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PREFACE

This report was prepared by Roy E. Bates, Meteorologist, Geophysical

Sciences Branch, Research Division, U.S. Army Cold Regions Research and

Engineering Laboratory. The study was funded by the Office of the Chief of

Engineers, Water Resources Support Center under the Civil Works Remote

Sensing Research Program, CWIS 31584, Snow Cover Analysis Using Landsat

Digital Data.

The U.S. Army Atmospheric Sciences Laboratory (White Sands, New

Mexico) meteorological teams based at CRREL, Hanover, New Hampshire, and

Maynard, Massachusetts, furnished and assisted in installing the

meteorological instrumentation and tabulated the meteorological field data

for the Allagash site.

The author thanks Roy Gardner, Physical Sciences Technician, New

England Division, U.S. Army Corps of Engineers, Waltham, Massachusetts, who

was on site during the three years of the study. His dedication in main-

taining and operating meteorological equipment and collecting valuable snow

property and snow survey measurements made this report possible. The

author also thanks Carolyn J. Merry and Richard K. Haugen of CRREL for

their constructive reviews of the report.

The contents of this report are not to be used for advertising or pro-

motional purposes. Citation of brand names does not constitute an official

endorsement or approval of the use of such commercial products.
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SNOW COVER AND METEOROLOGY AT

ALLAGASH, MAINE, 1977-1980

by

Roy Bates

INTRODUCTION

In October 1977 CRREL began collecting data for a project to analyze

snow cover in New England using Landsat digital data. The objective of

this portion of the study was to examine the physical properties of the

snow cover in the proposed watershed for the Dickey-Lincoln Dam in the

upper St. John River basin in Allagash, Maine. Eleven snow survey sites

(where water equivalent snowfall and snow depth were measured) were

selected from 17 initial sites surveyed in the Allagash River watershed

(Fig. 1). Table I gives the locations and characteristics of the 11

sites. Snow property or pit studies were made at three of these sites

according to the methods described in CRREL (1962). Data were collected at

all sites for the winters of 1977-78, 1978-79 and 1979-80.

Meteorological instrumentation was installed at site I to provide

baseline meteorological data for nearly three years prior to construction

of the proposed dam. On-site meteorological data were required since it

was unknown whether data from Caribou, Maine, the nearest meteorological

station with summarized data (80 km east of the Allagash site), would be

representative of the area under consideration. The meteorological data

collected during this experiment are compared with data from both the

Caribou National Weather Service Station and the nearby Fort Kent, Maine,

Cooperative Station to see if any similarities existed. These background

meteorological and snow-cover data would then serve as a basis for predict-

ing mesoscale climatic changes resulting from the construction of the

proposed Dickey-Lincoln hydroelectric project.

This report also describes the measurement equipment and its installa-

tion, and summarizes the data. Also, snow-survey sampling techniques and

snow property measurements are discussed. The ground-truth data on snow

depths and water equivalents in this report were collected for comparison

to Landsat digital data for the same dates.
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Figure 1. Locations of study sites.

METEOROLOGICAL MEASUREMENTS

In October 1977 CRREL installed a meteorological instrument shelter at

site I (Fig. 1). The shelter contained maximum and minimum thermometers

and a hygrothermograph for recording air temperature and relative humid-

ity. A weighing-type rain gauge was also installed for measuring water

equivalent precipitation. Other daily measurements included sky cover,

snowfall, snow depth, and duration and type of precipitation. Beginning in

October 1978 incident solar radiation and wind speed and direction were

also measured except during a six-month period (May-October 1979) when wind

data were not obtained due to equipment failure. Data were compiled and

tabulated for each day in the 32 months between October 1977 and May 1980
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(Appendix A). The results obtained for some of the meteorological param-

eters are described in the following sections. Due to intermittent prob-

lems with some of the instruments, some monthly averages and/or totals are

incomplete, preventing exact comparisons with nearby weather stations.

Air temperature

Mean monthly air temperatures computed from daily values (averages of

daily maximum and minimum) are compared for the period of record in Table 2

and Figure 2. In Figure 2 these values are compared with the long-term

mean monthly air temperature for Caribou, Maine (the nearest first-order

climate station with long-term monthly summaries of air temperature

values). Mean annual temperatures were computed for the Allagash site for

1978 and 1979 using the monthly means (Table 2), even though the data were

incomplete due to equipment failure. Figure 3 compares the mean monthly

temperatures in winter at Allagash to those obtained at Caribou and Fort

Kent (U.S. Department of Commerce 1977-1980a,b). For both the annual and

the winter monthly averages, Fort Kent's air temperatures more accurately

represent the kllagash area. Allagash's mean annual temperature for 1978

and 1979 were 1.50 and 3.8*C, respectively; Caribou recorded annual means

of 3.60 and 5.4*C, whereas Fort Kent's annual means were 2.30 and 3.9*C for

the same period.

Table 2. Allagash temperature summary (°C).

1977 1978 1979 1980
January -13.2* -13.0* -13.3
February -13.2 -14.2 -14.0
March - 7.8 1.2 - 7.2

April 0.1* 4.2 3.0
May 8.1* 12.1 9.1
June 14.0* 16.4

July 16.5 19.0
August 15.9 14.6
September 8.3 10.3
October 3.8* 3.6 6.2
November 1.2* - 4.0 0.0
December -8.9* -10.8 - 9.2
Annual mean 1.5 3.8

* Average based on incomplete data (see Appendix A).

4
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Pre cipitat ion

The rate, amount, duration and type of precipitation for the upper

St. John River are important considerations in the construction of a dam

and the subsequent ponding of a large volume of water. Therefore, daily

rainfall and water equivalent amounts of frozen precipitation, as well as

the duration of precipitation recorded on the rain gauge at site 1, are

presented in Appendix A. The type of precipitation was noted by the

observer at the site. The winter monthly totals for October 1977-May 1980

are summarized on Figure 4. (Some of these monthly totals are also

incomplete due to instrument failure.) Precipitation data from Fort Kent

and Caribou (U.S. Department of Commerce 1977-1980a,b) were compared to the

data obtained at the Allagash site since monthly and 30-year averages are

available for both sites (Table 3). It was hoped that the data for ,her

Fort Kent or Caribou could be substituted for long-term averages of e-

cipitation on the Allagash watershed. Although the long-term month

averages for Fort Kent and Caribou are essentially equal, monthly V

tions between October 1977 and May 1980 were as high as 90 mm (July d)

between the two sites. Similarly neither of the monthly averages from

these two sites consistently correlated with the data from the Allagash

site. Therefore, unlike temperature, total precipitation amounts at the

sites do not show similar trends.

180 I -
* Total Based on Incomplete Doto

16 - Long-term Total Monthly
(Ft Kent, Me )

1401--{7 I7 7 e

12 -7
t

2.

601- -

4011- - ~.-

Febn Mab Apr May Jun Jul Ag Sen Oct Nu De,

Figure 4. Summary of precipitation data from Allagash.
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Table 3. Precipitation data for Allagash, Fort Kent and Caribou (mm).

Fort
Fort Kent Caribou

Allagash Kent Caribou Long-Term Long-Term
Average Average

Oct 1977 73.25 81.79 84.07
Nov M 84.58 88.90

Dec M 65.53 66.55

Jan 1978 116.50 97.79 129.54 52.32 51.82

Feb 33.00 7.62 6.60 53.09 53.59

Mar 165.75 56.64 68.33 60.45 55.88

Apr 58.25 94.42 59.18 58.65 61.47

May 50.50 25.91 50.29 69.34 75.18

June 95.75 88.65 93.98 85.09 86.61
July 52.00 50.55 141.22 101.85 101.09

Aug 30.50 28.96 49.53 91.95 96.01

Sept 82.10 44.20 69.60 88.39 88.65

Oct 55.50 45.72 49.28 81.79 84.07

Nov 41.50 45.21 46.74 84.58 88.90

Dec 65.25 84.33 77.72 65.53 66.55

Total 846.60 670.00 842.01 813.03 909.82

Jan 1979 108.75 129.54 114.05 52.32 51.82

Feb 38.25 48.01 56.39 53.09 53.59

Mar 52.75 83.31 93.98 60.45 55.88

April 71.50 75.69 78.23 58.65 61.47

May 108.00 109.47 108.46 69.34 75.18

June 45.00 108.97 86.11 85.u9 86.61

July 45.50 53.59 85.34 101.85 101.09

Aug 93.50 107.19 126.75 91.95 96.01

Sept 126.00 113.28 118.87 88.39 88.65

Oct 42.40 43.94 42.67 81.79 84.07

Nov 53.75 53.09 73.66 84.58 88.90

Dec 57.40 56.13 77.47 65.03 66.55

Total 842.80 982.21 1061.98 893.03 909.82

Jan 1980 34.50 34.80 49.37 52.32 51.82

Feb 14.50 12.95 20.83 53.09 53.59

Mar 76.25 80.77 80.01 60.45 55.88

April 49.00 45.97 65.28 58.65 61.47

May 35.25 41.15 52.07 69.34 75.18

Total 209.50 215.64 267.56 293.85 297.94

7
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Figure 5. Snow depths for three winters at Allagash.

Snow depths on the ground are plotted in Figure 5 for the three

winters. These data show that the first two winters (1977-78 and 1978-79)

received approximately the same amount of snow. Despite the similarities

in snow depth, the maximum snow depth on the ground in the winter of 1977-

78 was 118 cm, while the maximum for the following winter was almost 30 cm

less (89 cm). In both winters, snow began to accumulate in mid-November.

A severe thaw accompanied by rain in late March 1979 (the maximum daily

temperature reached a high of +18.6'C on 23 March; see Appendix A) rapidly

depleted the snowcover, causing the discrepancy between the maximum snow

depths recorded during the first two winters of measurements.

In contrast to the two previous winters, the third winter (1979-30) at

Allagash, Caribou and Fort Kent had approximately half the total snowfall.

Precipitation amounts (water equivalent) were considerably below the pre-

vious two years, especially during January and February (Fig. 4). The

monthly winter water equivalent precipitation differed the most from the

long-term normal in March 1978, when the water equivalent was greater than

twice as much. Since the monthly average air temperatures were similar

during the three winters, the lack of snow accumulation in 1979-80 was due

primarily to a lack of storm systems reaching the area; this was the trend

throughout northern New England (U.S. Department of Commerce 1977-80a).

Figure 5 shows that once the snow began to accumulate in early December

1979, it stayed on the ground until the spring thaw, with only one notable

midwinter thaw (12 January 1980). Although Allagash recorded more snow

8
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(both in terms of depth and water equivalent) than most climatic stations

in northern New England in the winter of 1979-80 (U.S. Department of

Commerce 1977-1980a), snow began to accumulate later, less precipitation

fell, and the snow cover melted earlier than in the previous two winters.

The total yearly snowfalls at Allagash, Caribou and Fort Kent (Fig. 6) are

similar, but the monthly amounts of the two National Weather Service sites

are too variable for the sites to be used as substitutes for the Allagash

basin.

Wind

Daily average wind speed and prevailing direction at the Allagash site

during the study are tabulated in Appendix A. Wind data collection began

in late October 1978 and continued until May 1980, except for a six-month

interruption due to equipment failure (May-October 1979).

Average monthly wind speeds between 1.1 and 1.7 m/s were recorded

during the two years of wind measurements at site 1. These average

recorded speeds are not representative of the watershed in winter, because

the measurement site was in a valley and sheltered from high winds by

conifer trees.

The daily predominant wind direction provides an estimate of the pre-

vailing direction for each month. The direction of the winds during the

winter and early spring was variable. The winds tended to blow from a

westerly direction (SW through NW) during the winter, shifting to the

southeast as spring approached.

However, as with other meteorological parameters, the length and/or

incompleteness of records at the Allagash site and the lack of a compara-

tive wind recording station prevented any definite conclusions.

SNOW SAMPLING AND SNOW PROPERTY MEASUREMENTS

A second focus of the study was the snow sampling survey and snow

property measurements performed in and around Allagash. Seventeen sites

were originally chosen for snow sampling measurements; of these, 11 of the

more accessible sites were selected for sampling (T-le j". Their eleva-

tions range from 186 m above sea level near the rive , in ksite 1) to 442

m above sea level (site 15). Snow depth and water equivalent were measured

10
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at least once per month during December, January and February, twice per

month during March, and once per week during April until the sites were

snow-free. The only exception was site 1, where data were measured on a

weekly basis. Snow property data were measured in accordance with CRREL

(1962).

So that a future study could test whether Landsat digital data

correlated with ground-truth data on snow properties where elevations,

slope, aspect and vegetative cover are known, snow measurements were made

within a day of the scheduled Landsat overpasses. The ground-truth snow

data for the three winters are presented in Figure 7. Appendix B provides

a detailed, site-by-site breakdown of snow depth, water equivalent and snow

density (density = water equivalent/depth) for each winter.

Appendix B also summarizes the snow densities measured at three snow

pit sites (sites 1, 9 and 15). At each of these sites, snow pit density

measurements were performed at the same time as the snow sampling survey.

Averages of snow density from the three pit sites and from the 11 snow

survey sites are plotted in Figure 8. Snow surface characteristics, total

snow depth, snow density, temperature, hardness and crystal classification

were monitored at each snow pit. The original data are available from

CRREL.

SUMMARY

This report examines meteorological data for nearly three years and

snow property conditions for three winters in Allagash, Maine. Meteoro-

logical variables are compared to nearby climatic stations at Fort Kent and

Caribou, Maine. The monthly mean temperature data from Allagash correlated

closely with the monthly values from Fort Kent Cooperative National Weather

Service Station. The mean annual temperature differences between Allagash

and Fort Kent were 0.80 and 0.1°C for 1978 and 1979, respectively; the

differences between Allagash and Caribou were 2.10 and 1.6*C.

Few similarities were found between the precipitation data from

Allagash and the data from Caribou or Fort Kent. Even though total pre-

cipitation for some months was similar, the annual values varied widely.

Also, both Fort Kent's and Caribou's annual precipitation totals throughout

the test period differed significantly from the long-term normal. A

similar lack of correlation also existed in the monthly snowfall amounts.

13

4 I - -



Even though annual snowfall amounts were similar between sites, the winter

of 1978-79 total snowfall amounts at Fort Kent and Caribou differed from

the Allagash amounts by 15 and 22%, respectively.

In summary, air temperature values for Allagash are similar to the two

nearest meteorological stations: Fort Kent and Caribou; however, water

equivalent precipitation amounts and snowfall totals in the Allagash basin

are inconsistant with nearby meteorological stations. The meteorological

and snow property data presented in this report for the Allagash site,

together with concurrent LANDSAT digital data being presented by Merry and

Miller (in prep.), will serve as excellent baseline data for climatic

assessment if the proposed Dickey-Lincoln hydroelectric project proceeds in

the future.
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