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runoff data are recorded at these thrcc glaciers to better understand glacier-related hydrologic pro- 
cesses. 

This report contains air temperature and precip~tation-catch measurements recorded at Gul- 
kana Glacier basin from 1968 through 1996 hydrologic years as part of the long-term glacier-mon- 
itoring program. Thc data set is important because it provides long-term climate information from 
the highest year-round climatological recording site in Alaska. 

Background 

Measurements began on Gulkana Glacier during the carly 1960's with the University of 
Alaska Gulkana Glacier Project (P6w6 and Reger, 1983). For several years this project measured 
energy balance, mass balance, and meteorology, as well as supplemental measurements of ice foli- 
ation, flow, and glacier bottom topography (from gravity anomalies). In 1966, the U.S. Geological 
Survey initiated a continuing series of rncteorological, snow- and ice-balance, and runoff measure- 
ments as part of the United States contribution to the International Hydrologic Decade study of 
mass balances on sclected glaciers. Detailed results from 1966 and 1967 are reported by Meier and 
others (1971) and Tangborn and others (19771, respectively. Measured w~nter snow balance and 
annual balance from 1966-77 are reported by Meicr and others (1980). Mass balance studies were 
relatively intensive until the mid- 1970's, after which spatial sarnpllng was reduced to three index 
sites. At that time, measurements were expanded to include ice motion and surface altitude obser- 
vations, in addition to the ongoing balance, runoff, and meteorological obscrvat~ons. Since 1966, 
part of the Gulkana data set, including nct balance, accumulation, ablation, accumulation area ratio 
(AAR), and equilibrium line altitude (ELA), has bccn published by the World Glacier Monitoring 
Service (Kasser, 1967; Muller, 1977; Haeberli, 1985; EIaeberli and Miiller, 1988; Haeberli and 
Hoelzle, 1993). Index-site glacier-surface and summer-surface altitudes, measured winter balance, 
and net firn and ice balances from 1975 to 1983 are published by Mayu and Trabant (1986). 
Detailed arlnuai reports for 1992 and 1993 are published by March and Trabant ( 1996 and 1997, 
respectively). Net and seasonal mass balances from 1966 forward are available on the World Wide 
Web at http:Nwww-water-ak.usgs.gov. 

The Gulkana record is  approaching the general 30-year length-of-record criterion (necessary 
to providc reasonable statistics) that is used in the selectiorl of stations for international exchange 
through the Global Telecommunications Service (GTS) for global climate monitoring (Karl and 
others, 1989). Preliminary regional climate-glacier interpretive work using the Gulkana data 
includes papers by Meier and others (1971 ), Mayo and Trabant ( 1  9861, Letreguilly and Reynaud 
(I9$9), and by Walters and Meier (1989). 

Purpose and Scope 

The purpose of the Gulkana Glacier research program is to develop a better understanding of 
long-tcrm climate variations and glacier processes in ordcr to c~uantitatively predict the effects of 
glaciers on global sea level, water resources, and hydrologic hazards. The approach has been to 
establish long-term mass-balance mon~toring programs at threc widely spaced glacter basins in the 
United States-South Cascade, Wvlverinc, and Gulkana-that sample different climate-glacier- 
runoff regimes. 
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Air temperature and precipitation-catch data described In this report were recorded for the 
purpose of studying climate variations, estimating some mass-balance quantitics, determining 
dates of Important glacier mass-balance events, and investigating the effects of climate variation 
on glaciers. The purpose of this report is to provide a comprehensive climatological data set for 
Gulkana Glacier in both tabular and electronic formats. 

The daily air temperature data set is 96 percent complete. Approximately 5 percent of the 
reported temperature record is eslirnated. The daily precipitation data set is 83 percent complete. 
Approximately 4 percent of this reported record is estimated. Precipitation data for 1993-96 are 
missing. Equipment malfunctions account for the missing air temperature and precipitation data. 
Monthly precipitation-catch and average air temperature summaries are calculated for months with 
nine or fewer daily records missrng. Annual data summaries are calculated for the hydrologic year 
(HY), October 1 through September 30, for years that have 12 months of data. Dates of missing 
and estimated record are listed in table 1 (p. 13 of this report). Monthly and annual average air tern- 
perature values are presented in table 2 (p. 14). Monthly and annual precipitation-catch values are 
presented in table 3 (p. 15). Daily average air temperature values are reported in table 4 (p. 16-44) 
and daily precipitation-catch values through 1992 HY are reported in table 5 (p. 45-69). Daily, 
monthly, and annual air temperature and precipitation data are also presented in graphical form in 
Appendix A, figures A1 through A9. Daily, monthly, and annual air temperature and prec~pitation 
data are also avatlable on the World Wide Web at http:/Iwww-water-ak.usgs.gov, or may be 
obtained from the USGS on a data disk as described in Appendix B. 

Data reduction methodologies described for a similar weather station at Wolverine Glacier, 
Alaska (Mayo and others, 1992; Kennedy, 1995), are applicable to the Gulkann Glacier metcoro- 
logical data. 

Instrument Site and Climate Description 

The Gulkana climatological station is located at an altitude of 1,480 rn on the crest of a wind- 
swept, ice-cored moraine along the eastern boundary of the glacier (fig. 2). The station is slightly 
lower than the glacier's average ELA and approximately 300 rn from the east edge of the glacier. 
The average ELA is about 1,700 rn, which is consistent with a continental mountain climiite in 
Alaska. The average annual air temperature at thc recorder site is about -4"C, and the average 
annual precipitation-gage catch is about 1,000 mm. Snowfall is the dominant form of precipitation 
on the glacier from September through mid-June. Wind prevents deep snow from accumulating at 
the recording site. Daily average temperatures range from a low of -35°C to a high of 16°C. 

DATA COLLECTION AND EQUIPMENT 

Weather station equipment consists of an air temperature sensor in a vented shelter, a precip- 
itation gage with a windshield and steel storage tank, and an analog strip-chart recorder mounted 
inside a shelter on the storage tank (fig. 3). T h ~ s  equipment has remained essentially the same srncc 
the station began operation in 1967, and is ~dent~cal to that operated at Wolverine Glacier. These 
gages were installed in 1967 by one author (Mayo), Follow~ng designs for remote weather statlons 
developed by Tangborn (1 963) at South Cascade Glac~er. Installation and testing of digital climate.. 
recording equipment des~gned for satellite data tclernetry began in September 1995 and is in 
progress. 
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in temperatures above -40°C. The daily precipitation catch (table 5) has an estimated accuracy of 
about +5 mm (Kennedy, 1995). 

The complex relation between precipitation-gage catch and basin precipitation has not been 
thoroughly analyzed at Gulkana. It is generally well known that gage-catch efficiency is reduced 
by strong winds, especially for snow precipitation. Moreover, catch efficiencies are not constant 
but can vary with wind speed, direction, and the form of the precipitation, thus possibly producing 
a seasonal variation in  catch efficiency. According to Goodison (1978), gage-catch efficiency is 
inversely related to wind speed. At Wolverine Glacicr, which is a windier environment than Gul- 
kana, the gage-catch efficiency relative to the basin precipitation was found to be about 0.3 for a 
10-year period (Mayo and others, 1992). From April 27, 1967 to Scptember 30, 1967 the catch effi- 
ciency of the Gulkana gage relative to the basin precipitation was calculated to be 0.5 (Tangborn 
and others, 1977), though the windshield has since been modified to what is believed to be a more 
effective design. For the 14 years, 1968-78 and 1990-92, thc precipitation-catch efficiency of the 
gage relative to basin precipitation is estimated to be about 0.6 by considering the long-term water 
balance of the basin; however, individual year gage-catch efficiencies show a large variability, 
ranging from 0.2 to 1.0 (March and Trabant, 1997). Despite the uncertain catch efficiency, the 
recorded precipitation-gage catch is a useful indicator of the timing and intensity of precipitation 
events in the basin. 

Operating Problems 

Thc most serious equipment problems have been ( 1 )  occasional stoppage of thc strip-chart 
recorder clock and (2) recent (1993-96) loss of liquid from the storage tank that may have been 
caused by an inadequate oil layer. Rccorder malfunctions occur most commonly during the cold 
winter months, though gaps in the record also occur during the summer (table 1). The 1993-96 
evaporation-affected record is being analyzed. 

In addition, although the gage orifice is painted dark green to absorb sunlight, snow occasion- 
ally sticks on the inside or top of the gage above the antifreeze solution level. When temperatures 
increase, this snow falls into the collection tank producing an abrupt rise (usually less than 15 mm) 
on the precipitation-catch record. These events are reported as precipitation catch on the day they 
occur; however, caution should be used when analyzing these reported daily values bccause they 
probably include precipitation from previous days. The dates of these abrupt rises on the precipi- 
tation-catch record are listed in table 6 at the back of this report. 

MONTHLY AND ANNUAL DATA FORMAT 

In order to summarize the data set in an easy-to-read format, monthly and annual air temper- 
ature and precipitation data are presented in tables 2 and 3 respectively, and in graphical form in 
Appendix A. These data summaries follow suggested National Climate Data Center (NCDC) 
reporting format-if more than nine records are missing the monthly summary is reported as "not 
valid" (Grant Goodge, NCDC, oral commun., 1995). In some cases, partial records used in con- 
junction with climate data from nearby Trims Camp or Paxson (fig. 1) allowed reasonable linear 
regression estimatcs of daily values to complete partral monthly records. Regression equations 
were developed using 20 to 30 data points on either side of the missing record. Air tclnperature 
regression estimates are fair; coefficient of determination (r2) values range from 0.4 to 0.8. Precip- 
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2 itation-catch regression estimates are poor; r valucs range from 0.2 to 0.6. These data estimates 
arc preliminary. Dates of missing and estimatcd record are listed in table 1. Annual data summaries 
are calculated for those hydrologic years that have 12 months of recorded data. It is important ro 
note that even though several months of precipitation record may be missing within a particular 
hydrologic year, a valid cumulative precipitation catch for that period can still bc measured when 
the chart rccorder is restarted because the precipitation gage is a storage-type gage. Annual prccip- 
itation catch reported for 1984, 1987, 199 1 ,  and 1992 hydrologic years include data measured in 
this manner (table 3). 

Graphs of annual average air temperature and annual total precipitation catch are presented 
in figures A1 and A2 (Appendix A). The relation bctween annual precipitation catch and annual 
average air temperature is graphed in figure A3. Monthly average air temperature maximums, 
means, and minimums are graphed in figure A4. Monthly precipitation-catch maxtmums, means, 
and minimums are graphed in figure A5. Graphs of average air ternperaturc plotted by month are 
presented in  figure A6 and graphs of precipitation catch plotted by month are presented in figure 
A7. Daily avcrage air temperature is graphed in figure AX and daily precipitation catch is graphed 
in figurc A9. Summary data values are included next to each chart in figures A I ,  A2, A6, and A7+ 
Each chart of monthly and annual air temperature and precipitation-catch data includes plots of thc 
data mean and one standard deviation either side of the mean. 

ANNUAL, MONTHLY, AND DAILY DATA SUMMARY 

The average annual air temperature recorded at Gulkana Glacier, from hydrologic ycars 1968 
through 1995, was -4.1 "C. The coldest recorded year was 1972 with an annual average temperature 
of -67°C. The warmest year was 198 1 with an annual average temperature of -2.6"C. January 197 1 
was the coldest month with an average temperature of -20.8"C and July 1989 was the warmest with 
an average temperature of 8.7"C. January 17, 1971, was the coldest day with an average tempcra- 
ture of -35.0°C. June 15, 1969, was the warmest day with an average temperature of 16.4^ C. 

The average annual precipitation catch recorded at the site, from hydrologic years 1968 
through 1992, was 1,020 mm, The highest annual precipitation catch recorded was 1,572 mrn in 
198 1 ; the lowest was 555 mm in 1969. The highest recorded monthly precipitation catch was 448 
mm in July 198 1 and in several months no precipitation was recorded. The highest daily precipi- 
tation catch was 99 rnm on September 12, 1972, and on many different dates no precipitation was 
recorded. 
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