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Abstract

Systematic errors in precipitation measurements are known to affect all types of

precipitation gages. These errors are more sensitive for solid precipitation than for rain. In

arctic regions, these systematic errors become significantly more pronounced than for other

regions due to the relatively slow precipitation rates, low temperatures, high winds, and

low annual precipitation amounts that are characteristic of the arctic climate. This study

performed the daily adjustments of measured precipitation data for the National Weather

Service (NWS) stations at Barrow and Nome, Alaska, over a 7-year study period, from

1995 through 2001. The results of this study indicate that the bias adjustments increase the

average monthly gage-measured precipitation by approximately 20%–180% for Barrow

and 30%–380% for Nome, with the larger percentages occurring in winter months. The

average gage-measured annual precipitation amounts are increased by approximately 70%

for Barrow and 130% for Nome. It is expected that these increases will impact climate

monitoring, the understanding of the arctic freshwater balance, and the assessment of

atmospheric model performance in the Arctic.

Introduction

It is widely acknowledged that systematic errors in precipitation

measurements caused by wind-induced undercatch, wetting, and

evaporation losses affect all types of precipitation gages and that these

errors are more sensitive for solid precipitation than for rain. In arctic

regions, systematic errors become significantly more pronounced than

for other regions due to the relatively slow precipitation rates (frequent

occurrences of ‘‘trace’’ precipitation events), low temperatures, high

winds, and low annual precipitation amounts that are characteristic of

the arctic climate.

Precipitation gage biases are attributed to (1) the catch efficiency

of the specific type of gage used, which is affected by wind, (2) the use

of unshielded gages, (3) wetting losses which occur when water is left

on the walls of the gage during measurement, (4) evaporation losses

that occur between the end of the precipitation event and the time of the

measurement, (5) splash into and out of gages, (6) blowing and/or

drifting snow, (7) auto recording techniques, and (8) the treatment of

trace precipitation as zero precipitation. Of these, wind, particularly

when the precipitation is in the form of snow, is the largest source of

systematic errors. Wind-induced gage undercatch occurs because the

gage acts as an obstruction to the local wind field. As the air is forced

to circumvent the gage, it creates a zone of increased wind speed

around the gage due to the compression of air, causes a slight updraft,

and establishes a pressure differential between the air within and

outside of the gage (Sevruk and Klemm, 1989).

In 1985, the World Meteorological Organization (WMO) initiated

the Solid Precipitation Measurement Intercomparison in order to derive

a method of comparison of various national precipitation gages. The

goals of the intercomparison were to (1) determine wind-induced errors

in national methods of measuring solid precipitation, including wetting

and evaporation losses, (2) derive standard methods for correcting solid

precipitation measurements, and (3) introduce a reference method of

solid precipitation measurement for general use to calibrate any type of

precipitation gage. The study designated the Double Fence Inter-

comparison Reference (DFIR) as the standard reference gage for the

intercomparison (Fig. 1). The DFIR is a Tretyakov gage surrounded by

an octagonal vertical double fence (Goodison et al., 1998).

The U.S. National Weather Service (NWS) has used the U.S.

standard 8-inch gage as the official measurement instrument for several

decades. Although the catch efficiency of the 8-inch gage is

dramatically improved when equipped with an Alter shield, relatively

few NWS stations use the Alter shield. In 1982, Benson reported that

the standard NWS 8-inch gages are particularly sensitive in the arctic

climate due to the effects of high wind speeds, the large percentage of

solid precipitation (greater than 50% of the total precipitation at

Barrow), and the slow rate of precipitation, which results in a large

number of ‘‘trace’’ precipitation days. He noted that trace precipitation

days sometimes account for nearly 80% of the total number of winter

precipitation days, and that this may lead to a significant error in the

total precipitation data due to the fact that trace days are recorded as

zero precipitation (Benson, 1982).

Yang et al. (1998a, 1998b) developed an adjustment procedure

and corrected the biases for selected climate stations in Alaska for

years 1982 and 1983. This study, following adjustment procedure of

Yang et al. (1998b), conducts daily precipitation adjustments and

presents the results of monthly and yearly summary for seven years

(1995–2001) for the NWS stations at Barrow and Nome, Alaska, It is

expected that these adjustments and changes in monthly and annual

precipitation amounts will impact climate monitoring, the understand-

ing of the arctic freshwater balance, and the assessment of atmospheric

model performance in the Arctic.

Site Locations

The sites investigated for this study are Barrow and Nome Alaska,

each of which has a National Weather Service station. The town of

Barrow is the northernmost community in the United States. The

station at Barrow lies at a latitude of 718179120 N and a longitude of

1568459480 W. The town of Nome is located on the Seward Peninsula

of Alaska. The station lies at a latitude of 618309480 N and a longitude
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of 1658269360 W. The site locations are shown in Figure 2. Both NWS

stations use the NWS standard 8-inch non-recording gage to measure

precipitation, however the gage at Barrow was equipped with an Alter

shield during the study period, while the gage at Nome was unshielded,

a condition which significantly increases the wind-induced gage

undercatch. The precipitation gage at the Nome station was also

located on the roof of the NWS building during the study period, which

subjects the gage to increased wind speeds and increased wind-induced

gage undercatch. Climate conditions for both sites are summarized

in Table 1.

Methods

The bias-correction methods applied in this study are those

derived by Yang et al. (1998b) for the adjustments for wind losses,

wetting losses, and trace amounts through the analysis of daily climatic

data. The daily meteorological data for the period of 1995 through

2001 at Barrow and Nome, Alaska, were obtained from the National

Climatic Data Center (NCDC) archives. The data include daily records

for maximum, minimum, and mean temperatures; precipitation, with

trace records; snowfall, which also includes trace records; resultant

wind speed; and the weather code for the weather condition at the time

of observation. For this study, weather code is used to determine the

precipitation type that occurred during each daily precipitation event.

Snow and rain are defined by the sole appearance of a snow or rain

code on that day, and mixed precipitation is defined by the appearance

of both the codes for snow and rain for the day.

The overall adjustment model is:

Pa ¼ KðPg þ�Pw þ�PeÞ þ�Pt; ð1Þ

where Pa is the adjusted precipitation; K is the adjustment coefficient

(usually K $ 1) for wind-induced errors; Pg is the gage-measured

precipitation; �Pw is the wetting loss; �Pe is the evaporation loss;

and �Pt is the trace precipitation (Yang et al., 1998b). The cor-

rection method for the individual components is discussed in the

following sections.

WIND LOSS

The NWS 8-inch standard gage was compared to the WMO

Reference gage (DFIR) for three winter seasons at three sites during

the WMO Intercomparison. The combined data were used to develop

best-fit regressions to determine the daily catch ratio, R, for the NWS

8-inch gage, depending on the daily wind speed at the gage height

(Ws, in m/s), the shielding of the gage, and the type of precipitation.

The regressions developed in the WMO Intercomparison included

corrections for wetting loss, undercatch of the DFIR (relative to a bush

shielded gage), wind speed at gage height, and blowing snow. The

catch ratio equations for the three considered precipitation types are

shown below (Yang et al., 1998a):

Snow:

RAlter Shield ¼ expð4:606� 0:036 Ws1:75Þ ð2Þ
RUnshielded ¼ expð4:606� 0:157 Ws1:28Þ ð3Þ

FIGURE 1. Cross-sectional view of a WMO Double Fence Intercomparison Reference (DFIR) gage.

FIGURE 2. Locations of Bar-
row and Nome in Alaska.

J. BENNING AND D. YANG /



Mixed Precipitation:

RAlter Shield ¼ 101:04� 5:62 Ws ð4Þ
RUnshielded ¼ 100:77� 8:34 Ws ð5Þ

Rain:

RAlter Shield ¼ expð4:606� 0:041 Ws0:69Þ ð6Þ

RUnshielded ¼ expð4:605� 0:062 Ws0:58Þ ð7Þ

The NWS station anemometer at Barrow is located at 31 ft (9.5 m)

above ground level, and the precipitation gage is located at 6 ft (1.8 m)

above ground level. At the Nome NWS station, the anemometer is

located at a height of 21 ft (6.4 m) above ground level, while the

precipitation gage is located on the roof of a building, at 14 ft (4.3 m)

above ground. Therefore, the following wind speed adjustment, which

applies a logarithmic wind field profile to reduce the wind speed from

the anemometer height to the precipitation gage height, is used.

UðhÞ ¼ UðHÞ lnðh=z0Þ
lnðH=z0Þ

� �
; ð8Þ

where U(h) is the estimated daily wind speed in m/s at the gage orifice,

U(H) is the measured daily wind speed in m/s at the anemometer

height, h is the height in meters of the gage, H is the height in meters of

the anemometer, and z0 is the roughness parameter in meters, equal to

0.01 m for the cold period (September–May) and 0.03 m for the warm

period (June–August) (Yang et al., 1998b).

Blowing snow has been reported with high winds. The WMO

results are applicable for wind speeds below 6.5 m/s. Thus, a maximum

wind speed of 6.5 m/s is applied for each daily precipitation event in

order to prevent the overestimation of the precipitation adjustment

during possible blowing snow events. The resultant daily wind speed,

after adjustment to the gage height and application of the threshold wind

speed, is used to estimate the catch ratio for each daily precipitation

event. The wind loss adjustment, K, is equal to 1/R (Yang et al., 1998b).

Although station history records do not indicate whether the NWS

8-inch gage was shielded at the Barrow NWS station, it was confirmed

through contact with the NWS office in Barrow that the gage was

equipped with an Alter shield during the study period. It was confirmed

through the NWS office in Fairbanks, Alaska, that the precipitation

gage at Nome was unshielded during the study period.

WETTING LOSS

Wetting losses vary depending on the type of gage, the

precipitation type, and the number of times the gage is emptied

(WMO/CIMO, 1993). For this study, on each day that precipitation

was observed, 0.03 mm or 0.15 mm is added to the daily gage-

measured precipitation for rain events or snow and mixed events,

respectively (Sevruk, 1982; Golubev et al., 1992). These values rep-

resent the experimentally determined losses per observation for the

NWS 8-inch gage. Thus, the adjustments represent minimum adjust-

ments since, generally, observations are made once every 6 h during

precipitation events, although the adjustments are applied only daily

(Yang et al., 1998b).

EVAPORATION LOSS

Studies indicate that evaporative losses vary by gage type and

time of year. At a Russian site for the WMO Intercomparison study, an

experiment concluded that the evaporative loss for the NWS 8-inch

standard gage was small enough that it could be neglected (WMO/

CIMO, 1993). Also, without site-specific data, which would depend on

the daily weather conditions, it is not appropriate to apply an averaged

adjustment derived for different sites. Therefore, no adjustments are

made in this study for evaporative losses (Yang et al., 1998b).

TRACE PRECIPITATION

Trace precipitation days are defined by the notation of a ‘‘T’’ in

the daily precipitation data and/or a ‘‘T’’ notation in the daily snowfall

with a measurement of zero in the precipitation data. Ideally, since the

focus of this study is the adjustment of gage-measured precipitation,

a trace precipitation day would be defined by a trace notation in the

daily precipitation data; however, examination of the data used in this

study indicates some potential recording discrepancies. For example, in

December 2000, zero trace days are recorded in the daily precipitation

data, while there are thirteen trace notations in the daily snowfall data.

Through comparison of daily precipitation data for this month to

historical data, it is unlikely that zero trace days occurred during the

month. Therefore, it appears more appropriate to include daily snowfall

data in the definition of trace days for consistency.

Following the adjustment procedure derived by Yang et al.

(1998b), trace precipitation is accounted for in this study by adding

0.10 mm for each day of occurrence. This is considered to be

TABLE 1

Normal average temperature, precipitation, and wind speed data for the Barrow and Nome NWS stations, from NCDC archives.

Month

Barrow Nome

Temperature (8C) Normal

precipitation (mm)

Wind

speed (m/s)

Temperature (8C)
Normal

precipitation (mm)

Wind

speed (m/s)Maximum Minimum Maximum Minimum

January �22 �29 4.3 5.5 �10 �19 20.1 4.9

February �24 �31 3.8 5.3 �11 �20 15.2 4.8

March �22 �29 4.3 5.3 �8 �18 13.7 4.4

April �14 �22 5.1 5.3 �3 �12 17.3 4.6

May �4 �10 4.1 5.6 6 �1 15.7 4.5

June 4 �1 7.1 5.3 12 4 28.4 4.3

July 8 1 23.9 5.4 14 7 55.1 4.2

August 6 1 24.4 5.7 13 7 68.8 4.8

September 1 �3 15.2 5.9 9 2 61.7 5.0

October �7 �12 11.4 6.1 1 �6 34.3 4.7

November �15 �21 6.4 5.9 �5 �12 26.4 5.2

December �21 �27 4.1 5.5 �10 �18 21.1 4.7

Annual �9 �16 114.0 5.6 1 �7 378.0 4.6

Years of record 52 52 30 34 52 52 30 39
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a conservative estimate, since observations are generally made every 6

h, and, therefore, multiple trace precipitation events are recorded as

a single trace precipitation day (Yang et al., 1998b).

Results

The daily adjustments for the study period are summarized to

show total annual and average monthly precipitation adjustments (Figs.

3 and 4). Figure 3 illustrates the total annual adjustments at both sites

during the 7-year study period. The relative contributions of each type

of adjustment vary with the total annual measured precipitation. The

magnitudes of the wetting losses are generally proportional to the total

annual precipitation. Trace losses, however, tend to account for a larger

percentage of the adjustment in years with less precipitation. The trace

losses are particularly important at Barrow, where the magnitudes of

the annual trace adjustments are approximately twice the magnitudes of

the adjustments at Nome. The annual adjustments for wind at Nome

are 99.7%–159.7% of the annual gage-measured precipitation, while

at Barrow, they are only 30.0%–54.5%. The much higher wind adjust-

ment at Nome is due to the placement on the roof and unshielding of

the precipitation gage at that station. The annual adjustment factors

(equal to the adjusted precipitation divided by the gage-measured

precipitation) range from 1.5 to 1.8 at Barrow and range from 2.3 to

3.8 at Nome, indicating that there is considerable interannual vari-

ability in the adjustment factors. The annual percentage increases to the

gage-measured precipitation for the study years range from 48% to

72% for Barrow and 103% to 166% for Nome.

The average monthly adjustments for each site over the 7-year

study period are illustrated in Figure 4 and summarized in Table 2. The

monthly-adjusted precipitation amounts increase the gage-measured

precipitation by 14%–272% (increases of approximately 2–13 mm) for

Barrow and by 19%–379% (approximately 7–124 mm) for Nome. For

Barrow, the monthly wind adjustments range from 1 to 10 mm, while

wetting and trace adjustments each range from ,1 to 2 mm. At Nome,

the adjustments are 6–122 mm, ,1 to 2 mm, and ,1 mm, for wind,

wetting, and trace adjustments, respectively.

The role of trace precipitation is particularly important to consider

at Barrow. The monthly percent contribution of trace adjustments to

the average monthly adjustments is greater than the percent contribu-

tion of wind adjustments for many months, March through June

(Fig. 5). This is due to a high ratio of trace precipitation days to mea-

surable precipitation days that is typical of Barrow’s climate (Fig. 6).

At Nome, the high magnitude of the wind adjustment (Figs. 4

and 5), particularly in winter months, is related to the percentage of

monthly precipitation that comes as snow (Fig. 7), since snow has

a higher surface area to mass ratio than rain, and thus is more

influenced by wind. At Barrow, this effect is offset by relatively low

precipitation during the winter months.

There is a potential for the over-adjustment of precipitation data

due to blowing snow, i.e., when the average daily wind speed for

a precipitation day is greater than 6.5 m/s. This is particularly important

at Nome, where the precipitation gage is located on the roof, and

therefore is subjected to higher wind speeds. At Nome, the percentage

of precipitation days with daily average wind speeds greater than

6.5 m/s at the gage height to the total precipitation days is 34.0% for

the cold period (October to April) during the study period. At Barrow,

this percentage is 16.0% for the period from October to May. This

demonstrates the importance of gage location on the potential accuracy

of the precipitation gages. The potential effects of blowing snow are

discussed in more detail in the following section.

Overall, the trends in the adjustment percentage (equal to the

difference between the adjusted precipitation and the gage-measured

precipitation divided by the gage-measured precipitation, expressed as

a percentage) reflect the combined effects of the monthly percentage of

precipitation received as snow and the average wind speed on

precipitation days (Fig. 8). At both stations, the adjustment percentage

(and correction factor) decreases as the percentage snow decreases in

spring and summer, and then increases again as the percentage of snow

increases in fall. Some of the deviations from this trend are explained

by variations in the average monthly wind speed on precipitation days.

Discussion

Various researchers have recognized the need to adjust pre-

cipitation data, particularly in cold climates that receive large

percentages of snowfall in yearly precipitation, and many studies have

FIGURE 3. Total annual adjustments for precipitation at Barrow (left) and Nome (right) for 1995–2001.

FIGURE 4. Average monthly adjustments for precipitation at Barrow (left) and Nome (right) for 1995–2001.

J. BENNING AND D. YANG /



applied different methods to adjust gage-measured precipitation data

for systematic biases (Sevruk, 1982; Groisman et al., 1991; Legates

and DeLiberty, 1993; Metcalfe and Goodison, 1993; Groisman and

Legates, 1994; Goodison and Yang, 1995; Yang et al., 1998b). Some

studies perform adjustments by applying constant correction factors to

monthly precipitation data (Groisman and Easterling, 1994; Groisman

et al., 1996); however, the applicability of this method may depend on

the objective of the study. Specifically, in the case of climate change

studies, daily adjustments that account for fluctuations in precipitation

types and differences in the wind speeds during precipitation days may

be more appropriate.

As it was noted previously, the annual adjustments range from

1.5–1.8 at Barrow to 2.3–3.8 at Nome, indicating that there is

considerable interannual variability in the adjustment factors (Fig. 3).

The results from Yang et al. (1998b) indicate annual adjustments for

1982 and 1983 of 1.73 and 1.77, respectively, for Barrow and 2.01 and

1.87, respectively, for Nome. A comparison of average monthly

precipitation adjustment trends for this study (Fig. 4) and the 1982 and

1983 data, indicate that at Barrow the average monthly trends for

1995–2001 are similar to the 1983 data, but appear substantially

different from the trends in 1982. For Nome, there is a dramatic peak in

the adjusted precipitation in November 1982; however, this peak is

dampened in the averages for 1995–2001, while the later study shows

much higher adjustments for January and February than does the

earlier study. Since this study and Yang et al. (1998b) applied the same

daily adjustment procedure, it seems clear that, for studies involving

interannual variability, the use of a constant correction factor may not

be appropriate.

Variability in wind speeds is an important factor in the application

of precipitation adjustment procedures. In Figure 9, the average

monthly wind speed on precipitation days over the 7-year period, the

average monthly wind speed for the 7-year period (at Barrow only),

and the average monthly wind speed for the period-of-record (prior to

any adjustments to gage-height) are compared. There appears to be

TABLE 2

Summary of adjustments to gauge-measured average monthly precipitation for 1995–2001 at Barrow and Nome, Alaska.

Month

Wind Speed

During Precipitation

Events (m/s)

Precipitation

Days

Trace

Days

Snow

(%)

Mixed

(%) Pg (mm)

Adjustments (mm)

Pa (mm)

Adjustment

factorWind Wetting Trace

Barrow

January 8.2 4 21 100 0 4.4 6.5 0.5 2.1 13.6 3.1

February 7.4 3 17 100 0 1.5 2.1 0.4 1.7 5.7 3.8

March 6.1 4 20 100 0 1.9 1.9 0.6 2.0 6.3 3.4

April 5.2 4 19 100 0 2.6 1.7 0.6 1.9 6.7 2.6

May 4.6 5 20 75 6 3.9 1.7 0.6 2.0 8.2 2.1

June 4.7 6 16 7 18 9.2 1.3 0.4 1.6 12.5 1.4

July 5.5 9 10 0 6 26.6 3.0 0.5 1.0 31.1 1.2

August 6.3 12 14 13 19 31.8 7.3 0.8 1.4 41.3 1.3

September 5.1 12 16 29 27 14.5 4.2 1.3 1.6 21.5 1.5

October 6.6 11 18 91 9 8.2 8.8 1.7 1.8 20.5 2.5

November 5.6 6 18 98 2 4.4 2.8 0.9 1.8 10.0 2.3

December 6.8 4 20 100 0 2.5 2.6 0.6 2.0 7.7 3.0

Nome

January 5.5 12 6 96 4 35.5 121.9 1.8 0.6 159.8 4.5

February 6.4 11 8 88 12 27.8 103.1 1.6 0.8 133.4 4.8

March 5.3 7 6 88 13 11.8 35.3 1.0 0.6 48.8 4.1

April 5.8 8 8 74 26 24.2 67.1 1.2 0.8 93.4 3.9

May 4.8 10 7 23 28 33.0 17.3 0.9 0.7 51.9 1.6

June 4.0 9 5 3 5 20.0 6.6 0.3 0.5 27.5 1.4

July 4.8 11 7 0 0 60.0 10.3 0.3 0.7 71.4 1.2

August 5.3 18 4 0 0 100.6 17.8 0.5 0.4 119.4 1.2

September 5.2 15 4 1 5 55.4 12.4 0.5 0.4 68.8 1.2

October 5.3 11 8 44 30 37.2 38.2 1.3 0.8 77.5 2.1

November 5.8 10 8 63 35 31.5 73.2 1.5 0.8 107.0 3.4

December 5.4 8 6 86 14 20.5 62.5 1.2 0.6 84.8 4.1

FIGURE 5. Contribution (%) of adjustments for wind loss, wetting loss, and trace amounts of the total average adjustment for each
month at Barrow (left) and Nome (right) for 1995–2001.
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considerably more fluctuation in the monthly wind speed on

precipitation days than in the average monthly wind speed for the 7-

year period or in the average monthly wind speed for the period-of-

record. It is important to note also that for Barrow, the average monthly

wind speeds for the study period were generally slightly greater than

the average monthly wind speeds for the period of record. If climatic

changes, such as increased severity of storms, occur during the course

of long-term studies, the effects of changing wind speeds during

precipitation events on both precipitation observations and adjustments

should be considered in hydrologic or climate change studies (Førland

and Hanssen-Bauer, 2000).

Sevruk (1982) recognized that the average monthly wind speeds

are generally 15%–20% less than the wind speeds during pre-

cipitation events. A method was derived to adjust the average

monthly wind speed to a wind speed during precipitation through the

use of an empirical coefficient, based on the number of days of

precipitation in the month and the precipitation type (Sevruk, 1982).

This method is applied to the average monthly wind speeds for the

study period for both Barrow and Nome and compared to the average

monthly wind speeds on precipitation days for the study period. For

Barrow, the ratio of the wind speed derived via the method of Sevruk

(1982) to the average monthly wind speed for precipitation days

ranged from 0.87 to 1.57, with an annual average of 1.19. For Nome,

the ratios ranged from 0.93 to 1.30, with an annual average of 1.08.

For Nome, the use of the method of Sevruk would therefore on

average only overestimate the wind speed for precipitation days by

8%; however, for Barrow this overestimation is 19%. Thus, it appears

that the use of the method of Sevruk is more appropriate for Nome,

which receives higher amounts of precipitation and generally lower

wind speeds, than for Barrow.

Numerous studies have identified the potential concern for over-

adjustment of precipitation data due to blowing snow fluxes (Li and

Pomeroy, 1997; Pomeroy and Gray, 1995) and potential false

precipitation, defined as blowing snow fluxes that are caught in

precipitation gages (Struzer, 1971; UNESCO, 1978; Bardsley and

Williams, 1997). The potential effects of false precipitation can lead to

overestimation of snowfall amounts and is a particular concern at

locations where the winter wind speeds tend to be high. Russian

methods and results for estimating false precipitation for eight sites

were reported by Golubev et al. (1997). This study indicated that at

seven of the sites, the correction factors for gage-measured snowfall

differed by less than 20% when false snowfall was and was not

considered. However, at a Siberian location subject to high wind

speeds, the difference in the correction factor with and without false

snowfall was 140% (Golubev et al., 1997). Yang and Ohata (2001)

analyzed the effects of false precipitation on gage-bias adjustments for

the Tiksi station in northern Siberia for 1986. Their analysis yielded an

annual bias correction of 25% when blowing snow was estimated,

compared to 50% when blowing snow was not considered (Yang and

Ohata, 2001). Williams et al. (1998) compared gage-measured winter

precipitation with moisture sensor data for the Saddle site located in an

alpine region of the Colorado Front Range in order to estimate the

effects of false precipitation. At this location, it was estimated that an

overcatch of 61% was collected during 10 years of study, and this was

attributed to blowing snow. This site experiences mean winter wind

speeds of 10–13 m/s, with after-storm gusts typically greater than

20 m/s (Williams et al., 1998). In comparison, at both Barrow and

Nome, winter wind speeds are generally much lower, with monthly

mean winter wind speeds during precipitation events ranging from

around 5–8 m/s at Barrow and 5–6 m/s at Nome.

Yang and Ohata (2001) presented the results of detailed analysis

of daily wind speeds on snowfall days for 10 Siberian stations. Their

study indicates that at locations in northern Siberia, along the Arctic

coast, there is a general tendency for high gage-measured snowfall

amounts associated with high daily wind speeds, suggesting that some

of the gage-measured snowfall on days with high winds may be caused

by blowing snow into the gage. In Figure 10, the relationships are

illustrated between daily precipitation and daily wind speed at gage

height for the cold seasons during two years, 2000 and 2001, at Barrow

and Nome. The cold seasons are defined by the long-term normal

FIGURE 6. Average number of days of measurable and trace precipitation days at Barrow (left) and Nome (right) for 1995–2001.

FIGURE 7. Monthly average percentage contribution of snow, rain, and mixed precipitation to the total gauge-measured precipitation
at Barrow (left) and Nome (right) for 1995–2001.
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monthly minimum and maximum temperatures (Table 1). For Barrow,

this includes the months from October through May for Barrow and the

months from October through April for Nome (note, however, that at

Nome, the normal maximum for October is 18C, which is slightly

warm; also from Fig. 5, there is some contribution to monthly

precipitation from rain). At Barrow, there is no association of high

gage-measured precipitation at high wind speeds. This is different from

the Siberian Arctic coast stations, which demonstrated this trend (Yang

and Ohata, 2001). This result suggests possibly less potential for over-

adjustment of precipitation data at Barrow. At Nome, however, there is

large scatter in the daily measured precipitation at increasing wind

speeds, likely due to the placement of the precipitation gage on the roof

of the building. This suggests that at Nome there is likely a greater

potential for over-adjustment of precipitation due to blowing snow, and

indicates that methods should be developed to estimate the effects of

false precipitation for this region. At wind speeds above the threshold

of 6.5 m/s, there is considerable uncertainty in the reliability of the

precipitation data collected by standard and reference gages as well as

of the adjustments. Efforts are underway to examine and quantify

blowing snow impact on gage observation in the arctic regions through

well-designed field experiment (Sugiura et al., 2003).

It is important to note that the status of shielding of gages at U.S.

NWS stations is difficult to obtain from national and regional data

centers. However, wind adjustments are dramatically impacted by the

presence or absence of Alter shields on the U.S. standard 8-inch gages,

as can be observed in the differences between the magnitude of the

contribution of the wind adjustments as a percentage of gage-measured

precipitation at the Nome and Barrow stations. Therefore, it is critical

to obtain information on the status of gage shielding when performing

precipitation adjustments.

Conclusions

Underestimates of precipitation due to wind-induced undercatch,

especially of solid precipitation, wetting losses, and trace amounts

represent an important source of error, particularly in the arctic climate.

This study applies a method of adjusting the gage-measured pre-

cipitation measurements for known biases in order to develop a more

accurate data archive. The results of the bias adjustments indicate that

measured precipitation data significantly underestimate the monthly

and annual precipitation received at both the Barrow and Nome

stations, with a pronounced contribution of the wind-induced under-

catch at the Nome station due to the elevation of the unshielded gage at

the station. Overall, the adjustments result in increases of 42%–72%, or

50–85 mm, to the annual total gage-measured precipitation for the 7-

year study period at the two sites. The average monthly adjustments

increase the monthly average gage-measured precipitation by 14%–

272% (2–13 mm).

Accurate precipitation data archives are important for climate

monitoring, understanding the arctic freshwater balance, and the

assessment of atmospheric model performance in the Arctic. Therefore,

this effort will continue in order to apply the precipitation adjustments

to the Barrow NWS station for the entire period of record as well as to

other locations in Alaska.
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FIGURE 8. Average wind speed during precipitation events, percentage contribution of snow, and percent increase of adjustment to the
gauge-measured precipitation for each month at Barrow (left) and Nome (right) for 1995–2001.

FIGURE 9. Average monthly wind speed during precipitation events, average monthly wind speed from 1995 to 2001, and long-term
average monthly wind speed at Barrow (left) and Nome (right) for 1995–2001.
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FIGURE 10. Daily precipitation versus daily wind speed adjusted to precipitation gauge height for cold seasons in 2000 and 2001 at
Barrow (left) and Nome (right).
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