
1-hour 667
15-minute 73

4.3, Annual maximum series extraction

The precipitation frequency analysis approach used in this project is based on analysis of annual
maximum series (AMS) across a range of durations. AMS for each station were obtained by
extracting the highest precipitation amount for a particular duration in each successive calendar year.
AMS at stations were extracted for all durations equal to and longer than the base duration (or
reporting interval) up to 60 days. AMS for the 1-day through 60-day durations were compiled from
daily and hourly records (15-minute data were not used because they had too few data years). To
accomplish this, hourly data were first aggregated to constrained 1-day (hours 0 to 24) values before
extracting 1-day and longer duration annual maxima. Hourly data were also used to compile AMS
for 1-hour through 12-hour durations.

The procedure for developing an AMS from a precipitation dataset used specific criteria designed
to extract only reasonable maxima if a year was incomplete or had accumulated data. Accumulated
data occurred in some records where observations were not taken regularly, so recorded numbers
represent accumulated amounts over extended periods of time. Since the precipitation distribution
over the period is unknown, the total amount was distributed uniformly across the whole period. All
annual maxima that resulted from accumulated data were flagged and went through screening to
ensure that the incomplete data did not result in erroneously low maxima (Section 4.5.1).

The criteria for AMS extraction were designed to exclude maxima if there were too many
missing or accumulated data during the year and more specifically during critical months when
precipitation maxima were most likely to occur (“wet season”). Wet seasons were resolved by
assessing the periods in which two-thirds of annual maxima occurred at each station and by
inspecting histograms of annual maxima for the 1-day and 1-hour durations in a region. The final wet
season months were allocated for each of the seven climatic regions described in Section 4.1; they are
shown in Table 4.3.1.

Table 4.3.1. Wet season months for each region for daily and sub-daily durations.
Wet season months

Region Daily durations Sub-daily durations
Arctic June - September June - August
West Coast June - October June - September
Interior June - October June - August

Southwest Islands

July - February

July - November

Southwest Interior

July - December

July - December

Cook Inlet

July - December

July - December

South/Southeast Coast

August - January

August - December

The flowchart in Figure 4.3.2 depicts the AMS extraction criteria for all durations. Various
thresholds for acceptable amounts of missing or accumulated data were applied to the year and wet
season. In Alaska, data are not always collected during the cold, dry winter months. Assuming that
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annual maxima are most likely to occur during wet months and that missing data during cold months
can be neglected, the criterion for missing data within the entire year was essentially omitted for this
project (to accomplish this within the current software’s framework, up to 90% of measurements were
allowed to be missing during a year). To determine the allowable amount of missing data during the
wet season for each climate region, the impact of various allowable percentages on number of
extracted years of data was examined. Results suggested that allowing missing data for up to 1/3 of
the wet season (~33%) was adequate, particularly given that later quality control efforts screen low
outliers in the AMS (Section 4.5.1).

Less than 90% of data no / Conditionally reject AM
missing? / (code 110)

Less than 33% of wet no / Conditionally reject AM
season missing? (code 120)

Less than 66% of data no / Conditionally reject AM

accumulated? (code 130)

At least 66% of
accumulated periods
< Dlhresh?

Less than 33% of data
accumulated?

Conditionally reject AM
(code 140)

Less than 15%
of wet season data
accumulated?

At least 66% of
accumulated periods
< Dithresh?

Conditionally reject AM
(code 150)

1-day duration and
rejected AM larger than all
accumulated amounts?

Rejected AM larger
than 95% of AMS
data?

Accept AM:
0% missing (code 0)
1-10% missing (code 10) Reject AM Accept AM Accept AM
10-33% missing (code 20) (code 40) (code 30)

Figure 4.3.2. Criteria used to extract annual maxima. Data quality codes were assigned based on
acceptance and rejection; Dyyesn depends on duration.
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The extracted maximum value for a given year had to pass through all of the criteria in the
flowchart to be accepted. For example, in a year with less than 33% of measurements missing during
the assigned wet season, if more than 66% of measurements were accumulated, then the maxima for
that year for that duration was (conditionally) rejected. If the year had between 33% and 66%
accumulated data, then it was further screened by assessing the lengths of the accumulated periods. If
the lengths of accumulation periods for more than 33% of the accumulated data were equal to or
longer than threshold accumulation period lengths (Dgyesn), then a maximum for that year was
rejected. Threshold accumulation period lengths matched the selected duration for durations less than
2 days, were equal to half of duration period for durations between 2 days and 20 days, and were
equal 15 days for durations of 30 days or longer. If the year had less than 33% accumulated data, the
extracted maximum was passed to another set of criteria for accumulations during its wet season, etc.

If a rejected annual maximum was higher than 95% of the accepted maxima at that station, then it
was kept in the series. Also, if a rejected 1-day annual maximum was higher than any accumulated
amount in a year, then it was kept in the series. Years in which a maximum was rejected were
marked as missing in the series. Various codes were assigned to both, accepted and rejected maxima,
based on the amount of missing and accumulated data in each year (see Figure 4.3.1) to assist in
further quality control of AMS described in Section 4.5.1.

4.4, Station screening

Station screening was done in the following order: a) examination of geospatial data, b) screening for
duplicate stations, c¢) screening for duplicate records at co-located daily, hourly, and/or 15-minute
stations and extending records using data from co-located stations, c¢) screening nearby stations for
potentially merging records or removing shorter, less reliable records in station dense areas, and d)
screening for sufficient number of years with usable data.

Geospatial data. Latitude, longitude, and elevation data for all stations were screened for errors.
Several stations had to be re-located because they plotted in the ocean or were clearly misplaced
based on inspection of satellite images and maps. Misplacement was typically the result of no
seconds recorded in latitude and longitude data. There were also several stations with no elevation
data; for those stations, elevation was estimated from high-resolution digital elevation model (DEM)
grids.

Duplicate stations. In some instances, the same station was reported by more than one source. For
example, NCDC’s hourly data from the DSI-3240 dataset were also included in their ISH dataset.
Duplicate stations were kept only in one of the datasets.

Co-located stations. Co-located stations were defined as stations that have the same geospatial data,
but report precipitation amounts at different time intervals. The screening of co-located stations was
done as follows:

o If co-located 15-minute and hourly stations provided data for the same period and there were no
differences in AMS for constrained 1-hour maxima (15-minute data aggregated based on the
clock hour), only the 15-minute station was retained and used to extract AMS for all longer
durations. For this project area, aggregated 15-minute data were used to extend AMS at some
hourly stations, but no 15-minute stations had sufficient length to be included directly in the
analysis.

o If an hourly station provided data for the same period as a co-located daily station and there were
no differences in AMS for constrained 1-day maxima (1-hour data aggregated from 0 to 24
hours), only the hourly station was retained and used to extract AMS for all durations.

NOAA Atlas 14 Volume 7 Version 2.0 11



o Ifperiods of record at co-located hourly and daily stations were consistent but did not completely
overlap, aggregated data from the hourly station were used to extend the record of the daily
station.

o If the daily station had a longer period of record than co-located hourly station, both stations were
retained.

Nearby stations. Nearby stations were defined as stations located within five miles with
consideration to elevation differences. Their records were considered for merging to increase record
lengths. The Student’s two-sample t-test at the 90% confidence level was used to ensure that the
annual maximum series of merged stations were from the same population.

Record length. Record length was characterized by the number of years for which annual maxima
could be extracted (i.e., data years) rather than the entire period of record. Typically, in other NOAA
Atlas 14 volumes, only stations with at least 30 data years were considered for frequency analysis,
with allowances made for isolated stations or stations recording at very short intervals. Since there
were not enough stations that satisfied that requirement in Alaska, all stations with 15 data years or
more were included in the initial dataset. Several isolated and/or hourly stations with 9-10 years of
data were also retained.

Figure 4.4.1 shows histograms for the number of data years of stations available for frequency
analysis across daily and hourly durations after all the screenings were done. No 15-minute stations
had sufficient number of data years to be included in the analysis. The average and median record
lengths as well as corresponding ranges of record lengths are given in Table 4.4.1.

W daily
@ hourly

Number of stations

910 1120 21-30 31-40 4150 51-60 61-70 71-80 81-90 91-100 101-103
Record length (data years)

Figure 4.4.1. Number of stations used for precipitation frequency analysis grouped by record length.
for daily and hourly durations.
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Table 4.4.1. Record length statistics for stations used in frequency analysis for different durations.

. Record length (data years
Duration (D) Nutmtt_)er of g . (data years)
stations average median range
Daily (1-day <D < 60-day) 396 32 25 9-103
Hourly (1-hr <D < 24-hr) 121 18 15 10— 49

Locations of stations recording precipitation data at 1-day intervals that were used in the

frequency analysis are shown in Figure 4.4.2 and locations of stations recording at 1-hour and n-
minute intervals are shown in Figure 4.4.3. More detailed information on each station whose data

was used to calculate precipitation frequency estimates is given in three tables in Appendix A.1. The

first table in the appendix lists stations in Alaska. The second table lists Canadian stations at the
border with Alaska. The third table lists n-minute stations that were not directly used in frequency

analysis but assisted in calculation of constrained correction factors (see Section 4.5.2) and

precipitation frequency estimates at sub-hourly durations (see Section 4.6.3). Information provided
for each station includes: source, name, identification number and data reporting interval, as well as
latitude, longitude, elevation, and period of record. All adjusted geospatial data are shown in bold
font in the latitude, longitude, and/or elevation columns. Bold font in the period of record column
was used to indicate stations whose records were extended with the data from co-located stations or

whose records were lengthened by merging with another station. The metadata from the station listed
as the ‘Post-merge station ID’ was retained in the dataset for the merged record; the metadata for this
station will reflect the combined periods of records in bold text. If an hourly and a daily station with
different IDs were co-located, then the metadata, including ID, of the daily station shown in the ‘Co-

located station ID’ column of the table should be used to locate the hourly station on the PFDS web

page.
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Figure 4.4.2. Map of stations recording at 1-day intervals used in frequency analysis.
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Figure 4.4.3. Map of stations recording at 1-hour (red circles) and n-minute intervals (green circles)
used in the analysis.
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45.  AMS screening and quality control

4.5.1. Outliers

For this project, outliers are defined as annual maxima which depart significantly from the trend of
the corresponding remaining maxima. Since data at both high and low extremities can considerably
affect precipitation frequency estimates, they have to be carefully investigated and either corrected or
removed from the AMS if due to measurement errors. The high and low outliers thresholds from the
Grubbs-Beck statistical test (Interagency Advisory Committee on Water Data, 1982) and the median
+/- two standard deviations thresholds were used to identify low and high outliers for all durations.
An example of outlier examination is shown in Figure 4.5.1. Low outliers which frequently came
from years with missing and/or accumulated data were typically removed from the annual maximum
series. All values identified as high outliers were mapped with concurrent measurements at nearby
stations. Questionable values that could not be confirmed were investigated further using
climatological observation forms, monthly storm data reports and other historical weather events
publications. Depending on the outcome of each investigation, values were either kept as is,
corrected, or removed from the datasets. For example, statistical tests indicated two high outliers in
24-hour AMS at Angoon station (50-0310): 15.20 inches recorded on October 12, 1982 and 5 inches
recorded on November 14, 1931. Further investigation showed that both measurements were likely
clerical errors (e.g., measurements were recorded times a magnitude of ten) and were removed from
the dataset. It is interesting to note that the 15.20 inches amount has been frequently cited in
literature as the official 24-hour record precipitation amount for Alaska. At the time of publication,
the Alaska state climatologist is reviewing this finding.
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Figure 4.5.1. Outlier examination of 24-hour AMS at station 50-0310. Data quality codes were
assigned to all annual maxima during the extraction process (Section 4.3).
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4.5.2. Correction for constrained observations

Daily durations. The majority of daily AMS data used in this project came from daily stations at
which readings were taken once every day at fixed times (constrained observations). Due to the fixed
beginning and ending of observation times at daily stations, it is to be expected that extracted
(constrained) annual maxima were lower than the true (unconstrained) maxima, especially for shorter
daily durations. To account for the likely failure of capturing the true-interval maxima, correction
factors were applied to constrained AMS. The correction factor for each daily duration was estimated
as the coefficient of a zero-intercept regression model using concurrent (occurring within +/- 1 day)
constrained and unconstrained annual maxima from hourly stations as independent and dependent
model variables, respectively. Correction factors for all daily durations are given in Table 4.5.1.

Table 4.5.1. Correction factors applied to constrained AMS data across daily durations.
Duration (days) 1 2 3 4 7 >7
Correction factor 1.12 | 1.05 | 1.04 | 1.03 | 1.02 | 1.00

Hourly durations. Similar adjustments were needed on hourly AMS data to account for the effects
of constrained ‘clock hour’ on observations. The correction factors for hourly AMS were developed
using co-located hourly (constrained) and n-minute (unconstrained) concurrent annual maxima; they
are shown in Table 4.5.2.

Table 4.5.2. Correction factors applied to constrained AMS data across hourly durations.

Duration (hours) 1 2 3 6 >6
Correction factor 1.08 1.04 1.02 1.01 1.00

Sub-hourly durations. No correction factors were applied to durations under 1-hour.

4.5.3. Bias correction for precipitation undercatch

All precipitation gauges undercatch the true precipitation amounts to some degree. The amount of
undercatch amount depends on a number of factors, with wind speed being the principal factor.
Correction of the undercatch bias, is typically done through empirical equations, such as those
resulting from World Meteorological Organization initiated studies (Goodison et al., 1998; Yang et
al., 1998), but they require local meteorological data, such as type of precipitation (liquid, solid or
mixed) and wind speed, and information on a gauge type and whether it is shielded or not. Due to a
lack of wind data and information on installation of wind shields for stations in Alaska, it was
concluded that the bias correction cannot be done accurately. Therefore, bias correction for
precipitation undercatch was not applied on the annual maxima used in this project. Additional
information on this analysis can be found in Appendix A.2.

4.5.4. Inconsistencies across durations

At co-located stations, it was not unusual that corresponding annual maxima differed for some years
during their overlapping periods of record. Related 1-day AMS at co-located daily and hourly
stations were compared and each pair of significantly different estimates was investigated. Effort was
made to identify the source of the error and to correct erroneous observations across all durations that
were affected.

Annual maxima at each station were also compared across all durations in each year to ensure
that the extracted amount for a longer duration was at least equal to the corresponding amount for the
successive shorter duration. Inconsistencies of this type occurred at stations with a significant
number of missing and/or accumulated data and resulted from different AMS extraction rules applied
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for different durations (Section 4.3), or from the correction for constrained observations (Section
4.5.2). In those cases, shorter duration annual maxima were used to replace annual maxima extracted
for longer durations. Typically, adjustments of this type were very small.

45.5. Trend analysis

Precipitation frequency analysis methods used in NOAA Atlas 14 volumes are based on the
assumption of a stationary climate over the period of observation (and application). Statistical tests
for trends in AMS and the main findings for this project area are described in more detail in Appendix
A.3. Briefly, the stationarity assumption was tested by applying a parametric t-test and non-
parametric Mann-Kendal test for trends in the 1-day and 1-hour annual maximum series data at 5%
significance level. Only stations with at least 40 years of data were tested for trends. There were
only 12 hourly stations with sufficient period of record and neither test detected any type of trend on a
single station. For the 1-day duration, there were 154 stations with at least 40 years of data. Test
results were generally in agreement; positive trends were detected at 8% of stations and negative
trends at 7% of stations; no statistically-significant trends were detected in about 85% of stations.
Spatial maps did not reveal any spatial cohesiveness in positive or negative trends in AMS.

The relative magnitude of any trend in AMS was also assessed for the state as a whole. AMS
were rescaled by corresponding mean values and then regressed against time. The regression results
were tested as a set against a null hypothesis of zero serial correlation. The null hypothesis of no
trends in AMS data could not be rejected at 5% significance level.

Therefore, the assumption of stationary climate was accepted for this project area and no
adjustment of AMS magnitudes was recommended.

4.6.  Precipitation frequency estimates with confidence limits at stations

4.6.1. Overview of methodology and related terminology

Precipitation magnitude-frequency relationships at individual stations have been computed using a
regional frequency analysis approach based on [.-moment statistics. Frequency analyses were carried
out on annual maximum series (AMS) for the following fifteen durations: 1-hour, 2-hour, 3-hour, 6-
hour, 12-hour, 1-day, 2-day, 3-day, 4-day, 7-day, 10-day, 20-day, 30-day, 45-day and 60-day.
Frequency estimates based on partial duration series (PDS), which include all amounts for a specified
duration at a given station above a pre-defined threshold regardless of year, were developed from
AMS data using a formula that allows for conversion between AMS and PDS frequencies.
Precipitation frequency estimates at four sub-hourly durations (5-minute, 10-minute, 15-minute, 30-
minute) were derived from corresponding hourly estimates using scaling factors. To assess the
uncertainty in estimates, 90% confidence intervals were constructed on AMS and PDS frequency
curves.

Frequency analysis involves mathematically fitting an assumed distribution function to the data.
The following distribution functions were analyzed in this project with the aim to identify a
distribution that will provide accurate precipitation frequency estimates for the project area across all
frequencies and durations: 3-parameter Generalized Extreme Value (GEV), Generalized Normal,
Generalized Pareto, Generalized Logistic and Pearson Type III distributions; 4-parameter Kappa
distribution; and 5-parameter Wakeby distribution.

When fitting a distribution to a precipitation annual maximum series extracted at a given location
(and selected duration), the result is a frequency distribution relating precipitation magnitude to its
annual exceedance probability (AEP). The inverse of the AEP is frequently referred to as the average
recurrence interval (ARI), also known as return period. When used with the AMS-based frequency
analysis, ARI does not represent the “true” average period between exceedances of a given
precipitation magnitude, but the average period between years in which a given precipitation
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magnitude is exceeded at least once. Those two average periods can be considerably different for
more frequent events. The ‘true’ average recurrence interval (ARI) between cases of a particular
magnitude can be obtained through frequency analysis of PDS.

Differences in magnitudes of corresponding frequency estimates (i.e., quantiles) from the two
series are negligible for ARIs greater than about 15 years, but notable at smaller ARIs (especially for
ARI <5 years). Because the PDS can include more than one event in any particular year, the results
from a PDS analysis are considered to be more reliable for designs based on frequent events (e.g.,
Laurenson, 1987). To avoid confusion, herein the term AEP is used with AMS frequency analysis
and ARI with PDS frequency analysis. The term ‘frequency’ is interchangeably used to specify the
ARI and AEP.

L-moments (Hosking and Wallis, 1997) provide an alternative way of describing frequency
distributions to traditional product moments (conventional moments) or maximum likelihood
approach. Since sample estimators of L-moments are linear combinations of ranked observations,
they are less susceptible to the presence of outliers in the data than conventional moments and are
well suited for the analysis of data that exhibit significant skewness. L-moments typically used to
calculate parameters of various frequency distributions include 1% and 2™ order L-moments: L-
location (A;) and L-scale (1,), and the following L-moment ratios: L-CV (1), L-skewness (13), and L-
kurtosis (t4). L-CV, which stands for “coefficient of L-variation”, is calculated as the ratio of L-scale
to L-location (A»/A;). L-skewness and L-kurtosis represent ratios of the 3™ order (A5) and 4™ order
(A4) L-moments to the 2™ order () L-moment, respectively, and thus are independent of scale.

One of the primary problems in precipitation frequency analysis is the need to provide estimates
for average recurrence intervals that are significantly longer than available records. Regional
approaches, which use data from stations that are expected to have similar frequency distributions
have been shown to yield more accurate estimates of extreme quantiles than approaches that use only
data from a single station. The number of stations used to define a region should be large enough to
smooth variability in at-station estimates, but also small enough that regional estimates still
adequately represent local conditions. The region of influence approach (Burn, 1990) used in this
volume defines regions such that each station has its own region with a potentially unique
combination of nearby stations. Stations are selected based on the maximum allowable distance from
the target station that is defined in a geographic space and in a space of selected statistical attribute
variables. Like with other regionalization approaches, there is level of subjectivity involved in the
process, for example, in choosing attribute variables, selecting the maximum allowable distances as
well as attributes’ weights and transformations for similarity distance algorithms. One of the main
advantages of the region of influence approach is that it results in a smooth transition in estimates
across regional boundaries, which is very relevant for the mapping of precipitation frequency
estimates.

A frequency curve that is calculated from sample data represents some average estimate of the
population frequency curve, but there is a high probability that the true value actually lies above or
below the sample estimate. Confidence limits determine values between which one would expect the
true value to lie with certain confidence. The width of a confidence interval between the upper and
lower confidence limits is affected by a number of factors, such as the degree of confidence, sample
size, exceedance probability, distribution selection, and so on. Simulation-based procedures were
used to estimate confidence limits of a 90% confidence interval on frequency curves.

Precipitation frequency estimates from this Atlas are point estimates, and are not directly
applicable for an area. The conversion of a point to an areal estimate is usually done by applying an
appropriate areal reduction factor to the average of the point estimates within the subject area. Areal
reduction factors are generally a function of the size of an area and the duration of the precipitation.
Since there are no areal reduction factors developed specifically for Alaska, the depth-area-duration
curves from the Technical Paper No. 47 (Miller, 1963), that are identical to curves from the Technical
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Paper No. 29 (U.S. Weather Bureau, 1960) developed for the contiguous United States, could be used
for that purpose.

4.6.2. Regionalization

Initial regions for each station were created by grouping the closest 10 stations. Stations were then
added to or removed from regions based on examination of their distance from a target station,
elevation difference, inspection of their locations with respect to mountain ridges, etc. (see an
example in Figure 4.6.1) and assessment of similarities/dissimilarities in the progression of relevant
L-moment statistics across durations compared with other stations in the region (see Figure 4.6.2).
Typically, final regions included between 5 to 9 stations with a cumulative number of data years
between 150 and 250 for daily durations and 40 and 80 for hourly durations. However, since there
were large portions of the project area with very few stations, final numbers of stations per region
were as low as a single station and/or have less than 20 data years, especially for hourly durations.

Regional L-moments calculation. For a given duration, regional estimates of L-moment ratios (L-
CV, L-skewness and L-kurtosis) were obtained by averaging corresponding station-specific estimates
weighted by record lengths. Regional L-moment ratios were then used to estimate higher order L-
moments at each station.

Station dependence. Since stations were selected based on geographic proximity to a target station,
it was possible that extracted annual maxima at nearby stations came from the same storm events.
Dependence in AMS data for stations within a region was analyzed using a t-test for the significance
of a correlation coefficient at the 5% level. Analysis indicated that cross-correlation among stations
was statistically significant for several regions in areas with more dense network of rain gauges and
that the number of dependent station pairs increased with duration length. The impact of station
dependence on precipitation frequency estimates is considered to be minimal (e.g., Hosking and
Wallis, 1997), so it was not addressed in the calculation of precipitation frequency estimates.
However, it was accounted for during the construction of confidence intervals on estimates where it
could have noticeable influence (see Section 4.6.5).
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Station ID  Distance Elev  AElev MAM _ AMAM  naay  Nhourly
(mi) (ft) (ft) (in) (in)
Suggested stations (red circles)

50-2339 - 1048 - 1.28 - 13 0

50-9793 4.64 1010 -38 1.20 -0.08 26 0

50-2350 4.64 1060 12 1.27 -0.01 41 0

50-0770 8.13 1268 220 1.24 -0.04 68 0

10-1291 15.98 1240 192 1.27 -0.01 19 0

80-0900 16.80 1520 472 1.31 0.03 13 13

10-0236  17.90 1225 177 1.21 -0.06 19 0

50-7977 21.00 889 -159 1.27 -0.01 11 0

50-2352 22.25 1125 7 1.18 -0.09 14 0
nregion: 224 13

Additional stations (black squares)

80-2120 34.76 1000 -48 1.25 -0.03 14 13

50-8140 45.50 680 -368 1.34 0.06 21 0

Etc.

Enter station ID for station you want to add/remove: <XX.XXXX>

Figure 4.6.1. An example of spatial plot with accompanying interactive table used to add
or remove stations from a region for station Delta 6N (50-2339).
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Figure 4.6.2. An example of plots of L-moments (left panels), MAM/MAM|_4,y and L-moment ratios

2339); thin colored lines show statistics for other stations in the region; thick dashed red lines
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4.6.3. AMS-based estimates

Choice of distribution. A goodness-of-fit test based on L-moment statistics for 3-parameter
distributions, as suggested by Hosking and Wallis (1997), was used to assess which of the 3-
parameter distributions listed in Section 4.6.1 provide acceptable fit to the AMS data. Inspection of
probability plots for 1-hour, 1-day and 10-day durations, like the one shown in Figure 4.6.3, and
results of y2-tests were also considered during distribution selection. The tests were inconclusive;
there was not a single distribution that was consistently better than others. The decision was made to
adopt the GEV distribution across all stations and for all durations for a number of reasons. GEV is a
distribution generally recommended for analysis of extreme events. Based on the tests’ results, GEV
distribution provided an acceptable fit for most of the stations across a majority of durations. Finally,
although it is not required to use the same type of distribution across all durations and/or regions,
changes in distribution type for different durations or regions often lead to considerable
discontinuities in frequency estimates across durations or between nearby locations, particularly at
rarer frequencies.

12 Distribution:
Generalized Logistic
Generalized Normal
Generalized Pareto
10 m==== pPearson Typell ~ F--——--—-——-—--——-——+
— K appa

m— \\/akeby

=== General Extreme Value

Precipitation (in)

Annual exceedance probability (%)
Figure 4.6.3. Probability plots for selected distributions for 1-day AMS at Chitina station (50-1824).

Frequency estimates for daily durations. For each station and for each duration 1-day and longer,
regional L-moment statistics were used to calculate the parameters of the GEV distribution and to
produce precipitation frequency estimates for the following annual exceedance probabilities (AEPs):
1/2 (50%), 1/5, 1/10, 1/25, 1/50, 1/100, 1/200, 1/500 and 1/1000. This calculation was repeated for
all durations and for all stations. Since regional L-moments, and consequently, precipitation
frequency estimates, were calculated independently for each duration, resulting depth-duration-
frequency (DDF) curves did not always look smooth. Smoothing of L-moments by cubic spline
functions improved the shape of DDF curves. Figure 4.6.4 illustrates precipitation depth-duration-
frequency curves before and after smoothing of L-moments for Snettisham Power Plant station (50-
8584). Appendix A.4 lists the final L-moments at each station for 1-day through 60-day durations.
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Figure 4.6.4. Precipitation frequency estimates for a range of durations for selected AEPs for station
Snettisham Power Plant (50-8584). Blue lines represent original estimates; black lines represent
estimates obtained after L-moments were smoothed across durations.

Frequency estimates for hourly durations. Regional L-moment statistics were used to calculate the
parameters of the GEV distribution and to produce hourly precipitation frequency estimates for the
same set of AEPs as for daily durations. This calculation was repeated for all hourly durations and
for all stations. For a significant number of stations, it was observed that resulting precipitation
frequency estimates were implausible and that the evolution of estimates across durations was
frequently erratic, especially for AEPs of 1/100 (1%) or less. Further investigation indicated that in
the majority of anomalous cases, small sample sizes resulted in unreliable higher order moments
(especially A3;) which consequently resulted in irrational variations in estimates across hourly
durations. First order moments (i.e., mean annual maxima) were less affected by the sample size. An
attempt to smooth L-moments using similar approaches as for daily durations failed. Finally, it was
decided to use ratios of the relatively stable first order moments at hourly durations to first order 24-
hour moments and apply them to 24-hour precipitation frequency estimates to develop hourly
frequency estimates. In other words, an assumption was made that mean annual maxima (MAMs)
vary across hourly durations, but that ratios of quantiles for different AEPs and corresponding MAMs
remain constant.

Frequency estimates for sub-hourly durations. 5-minute, 10-minute, 15-minute and 30-minute
estimates were calculated using scaling factors from 60-minute estimates. The scaling factors were
developed through analysis of average ratios of n-minute annual maxima to corresponding
unconstrained 60-minute annual maxima. N-minute annual maximum data for this analysis came
from 36 NCDC n-minute stations that had records of monthly maxima data for durations from 5
minutes through 60 minutes (a list of n-minute stations is available in Table A.1.3 of Appendix A.1).
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Given the relatively little available data and after reviewing the ratios by region, it was decided that
the final scaling factors would be calculated by taking averages of quality controlled ratios from all
stations in the project area. The scaling factors for the 5-minute, 10-minute, 15-minute, and 30-
minute durations are given in Table 4.6.1.

Table 4.6.1. Scaling factors for n-minute durations.
Duration (minutes) 5 10 15 30
Scaling factor 0.35 0.47 0.55 0.73

4.6.4. PDS-based estimates

PDS-based precipitation frequency estimates were calculated indirectly from the Langbein’s formula
(Langbein, 1949) that transforms a PDS-based average recurrence interval (ARI) to an annual
exceedance probability (AEP):

AEP =1-exp L.
ARI

PDS-based frequency estimates were calculated for the same durations as AMS-based estimates
for 1-, 2-, 5-, 10-, 25-, 50-, 100-, 200-, 500- and 1,000-year ARIs. Selected ARIs were first converted
to AEPs using the above formula and then used to calculate precipitation frequency estimates for
daily and hourly durations following the same regional approach and using the same L-moments that
were used in the AMS analysis. For sub-hourly durations, PDS-based based frequency estimates
were calculated using the same scaling factors that were used to estimate AMS-based frequency
estimates.

4.6.5. Confidence limits

A Monte Carlo simulation procedure, as described in Hosking and Wallis (1997), was used to
construct 90% confidence intervals (i.e., 5% and 95% confidence limits) on both AMS-based and
PDS-based precipitation frequency curves. It should be noted that confidence intervals constructed
through this approach account for uncertainties in distribution parameters, but not for other sources of
uncertainties (for example, distribution selection), that could also significantly impact the total error,
particularly at rarer frequencies.

Since the station dependence analysis (Section 4.6.2) indicated that for regions with more dense
station network, AMS data from different stations could be correlated (especially for longer
durations), the algorithm was adjusted to account for inter-station correlation. At each station, 1,000
simulated data sets per duration were used to generate precipitation quantiles. Estimates were sorted
from smallest to largest and the 50” value was selected as the lower confidence limit and the 950"
value was selected as the upper confidence limit.

Due to significant differences in record lengths across hourly and daily durations, it is expected
that confidence intervals for hourly durations are much wider than corresponding intervals at daily
durations. Because of very short records, similar to precipitation frequency estimates, confidence
limits fluctuated a lot from duration to duration and confidence intervals were often wider than
corresponding intervals for 24-hour duration. To address this, confidence limit estimates were
smoothed across durations and restricted by the corresponding value at 24-hour duration.
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4.7. Rainfall frequency estimates at stations

4.7.1. Background

Precipitation frequency estimates from Section 4.6 represent precipitation magnitudes regardless of
the type of precipitation. For some applications it may be important to differentiate frequency
estimates from liquid precipitation (i.e., rainfall) only. For example, rainfall is treated differently
from snowfall in watershed modeling because of different runoff producing mechanisms - while
rainfall generates runoff almost immediately, snowfall generally goes into storage until it melts and
produces runoff at a later date.

In Alaska, due to geo-climatic conditions, the contribution of snowfall to the total yearly
precipitation amount is significant. However, that does not necessarily translate to its significant
participation in precipitation annual maximum series (AMS). To explore differences in total and
liquid-only precipitation frequency estimates, concurrent rainfall and precipitation AMS were
extracted at stations which had information useful for distinguishing the type of precipitation.
Rainfall frequency analysis was done for durations up to 24 hours, which are of most interest to
design projects relying on peak flows.

4.7.2. Extraction of rainfall data

Different methodologies were developed in order to segregate liquid from solid precipitation,
depending on the type of data that was available in each dataset. More details on the type of data
used for rainfall segregation for each dataset are given in Table 4.7.1. In the table, it is also indicated
how many stations had at least 10 years of data which was the minimum number of years for a
station to be considered for this analysis.

Table 4.7.1. Type of data used for segregation of liquid from total precipitation and number of
stations per dataset.

_Recordmg Data source: dataset Type of data available Numt_Jer of
interval stations
1-day Environment Canada precipitation, rainfall 55
NCDC: TD3200 precipitation, snowfall, air temperature 281
UAF: Arctic LTER warm season precipitation 0
USDA: SNOTEL precipitation, temperature 39
USGS precipitation, air temperature 2
1-hour Environment Canada precipitation, rainfall 12
recipitation, rainfall, air temperature at
NCDC: TD3240 and ISH Eearbpy daily NCDC station i 4
RAWS precipitation, air temperature 78
UAF: WERC — North Slope | warm season precipitation 0
UAF: Bonanza Creek LTER | warm season precipitation 0
UAF: Arctic LTER warm season precipitation 0

Stations from datasets that provided precipitation measurements only during warm months were
not used in this analysis (shaded gray in the table) since it was assumed that all precipitation at those
stations was liquid precipitation. Simultaneous rainfall and precipitation data were available only in
the Environment Canada datasets. NCDC ISH also included rainfall-only data but there were not
enough annual maxima at these stations to be useful in the analysis. For the NCDC TD3200 dataset,
which contained records of precipitation and snowfall, the following three methods for the extraction
of rainfall were considered:

1. For days with zero or missing snowfall, precipitation was assumed to be rainfall; for days

with recorded snowfall, all precipitation was assumed to be snowfall.
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2. Recorded snowfall amounts were first converted to snow water equivalent using the 10 to 1
rule, which assumes that the density of the snow is 1/10 of the density of water. Rainfall amounts
were then calculated as the difference between precipitation and snow water equivalent.

3. Recorded snowfall amounts were converted to snow water equivalent using the 10 to 1 rule.
For days when the snow water equivalent was less than 1/3 of the total precipitation amount, total
precipitation was treated as a rainfall; otherwise it was assumed to be snowfall.

For other datasets, average daily air temperature measured at that station or at the nearest station
from a different dataset was used to assign the type of precipitation. During cold months, all
precipitation was considered snowfall. During warm months, pre-determined average daily air
temperature thresholds were used to differentiate snowfall from rainfall. Warm (wet) and cold (dry)
seasons were defined for each climate region in Section 4.3. Table 4.7.2 lists temperature thresholds
for each climate region.

Table 4.7.2. Average daily air temperature threshold values used to segregate rainfall values from
total precipitation for each climate region.

Region Temperature
threshold (°F)
Arctic 32
West Coast 33
Interior 33
Southwest Islands 35
Southwest Interior 34
Cook Inlet 34
South/Southeast Coast 36

4.7.3. Rainfall frequency estimation

Concurrent rainfall and total precipitation annual maximum series were extracted for stations that had
at least 10 years of data for the following durations: 1-hour, 3-hour, 6-hour, 12-hour and 24-hour.
Separate rainfall and precipitation frequency analyses were conducted using the Generalized Extreme
Value (GEV) distribution with parameters estimated from L-moment statistics. For sub-daily
durations, there was no real difference in frequency estimates between total and liquid precipitation.
For the 24-hour duration, for about half of the stations, precipitation AMS were made up almost
exclusively of rainfall (an example is shown in panel a) of Figure 4.7.1). For about 23% of stations,
solid precipitation annual maxima were among the more frequent events in total precipitations AMS
(panel b); for approximately 12% of stations, solid precipitation annual maxima were among the
highest amounts in AMS (panel c); and for about 15% of stations, the majority of total precipitation
AMS were from solid precipitation (panel d).

Ratios of rainfall and precipitation frequency estimates were typically higher than 0.96
suggesting little difference between the two. For the NCDC 3200 dataset, findings were similar
regardless of the method of segregation used. Moreover, when ratios were plotted on a map for
selected annual exceedance probabilities, no spatial patterns were observed. Unfortunately, only a
handful of stations were available at higher altitudes (above 3,000 feet) - nine daily stations and no
hourly stations. So, assessing the effect of elevation on differences between rainfall and total
precipitation frequencies was not feasible.

In conclusion, given that there were very few high-altitude stations and that the analysis of all
available stations showed minor differences between rainfall and precipitation frequency estimates, it
was decided not to provide separate rainfall frequency estimates in NOAA Atlas 14 Volume 7.
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Figure 4.7.1. Probability distributions for the 24-hour precipitation and rainfall annual maximum
series at stations (a) 50-1325, (b) 50-0546, (¢) 50-1824, and (d) 50-1977. The red line and red
circles indicate the rainfall distribution and AMS data and the black line and black circles
indicate the total precipitation distribution and AMS data.

4.8. Derivation of grids

4.8.1. Mean annual maximum precipitation

Mean annual maximum (MAM) grids served as the basis for deriving gridded precipitation frequency
estimates at different frequencies and durations. The station mean annual maximum values for the 15
selected durations between 60 minutes and 60 days were spatially interpolated to produce
corresponding mean annual maximum grids at 30 arc-seconds (on average around 928 x 928 meters
or 3,045 by 3,045 feet) resolution using a hybrid statistical-geographic approach for mapping climate
data named Parameter-elevation Regressions on Independent Slopes Model (PRISM) developed by
Oregon State University’s PRISM Climate Group (e.g., Daly et al., 2002).
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Intermediate review of mean annual maxima grids suggested that in a two areas of varied terrain,
where the lack of stations unduly influenced expected spatial patterns, it was beneficial to add mean
annual maximum estimates for selected locations to anchor the spatial interpolation. MAMs were
estimated across durations at the two locations shown in Table 4.8.1. Additionally, MAMs of one or
more durations were adjusted at fifteen locations where inspection of spatial patterns indicated that
estimates were not consistent with estimates at nearby stations or with climatological expectations.

Table 4.8.1. Locations where mean annual maxima were estimated to anchor spatial interpolation.

Location ID | Location name Latitude Longitude Elez%( on
99-9998 Big Port Walter Mountain 56.3966 -134.7627 3020
99-9999 Mount Isto 69.2003 -143.8019 2730

Appendix A.5 provides detailed information on the PRISM-based methodology for creating mean
annual maxima grids. In summary, a unique regression function was developed for each target grid
cell to derive mean annual maximum values for each duration that accounted for the difference
between an observing station and the target cell’s mean annual precipitation, topographic facet,
coastal proximity, the distance of an observing station to the target cell, etc. Because of the limited
number of stations recording at durations shorter than 1 day, sub-daily mean annual maximum data
were developed for daily-only stations for 60-minute through 12-hour durations (see Appendix A.5
for more detail).

Jacknife cross-validation indicated that, for this project area, overall bias was less than 1 percent
and the mean absolute error was less than 11 percent across all durations. However, given that so few
stations were available in Alaska, and that cross-validation errors could be calculated only at stations,
true interpolation errors in many parts of the state may be higher.

4.8.2. Precipitation frequency estimates with confidence limits
Estimates for 60-minute through 60-day durations. The HDSC-developed spatial interpolation
technique termed ‘CRAB’ for the Cascade, Residual Add-Back (Parzybok and Yekta, 2003) which
was used in previous NOAA Atlas 14 volumes to convert mean annual maximum grids into grids of
AMS-based and PDS-based precipitation frequency estimates failed to produce spatial patterns in line
with expected climatological patterns, especially for ARIs of 100-years or more. That was especially
the case in areas with very few stations and/or near stations with relatively short periods of record.
The major limitation that caused CRAB’s failure is that residuals, which are calculated for each
station to quantify the difference between at-station estimates and initial gridded estimates, were
spread across vast areas.

For that reason, an alternative interpolation technique was developed for this project area.
Similar to CRAB, this technique derives grids along the frequency dimension for a given duration.
Hence, the evolution of frequency-dependent spatial patterns for a given duration is independent of
other durations. Also, similar to the CRAB process, it utilizes the inherently strong linear relationship
that exists between mean annual maxima and precipitation frequency estimates for the 2-year average
recurrence interval (ARI), as well as between precipitation frequency estimates for consecutive ARIs.
Figure 4.8.1 shows an example of the relationship between the 50-year and 100-year estimates for the
entire project area for the 24-hour duration. The R? value here of 0.998 is very close to 1.0, which
was common for all relationships. The slope coefficient of 1.0995 can be thought of as an average
domain-wide ratio between 100-year and 50-year quantiles for 24-hour duration. In CRAB, this type
of equation would be calculated using all stations in the project area and used to establish an initial
grid of 100-year precipitation frequency estimates, which would then be adjusted using a grid of
residuals. However, when individual ratios were calculated for stations in the project area and plotted
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on a map, the ratios clearly indicated regional patterns (see an example for 100-year 24-hour in Figure
4.8.2). The alternative interpolation technique used in this project is appropriate to interpolate such
regional patterns.

P100yr,24hr

18

16

14

12

10

. . . . . . .
| | | | | | | z
Lol __J_____ o Lol ____ I~
- | |
77777 Piooyrzan = 10995 Pegy oppe ¥ 0209 L~
R? = 0.996 | ‘ |
””” B e e . ZC_ s E i |
| | | | o | |
————— e (T
| | | | | |
,,,,, Lo . _e B L]
| | | | | | |
I I Y 7 oo L [
| | | | | | |
| | | | | |
***** LD i}ttt Bl it it Kol Rl
| | | | | |
F- - - - - F - — — -—--—
| | | | | | |
L | | | L L |
0 2 4 6 8 10 12 14 16
P
50yr,24hr

Figure 4.8.1. Scatter plot of 100-year versus 50-year precipitation frequency estimates based on 24-
hour annual maximum series. Linear regression line is also shown.
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Figure 4.8.2. Spatially interpolated ratios used to calculate 24-hour 100-year precipitation
frequency grid from the 50-year grid.

For each duration, the cascade began with the PRISM-derived mean annual maximum (MAM)
grid as the initial predictor grid and the 2-year precipitation frequency estimates as the subsequent
grid. Ratios between the 2-year estimates and corresponding MAM estimates for each station were
spatially interpolated to a grid by applying an inverse-distance-weighting algorithm that uses the nine
closest stations not more than 100 miles apart. Gridded MAM estimates were then multiplied by
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corresponding gridded ratios to create a grid of 2-year precipitation frequency estimates. In the
subsequent run, ratios between the 5-year and 2-year estimates were interpolated and used to calculate
S-year precipitation grid from the 2-year grid, and so forth. 2-year precipitation frequency estimates
were also used to create a grid of 1-year estimates.

To ensure consistency in grid cell values across all durations and frequencies, duration-based
internal consistency checks were conducted (e.g., 24-hour estimate less than 12-hour estimate). For
inconsistent cases, the longer duration grid cell value was adjusted by multiplying the shorter duration
grid cell value by 1.01 to provide a 1% difference between the values. After grid cell consistency was
ensured across durations, it was performed across frequencies to ensure that there were no frequency-
based inconsistencies caused by the adjustment.

A jack-knife cross-validation technique (Shao and Tu, 1995) was used to evaluate the spatial
interpolation technique’s performance for interpolating precipitation frequency estimates. It was cost
prohibitive to re-create the PRISM mean annual maximum grids for each cross-validation iteration.
For this reason, the cross-validation results reflect the accuracy of the interpolation procedure based
on the same mean annual maximum grids. Figure 4.8.3 shows validation results for 100-year, 24-
hour estimates as a histogram representing the distribution of differences in 100-year 24-hour
estimates with and without each station. For more than 86% of stations in the project area,
differences were less than £10%. Errors of more than +20% occurred at several hourly stations
scattered throughout the state. Given the vastness of the project area and the limited number of
stations with relatively short periods of record, overall, the spatial interpolation technique adequately
reproduced values. However, similar to the MAM interpolation, given that cross-validation errors
could be calculated only at stations, true interpolation errors in many parts of the state may be even
higher.

70

Number of stations

-50 -40 -30 -20 -10 0 10 20 30 40
Error (%)
Figure 4.8.3. NOAA Atlas 14 Volume 7 jackknife cross-validation results for
100-year 24-hour estimates.

Estimates for sub-hourly durations. Precipitation frequency grids for sub-hourly durations were
derived by multiplying the 60-minute precipitation frequency grids by corresponding scaling factors
(see Table 4.6.1).

Confidence limits. Grids of upper and lower limits of the 90% confidence interval for the

precipitation frequency estimates were derived using same procedures that were used to create grids
of precipitation frequency estimates.
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5. Precipitation Frequency Data Server
5.1. Introduction

NOAA Atlas 14 precipitation frequency estimates are delivered entirely in digital form in order to
make the estimates more widely available and to provide them in various formats. The Precipitation
Frequency Data Server (PFDS; http://hdsc.nws.noaa.gov/hdsc/pfds/) is a point-and-click interface
developed as the primary web portal for precipitation frequency estimates and associated information.

5.2. Underlying data

The PFDS operates from a set of ASCII grids of precipitation frequency estimates and lower and

upper bounds of the 90% confidence interval. The grids can be downloaded from the website and

imported into a Geographical Information System (GIS). Table 5.2.1 shows the complete set of

average recurrence intervals and durations for which PDS-based frequency estimates with 95%

confidence limits are available from the PFDS for any location in the project area. Similarly, Table

5.2.2 shows the complete set of annual exceedance probabilities and durations for which AMS-based

frequency estimates with confidence limits are available from the PFDS for any particular location.
The ASCII grids, which represent the official estimates, have the following pertinent metadata:

« Resolution: 30 arc-seconds (on average around 928 x 928 meters or 3,045 by 3,045 feet);

o  Units: inches*1000 (integer);

o Projection: geographic (longitude/latitude);

o Datum: NAD 83.

Table 5.2.1. Average recurrence intervals and durations for which PDS-based precipitation frequency
estimates with 90% confidence intervals are available from the PFDS.

. Average recurrence interval (ARI)
Duration
1-yr 2-yr 5-yr 10-yr | 25-yr | 50-yr | 100-yr | 200-yr | 500-yr | 1,000-yr

5-minute v v v v v v v v v v
10-minute v v v v v v v v v v
15-minute v v v v v v v v v v
30-minute v v v v v v v v v v
60-minute v v v v v v v v v v
2-hour v v v v v v v v v v
3-hour v v v v v v v v v v
6-hour v v v v v v v v v v
12-hour v v v v v v v v v v
24-hour v v v v v v v v v v
2-day v v v v v v v v v v
3-day v v v v v v v v v v
4-day v v v v v v v v v v
7-day v v v v v v v v v v
10-day v v v v v v v v v v
20-day v v v v v v v v v v
30-day v v v v v v v v v v
45-day v v v v v v v v v v
60-day v v v v v v v v v v
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Table 5.2.2. Annual exceedance probabilities and durations for which AMS-based precipitation

frequency estimates with 90% confidence intervals are available from the PFDS.

Duration

Annual exceedance probability (AEP)
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5.3. Products available on the Precipitation Frequency Data Server

The PFDS homepage (http://hdsc.nws.noaa.gov/hdsc/pfds/) has a clickable map of the United States.
Upon clicking on Alaska or selecting the state name from the drop-down menu, an interactive map of
Alaska and its surrounding area is displayed (see Figure 5.3.1). A location for which precipitation

frequency estimates are needed can be selected by:

« Manually entering latitude and longitude coordinates in decimal degrees (negative numbers
should be entered for southern hemisphere latitudes and for western hemisphere longitudes);

» Selecting a station from a pull-down list;
o Dragging the red cursor to a location on the map;
« Double clicking anywhere on the map;

o Clicking on an observing station on the map (after selecting “show stations on map” and zooming

n).

From the menu at the top of the page, a user can select PDS-based or AMS-based precipitation
frequency estimates, units and whether estimates should be displayed as precipitation depths or

intensities.
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Figure 5.3.1. Initial view of the interactive map of Alaska.

After a location is selected, all precipitation frequency and confidence limit estimates from the
underlying grids are extracted and the output is displayed directly below the map in three separate
tabs: ‘PF tabular’, ‘PF graphical’ and ‘Supplementary information’. A printer-friendly version of the
precipitation frequency estimates with some supplementary information can be obtained by selecting
the “Print Page” icon above the output display (see Figure 5.3.2). The printed page will include
metadata information about the selected point in the header, tabular and graphical representations of
the estimates, and maps of the location.

The ‘PF tabular’ tab provides data tables of the precipitation frequency depths (or intensities)
showing also the lower and upper bounds of the 90% confidence interval. These data can be
downloaded as comma-separated values (csv format) from a selection beneath the tables (see Figure
5.3.2).
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PF tabular formation

Print Page

PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)’

Average recurrence interval (years)

Duration
1 2 5 10 25 50 100 200 500 1000
5.mi 0.093 0123 0174 0.216 0.274 0.319 0.364 0.430 0.518 0.584
-min (0.088-0.130) | (0.089-0.174) | (0.123-0.251) | (0.151-0.316) | (0.188-0.408) | (0.215-0.483) | (0.242-0.550) | (0.281-0.670) | (0.333-0.823) | (0.370-0.942)
10-mi 0125 0.165 0.234 0.290 0.368 0.428 0.488 0.578 0.695 0.784
-MIN | 091-0.175) | (0.419-0.233) | (0.188-0.337) | (0.203-0.424) | (0.252-0.548) | (0.285-0.848) | (0.324-0.750) | (0.378-0.901) | (0.446-111) | (0.496-126)
15-min 0.146 0.194 0.273 0.340 0.431 0.501 0.571 0.676 0.813 0.918
- (0.107-0.204) | (0.140-0.274) | (0.194-0.383) | (0.237-0.487) | (0.295-0.642) | (0.338-0.758) | (0.379-0.877) (0.442-1.05) (0.522-1.28) (0.5681-1.48)
30-min 0.194 0.257 0.363 0.451 0.572 0.665 0.758 0.897 1.08 1.22
- (0.142-0.271) | (0.186-0.363) | (0.257-0.523) | (0.315-0.658) | (0.352-0.853) (0.448-1.01) (0.504-1.16) (0.587-1.40) (0.693-1.72) (0.771-1.96)
§0.min 0.266 0.352 0.497 0.618 0.783 0.911 1.04 1.23 1.48 1.67
- (0.194-0.372) | (0.254-0.4%8) | (0.352-0.718) | (0.432-0.903) (0.536-1.17) (0.614-1.38) (0.590-1.60) (0.804-1.92) (0.945-2.35) (1.06-2.69)
2hr 0.327 0.433 0.612 0.762 0.966 1.12 1.28 151 1.82 205
- (0.239-0.457) | (0.313-0612) | (0.434-0.881) | (0.532-1.11) | (0.661-1.44) | (0.757-1.70) | (0.849-1.96) | (0.989-2.35) (1.17-2.89) (1.30-3.31)
Thr 0.363 0.480 0.680 0.846 1.07 1.25 1.42 1.68 2.02 2,28
- (0.265-0.507) | (0.346-0679) | (0.482-0.979) | (0.591-124) | (0.735-160) | (0.840-1.88) | (0.942-218) | (1.10-2.62) (1.30-3.21) (1.44-3.67)
6-h 0.481 0.638 0.900 112 1.42 1.65 1.88 223 2.68 3.02
-nr (0.351-0.672) | (0.461-0.802) | (0638-1.30) | (0.781-163) | (0.971-2.11) (1.11-2.50) (1.25-2.89) (1.46-3.47) (1.72-4.26) (1.91-4.88)
12-h 0.634 0.841 147 1.44 1.84 215 249 294 3.55 4.00
-nr (0.483-0.886) | (0.607-119) | (0828-188) | (1.01-2.11) (1.28-2.74) (1.45-3.28) (1.65-3.82) (1.93-4.58) (2.28-5.84) (2.53-5.45)
24.h 0.824 1.09 1.49 1.83 2.33 276 3.22 3.81 4.59 518
-nr (0.748-0.918) | (0.978-1.23) (1.31-172) (1.58-2.14) (1.98-2.79) (2.28-3.37) (2.62-4.00) (3.05-4.82) (3.59-5.93) (3.99-8.81)
2.da 0.995 1.3 1.78 217 2.75 325 3.79 4.46 5.34 6.01
-day (0.903-1.11) (1.18-1.48) (1.56-2.05) (1.87-2.55) (2.32-3.30) (2.69-3.97) (3.08-4.70) (3.56-5.63) (4.17-8.90) (4.62-7.89)
1.da 1.10 1.45 1.96 2.39 3.02 3.55 412 483 577 6.48
-day (0.999-1.23) (1.30-1.63) (1.72-2.28) (2.06-2.80) (2.54-3.82) (2.93-4.33) (3.35-5.12) (3.86-6.11) (4.51-7.48) (4.99-8.52)
a.da 1.19 1.55 2.09 2.54 i 3.76 4,37 511 6.09 6.84
-day (1.08-1.32) (1.39-1.75) (1.84-2.41) (2.19-2.98) (2.70-3.85) (3.11-4.58) (3.55-5.43) (4.09-5.46) (477-7.87) (5.26-8.98)
7.da 142 1.82 24 291 3.65 4.27 4.95 5.80 6.93 7.78
-day (1.28-1.58) (1.63-2.05) (2.12-278) (2.51-3.41) (3.07-4.38) (3.53-5.22) (4.03-6.15) (4.54-7.34) (5.42-8.95) (5.86-10.2)
10.da 1.61 2.03 2.66 3.19 3.98 4 5.37 6.29 7.49 8.4
-day (1.46-1.75) (1.82-2.25) (2.33-3.06) (2.75-3.74) (3.35-4.77) (3.84-5.67) (4.37-6.67) (5.02-7.94) (5.86-5.68) (6.47-11.0)
20.da 2.20 273 3.49 413 5.06 5.83 B.67 7.65 8.94 9.91
-day (2.00-2.45) (2.44-3.08) (3.06-4.03) (3.56-4.84) (4.26-6.07) (4.83-7.12) (5.42-8.28) (6.11-8.66) (6.99-11.5) (7.62-13.0)
30d 276 3.39 4.29 5.03 6.08 6.95 7.87 8.88 10.2 11.2
-day (2.50-3.07) (3.04-3.83) (3.76-4.94) (4.33-5.89) (5.12-7.29) (5.75-8.48) (6.40-9.78) (710-11.2) (7.98-13.2) (B.62-14.7)
45.d 3.50 4.29 5.38 6.24 7.42 8.37 9.35 10.3 11.6 126
-day (3.18-3.90) (3.84-4.84) (4.72-8.20) (5.37-7.31) (6.25-8.91) (6.92-10.2) (7.80-116) (B.26-13.1) (8.10-15.0) (9.70-18.8)
60-d 4.07 5.03 6.29 7.22 8.44 9.35 10.2 111 123 131
-day (3.59-4.53) (4.51-5.88) (5.52-7.25) (8.23-8.47) 711-10.1) (T74-11.4) (8.33-12.7) (8.39-14.0) (8.59-15.9) (10.1-17.3)

! Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

Mumbers in parenthesis are PF estimates at lower and upper bounds of the 30% confidence interval. The probability that precipitation frequency estimates (for a given duration and average
recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not checked against probable maximum precipitation (PMP) estimates
and may be higher than currentty valid PMP values.

Please refer to NOAA Atlas 14 document for more information.

= ]
ljc_svl Estimates from the table in csvformat | precipitation frequency estimates E|

Main Link Categories:
Home | OHD

Figure 5.3.2. Precipitation frequency data for a selected location in tabular format.

The ‘PF graphical’ tab has two sub-tabs. The first, ‘Curves’, shows two basic types of output
based on the user’s selection of data type: depth-duration-frequency (DDF) or intensity-duration-
frequency (IDF) graphs. The PFDS provides DDF and IDF graphs in two different formats: with
duration and with frequency on x-axis. An example of the DDF graph in both formats is given in
Figure 5.3.3; an example of the IDF graph with duration on x-axis is shown in Figure 5.3.4. Both,
DDF and IDF graphs can be built from either AMS or PDS data, depending on the user’s selection of
time series type. The second sub-tab, ‘PF estimates with confidence intervals’ shows plots of the
precipitation magnitude-frequency curve with upper and lower confidence limits for a selected
duration (see example in Figure 5.3.5).
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PF tabular PF graphical Supplementary information

Curves H PF estimates with confidence intervals
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Figure 5.3.3. Sample depth-duration-frequency curves built from the PDS data with
duration on the x-axis (top figure) and average recurrence interval on the x-axis (bottom figure).
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PF tabular PF graphical Supplementary information

Print Page

Curves U PF estimates with confidence intervals

PDS-based intensity-duration-frequency (IDF) curves
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Figure 5.3.4. Sample intensity-duration-frequency (IDF) graph with duration on the x-axis.

PF tabular PF graphical Supplementary information
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Figure 5.3.5. Sample of a magnitude-frequency plot with the upper and lower bounds of the
90% confidence interval for 24-hour duration.

Precipitation intensity (in/hr)
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Lastly, the ‘Supplementary information’ tab provides links to additional data and information for

that location:

NOAA Atlas 14 Volume 7 document.

Precipitation frequency grids in GIS compatible formats. Grids are available for AMS- and
PDS-based estimates for all combinations of durations and average recurrence intervals or annual
exceedance probabilities, respectively (as shown in Tables 5.2.1 and 5.2.2). Users are advised to
review the Federal Geographic Data Committee (FGDC) compliant metadata before using any of
the GIS datasets (http://hdsc.nws.noaa.gov/hdsc/pfds/meta/nal4_vol7 ak grid metadata.xml).

Cartographic maps of precipitation frequency estimates. Cartographic maps show contour
lines created from gridded PDS-based precipitation frequency estimates for selected durations
and average recurrence intervals. Figure 5.3.6 shows an excerpt from a cartographic map. Maps
were created to serve as visual aids and are not recommended for interpolating precipitation
frequency estimates. Users are advised to retrieve point precipitation frequency values from the
PFDS interface which accesses the gridded data directly.

ST 2O R, :'_"I ¢

Figure 5.3.6. An excerpt of a cartographic map for 2-year ARI and 24-hour duration.

Temporal distributions. Temporal distributions of precipitation amounts exceeding
precipitation frequency estimates for the 2-year recurrence interval are provided for 6-hour, 12-
hour, 24-hour, and 96-hour durations for delineated climate regions. The temporal distributions
for the duration are expressed in probability terms as cumulative percentages of precipitation
totals. To provide detailed information on the varying temporal distributions, separate temporal
distributions were derived for four precipitation cases defined by the duration quartile in which
the greatest percentage of the total precipitation occurred. Figure 5.3.7 shows as an example the
regional temporal distribution curves of all precipitation cases for the 6-hour and 24-hour
durations. See Appendix A.7 for more information.

Seasonality analysis. The seasonality graphs (an example is shown in Figure 5.3.8) show the
percentage of annual maxima for a given duration that exceeded the NOAA Atlas 14 precipitation
frequency estimates for the duration and selected annual exceedance probabilities in each month
for various climate regions. Results are provided for the 60-minute, 24-hour, 2-day, and 10-day
durations and for annual exceedance probabilities of 1/2, 1/5, 1/10, 1/25, 1/50, and 1/100.
Seasonality graphs are not intended to be used to derive seasonal precipitation frequency
estimates. See Appendix A.8 for more information.
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a) 6-hour duration b) 12-hour duration
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Figure 5.3.7. Sample temporal distribution curves for 6-hour (left panel) and 12-hour (right panel).
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Figure 5.3.8. Sample 24-hour seasonal exceedance graph.

« Rainfall frequency estimates. Given that there were very few high-altitude stations and that the
analysis of available stations showed only minor differences between rainfall and precipitation
frequency estimates, it was decided not to provide separate rainfall frequency estimates in NOAA
Atlas 14 Volume 7. See Section 4.7 for more information.

o Time series data. Annual maximum series precipitation data used in frequency analysis is
available for gauged locations.

- Information on nearby climate stations (via NCDC).

« Watershed information (via the Environmental Protection Agency).

Some of the NOAA Atlas 14 data products can also be accessed through the left menu bar on the
PFDS web page, including:
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o ASCII grids of precipitation frequency estimates,
o cartographic maps,

« temporal distributions,

o annual maximum series datasets,

o associated documentation.

Answers to frequently asked questions (FAQ) are available via links on the PFDS web site. Inquiries
regarding the use of the PFDS or its data can be addressed by emailing HDSC.Questions@noaa.gov.

NOAA Atlas 14 Volume 7 Version 2.0
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6. Peer review

A peer review of the Alaska precipitation frequency project’s preliminary results was carried out
during a four week period starting on August 2, 2011. The request for review was sent via email to
the members of the HDSC list-server from all over the United States and other interested parties in
Alaska. Potential reviewers were asked to evaluate the reasonableness of point precipitation
frequency estimates as well as their spatial patterns. The review included the following items:

a. List of all stations used in the analysis. The list included information on station name, state,
source of data, assigned station identification number, latitude, longitude, elevation, and period of
record. It also showed information if the station was merged with another station, if the station
was co-located with another station with a different ID, and if metadata at the station were
changed.

b. List of all stations that were received, but not considered in analysis. This list contained stations
that were not used, either because there was another station with a longer period of record nearby,
station data were not reliable, or the station period of record was not long enough and it was not a
candidate for merging with any nearby station.

c. Spatially-interpolated mean annual maxima for 60-minute, 24-hour and 10-day durations.

d. Spatially-interpolated precipitation frequency estimates for 60-minute, 24-hour and 10-day
durations and for 2-year and 100-year average recurrence intervals.

e. At-station depth-duration-frequency curves for 60-minute to 10-day durations and for 2-year to
100-year average recurrence intervals (ARI).

The reviews provided critical feedback that improved estimates. Reviewers’ comments regarding
station metadata, at-station precipitation frequency estimates and their spatial patterns, and
supplemental information along with HDSC responses can be found in Appendix A.6.

7. Comparison with previous NOAA publications

The precipitation frequency estimates in NOAA Atlas 14 Volume 7 supersede the estimates for
Alaska previously published in the following publications:

a. Technical Paper No. 47, Probable Maximum Precipitation and Rainfall-Frequency Data for
Alaska for Areas to 400 Square Miles, Durations to 24 Hours, and Return Periods from 1 to 100
Years (Miller, 1963);

b. Technical Paper No. 52, Two-to-Ten-Day Precipitation for Return Periods of 2 to 100 Years in
Alaska (Miller, 1965).

Precipitation frequency estimates at the 100-year average recurrence interval from NOAA Atlas
14 Volume 7 were examined in relation to corresponding estimates from Technical Paper No. 47
(TP47) for 60-minute and 24-hour durations. Corresponding TP47 paper maps (Figures 3-24 and 3-
53, respectively) were geo-referenced. Isopluvial contours were digitized and converted to gridded
format using standard spatial interpolation tools available in ArcGIS for the comparison.

The maps in Figures 7.1 and 7.2 illustrate the differences between new and old estimates. On
average, 60-minute precipitation frequency estimates increased by 0.21 inches; at specific locations
estimates changed between -0.72 and 1.26 inches. Differences in 100-year 24-hour precipitation
frequency estimates ranged between -9.27 and 11.17 inches, but on average estimates changed very
little (decreased by 0.18 inches).
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Figure 7.1. Differences in 100-year 60-minute estimates (in inches) between NOAA Atlas 14 and

TP47.
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The differences in estimates between the two publications are attributed to a number of factors,
including errors in digitizing and converting contours to grids for TP47 estimates, improved
frequency analysis approaches and interpolation techniques used in NOAA Atlas 14 (see Section 4),
and above all, to the increase in the number of stations and periods of record across all durations used
in frequency analysis.

Technical Paper No. 47 was published in 1963, so potentially about 50 additional data years were
available at stations used in TP47 for the NOAA Atlas 14 analyses. For the 24-hour duration, a total
of 211 stations with an average period of record of 18 years (ranging from 1 to 54 years) were used
for frequency analysis in TP47, while in NOAA Atlas 14 Volume 7 a total of 396 stations with an
average of 32 data years per station (9 to 103 years) were used. Figure 7.3 shows record lengths for
daily stations used in each publication.
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Figure 7.3.
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Number of daily stations used for precipitation frequency analysis versus record length

shown as years of record for TP47 and data years for NOAA Atlas 14 Volume 7 (data years may be

shorter than years of record due to missing data at stations).

Also, since 1963, stations have been added at higher elevations (Table 7.1). This is crucial since
more than 50 percent of the land in Alaska lies at an elevation that is higher than 1,000 feet and about
20% of the land is above 3,000 feet.

Table 7.1. Number of daily stations used for precipitation frequency analysis for TP47 and NOAA

NOAA Atlas 14 Volume 7 Version 2.0

Atlas 14 Volume 7 grouped by elevation.

Number of daily stations TP47 NOAA Atlas 14
Total used in analysis 211 396
Above 1,000 ft 26 134
Above 3,000 ft 0 10
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The difference in available data between the two studies is even more pronounced for hourly
durations. In TP47, only 9 stations were available, with an average record length of less than 10 years
(ranging from 1 to 20 years). For NOAA Atlas 14, 121 stations with an average of 18 years (rainging
from 10 to 49 data years) were available. Figure 7.4 shows record lengths for hourly stations used in
each publication. The maximum elevation of hourly stations in TP47 was 500 feet, while in NOAA
Atlas 14 hourly stations were found as high as 3,000 feet.
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Figure 7.4. Number of hourly stations used for precipitation frequency analysis for TP47 (years of
record) and NOAA Atlas 14 Volume 7 (data years).
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Appendix A.1 List of stations used to prepare precipitation frequency estimates

Table A.1.1. List of stations in the state of Alaska used in the analysis showing station name, station ID, post-merge station ID, co-located
daily station ID, base duration, source of data, latitude, longitude, elevation, and period of record. Bold font in the latitude, longitude, and
elevation fields indicates information that has been adjusted. Bold font in the ‘Period of record’ field indicates that the station data was
extended using data from station that has the same ID in ‘Post-merge station ID’ column. Three 15-minute stations were not used directly in
the analysis, but were used to extend records at hourly stations identified in the ‘Post-merge station ID’ column. For an hourly station co-
located with a daily station with a different ID, the daily station’s ID shown in the ‘Co-located station ID’ column should be used to locate the
hourly station on the PFDS web page.

Station name Station ID Zi);:;(?;]e:ge CS:t(;-tlic())cnatleDd durj;z:?on Source of data| Latitude | Longitude Elez/fat\; o | period of record
ADAK NAS 50-0026 1-day NCDC 51.8833 | -176.6500 17 10/1942-3/1996
ALASKA PACIFIC UNIV 50-0172 50-1220 1-day NCDC 61.1833 | -149.8000 220 7/1993-10/2004
ALCAN HWY 80-0100 1-hour RAWS 62.8167 | -141.4667 1800 6/1990-12/2010
ALLAKAKET 50-0230 1-day NCDC 66.5667 -152.6500 400 7/1907-5/1998
ALPINE INN 50-0238 50-8915 1-day NCDC 61.7167 | -148.9000 459 10/1963-12/1971
ALYESKA 50-0243 1-day NCDC 60.9667 | -149.1167 272 11/1963-7/2010
AMBLER 50-0249 1-day NCDC 67.0833 | -157.8500 120 12/1981-5/2011
AMBLER WEST 50-0260 50-0249 1-day NCDC 67.0833 | -157.8667 120 12/1981-3/1992
ANCHORAGE 4 ESE 50-0288 50-0172 1-day NCDC 61.2000 -149.7833 180 3/1957-10/1962
ANCHORAGE ELMENDORF AFB 50-2820 1-day NCDC 61.2500 | -149.8000 192 2/1916-9/1997
ANCHORAGE INTL AP 50-0280 1-day NCDC 61.2000 | -150.0000 132 4/1952-8/2010
ANCHORAGE INTL AP 50-0280 1-hour NCDC 61.1689 | -150.0277 132 10/1962-4/2010
ANCHORAGE MERRILL FLD 50-0285 50-2820 1-day NCDC 61.2167 | -149.8500 138 2/1916-10/1953
ANDERSON 50-0299 50-2005 1-day NCDC 64.3500 -149.2000 510 7/1997-11/2001
ANGEL CREEK 80-0120 1-hour RAWS 65.0200 | -146.2281 1100 7/1999-12/2010
ANGOON 50-0310 1-day NCDC 57.5000 | -134.5833 10 1/1882-7/2010
ANIAK AP 50-0332 1-day NCDC 61.5833 | -159.5333 86 8/1920-3/1990
ANNETTE ISLAND AP 50-0352 1-day NCDC 55.0500 | -131.5667 109 1/1893-8/2010
ANNETTE WSO AP 50-0352 1-hour NCDC 55.0389 -131.5786 109 9/1949-4/2010
ANNEX CREEK 50-0363 1-day NCDC 58.3167 | -134.1000 92 1/1917-7/2010
ATIGUN PASS 10-0957 1-day SNOTEL 68.1304 | -149.4781 4800 10/1981-9/2010
ATKA 50-0433 1-day NCDC 52.2171 | -174.2076 39 1/1882-10/1949
ATTU 50-0452 1-day NCDC 52.8333 -173.1833 70 7/1917-8/1993
AUKE BAY 50-0464 1-day NCDC 58.3833 -134.6500 42 2/1963-7/2010
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Station name Station ID Z?;Ecr:;‘e:’ge cs:tc;tl%%aﬁ%d dul?'zi?on Source of data| Latitude | Longitude Ele\(/f?; o | period of record
BARANOF 50-0522 1-day NCDC 57.0816 -134.8330 20 11/1936-3/1966
BARROW POST ROGERS AP 50-0546 1-day NCDC 71.2833 | -156.7667 31 9/1901-8/2010
BARTER ISLAND WSO AP 50-0558 1-day NCDC 70.1350 | -143.5935 39 5/1948-12/1988
BEAR MTN 80-0140 1-hour RAWS 66.0594 | -142.76%4 1925 8/1990-7/2003
BEAVER 80-0160 1-hour RAWS 66.2667 | -146.5167 483 5/1990-12/2010
BEAVER FALLS 50-0657 1-day NCDC 55.3833 -131.4667 35 5/1948-7/2010
BELL ISLAND 50-0676 1-day NCDC 55.9195 | -131.5672 10 10/1929-11/1952
BELUGA 50-0685 1-day NCDC 61.1833 | -151.0333 75 8/1973-6/1992
BEN CREEK 80-0200 1-hour RAWS 65.2872 | -143.1060 1875 5/1990-12/2010
BENS FARM 50-0707 1-day NCDC 61.5667 | -149.1333 150 5/1969-5/2002
BERING GLACIER 80-0220 1-hour RAWS 60.1186 -143.2833 75 4/1998-12/2010
BETHEL AP 50-0754 1-day NCDC 60.7833 | -161.8333 102 8/1923-8/2010
BETHEL AP 50-0754 1-hour NCDC 60.7850 | -161.8291 102 7/1950-5/2011
BETTLES AP 50-0761 1-day NCDC 66.9167 | -151.5167 642 5/1951-8/2010
BETTY PINGO 40-1510 1-hour WERC 70.2744 | -148.8908 37 4/1992-1/2010
BIG DELTA AP 50-0770 1-day NCDC 64.0000 -145.7167 1268 11/1919-8/2010
BIG LAKE 80-0240 1-hour RAWS 61.5183 | -149.9078 100 4/2000-12/2010
BIG RIVER LAKES 50-0788 1-day NCDC 60.8167 | -152.3000 40 1/1978-7/2010
BIRCH CREEK 80-0260 1-hour RAWS 65.5847 | -144.3636 850 7/1998-12/2010
BIRCH ROAD 50-0824 50-8025 1-day NCDC 61.1333 -149.7667 459 10/1965-6/1972
BONANZA CREEK 10-0208 1-day SNOTEL 64.7500 | -148.3000 1150 5/1989-9/2009
BOOTH LAKE 80-0340 1-hour RAWS 57.2678 | -154.5650 171 7/1995-12/2010
BOUNDARY 50-0910 1-day NCDC 64.0667 | -141.1167 2601 10/1947-10/1957
CALDER 50-1201 1-day NCDC 56.1667 | -132.4500 20 4/1908-4/1932
CAMPBELL CREEK SCI CTR 50-1220 1-day NCDC 61.1667 -149.7833 258 3/1957-7/2010
CANDLE 50-1230 1-day NCDC 65.9333 | -161.9167 23 1/1908-10/1950
CANNERY CREEK 50-1240 1-day NCDC 61.0167 | -147.5167 45 5/1979-7/2010
CANTWELL 2 E 50-1243 1-day NCDC 63.4000 | -148.9000 2149 11/1983-7/2009
CANYON ISLAND 50-1251 1-day NCDC 58.5500 | -133.6833 20 10/1935-3/2006
CAPE DECISION 50-1269 1-day NCDC 56.0017 | -134.1362 49 11/1940-8/1974
CAPE HINCHINBROOK 50-1308 1-day NCDC 60.2386 | -146.6460 185 5/1944-8/1974
CAPE LISBURNE 50-1312 1-day NCDC 68.8736 | -166.1003 45 1/1954-11/1984
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CAPE NEWENHAM 50-1314 1-day NCDC 58.6445 | -162.0635 475 9/1953-11/1984
CAPE ROMANZOF 50-1318 1-day NCDC 61.7667 | -166.0500 434 5/1953-2/1985
CAPE SARICHEF 50-1325 1-day NCDC 54.5960 | -164.9240 177 3/1952-12/1980
CAPE SPENCER 50-1334 1-day NCDC 58.1988 | -136.6402 89 11/1936-8/1974
CAPE ST ELIAS 50-1321 1-day NCDC 59.7984 | -144.5988 49 7/1936-7/1974
Caribou Peak 80-0425 1-hour RAWS 65.1738 | -147.4910 1564 6/1990-12/2010
CENTRAL #2 50-1458 50-1466 1-day NCDC 65.5833 | -144.8000 869 5/1905-5/1954
CENTRAL #2 50-1466 1-day NCDC 65.5667 | -144.7667 920 5/1905-7/2010
CHALKYITSIK 80-0440 1-hour RAWS 66.5906 | -144.3411 450 6/1997-12/2010
CHANDALAR LAKE 50-1492 1-day NCDC 67.5167 | -148.5000 1895 6/1963-7/2010
CHANDALAR LAKE 50-5354 50-1492 1-day NCDC 67.5000 -148.5000 1899 6/1963-5/1965
CHATANIKA 80-0460 1-hour RAWS 65.0191 | -148.5800 1450 5/1990-12/2010
CHENA HOT SPRINGS 50-1574 1-day NCDC 65.0500 | -146.0500 1201 8/1962-7/2010
CHICKEN 50-1684 1-day NCDC 64.1000 | -141.9167 1799 5/1911-7/2010
CHICKEN 80-0480 50-1684 1-hour RAWS 64.0857 | -141.8775 2859 9/1998-12/2010
CHINIAK 50-1763 1-day NCDC 57.6167 | -152.3667 157 8/1928-12/2000
CHISANA 80-0540 1-hour RAWS 62.1333 | -142.0833 3318 7/1988-12/2010
CHISTOCHIN 80-0560 1-hour RAWS 62.5682 | -144.6538 1800 6/2001-12/2010
CHITINA 50-1824 1-day NCDC 61.5167 | -144.4333 600 3/1917-12/2010
CHITNA 80-0600 50-1824 1-hour RAWS 61.5153 -144.4380 594 10/1998-12/2010
CHULITNA RIVER 50-1926 1-day NCDC 62.8333 | -149.9167 1350 1/1971-7/2010
CIRCLE CITY 50-1977 1-day NCDC 65.8333 | -144.0667 598 7/1900-10/1999
CIRCLE HOT SPRINGS 50-1987 1-day NCDC 65.4833 | -144.6000 935 7/1935-7/2010
CLEAR 4N 50-2005 1-day NCDC 64.3500 | -149.0500 495 12/1965-11/2001
CLEARWATER 50-2019 50-2350 1-day NCDC 64.0500 -145.5167 1100 10/1964-8/1994
COLD BAY AP 50-2102 1-day NCDC 55.2167 | -162.7333 78 6/1942-8/2010
COLDFOOT 50-2104 10-0958 1-day NCDC 67.2500 | -150.1833 1050 9/1993-4/2000
COLDFOOT 10-0958 1-day SNOTEL 67.2531 -150.1836 1040 10/1970-9/2010
COLDFOOT CAMP 50-2103 50-2104 1-day NCDC 67.2667 | -150.2333 1102 10/1970-5/1977
COLLEGE 5 NW 50-2112 1-day NCDC 64.9333 -147.8833 950 8/1976-7/2010
COLLEGE OBSY 50-2107 1-day NCDC 64.8067 | -147.8333 621 5/1948-7/2010
COLVILLE VILLAGE 50-2126 1-day NCDC 70.4333 | -150.4167 5 12/1996-7/2010
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COOPER LAKE 10-0959 1-day SNOTEL 60.3902 -149.6935 1200 10/1981-9/2010
COOPER LAKE PROJECT 50-2144 1-day NCDC 60.4000 | -149.6667 505 7/1959-3/2004
COOPER LANDING KENAI R 50-2147 1-day NCDC 60.5000 | -149.8167 419 9/1941-12/2010
COPPER CTR 50-2156 1-day NCDC 61.9667 | -145.3167 1000 7/1902-4/1982
CORDOVA M K SMITH AP 50-2177 1-day NCDC 60.4833 | -145.4500 31 5/1909-8/2010
CORDOVA NORTH 50-2173 1-day NCDC 60.5576 | -145.7528 25 9/1899-6/2010
COTTONWOOD 80-0640 1-hour RAWS 65.3458 | -155.9361 1310 6/1991-9/2010
CRAB BAY 50-2222 50-7738 1-day NCDC 60.0667 | -147.9833 69 1/1975-4/1979
CRAIG 50-2227 1-day NCDC 55.4833 | -133.1500 13 10/1936-7/2010
CROOKED CREEK 50-2247 1-day NCDC 61.8667 | -158.2500 125 7/1911-10/1974
DELTA 5 NE 50-2350 1-day NCDC 64.0833 -145.6167 1060 10/1964-7/2010
DELTA 6N 50-2339 1-day NCDC 64.1167 | -145.7500 1048 8/1996-7/2010
DELTA JUNCTION 20 SE 50-2352 1-day NCDC 63.9667 | -145.1000 1125 11/1980-7/2010
DILLINGHAM AP 50-2457 1-day NCDC 59.0500 | -158.5167 86 6/1919-5/2005
DRY CREEK 50-2568 1-day NCDC 63.6833 -144.6000 1350 8/1996-7/2010
DUTCH HARBOR 50-2586 50-2587 1-day NCDC 53.9167 -166.5000 50 6/1905-9/1920
DUTCH HARBOR 50-2587 1-day NCDC 53.9000 | -166.5333 13 6/1905-7/2010
EAGLE 50-2607 1-day NCDC 64.7833 | -141.2000 840 11/1901-7/2010
EAGLE 80-0720 50-2607 1-hour RAWS 64.7761 | -141.1619 880 1/1976-12/2010
EAGLE 50-2607 80-0720 1-hour NCDC 64.7856 -141.2036 850 1/1976-6/2008
EIELSON FLD 50-2707 1-day NCDC 64.6667 | -147.1000 547 10/1946-7/2010
EKLUTNA 50-2717 50-5883 1-day NCDC 61.4657 | -149.3410 30 5/1941-2/1955
EKLUTNA LAKE 50-2725 1-day NCDC 61.4033 | -149.1456 879 6/1946-8/1976
EKLUTNA PROJECT 50-2730 1-day NCDC 61.4747 -149.1728 38 1/1952-1/1998
EKLUTNA WTP 50-2737 1-day NCDC 61.4500 -149.3167 640 5/1941-7/2010
ELDRED ROCK 50-2770 1-day NCDC 58.9715 | -135.2212 52 3/1941-7/1973
ELFIN COVE 50-2785 1-day NCDC 58.1950 | -136.3528 20 1/1975-7/2010
EMMONAK 50-2825 1-day NCDC 62.7833 | -164.4833 14 9/1977-1/1994
EUREKA 50-2952 1-day NCDC 61.9500 | -147.1667 3342 7/1953-9/1968
FAIRBANKS F.O. 10-0215 1-day SNOTEL 64.8602 -147.7889 450 10/1982-9/2009
FAIRBANKS INTL AP 50-2968 1-day NCDC 64.8000 | -147.8833 432 7/1948-8/2010
FAIRBANKS INTL AP 50-2968 1-hour NCDC 64.8039 | -147.8761 432 9/1949-4/2011
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FAIRBANKS INTL AP 50-2968 50-2968 15-min NCDC 64.8000 -147.8833 432 1/2000-4/2011
FAREWELL 80-0780 1-hour RAWS 63.7368 | -154.1420 775 8/1996-12/2010
FAREWELL FAA AP 50-2988 1-day NCDC 62.5167 | -153.8833 1503 12/1941-12/1973
FAREWELL LAKE 50-3009 1-day NCDC 62.5500 | -153.6167 1060 4/1985-2/2009
FIVE FINGER LIGHT ST 50-3072 1-day NCDC 57.2704 | -133.6314 30 4/1941-7/1984
FIVE MILE 50-3082 1-day NCDC 65.9333 -149.8333 502 9/1970-1/2011
FLAT 50-3085 1-day NCDC 62.4500 | -158.0000 325 2/1933-5/1961
FLAT 80-0820 1-hour RAWS 62.8228 | -156.6139 1480 8/1996-12/2010
FORT LISCUM 50-3162 50-9686 1-day NCDC 61.1000 | -146.4500 -999 6/1900-8/1916
FORT YUKON 10-0961 1-day SNOTEL 66.5705 | -145.2455 430 1/1918-9/2010
FORTMANN HATCHERY 50-3125 10-0241 1-day NCDC 55.6075 -131.3683 131 3/1904-5/1927
FT KNOX MINE 50-3160 1-day NCDC 65.0000 | -147.3333 1621 12/1997-7/2010
FT RICHARDSON W.T.P. 50-3163 1-day NCDC 61.2333 | -149.6500 490 1/1965-5/2010
FT YUKON 50-3175 10-0961 1-day NCDC 66.5667 | -145.2667 440 1/1899-3/1990
FUNNY RIVER 50-3196 1-day NCDC 60.4833 -150.8000 275 9/1950-7/2010
FUNTER BAY 50-3198 1-day NCDC 58.2548 | -134.8987 30 2/1980-6/1996
GAKONA I N 50-3205 1-day NCDC 62.3000 | -145.3000 1460 11/1971-4/1989
GALENA 50-3212 1-day NCDC 64.7333 | -156.8833 152 10/1942-7/2010
GALENA AP 50-3215 50-3212 1-day NCDC 64.7333 | -156.9333 120 10/1942-9/1993
GAMBELL 50-3226 1-day NCDC 63.7833 -171.7500 30 6/1902-8/1997
GEORGE 80-0860 1-hour RAWS 63.8375 | -144.3503 1525 8/1999-12/2010
GILMORE CREEK 50-3275 1-day NCDC 64.9768 | -147.5331 970 2/1966-7/2010
GLACIER BAY 50-3294 1-day NCDC 58.4500 | -135.8833 50 1/1966-7/2010
GLEN ALPS 50-3299 1-day NCDC 61.1000 | -149.7000 2259 1/1971-7/2010
GOBBLERS KNOB 10-0962 1-day SNOTEL 66.7449 -150.6677 2030 10/1970-9/2010
GOODPASTURE 80-0900 1-hour RAWS 64.2381 | -145.2669 1520 7/1996-12/2010
GRANDVIEW 10-0956 1-day SNOTEL 60.6083 | -149.0631 1100 10/1983-9/2010
GRANITE 80-0920 1-hour RAWS 60.7275 | -149.2869 512 5/1997-12/2010
GRANITE CRK PILLOW 10-1291 1-day SNOTEL 63.9438 | -145.3999 1240 10/1987-9/2010
GRAPHITE 80-0940 1-hour RAWS 67.0333 -143.2833 850 6/1991-10/2010
GREEN CABIN LAKE 40-1250 1-hour WERC 68.5335 | -149.2310 2980 1/1996-1/2009
GROUSE CREEK DIVIDE 10-0964 1-day SNOTEL 60.2597 | -149.3423 700 10/1988-9/2010
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GUARD ISLAND LIGHT STN 50-3454 1-day NCDC 55.4459 -131.8812 20 11/1940-6/1969
GULKANA 90-0001 1-day USGS 63.2667 | -145.4167 4856 10/1967-9/2009
GULKANA AP 50-3465 1-day NCDC 62.1667 | -145.4500 1570 3/1909-8/2010
GUSTAVUS 50-3475 1-day NCDC 58.4167 | -135.7167 40 4/1923-7/2010
HAINES 50-3495 50-3490 1-day NCDC 59.2167 | -135.4333 257 9/1948-9/1953
HAINES 40 NW 50-3504 1-day NCDC 59.4500 -136.3667 820 6/1927-7/2010
HAINES AP 50-3490 1-day NCDC 59.2500 | -135.5167 31 1/1882-8/2010
HAINES TERMINAL 50-3500 1-day NCDC 59.2667 | -135.4500 175 9/1957-7/1988
HALIBUT COVE 50-3530 1-day NCDC 59.5972 | -151.2314 30 9/1975-1/1998
HAYCOCK 80-1020 1-hour RAWS 65.2017 | -161.1550 177 5/1988-11/2010
HAYES RIVER 50-3573 1-day NCDC 61.9833 -152.0833 1000 11/1980-7/2010
HEALY 50-3581 50-3585 1-day NCDC 63.8500 | -148.9500 1244 2/1920-4/1973
HEALY 2 NW 50-3585 1-day NCDC 63.8833 | -149.0167 1490 2/1920-7/2010
HELMUT 80-1060 1-hour RAWS 67.7465 | -144.1640 2800 9/1988-9/2010
HIDDEN FALLS HATCHERY 50-3605 1-day NCDC 57.2167 -134.8667 22 10/1992-7/2010
HODZANA 80-1100 1-hour RAWS 66.7417 -148.6767 1075 6/1991-12/2010
HOGATZA 80-1120 1-hour RAWS 66.2167 | -155.6667 685 5/1988-12/2010
HOLY CROSS 50-3655 1-day NCDC 62.1833 | -159.7667 20 4/1892-5/1975
HOMER 80-1140 1-hour RAWS 59.7458 | -151.2083 715 5/1998-12/2010
HOMER 5 NW 50-3670 50-9144 1-day NCDC 59.6833 -151.6333 1132 3/1952-8/1973
HOMER 8 NW 50-3672 1-day NCDC 59.7460 | -151.6375 1080 10/1977-7/2010
HOMER 9 E 50-3682 1-day NCDC 59.7167 | -151.3333 512 10/1973-7/2010
HOMER AP 50-3665 1-day NCDC 59.6500 | -151.4833 64 9/1932-8/2010
HOMER RSCH CTR 50-3680 50-3682 1-day NCDC 59.7000 | -151.3167 279 10/1973-1/1979
HOONAH 50-3695 1-day NCDC 58.1167 -135.4500 40 5/1941-7/2010
HOONAH 80-1180 1-hour RAWS 57.7867 | -135.1665 450 9/1989-12/2010
HOPE 50-3720 1-day NCDC 60.9000 | -149.6333 180 3/1979-7/2010
HUGHES 50-3765 1-day NCDC 66.0667 | -154.2333 545 3/1941-1/1970
ILIAMNA AP 50-3905 1-day NCDC 59.7500 | -154.9000 183 3/1920-8/2010
IMNAVIAT BASIN A 40-1100 40-1110 1-hour WERC 68.6100 -149.3036 3048 5/1985-12/1993
IMNAVIAT BASIN B 40-1110 10-0968 1-hour WERC 68.6163 | -149.3036 3048 5/1985-1/2010
IMNAVIAT CREEK 10-0968 1-day SNOTEL 68.6169 | -149.3003 3050 10/1980-9/2010
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INDIAN MTN 50-3910 1-day NCDC 65.9833 -153.6833 1220 8/1966-1/1985
INDIAN PASS 10-0946 1-day SNOTEL 61.0677 | -149.4795 2350 10/1979-9/2010
INNOKO 80-1220 1-hour RAWS 63.3817 | -158.8220 930 3/1988-12/2010
INTRICATE BAY 50-3933 1-day NCDC 59.5500 | -154.5000 120 8/1959-7/2006
JATAHMUND 80-1240 1-hour RAWS 62.6000 | -142.0833 2300 7/1990-12/2010
JUNEAU 9 NW 50-4110 50-4103 1-day NCDC 58.4167 -134.5333 121 7/1965-6/1980
JUNEAU AP 50-4100 1-hour NCDC 58.3567 | -134.5638 3 9/1949-5/2011
JUNEAU DWTN 50-4092 50-4094 1-day NCDC 58.3021 | -134.4196 171 1/1890-6/1965
JUNEAU DWTN 50-4094 1-day NCDC 58.3000 | -134.4167 25 1/1890-7/2010
JUNEAU FORECAST OFFICE 50-4103 1-day NCDC 58.4000 | -134.5667 106 7/1939-7/2010
JUNEAU INTL AP 50-4100 1-day NCDC 58.3500 -134.5833 12 9/1936-8/2010
KAIYUH 80-1280 1-hour RAWS 64.4256 | -158.1058 110 8/1997-10/2010
KAKE 50-4155 1-day NCDC 56.9667 | -133.9000 70 5/1919-4/1992
KAKE 80-1300 1-hour RAWS 56.9739 | -133.6600 400 9/1989-12/2010
KALSIN BAY 50-4161 50-1763 1-day NCDC 57.5667 -152.4500 20 8/1928-6/1931
KANUTI 80-1320 1-hour RAWS 66.0933 -152.1700 825 8/1990-12/2010
KASILOF 3 NW 50-4425 1-day NCDC 60.3699 | -151.3669 70 11/1925-10/1997
KAVET 80-1340 1-hour RAWS 67.1386 | -159.0436 235 5/1993-12/2010
KELLY 80-1360 1-hour RAWS 67.9333 | -162.3000 412 4/1990-12/2010
KENAI 9N 50-4550 1-day NCDC 60.6667 -151.3167 126 6/1967-4/2007
KENAI LAKE 80-1380 1-hour RAWS 60.3628 | -149.3864 475 9/1989-12/2010
KENAI MOOSE PENS 10-0966 1-day SNOTEL 60.7261 -150.4756 300 10/1983-9/2010
KENAI MUNI AP 50-4546 1-day NCDC 60.5833 | -151.2333 91 5/1899-8/2010
KENAI NWR 80-1400 1-hour RAWS 60.5917 | -150.3167 400 6/1988-12/2010
KENNECOTT 50-4555 1-day NCDC 61.4833 -142.8833 2210 12/1916-8/1947
KETCHIKAN INTL AP 50-4590 1-day NCDC 55.3500 | -131.7167 76 9/1910-8/2010
KETCHIKAN INTL AP 50-4590 55-0073 55-0073 15-min NCDC 55.3500 | -131.7167 76 2/2005-4/2011
KEYSTONE RIDGE 50-4621 1-day NCDC 64.9167 | -148.2667 1600 8/1996-7/2010
KIANA 80-1420 1-hour RAWS 66.9767 | -160.4375 150 4/1988-12/2010
KILBUCK 80-1440 1-hour RAWS 60.3404 -160.1600 1910 1/1992-12/2010
KILLISNOO 50-4689 50-0310 1-day NCDC 57.4694 | -134.5694 20 1/1893-2/1932
KING SALMON AP 50-4766 1-day NCDC 58.6833 | -156.6500 47 6/1917-7/2010
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KITOI BAY 50-4812 1-day NCDC 58.1833 -152.3667 60 11/1954-7/2010
KLAWASI 80-1460 1-hour RAWS 62.1472 | -144.9281 3100 6/1992-12/2010
KLUKWAN 50-4929 50-5898 1-day NCDC 59.4000 | -135.9000 91 1/1908-2/1921
KOB