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Broughton Island, early July, 1971, The airstrip and settlement
lie in the foreground adjacent to Broughton Harbor with 1000 m
summi ts of the coastal highlands of Baffin Island visible to
the northwest, Unbroken fast ice to the north and low stratiform
clouds are characteristic of the mid-summer period,




1, Introduction

The data ﬁresented in this volume were obtained as part of a
continuing study of the synoptic energy budget climatology of
Eastern Baffin Island and Davis Strait. The principal concern of
this program is to produce accurate estimates of energy exchange at
snow, ice, and water surfaces in response to weather events on a
synoptic scale and in the context of interannual and longer term
climatic variations. The main features of the program have been
described elsewhere (cf. Barry, et al, 1974, and Jacobs, et al, 1974).

Accurate estimates of the radiation balance are obviously
essential to energy budget calculations. While the Canadian radia-
tion measurements network provides coverage over much of the Canadian
Arctic (Latimer and Truhlar, 1967), no regular observations are made
on Baffin Bay and Davis Strait. Therefore, in order to obtain adequate
coverage for purposes of the research program described, the Institute
of Arctic and Alpine Research (INSTAAR) began a program of radiation
measurements in the summer of 1971 at Broughton Island, just off the
eastern Baffin Island Coast.1 The object was to obtain continuous
records of global solar radiation and net radiation over a representa-

tive surface to be related to special studies on the sea ice, glacier,

x Radiation measurements were included in a program Sf glacio~climatic

studies by INSTAAR in 1970 on the Boas Glacier (67 35'N, 65016'W),
some 50 km west of Broughton Island (Jacobs, et al, 1972, Andrews and
Barry, 1972)




and tundra surfaces in the area. Data on these two parameters for
the summers 1971 through 1973 form the main ﬁart of this report.
During the latter year, observations continued through December and
included measurements of the downward atmospheric flux component
and of the direct solar flux component for purposes of calculating
transmissivity and turbidity factors, and these are reported here
as well.

These data along with some explanation of the measurements
program are summarized here. The results of further analysis and

interpretation will be published elsewhere.

2. Site and Situation

The settlement of Broughton Island, N.W.T. (67034'N, 64003'W)
is located near sea level on the west side of the island of the same
name and facing the Baffin Island mainland across a narrow strait
(Frontispiece and Fig.l). The population of the village is about
350, the majority Eskimo, and there are some 60 dwellings and other
primary structures there. The main industries are seal hunting and
native crafts. An airstrip is located 2 km south of the village and,
on the east side of the island and some 10 km from the wvillage at an
elevation of 580 m.a.s.l., there is a Distant Early Warning (DEW-line)
radar station which is also the official synoptic weather station

Broughton Island in the Canadian register.

A climatological station (Stevenson screen) was established in

the village by INSTAAR in June, 1971. The continuing temperature
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Figure 1. Eastern Baffin Island




record from this station, listed as Broughton Village, appears in the

Monthly Summary of the Atmospheric Environment Service of Canada.

The principal observing site is the INSTAAR House, located about
30 m from a low bluff overlooking Broughton Harbor on the west side
of the village. There are no significant obstructions to view at this
point, but hills rising to 500 m, 3 km south of the village bring
about a slightly earlier onset of polar ''night" to the village than
latitudinal considerations alone would dictate. The summer sun remains
well above these hills from the point of view of the village and the
midnight sun is virtually unobstructed to the north. West of Broughton
Island, the highlands of Cumberland Peninsula rise abruptly to culmi-

nate in the 2000 m.a.s.l. summit of the Penny Ice Cap.

3. Brief Summary of Climatic Conditions

The eastern Baffin Island coast is characterized by a persistent
annual sea ice pack and an extensive fast ice sheet. Breakup of the
nearshore ice has in recent years generally occurred near the end of
July with substantial amounts of drift ice remaining throughout August
and in some years (e.g. 1972) into subsequent freezeup in late October.
These ice conditions, coupled with the extensive permanent ice bodies on
Baffin Island, are indicative of a severe climate.

The record for the Broughton DEW-line station (Atmospheric Environ-
ment Service, 1972) shows a mean annual temperature of -11°C with Janu-

ary and July means of -24°C and 5°C, respectively. Average annual




precipitation is 305 mm of which 89 percent falls as snow. Signi-

ficant snowcover is present on the land near sea level from early
November through mid-to-late June.

Stratus cloud is common to this region in the summer months,
although the number of oﬁercast days is highly variable from year
to year (50 to 70 percent of days). Winds are predominantly N to
NW in all seasons along the coast and generally do not exceed 20
m/sec, although channeling effects in fiords and valleys may result
in local winds being much greater.

Details of temperature and precipitation trends in Baffin Island
for the period of record are described by Bradley (1973). Aspects
of the synoptic climatology of the region are discussed by Barry
(1974) and Barry (et al, 1974), and sea ice conditions, glaciology,
energy budget climatology, and related topics in the report by Jacobs,

et al (1974).

4. The Measurements

The data given in Tables 1 - 7 of this report are described in
the following paragraphs in terms of the respective radiation parameters.
It will be noted that Eastern Standard Time (75°W time) is used rather
than Local Apparent Time (LAT),coQtrary to accepted practice in radiation
studies. This was done for purposes of combining hourly and instanta-
neous Values with other meteorological data in energy budget calculatioms.

An exception is in the measurements of direct solar radiation and result-



ing turbidity calculations, where LAT is used. The time base used does

not affect daily radiation totals. The symbols used for the various
radiation terms are according to W.M.0. practice (W.M.0., 1965). The
basic energy flux unit used is the cal-cm-z—min-l, where 1 cal. =

4,185 joules.

4.1 Cloud Cover. An indicator of the daily amount of cloud cover is
given in Tables 1 -~ 3, It is intended to show the average amount

(0 to 10 tenths) of sky obscured by clouds on a given day (midnight to
midnight). Clouds were distinguished by height according to the follow-
ing rule: Low clouds lie between sea level and 1 km, as judged from
mountain summits, Middle clouds are those above 1 km, but not including
As, Ac, or Ci forms, the latter being classed as High clouds. A uniform
cloud pattern rarely persists for an entire day; however, in the absence
of regular hourly observations of cloud cover and for the sake of simpli-
city in the analysis, it was found preferable to specify a mean daily
figure of cloudiness based on the twice-daily climatological schedule and
conditions observed during the working day. In Table 6, the percentages
of days with cloud cover in approximate categories of clear, scattered-
broken, and overcast, are given for each month along with mean daily
totals of global and net radiationm.

4.2 Global Solar Radiation (KV¥)

The total solar flux on a horizontal surface, the global flux KV
(Table 1), was measured by means of a Kipp and Zonen pyranometer (Model
CM 6) and, during 1973, with an Eppley precision spectral pyranometer

(Model 2). The characteristics of these instruments are described by




Latimer (1972). Simultaneous operation of both sensors during 1973

gave the opportunity for comparisons and, hehce, possible correction
of the previous two summers records. A systematic difference between
the two instruments at low solar angles is attributable to the large
cosine-response error in‘the Kipp instrument. Differences in instan~
taneous values for solar elevations above 20 degrees and for daily
totals during the summer months were less than 3 per cent, therefore
no correction was deemed necessary. The Kipp pyranometer is not
temperature compensated, the temperature coefficient being -O.ZZ/OC
(Latimer, 1972). No correction for temperature is included in the
1971 and 1972 solar radiation data; the maximum uncertainty due to
temperature over the typical seasonal and diurnal range of some 25°C
is about 5%. All 1973 data are from the Eppley pyranometer which is
temperature compensated to -ZOOC. This sensor was subsequently cali-
brated against standards at the radiation laboratory of the Atmospheric
Environment Service, Downsview, Ontario, and the results found to agree
with the calibration coefficient supplied by the manufactuter.l

The radiation data were recorded on Esterline - Angus galvo-record-
ers during 1971, 1972 and during the 1973 period on an E-A digital data-
logger. In the former case, 15 minute averages were read from the analog
record to compute an average hourly flux while, with the datalogger, in-
stantaneous values were recorded every ten minutes and averaged for the

hour.

B We are grateful to J. R. Latimer of the Atmospheric Environment Service
for arranging this calibration.




4.3 Net Radiation (Q%)

The net combined flux of solar and atmoépheric radiation Q%
(Table 2) was measured at a height of 4 m over a typical dry
tundra surface. Albedos_measured over this surface ranged from
0.55 to 0.90 when snow-covered and from 0.16 to 0.22 when clear.
The sensor used is a Science Associates, Inc. Fritschen net radio-
meter (cf. Fritschen, 1963, Latimer, 1972), which is continuously
ventilated with dry air. The recording systems used in 1971-1973
were identical to those used for global solar radiation, the multi-

channel datalogger recording both quantities simultaneously in 1973.

4.4 Atmospheric Radiation (L+¥)

The downward atmospheric flux L% (Table 3) was obtained from
measurenments of the total downward flux Q! by means of a pyradio-
meter and subtracting from this the global solar flux. The sensor .
used is a Funk~type net radiometer (Solar Radiation Instruments)
with a black cavity covering the lower hemisphere. A thermocouple
imbedded in the cavity is connected in opposition to a constant
temperature reference junction, the resultant voltage being propor-
tional to the temperature of the cavity Tc. This voltage was recorded
simultaneously with the radiometer output on the datalogger. The
value for L¥ is then obtained from the expression:

LV = Q¥ - KV ¢ oTca

Measurements relating to this term were made only for the period 13

August through 31 December 1973.



4.5 Direct Solar Flux (I) and Atmospheric Turbidity

During the period June through October 1973, measurements of
direct solar flux were made whenever a clear day occurred or on
those days when a small amount of cloud was present but none with-
in 30 degrees of the sun; These conditions were met during only
22 days during the five month period for a total of 105 separate
observations.

The measurements were made with a Eppley normal incidence
pyrheliometer on which were mounted Schott 0G-1, RG-2, and RG-8
filters. Readout was with a Rubicon-Honeywell potentiometer known
to be accurate within 1 percent from comparison with a standard
kept in the University of Colorado Physics Department.

Three separate measures of atmospheric transmissivity were
calculated: the transmissivity coefficient q, the Linke turbidity
factor T, and the turbidity coefficient of fngstrom g. The first
of these was calculated from measurements of the direct flux with-
out a filter (I) and according to the expression
I=1"'q
where Io' is the solar constant Io adjusted to the actual sun-earth
distance and m is the atmospheric air massl. Calculations of T and

B were made according to the methods described in the IGY Instruction

Manual (1958) and with reference to the discussions of fngstrom(1961)

and Robinson (1966). T is a measure of the attenuation by the atmos-

1 The value for I_used in these calculations is 1.98 cal—cm-z-min—l,

consistent with®the International Pyrheliometric Standard of 1956 and
on which the calibration of the instrument and the tables for turbid-
ity calculations are based.



phere over the entire spectral range of the instrument (0.250 -

4,00 um) but adjusted for the relative optical air mass, m. The
fngstrom coefficient B is based on that portion of the flux below
0.630 ym, determined by subtracting the flux measured using the
RG-2 filter (corrected for filter factor) from the total flux I.
Because it excludes the effects of absorption by water vapor, B8
is a better indicator of the scattering and absorbing effects of
aerosols, dust, and haze than are T and q. The values for these
various measured and derived quantities are given in Tables 4 and

5.

4.6 Error Considerations

The various sources of instrumental error in radiation measure-
ments are discussed in the WMO Guide (1965) and more specifically,
including some of the instruments used in this study, in Latimer
(1972). Taking into consideration the combined effects of calibra-
tion uncertainty, temperature effects, azimuth and cosine response,
and nonlinearity, Latimer estimates the r.m.s. errors for the Eppley,
Kipp, and Fritschen sensors at 2.3, 4.1, and 3.4 per cent, respective-
ly.

An additional source of error is the deposition of dew, frost,
and rime on the sensors, a common problem in the Arctic coastal envi-
ronment. Such accumulations in small amounts do not significantly
reduce the shortwave component; however, the longwave flux to net

radiometers and pyradiometers become meaningless when a thin film of
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ice or water is present on the polythene hemispheres. Particular
care was taken in this study to insure that the various sensors
were kept clear.

Frequent calibration of the recording instruments showed no
variation in this part of the system, and an absolute error of :*
1 percent in accordance with the precision of the calibration
standard is assumed. Some error was introduced in the manual re-
duction of analog chart records (1971 and 1972). Parallel operation
of the analog and digital systems for net radiation during two weeks
in June 1972 showed differences of from 2 to 7 percent for daily
totals on the order of 100 cal-cm-z-day-l, the percentage differ-
ence decreasing with higher flux values.

Taking all such factors into consideration, maximum r.m.s.
errors for the radiation data presented here are estimated to be |

as follows:

K+ (1971 and 1972) 5%
Ky (1973) 3
Q* (1971 - 1973) 10
L+ (1973) 10
1 (1973) 2
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5. Discussion

In the mean, the atmosphere at Broughton Island is one of high
transparency. Midday values for the transmission coefficient q are
in the range .76 to .81 for the summer months. Because of the de-
pendence of q on the optical air mass m (Robinson, 1966), values of
q are not particularly meaningful during the fall and winter months
vhen m is large even at midday. The turbidity factor T is a better
measure of the overall transparency of the atmosphere, average values

for T at Broughton Island being consistent with those reported else-

where (cf. Robinson, 1966). Similarly the aerosol content, as expressed

by the turbidity coefficient B, is comparable to the mean value for
this latitude given by fngstrom (1961)1.

Where it was possible to measure I throughout the day, the
diurnal variations in T and B were found to be small. For example,
on June 9, 1973, the mean and standard deviation in T were 2.48 and
0.24, respectively, and for B, .028 and .004. There was a tendency
for both terms to be slightly higher near midday, but the number of
measurements was insufficient to demonstrate a clear trend.

The seasonal variation in atmospheric turbidity is evident in
terms of both T and B, (Table 5). The dominance of cleaner and

drier air is seen in values for the autumn months.

1 From &ngstrom's empirical formula, which gives B as a function of
latitude and elevation, the value for 67.5 N at sea level is .040,

compared with the average measured value at Broughton Island of .042.
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The day-to-day differences in the atmospheric transmission
characteristics are striking, especially dﬁring the summer months.
These differences are related to differing sources and trajectories
of air masses moving into the region. For example (Table 5) the
extremely turbid conditions observed on June 29, July 23, and August
6 were in each case associated with strong advection of warm air
from the southwest, with substantial haze in evidence. For this
region then, large departures from the means of the various turbid-
ity parameters are to be expected.in relation to the variable regime
of synoptic activity.

Year-to-year differences in mean values of the global (K+)
and net (Q*) radiation are seen in Table 6 for the summer months in
relation to cloud cover. Such differences may be substantial, per-
haps greater than would be expected from associated differences in
cloudiness, although the fairly crude character of the latter measure
should be kept in mind. Heavy snow cover in the early summer months
can effect K¥through an increase in the diffuse component due to
multiple reflection, and Q*, which is reduced when a snow cover of
high albedo persists, as was the case in June, 1973.

A comparison of the 1973 Broughton Island record with those for
other Canadian Arctic stations is shown in Table 7. Differences in K¢
among stations are often large and should be explainable in terms of
differences in cloudiness. Those in Q* are perhaps not as large as
might be expected, since this term is determined in part by the nature

of the surface which necessarily differs somewhat among stations. The



.

relative differences in Q* during the autunm and winter months,
when all surfaces are likely to be snow—covefed, are large, however.
Variations in cloud cover as it affects the atmospheric flux L+
might explain these differences in part, but measurement errors are
probably more important.

The three years partial record of radiation for Broughton
Island reported here tends to support the thesis already demon-
strated elsewhere for other climatological parameters (Barry, et al,
1974) that conditions on the eastern coast of Baffin Island and,
implicitly, in Davis Strait are quite different from those elsewhere
in Baffin Island. For this reascn, continued monitoring of the

main parameters, including radiation, in this area seems justified.
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Table 1.

Global Solar Radiation (K+)

1971 June - July
1972 June - August

1973 June - December
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Table 2.

Net Radiation (Q*)

1971 June = July
1972 June -~ August
1973 June - December
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Table 3.

Atmospheric Longwave Radiation (L.+)

1973 August - December
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Table 4.

Column 1.

2.

10.

11.

Direct Solar Radiation (I). Measurements with the Eppley

normal incidence pyrheliometer.
Year

Month

. Date

Local Apparent Time (6&003'W).
Instantaneous value of global flux, K¢ (cal-cm-z-min_l).

Solar zenith angle, ©, in degrees.

. Atmospheric mass, m, according to the formula of Kondratyev

(1969, p. 163)
Measured value of direct solar flux, I. (cal-cm-z-min-l).
Diffuse component of global solar flux, D, calculated as

difference between K+ and horizontal component of I, i.e.
I cos ©.

Ratio of indirect flux U tec global flux K+.

Transmission coefficient, q. YW,

12 - 13. Measured fluxes (cal—cm_2~min-l) for 0G~1, RG-2 and

RG-8 filters, respectively, uncorrected for a filter
factor of 1.1.
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Table 5.

Atmospheric transmission characteristics derived from
measurements of direct solar flux, I.

Date q B T
June 6 . 794 .030 2.54
9 .809 .027 2.48
22 .799 .016 2.43
24 .790 .024 2.52

29 .589 .179 5.62

July 1 .741 .057 3.25
2 .760 .043 2.95
10 .778 .027 2.71
23 642 .168 4.82

27 .790 .019 2.55

Aug. 6 .685 .098 4,18
11 771 .036 2.88

13 771 .040 2.87
25 .808 .020 2.38
28 .7182 .025 2.73
Sept. 9 .835 .017 2.11
15 .822 .016 2.28
i6 .818 .023 2.31
25 .829 .019 2.22
Oct. 1 .838 .019 2.15
12 .852 .015 2.07
29 .874 <,010 2.03
Mean .781 042 2:.82
Stand. dev. .066 046 .91




Table 6.

1971

1972

1973

June
July

August

June
July

August

June
July

August

18

23

17
29

13

10
22

35

3-7

9

13

8 - 10

73

64

K+

561

443

Percentage of days in each class of cloud cover (tenths)
and mean,daily,totals of global and net radiation
(cal-cm “-day ).

Q*

303

235

———————=—- No Observations —=—======

13

13

20
13

10

70

58

74

70

65

55

552

486

337

247

137

162

201

130
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The Taxir Primer, R.C. Brill, 1971.

Present and Paleo-Climatic Influences on the Glacierization
and Deglacierization of Cumberland Peninsula, Baffin
Island, J. T. Andrews and R. G. Barry, and others, 1972.

Climatic Environment of the East Slope of the Colorado
Front Range, R. G. Barry, 1972.

Short-Term Air-Sea Interactions and Surface Effects in
the Baffin Bay - Davis Strait Region from Satellite Ob-
servations, J.D. Jacobs, R.G. Barry, B. Stankov and J.
Williams, 1972.
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Using the NCAR Glcbal Circulation Model, Jill Williams,
R.G. Barry, and W.M. Washington, 1973.

Guide to the Mosses of Colorado, William A. Weber,
1973.
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Boulder Area, W.A.R. Brinkmann, 1973.
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and R. L. Weaver, 1974.
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NCAR Global Circulation Model with Present-Day and
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: Solar and Atmospheric Radiation Data for Broughton

Island, Eastern Baffin Island, Canada, 1971-1973, John D.
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