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CONVERSION FACTORS, VERTICAL DATUM, AND MACHINE-READABLE FILES

Mulitiply By To Obtain
millimeter (mm) 0.03937 inch
meter (m) 3.281 foot
kilometer (km) 0.6214 mile
kilogram (kg) 2.205 pound, avoirdupois
liter (L) 0.2642 gallon
degree Celsius (°C) 1.8, thenadd 32  degree Fahrenheit

Vertical datum:

In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929), a geodetic datum
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Sea Level Datum of 1929.

Machine-readable files:
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Data Center, Campus Box 449, University of Colorado, Boulder, CO, 80309. Additionally, the data may be obtained
on disk from the District Chief, U.S. Geological Survey, 4230 University Drive, Suitc 201, Anchorage, AK
99508-4664.
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Air Temperature and Precipitation Data,
Gulkana Glacier, Alaska, 1968-96

By Ben W. Kennedy, Lawrence R. Mayo, Dennis C. Trabant, and Rod S. March

Abstract

Daily, monthly, and annual average air temperature and precipitation-catch data were
recorded at Gulkana Glacier basin, Alaska, between October 1967 and September 1996. The data
set is important because it provides long-term climate information from the highest year-round cli-
matological recording site in Alaska.

The daily air temperature data set is 96 percent complete. The daily precipitation data set is
83 percent complete; precipitation data for 1993-96 are missing. Annual data summaries are cal-
culated for each hydrologic year, October 1 through September 30, for years that have 12 months
of data. Monthly precipitation-catch and average air temperature summaries are calculated for
months with nine or fewer daily records missing.

The average annual air temperature recorded at the site from hydrologic year 1968 through
1996 was -4.1 degrees Celsius. The coldest recorded year was 1972 with an average annual tem-
perature of -6.7 degrees Celsius. The warmest year was 1981 with an average annual temperature
of -2.6 degrees Celsius. January 1971 was the coldest month with an average temperature of -20.8
degrees Celsius. July 1989 was the warmest month with an average temperature of 8.7 degrees Cel-
sius. January 17, 1971, was the coldest day with an average temperature of -35.0 degrees Celsius.
June 15, 1969, was the warmest day with an average temperature of 16.4 degrees Celsius.

The average annual precipitation catch recorded at the site from hydrologic year 1968
through 1992 was 1,020 millimeters. The highest annual precipitation catch recorded was 1,572
millimeters in 1981; the lowest was 555 millimeters in 1969. The highest recorded monthly pre-
cipitation catch was 448 millimeters in July 1981 and in several different months no precipitation
was recorded. The highest daily precipitation catch was 99 millimeters on September 12, 1972, and
on many different dates no precipitation was recorded. Because of low gage-catch efficiency the
reported annual precipitation-catch data are estimated to represent about 62 percent of the actual
annual basin precipitation. Snowfall is the dominant form of precipitation on the glacier from Sep-
tember through mid-June.

INTRODUCTION

Gulkana Glacier (fig.1), in central Alaska, is a compound valley glacier fed from several cir-
ques on the south flank of the eastern Alaska Range. The glacier has been in general recession since
the culmination of its last advance around the turn of the century (Péwé and Reger, 1983). Gulkana
Glacier is one of three long-term glacier-monitoring sites operated by the U.S. Geological Survey.
The other glacier-monitoring sites are Wolverine Glacier in southcentral Alaska and South Cascade
Glacier in Washington. Air temperature, precipitation, glacier-motion, mass-balance, and stream
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runoff data are recorded at these three glaciers to better understand glacier-related hydrologic pro-
cesses.

This report contains air temperature and precipitation-catch measurements recorded at Gul-
kana Glacier basin from 1968 through 1996 hydrologic years as part of the long-term glacier-mon-
itoring program. The 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 early 1960’s with the University of
Alaska Gulkana Glacier Project (Péwé 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 meteorological, 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 selected glaciers. Detailed results from 1966 and 1967 are reported by Meier and
others (1971) and Tangborn and others (1977), respectively. Measured winter snow balance and
annual balance from 1966-77 are reported by Meier and others (1980). Mass balance studies were
relatively intensive until the mid-1970’s, after which spatial sampling 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 observations. Since 1966,
part of the Gulkana data set, including net balance, accumulation, ablation, accumulation area ratio
(AAR), and equilibrium line altitude (ELA), has been published by the World Glacier Monitoring
Service (Kasser, 1967; Muller, 1977; Haeberli, 1985; Haeberli 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 Mayo and Trabant (1986).
Detailed annual 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://www-water-ak.usgs.gov.

The Gulkana record is approaching the general 30-year length-of-record criterion (necessary
to provide reasonable statistics) that is used in the selection 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 (1986), Letréguilly and Reynaud
(1989), 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-term climate variations and glacier processes in order to quantitatively predict the effects of
glaciers on global sea level, water resources, and hydrologic hazards. The approach has been to
establish long-term mass-balance monitoring programs at three widely spaced glacier basins in the
United States—South Cascade, Wolverine, 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 quantities, 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 estimated. 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 missing. 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 tem-
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 Al through A9. Daily, monthly, and annual air temperature and precipitation
data are also available on the World Wide Web at http://www-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 Gulkana Glacier meteoro-
logical data.

Instrument Site and Climate Description

The Gulkana climatological station is located at an altitude of 1,480 m 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 m from the east edge of the glacier.
The average ELA is about 1,700 m, which is consistent with a continental mountain climate in
Alaska. The average annual air temperature at the 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). This equipment has remained essentially the same since
the station began operation in 1967, and is identical to that operated at Wolverine Glacier. These
gages were installed in 1967 by one author (Mayo), following designs for remote weather stations
developed by Tangborn (1963) at South Cascade Glacier. Installation and testing of digital climate-
recording equipment designed for satellite data telemetry began in September 1995 and is in
progress.

4 Air Temperature and Precipitation Data, Gulkana Glacier, Alaska, 1968-96
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Figure 2. Gulkana Glacier basin and instruments sites, Alaska.

Chart Recorder

Precipitation catch and air temperature are recorded by a multi-pen strip-chart recorder
(Leupold & Stevens, Type A351). The recorder will operate for several months between servicing

visits, recording analog data on a continuous basis.

!The use of brand, firm, or product names in this report is for identification purposes only, and does not constitute
endorsement by the U.S. Geological Survey.
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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 Glacier, 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 September 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, the 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

The most serious equipment problems have been (1) occasional stoppage of the 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. Recorder 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 because 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 estimates of daily values to complete partial monthly records. Regression equations
were developed using 20 to 30 data points on either side of the missing record. Air temperature
regression estimates are fair; coefficient of determination (%) values range from 0.4 to 0.8. Precip-
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itation-catch regression estimates are poor; r? values range from 0.2 to 0.6. These data estimates
are preliminary. Dates of missing and estimated 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 to
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 be measured when
the chart recorder is restarted because the precipitation gage is a storage-type gage. Annual precip-
itation catch reported for 1984, 1987, 1991, 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 Al and A2 (Appendix A). The relation between 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 maximums, means,
and minimums are graphed in figure AS5. Graphs of average air temperature plotted by month are
presented in figure A6 and graphs of precipitation catch plotted by month are presented in figure
A7. Daily average air temperature is graphed in figure A8 and daily precipitation catch is graphed
in figure A9. Summary data values are included next to each chart in figures Al, A2, A6, and A7.
Each chart of monthly and annual air temperature and precipitation-catch data includes plots of the
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 years 1968
through 1995, was -4.1°C. The coldest recorded year was 1972 with an annual average temperature
of -6.7°C. The warmest year was 1981 with an annual average temperature of -2.6°C. January 1971
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 tempera-
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 mm in
1981; the lowest was 555 mm in 1969. The highest recorded monthly precipitation catch was 448
mm in July 1981 and in several months no precipitation was recorded. The highest daily precipi-
tation catch was 99 mm on September 12, 1972, and on many different dates no precipitation was
recorded.
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Air Temperature and Precipitation Data, Guikana Glacier, Alaska, 1968-96
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Table 5. Daily and monthly precipitation catch at 1,480 meters altitude, Gulkana Glacier basin, 1970 hydrologic year

[Data in millimeters; monthly total is referenced as "N/A" if more than 9 records are missing; --, record missing]
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Note: Gage catch may not equal actual precipitation because of errors caused by wind.
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Note: Gage catch may not equal actual precipitation because of errors caused by wind.
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50 Air Temperature and Precipitation Data, Gulkana Glacier, Alaska, 1968-96

31
207 37 36 51 31 103 52 48 102 67 264 46

Monthly

Total
Note: Gage catch may not equal actual precipitation because of errors caused by wind.
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Table 5. Daily and monthly precipitation catch at 1,480 meters altitude, Gulkana Glacier basin, 1975 hydrologic year

Mar-75

[Data in millimeters; monthly total is referenced as "N/A" if more than 9 records are missing; --, record missing]
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Note: Gage catch may not equal actual precipitation because of errors caused by wind.



Table 5. Daily and monthly precipitation catch at 1,480 meters altitude, Gulkana Glacier basin, 1976 hydrologic year

[Data in millimeters; monthly total is referenced as "N/A" if more than 9 records are missing; --, record missing])

Aug-76  Sept-76

July-76

May-76  June-76

Oct-75 Nov-75 Dec-76 Jan-76  Feb-76 Mar-76  Apr-76

Day

\oNe e e N

elojolo)o]

—

Qo ——Oo

olojio)oNo]

— Q Mmomm ™

O OO ~—«N

OO NOO

o — QOO

o ~—QQ

QOO0

~NQOQOQOO
N

— N < W0

QQ

Qw

Q —

Qo

N O

w0 N

QO

QOQOQQOO

QOO OoOo

o~ 9@

QON

14
16

12
13

14
15
16
17

QOO NN

18

2

[sloloie

@ MU0

NOOQ

QO N<T

QO MmO

— O 0OQ

18
19
20
21

Q—QOQ

QOQOQ

[eNeloNoNe]

QOO Om

QOO OOo

nuT— QO

QOO0 Q~

NOOOO

VOT~—OQ

23
24
25

Qoo ~—

QOO

—_<TOQO

QQQOQQO

—~—< OO~

NANOOO

TOOmMO

QO QO

QO MmMQ—

— < AN T O

— ANNOO

[ejeoNoNoNo)

31
Monthly
Total

89

88

37

40

22

84

55

64

24

10

93

TABLES 1-6

Note: Gage catch may not equal actual precipitation because of errors caused by wind.
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Table 5. Daily and monthly precipitation catch at 1,480 meters aititude, Gulkana Glacier basin, 1978 hydrologic year

[Data in millimeters; monthly total is referenced as "N/A" if more than 9 records are missing; --, record missing]
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TABLES 1-6

Note: Gage catch may not equal actual precipitation because of errors caused by wind.
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89 119 47 16 195 59 37 93 117 70 122
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Total
Note: Gage catch may not equal actual precipitation because of errors caused by wind.




‘puim Aq pasned SJOLD Jo asnedaq uonelididaid [emoe jenba jou Aew yoyeo o8en :aloN

Lzt 161 eve g6 89 £e (S (€ 1S 8L GGl L2l [JTe]]
Alyguo

0 Z 9 8 0 3 % LE
0 0 £ 14 6 0 t z L L z 0€
0 4 Ll £ 0 L { 0 0 £ L £ 62
£ g Ly 0 L 0 0 0 z 0 0 0z 8z
£ Z 2L 0 0 0 0 0 0 £ 0 Z [
0 0 6 0 0 0 z 0 0 z 0 0 9C
z 0 £ 0 0 0 0 0 0 z 0 0 o4
9 0 0 0 L 0 0 0 0 0 £ L Ve
1l 0 0 0 L € 0 0 14 0 € L %4
8 0 0 14 z L L 0 6 v Zz 0 zz
Zz g 0 0 g 0 4] 0 0 £ L 0 1z
0 6 0 14 9 8 | 0 t g € 14 014
0 el L 9 0 0 0 Z 14 Z £ 0 6l
0 Sy L 8¢ 0 z { € 0 L £ 0 81
Zz 0 L 6 Z 0 0 0 Gl S S 4] Ll
L 6 0 0 0 L 4 0 0 0 £ 0 91
] 6 L 0 0 0 t 0 0 0 Zz 0 Gl
%4 4 8 0 0 0 0 0 0 0 S L 4l
£e el 9 0 0 0 0 0 0 0 vl 0 €l
0 0 £e 6 0 L 0 0 L Zz o1 L 4]
0 0 £z Ll 0 L 0 0 0 z 81 14 Ll
v L 0 L 14 0 £ 0 14 L L€ 0 o]
4 L £ 0 £ L 8 0 L 0 L Ll 6
0 Ll £ 0 Z 0 4 £ £ 0 14 el 8
0 8y L 0 0 v v 4 € 0 L1 0 L
0 0 L 0 0 0 L 0 L 4 4 4 9
0 0 0 0 0 0 S L ) 8 0 81 S
0 0 0 0 L 0 0 L 0 ol 0 L 14
0 Z L 0 0 0 0 9 0 14 0 14 £
9 Ll L 0 1z 4 0 0 0 L Z L z
G L 0 0 4 0 0 £l 0 4 0 0 L

0g-ides 0g-bny  Q0g-AINnt  pg-eunt (08-AD  08-ddy  08-IOWN  (08-d84  08-UD[  §/-08Q  6L-NON  6L-400 Abq

[Suisstur p10321 *-- JulsSIW 2B SPIOIDL ¢ UBYY IOW JI , /N, SE PaduUIaJal sI [£10) K[Yyuou sIajawi[{iw ut eyec]

1094 DIBOJ0IPAY 0861 “UISDQ JBIODIS DUDYINS ‘SPNYIID SI8jeul Ogy’| 40 Y200 uoiojdiosid Ajyjuous pup Aiog °s e|jgo]

57

TABLES 1-6



“puim AQ pasned sioud jo asnedaq uonendioaid femoe fenbas jou Aew yojes a8en 910N

86 8Ly 8wy 651 o Ll (S v8 zs Sy 95 Zol 10401
AlyIUOW
v 0 L S 0 € L €
0 € Z 8l 0 0 0 0 8z z £ >
0 0 S 61 L £ 0 0 0 L zl 62
0 0 L 4 L 0 z 0 z 0 ol 6 8z
0 0 L 9¢ € 0 5l g v 0 S 0 [z
L 0 sl [ 0 0 € 4 Z 0 £ 0 9z
L 0 8e 4 4 0 0 L 0 0 £ 4 5z
8z 0 zt 0 0 0 8 £ 0 0 0 0 vz
9 0 ol 0 v 0 v 0 0 0 L 0 €2
0 o1 0 0 L 0 z £ 0 0 0 0 zz
0 4 0 0 L 0 0 v 0 0 S 0 1z
0 4 vl 0 £ 0 L L 4 0 0 4 0z
L L1 9l z 0 0 0 4 9 0 L 0 61
0 0 £l 0 9 0 0 z 0 0 0 0 8l
0 0 % 0 0 0 0 0 0 0 8 0 L1
L L ov 0 0 0 0 0 z 0 0 z 91
S oy ve L z 0 L 0 1 S 0 6 Sl
0 0z 9 L 0 0 0 € 9 g 0 9 vl
v 9 1 0 0 0 0 0 0 z 0 z €l
v oL 4l 0 z 0 L ] zt 0 0 z zl
vl 8l 8¢ 0 L 0 % g 0 z 0 4 Ll
v oL 68 0 0 0 L £ 0 0 0 y ol
0 1z vl g 0 £ 0 0 0 0 0 z 6
S 9 91 91 0 0 0 0 0 0 L £l 8
L le <74 z 0 0 0 L z 0 L 0 L
ol 0 L1 L 0 0 0 8z 0 0 £ € 9
S 0 1L zZL 0 0 0 9 4 0 L v g
0 0 0 ol 0 L z 4l g 0 v 8 v
z 0 0 L L L z Z 0 0 0 € €
0 €z € 0 0 z 9 0 z 0 L el z
0 95 g g L L 0 0 v 0 0 0 L

lg4des  (g-Bny  Lg-ANr  (g-8unf  (8-ADIN _ (8-dy  (8-OIN 18G4  (8-UOT 08004 0B-AON  08-R0 Aog

[Suissiur p10221 -~ ‘ZUISSIW 2IC SPIOII 6 UTL) IOUI JI /N, ST PIJUII2Ja1 SI [210) A[iuow ‘s1apwijjiw Ui ejeq)

1I08A DIBOJ0IPAY (861 WIS IBI00[S) DUDYINS ‘SPNJIIO SIBIOUI 0gy’L 10 YO0 uoyojidiveld Ajyjuow pup Ajog *§ ejqpl

Air Temperature and Precipitation Data, Gulkana Glacier, Alaska, 1968-96

58



‘puim AQ pasned s10L2 Jo asnedaq uonendioald jemoe [enba jou Aew yores afen :d0N

et 2ot 09t 96 Zs 0¢ 74 (2 Gl 9l L 991 |0jo}
Alyjuon
0¢ 3 0 0 0 0 € Le
g ot 8t € Z L L L 0 0 0 0¢
L 8l 144 l 0 Z L 0 0 0 0 62
4 L 0 L L 0 0 0 0 0 0 0 82
L 0 0 0 Z 0 0 0 0 4 0 0 (2
€ L Z 0 € L 0 0 L 9 0 Z 9z
0 0 Gl 0 14 0 0 0 0 € 0 14 G2
0 4 8l 0 0 6 0 0 0 Z 0 Z ve
L 0 45 L 0 L L 0 0 £ 0 el €Z
14 0 v 0 0 0 0 0 0 0 0 1z ze
0 0 L 0 L 8 0 L 0 0 0 Ll e
L 0 0 ol ot Z 0 0 0 0 0 0 0c
8l 0 0 9 0 L 0 0 0 0 0 € 6l
S 0 Z S 0 0 0 0 0 0 0 9 8l
0 8 v Lt 0 0 14 0 Z 0 0 0 Ll
L v 8 S 0 0 L 0 S 0 0 6 9l
4 0 L 8 L 0 € 0 0 0 0 6 Gt
4l 0 9 0 0 0 l € 0 0 0 ot 4l
9 0 € Z 0 L 0 0 £ 0 0 6¢ €l
L 0 g € € 0 0 0 L 0 0 e zt
L Z L L S 0 0 0 4 0 0 6 Lt
0 0 L Z Z 0 L 0 0 0 0 0 o]
Z 0 14 € 8 € 4l 0 0 0 0 0 6
S 6 0 0 0 0 - Z 0 0 0 0 8
0 0 0 o] 0 0 - 0 0 0 0 0 L
0 0 0 0 0 0 - 0 0 0 L 0 9
0 0 0 0 0 0 - L 0 0 0 0 S
L 0 0 0 L 0 0 6 0 0 0 0 v
Gt 0 0 L Z 0 0 9 0 0 0 0 €
L 0 4 X4 L 0 0 S 0 0 0 0 4
g | 4 0 0 L 0 0 0 0 0 0 |

Zg-ides zg-bBny  gg-Anr  Zg-eunr  zg-ADW  gg-1dy  Z8-IDIN  Z8-084  gg-uor 18084  8AON 18400 AoQ

[Buissiw p10231 ‘-~ ‘FuISSIW 1€ SPIOJAI G UBY) 2IOW JI , /N, ST PIOUIIJAI ST [L101 A[fluow ‘sIamdulljjiw ul ereq)

108A D1B0j0IPAY 2861 ‘UISDQ ISI0D|S) DUDNINS ‘SPNIHO siS}eW Ogy’| 1o Y2300 uoyojidioeid Ajyiuow pup Aliog 'S ejqo)

59

TABLES 1-6



60

p —
O
® ™
> [e 0]
o Plho~vw VVLWVOW OO~ OO~ O
Q| ——— —_—
> 3
HE
E lco~owo wo—wW—~ OvooOo® VoooO
Fa (JJ)I 0 — 0 — —_— —
™ <
©
o
— (22}
c PIoN—0O0 O—~OT— NITNO— OONOO
£ > N~
@ 5
-8 =
S
Q 3
O slpocno ~oo~o —m—0ow voooo
O c - -
) 5
3
O
S |3
9 Yjosnoco coococo coooco ogsmo
S O
d =
3 FH
3 |l Plopecocow ocNoam —0o——0 TONNO
= 21 g —
= E|l <
S
Lo
O %=
v Jfn——00 cococovw coooco ~o~o0o
o] O
=
B
® E
~ gc')
T o= 20-—»—00 O~ANN— ONOOO OOOTO
=
2 E
=
O o
- o
O gl
o ‘é’ovomw OCO0O0O—~0O NOOO™m OT®MWON
C 8l o -
gl -
9 <
3 S %
5 z Slop—coco comaan co~o00 ~v~-0o0
w
o S12
g 3°
-
c é19
-E 2 JjpooN~ NmOH~ O—~ONO O——0O
« —
2| &
Q a1 Z
£ 3
>
2 o
O §|l¥ v——~0—~ CO—9O0O<Y ISNOD—~ MNO — m— —
> ElDG - I =
3 |
a) o
E
n Zl = o
9 gl BFamvo orn@o?l —NRIL or2Q
3
S 3
- 2

Air Temperature and Precipitation Data, Gulkana Glacier, Alaska, 1968-96

OCOoOWVWOOo

14

24
18
47

3
3
0

14

lojeoleie)e]

OMANm——

NOVOOO

OCOO0OO0OO0O

O~ OwoN

OO —0O

NO OO

OOONN

o

21

—_—— OO0

22

24

25
26

OO0 —
™

Mmoo

OCOOWN

O NO

VO OO

QOOoOv

OO OO

OO w

OO —

oo

26
3

O ow

24

AN AN W

1

27
28
29
30
31
Monthly
Total

~

12

o

o

201

327

78

53

75

72

10

30

40

57

77

28

1

Note: Gage catch may not equal actual precipitation because of errors caused by wind.
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Note: Gage catch may not equal actual precipitation because of errors caused by wind.
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V/IN

<
>~
P4
)
Yo

‘putm £q pasned sioud jo asnedsaq uoneitdisaid jenyoe enbs jou Lew yoyes a8eny 310N

@©
Q
O

43 V/N V/N £C 4] [o)le]}
AlUJUON

L, 0000 00000

1
1
OCOOO0OV HLOWOAN OWVWOON~N MOO0OO0OO0 OO0OO0OO0OO0 OOO0OO0OO0O O

0

Le

oe
6¢
8¢
LZ
9c

14
ve
114
(44
¢

0¢
(4 61
8l
A
ot

Gl
4!
el
4
L

—
!
]
1

~— 0 O0000O YTOOOO O000O00 OO0 OO0 O0Oo
NT—~O00 OO0O~TO —ANOT— N—W OO ;< —0O00 O0OWOO O
ONTO OO0OO0OO00 OO0OO0OO0O0 OCOoOANgTgWw O0O0CO0OO0 ©OOO0OO0OO0O O

OANNOO OO0OO0OO0O0O TOO~0O O0000 O0000 —AMN®M
b
b

COOO0OO0 OO0OO0OO0OO0 ONOOO OONO~— —NO~O OO0 —<«

~—NoOITw o~ O

o]}

gé-ides  zo-bny  zeAInr g

6-ouUnf  Z4-ADW

g61Idy  ZHION 6994 Z6UDr  1608d  L6AON 167400 Aog

[Suissiw p10921 -~ ‘UISSIW L SPI0I ¢ UBY) 10U JI , /N, SE PAOUIIJAI ST [L10) AJyIuoul ‘SIajawjjiw uf ejey)

IDBA DIB0I0IPAY Z661 UISDQ 181005 DUDAINS) ‘SPNUHD Sleeuwl 0gy’| 0 YO0 uoyoidiosid Alyuow pup AlIbg *g ajaol

69

TABLES 1-6



-~ 9661
- - i - — S661

p66l
£661
- 266l
- - L 8l 1661
- 9 6 il v € ve 0661

S L A L 6861
= 8861
L861
z 9861
- G861

786!
0z Ll | €86l
L 2861
ST ‘62 1861
-~ 0861

- — 6L61
- 8L61
- z - LL6L
-~ - - - 9161
- - - SL61

S - — — — —_ - -— e B I
- - — e £L61
— - 6 26l

- - - LL61
— - - - - 1£12 0L6l

- - el e 6961
Qg - - 8961
ldsg Bny Anp aunp ADWN idy IDW ge4 uof 28Q AON 120 IDBA
sID8A 2I60J|0IPAY 94-896 1
‘uISDg 1810019 bup®NS ‘SADP snojAaid wol) uoypidioald spnoul AbW Joy) Y2300 uopjidioald paplodal JO saipq ‘9 ejgol

Air Temperature and Precipitation Data, Gulkana Glacier, Alaska, 1968-96

70



APPENDIX A

Graphs of daily, monthly, and annual air temperature and precipitation-catch data,
Gulkana Glacier basin, 1968-96

[note: figures A8 and A9 have been printed on one side to facilitate overlaying of the graphs]
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Appendix A. Graphs of monthly and annual air temperature and precipitation-catch data,
Gulkana Glacier basin, 1968-1996
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Figure Al. Annual average air temperature at Gulkana Glacier basin, 1,480 meters dititude,
1968-96 hydrologic years.
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Figure A2. Annual precipitation catch at Gulkana Glacier basin, 1,480 meters altitude,
1968-96 hydrologic years.
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ANNUAL PRECIPITATION CATCH VS. AIR TEMPERATURE 1968-96
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Figure A3. Relation between annual precipitation catch and annual average
air temperature, Gulkana Glacier basin, 1,480 meters altitude, 1968-96
hydrologic years.
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MONTHLY AVERAGE TEMPERATURE RANGE, 1968-96
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Figure A4. Monthly average temperature maximum, mean, and minimum,
Gulkana Glacier basin, 1,480 meters altitude, 1968-96 hydrologic years.
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Figure A5. Monthly precipitation catch maximum, mean, and minimum,
Gulkana Glacier basin, 1,480 meters altitude, 1968-96 hydrologic years.
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OCTOBER TEMPERATURE 1968-96
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Figure A6. Monthly average air temperature at Gulkana Glacier basin, 1,480 meters altitude,

1968-96 hydrologic years.
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Figure A6. Monthly average air temperature at Gulkana Glacier basin, 1,480 meters altitude,
1968-96 hydrologic years—Continued.
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Figure A6. Monthly average air temperature at Gulkana Glacier basin, 1,480 meters altitude,
1968-96 hydrologic years--Continued.
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Figure A6. Monthly average air temperature at Gulkana Glacier basin, 1,480 meters altitude,
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Figure A6. Monthly average air temperature at Gulkana Glacier basin, 1,480 meters altitude,
1968-96 hydrologic years—Continued.
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Figure A7. Monthly precipitation catch at Gulkana Glacier basin, 1,480 meters altitude,
1968-96 hydrologic years.
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Figure A7. Monthly precipitation catch at Gulkana Glacier basin, 1,480 meters altitude,
1968-96 hydrologic years—Continued.
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Figure A7. Monthly precipitation catch at Gulkana Glacier basin, 1,480 meters altitude,

1968-96 hydrologic years-Continued.
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Figure A7. Monthly precipitation catch at Gulkana Glacier basin, 1,480 meters altitude,
1968-96 hydrologic years—Continued.
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Figure A7. Monthly precipitation catch at Gulkana Glacier basin, 1,480 meters daltitude,

1968-96 hydrologic years—-Continued.
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Figure A7. Monthly precipitation catch at Gulkana Glacier basin, 1,480 meters altitude,
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1968 GULKANA GLACIER, ALASKA, AIR TEMPERATURE AT 1,480 METERS ALTITUDE

des-62

des-Gi
1 das-4

bnv-gi

] bny-v
] ne-12
q Inr-2
] unp-£g
1 unp-6

1 Aew-9z

s

Kew-21

L

1dy-82
1dy-p1

lew-1e

DAY

JenN-L1

JenN-€

Qad-8l

qed-v
1 uer-{g
1 ver-£
1 %8Q-ve

1 98Q-01

"

AON-92
1 AON-Zi

1 0O-62

WVO-Si

: . PO L
R 2 ° 28 8 %
SNIS130 S33HO3A NI
‘3YNLVY3dWNIL IOVEIAY Aliva

-10
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Figure A8. Daily average air temperature at Gulkana Glacier basin, 1968-96 hydrologic years.
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1980 GULKANA GLACIER, ALASKA, AIR TEMPERATURE AT 1,480 METERS ALTITUDE
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1982 GULKANA GLACIER, ALASKA, AIR TEMPERATURE AT 1,480 METERS ALTITUDE
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1983 GULKANA GLACIER, ALASKA, AIR TEMPERATURE AT 1,480 METERS ALTITUDE
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Figure A8. Daily average air temperature at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1984 GULKANA GLACIER, ALASKA, AIR TEMPERATURE AT 1,480 METERS ALTITUDE
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1985 GULKANA GLACIER, ALASKA, AIR TEMPERATURE AT 1,480 METERS ALTITUDE
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Figure A8. Daily average air temperature at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1990 GULKANA GLACIER, ALASKA, AIR TEMPERATURE AT 1,480 METERS ALTITUDE
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1991 GULKANA GLACIER, ALASKA, AIR TEMPERATURE AT 1,480 METERS ALTITUDE
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Figure A8. Daily average air temperature at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1968 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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1969 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years.
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1970 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE

dag-62
deg-g|
dag-|

1 6ny-g|

6ny-¢

Ine-12
Ine-2
unpr-g2
unr-g
Ken-92
Kew-zi
] 1dv-g2

1dy-y

DAY

J1en-1e
JeN-L1

eN-g

qo4-81
qad-¢

uer-1g
uer-L

%8Q-ve
%8Q-0tL
AON-92
AON-ZL
100-62

1VO-S1

0ot

SHIALIWITUW NI
‘HOLVYD NOILY1idID3Hd ATiva

— 12l

1971 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1972 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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1973 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1974 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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1975 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1976 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1978 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1980 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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1981 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1982 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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1984 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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1985 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1986 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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1987 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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1988 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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1989 GULKANA GLACIER, ALASKA, PRECIPITATION CATCH AT 1,480 METERS ALTITUDE
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Figure A9. Daily precipitation catch at Gulkana Glacier basin, 1968-96 hydrologic years--Continued.
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Appendix B. Data Retrieval Information

The data in this report are available on the World Wide Web at http://www-water-
ak.usgs.gov. A disk containing the data in this report is available from the District Chief at the
address listed below. In the root directory on the disk there is an ASCII file named README.TXT.

It says:

This text file contains an overview of the files available on this data disk.

Report title:

Air Temperature and Precipitation Data,

Gulkana Glacier Basin, Alaska, 1968-96

By Ben W. Kennedy, Lawrence R. Mayo, Dennis C. Trabant, and Rod S. March
U.S. GEOLOGICAL SURVEY Open-File Report 97-358

For additional information write to:

District Chief

U.S. Geological Survey

4230 University Drive, Suite 201
Anchorage, Alaska 99508-4664

This disk contains the 1968-96 daily average air temperature and precipitation-catch data from Gulkana Glacier
basin. It is a 3.5-inch, 1.44 megabyte disk formatted with IBM PC operating system MS-DOS 6.0. Data tables arc writ-
ten in two formats: ASCII text and Lotus 123 version 2.01.WKI spreadsheet format. The ASCII files are in a subdi-
rectory named ASCII and the Lotus 123 files are in a subdirectory named Lotus 123.

There are two daily data files, GGTEMP--daily temperature data and GGPRECIP--daily precipitation-catch data.
Both files have identical formats. The data are formatted in columns by hydrologic year. Column one contains dates
beginning with October 1, includes February 29, and ends with September 30. Columns 2 though 30 are labeled by
year and contain data in ascending order for 1968 through 1996 hydrologic years, with data for 1996 being the last data
column. Where data are missing the column is blank.

There are two summary data files, TABLE2--monthly and annual air temperature data and TABLE3--monthly
and annual precipitation-catch data. Both files are identical in content and format to table 2 and table 3 presented in
this report.

Lotus 123 file names ASCII file names File Description
GGTEMP.WK1 GGTEMP.TXT Daily air temperature
GGPRECIP.WKI1 GGPRECIP.TXT Daily precipitation
TABLE2.WKI TABLE2. TXT Monthly & annual temperature
TABLE3.WKI TABLE3.TXT Monthly & annual precipitation
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