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Meteorological impacts of the total solar
eclipse of 21 August 2017
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A solar eclipse presents many opportunities for examining the impact of the reduction in solar
radiation upon meteorological conditions, particularly so as accurate predictions of the circumstances
and extent of the eclipse well before the event enable bespoke observing programmes to be set out in
advance. The total solar eclipse of 21 August 2017 traversed the United States from north-west to
south-east (Figure 1) and a partial eclipse (at least) was visible in every state. According to news
reports, the path of totality was lined with more than 10 million people, making this probably the
largest audience for any total solar eclipse in human history. The time of year and time of day was
favourable for both good viewing conditions along much of the eclipse path, and for the detection of
eclipse-related impacts on surface meteorological variables.

Accounts of measurable changes in various meteorological conditions during eclipses, particularly air
temperature, can be found as far back as the Renaissance. Perhaps the earliest scientific programme of
observations accompanied the total solar eclipse of 22 May 1724 in Paris (Cassini, 1724). On this
occasion, the astronomers Maraldi and Cassini of the French Academy of Sciences made observations
at the Trianon Palace with King Louis XV. The King himself made observations of a thermometer
and a barometer to look for “the temperature and air pressure variations that might happen during the
eclipse”, although unfortunately the eclipse itself was partly obscured by cloud. There are numerous
other and more recent accounts, both quantitative and qualitative, of meteorological effects observed
during solar eclipses, examples being a reported fall in air temperature of 1.5 K during a total eclipse
in southern Iraq on 25 February 1952 (Lebon, 1952), a fall of 3 K during the total eclipse in southern
Sweden on 30 June 1954 (Botley, 1955) and a fall of 3.5 K accompanied by a reduction in wind speed
of 4.5m s’ in Chinguetti, Mauritania, during the total solar eclipse of 30 June 1973 (Anderson and
Keefer, 1975). More recently, the meteorological effects of the total eclipse of 11 August 1999 in the
United Kingdom and central Europe have been described in detail, and compared with modelled
atmospheric conditions with and without the effects of reduced solar radiation (see, for example,
Aplin and Harrison, 2003; Gross and Hense, 1999; Hanna, 2000; Prenosil, 2000; Winkler et al, 2001
and references cited therein), while the solar eclipse of 20 March 2015 (a large partial solar eclipse in
the UK and Iceland, total in Svalbard) was documented in more detail than any other previous eclipse,
with detailed surface and upper-air measurements made at many locations. This event was the subject
of a special volume of Philosophical Transactions — see, for example, Harrison and Hanna (2016),
Burt (2016) and Hanna et al (2016) and additional papers and references cited therein.

One problem with many published accounts of changes in air temperature during eclipses has been
lack of sufficient detail in how the temperature measurements themselves were made. Most refer only
to ‘shade’ measurements using portable instruments. However, temperature measurements made ‘in
the shade’ rather than in (say) a standard Stevenson screen leave open the possibility of errors



resulting from reflected and outgoing terrestrial infrared radiation. During a total eclipse under
conditions of little cloud cover, such measurements would tend to overestimate the air temperature
prior to and after totality, and underestimate the air temperature during totality, suggesting a larger
temperature fall than would be recorded under standard meteorological conditions. The errors
involved can be substantial and may amount to several degrees Celsius, even at low air temperatures.

During the eclipse of 21 August 2017, nine automatic weather stations (AWSs) from the high-
resolution US Climate Reference Network (USCRN — Diamond et al, 2013) lay directly under the
path of totality, providing very high-quality and high-frequency surface measurements, including
global solar radiation and aspirated air temperature records (NOAA, 2017). These sites are identified
in Figure 1. This article briefly summarises the reduction in air temperature and the response lag from
time of totality to the time of minimum temperature at each of these CRN locations based upon
information in NOAA (2017). A more detailed account follows of the observations from Moose,
Wyoming, the AWS site located just a few kilometres from the author’s eclipse viewing point north-
west of Jackson, Wyoming.

Temperature reductions during the eclipse

Table 1 summarises the main effects of the total eclipse upon the nine CRN AWS sites located under
the path of totality (details from NOAA, 2017); site details and time zones are given in Table 2.
Figure 2 plots air temperature, relative humidity and global solar radiation for the civil day 21 August
2017 at each of these sites from the original 5 minute AWS records available online at
https://www.ncdc.noaa.gov/crn/qcdatasets.html . Timing is in local standard time for each site
(daylight time minus 1 hour). In each plot, the time of totality is shown by a thin vertical rule in the
centre (temperature and relative humidity) graph.

TABLE 1. Meteorological effects of the total eclipse of 21 August 2017 at the nine CRN AWS sites within the
path of totality, from west to east across the US. For locations, see Figure 1 and Table 2.

Lag from Lag from
Duration Temperature mid- RH mid-

Site of totality ~ Sky and cloud reduction, eclipse, delta, eclipse,
no.  CRN site location and state  (min, sec)  conditions degC* minutes %* minutes

1 Corvallis, Oregon ImoO00s Clear 2.8 12 7 17

2 John Day, Oregon 2m7s Clear 2.7 13 7 23

3 Moose, Wyoming 2m?2ls Clear 4.6 20 20 15

4 Harrison, Nebraska 2m24s Clear 32 17 6

5  Whitman, Nebraska Im53s Mostly Cloudy 2.6 3 4 3

6  Lincoln 11 SW, Nebraska 2m 13s Partly Cloudy 33 13 12 28

7  Lincoln 8 ENE, Nebraska 0 m3l1s Partly Cloudy 32 12 13 22

8  Crossville, Tennessee 2m33s Mostly Cloudy 4.0 9 28 24

9  McClellanville, 2m29s Mostly Cloudy 24 4 12 4

South Carolina

* Reckoned from the highest temperature/lowest RH pre-totality, to the lowest temperature/highest RH post-totality.



TABLE 2. Location, altitude and time zone of the nine CRN AWS sites in Table 1. For locations, see

Figure 1.

Site Latitude Longitude

no. Location and state °N °W  Altitude, m Time zone*
1 Corvallis, Oregon 44.42 123.33 95 UTC -8
2 John_Day, Oregon 44.56 119.65 684 UTC -8
3 Moose, Wyoming 43.66 110.71 1971 UTC -7
4 Harrison, Nebraska 42.42 103.74 1343 UTC -7
5 Whitman, Nebraska 42.07 101.45 1140 UuTC -7
6 Lincoln 11 _SW, Nebraska 40.69 96.85 418 UTC -6
7  Lincoln 8 ENE, Nebraska 40.85 96.56 362 UTC -6
8  Crossville, Tennessee 36.01 85.13 583 UTC -6
9 McClellanville, South Carolina 33.15 79.36 3 UTC -5

* Daylight time is +1 hour

Observations in north-western Wyoming

The author observed the total eclipse from a site a few kilometres north-west of Jackson, Wyoming, at
43.55°N, 110.83°W and 1901 m (6235 ft) above mean sea level (AMSL), 16 km south-west of the
CRN AWS site at Moose, Wyoming (located at 43.66°N, 110.71°W, 1971 m AMSL, station 3 on
Figure 1 and in Table 1). The centreline of totality lay between the two locations: both sites were
within 5 km or so of the centreline and thus of the maximum eclipse in this portion of the track. The
Moose AWS record is notable in that it exhibited the largest eclipse-related changes in air temperature
and humidity of the nine US CRN sites within the region of totality.

The day began with patchy altocumulus cloud, about 3 oktas in extent at 0600 MST (0700 MDT,
1300 UTC). Concerns over the previous 2-3 days that this cloud would persist to ‘spoil the show’
proved groundless, as the cloud moved steadily away to the south and dissipated during the morning
(Figure 3, Figure 4) leaving the sky almost cloudless throughout the period of the eclipse, from first
contact at 0916:42 MST to fourth contact at 1200:28 MST. Totality commenced at 1034:51 MST
(second contact) and ended (third contact) at 1037:12 MST, thus lasting 2 minutes 21 seconds.

Solar radiation

The 5 minute mean global solar radiation values for Moose AWS 0000-2355 MST 21 August 2017
are plotted on Figure 5, blue trace, together with the average from the previous and following days in
orange. Sunrise on 21 August was at 0535 MST, with solar radiation detected from shortly before
0555 MST. The reductions in sunlight owing to the patchy altocumulus evident in Figure 3 are
evident in the trace between about 0730 and 0830 MST, after which almost cloudless skies resulted in
a near sine wave solar radiation record with the obvious exception of the eclipse period itself. Global
solar radiation receipts reached a little over 600 W m™ by 0920 MST, shortly after first contact at
0916:42 MST, and then declined steadily to the minimum 5 minute mean of 2 W m™ for the 5 minutes
ended 1040 MST. We may therefore safely assume that the period of totality (1034:51 to 1037:12
MST) recorded close to zero, as light levels from the solar corona during totality were similar to
bright moonlight. After the eclipse, solar radiation levels increased steadily once more to reach a peak
around 870 W m™ about 1225 MST.

Air temperature

Observations of (shade) air temperature and relative humidity were made at the site with a Kestrel
4000 portable AWS, which was set to log readings every 10 s throughout the event. Unfortunately, an
error resulted in the loss of the logged record, but from observations made from the display the
indicated temperature rose from a little over 4 °C at 0700 MST to 19.2 °C shortly after 1000 MST.



The temperature then fell as the eclipse progressed and the solar disk darkened, to 11 °C just after
totality, and continued to fall for about 15 minutes — the lowest observed reading being 9.6 °C at 1050
MST. The total fall from pre-totality peak to post-totality minimum, from a shaded sensor (but one
exposed to reflected and outgoing infrared radiation) was thus 9.6 K in 50 minutes, with a lag of 15
minutes from peak totality to the minimum temperature.

In comparison, the nearby Moose AWS record showed a fall over the same period of 4.6K, from

16.5 °C for the 5 minute mean ending at 1010 MST to 11.9 °C for the 5 minutes ending at 1055 MST,
a lag of 20 minutes from totality (with a slight uncertainty due to the 5 minute temporal resolution).
The 5 minute mean temperatures for Moose 0000-2355 MST are plotted on Figure 6, blue trace,
together with the average from the previous and following days for comparison in orange. Averaging
the AWS values over 5 minutes inevitably smoothes the recorded extremes somewhat, but based upon
the observed rate of change of air temperature dT/dt prior to the turning points, we may estimate the
true (say, 1 minute means) maximum and minimum temperatures to be approximately 16.8 °C and
11.5 °C, giving a slightly larger ‘spot’ range of 5.3 K. Notably, the reduction from pre-eclipse peak to
post-eclipse minimum derived from the aspirated sensor record is almost half that derived from a
‘shaded’ air temperature sensor. The lag times agree within measurement accuracy.

The true effect of the eclipse can best be appreciated by comparing the Moose temperature record for
21 August with the average of the preceding and following days shown on Figure 6. Although ‘eclipse
day’ began slightly cooler than the previous day (air temperature minimum 2.2 °C at 0630), the air
temperature then rose at a similar rate to adjacent days, slightly in excess of 4 K h™', until 1010 MDT,
by which time two-thirds of the partial phase had been completed. The fall from peak to post-totality
trough 20 minutes after totality was as described above, after which temperatures recovered, although
the deficit of 3 hours of solar radiation receipts during the morning left eclipse day almost 3 K cooler
than adjacent days by 1300 MST (Figure 6). The maximum (5 minute mean) temperature at Moose on
21 August was 26.1 °C at 1555 MST, a little lower than the previous day (20 August, 26.4 °C at 1550-
1555 MST) and the following day (22 August, 29.1 °C at 1530 MST). Shortly after totality, the air
temperature at Moose AWS (11.9 °C at 1055 MDT) was 9.5 K lower than the mean of adjacent days
at the same time. For those of us watching the eclipse, the cooling was very obvious, and most
observers were glad to have brought extra layers of clothing!

Humidity

Five minute means of relative humidity (RH) for Moose AWS for 21 August, together with the
average of the preceding and following days in orange, are plotted on Figure 7. As would be expected
from the substantial reduction in temperature during the eclipse, there was a significant increase in
RH — 20 per cent, from 31% at 1110 to 51% 40 minutes later, in antiphase to the temperature record.
Even at or just after totality, however, the air was too dry for patches of shallow fog to form, although
this was carefully watched for. The comparison of RH on eclipse day with adjacent days (Figure 7)
shows that, just after totality, RH had risen to twice that of the average of the previous and following
day.

Surface wind speeds

Five minute means of wind speed at 1.5 m above ground for Moose AWS for 21 August, together
with the average of the preceding and following days in orange, are plotted on Figure 8. Surface
winds were very light and variable in direction throughout the eclipse, but the effect of totality was
clearly evident in the 5 minute mean surface wind speed at Moose (Figure 8). Mean wind speeds fell
below 1 m s™ just after 1100 MDT, and did not recover for 90 minutes; during totality, mean wind
speeds remained below 0.5 m s owing to stabilisation of the boundary layer (see, for example, Gray
and Harrison, 2016). Unfortunately, wind directions are not available for CRN AWS records, but in
such light winds firm conclusions on the backing or otherwise of surface winds owing to increased
frictional retardation would be difficult.



Conclusions

The solar eclipse of 21 August 2017 which affected the entire United States was probably the best
observed solar eclipse in history, both in terms of human observers aligned along the centreline of the
total eclipse from Oregon to South Carolina and in terms of the wealth of meteorological data
available from carefully calibrated automatic weather stations along the eclipse track. Falls in
aspirated air temperature from peak to trough of 5 K were observed under clear skies in Wyoming,
while the reduction from the expected diurnal temperature at totality was about twice that. A ‘shade
temperature’ measurement showing a reduction of almost 10 K was shown to be too great by a factor
of two compared with nearby aspirated air temperature measurements made under standard
meteorological exposure conditions.
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Figure captions

Figure 1. Location of US Climate Reference Network (CRN) automatic weather station (AWS) sites
as at August 2017, from NOAA (2017). The sites numbered 1 to 9 lay under the path of totality; these
sites are listed in Tables 1 and 2 and various parameters from these sites for eclipse day, 21 August
2017, are plotted in Figure 2.

Figure 2. Plots of (left to right) global solar radiation (W m™), aspirated air temperature (°C) and
relative humidity (%) and 1.5 m wind speeds (m s™') from the nine CRN AWS sites labelled in Figure
1, derived from the original 5 minute records available at
https://www.ncdc.noaa.gov/crn/qcdatasets.html. Each global solar radiation plot scales 0 to 1000 W
m?); aspirated air temperature 0 to 35 °C and relative humidity 0 to 100 % and 1.5 m wind speeds (0
to 5 ms™') except for sites 4 and 6 (which scale 0 to 7m s™) and site 5 (0 to 11 ms™)

Figure 3. Sky as seen from a little north-west of Jackson, Wyoming at 0745:43 MST, prior to the
commencement of the partial phase of the eclipse. Photograph taken with 15 mm fisheye lens with
100 degrees horizontal field of view, and 77 degrees vertical. Exposure f11, 1/500, ISO 100.
Photograph by the author, Copyright © Stephen Burt.

Figure 4. As Figure 3 but in mid-totality at 1035:42 MST. The exposure was f11, 4 seconds, ISO 100
- less than 1/2000th of the light level in Figure 3. Photograph by the author, Copyright © Stephen
Burt.

Figure 5. Plotted 5 minute mean global solar radiation values, W m?, for Moose AWS 0000-2355
MST 21 August 2017 (blue trace), together with the average for corresponding 5 minute period from
the previous and following days (orange trace). Totality occurred 1034:51 to 1037:12 MST.

Figure 6. Plotted 5 minute mean aspirated air temperature values, °C, for Moose AWS 0000-2355
MST 21 August 2017 (blue trace), together with the average for corresponding 5 minute period from
the previous and following days (orange trace). Totality occurred 1034:51 to 1037:12 MST.

Figure 7. Plotted 5 minute mean relative humidity values, %, for Moose AWS 0000-2355 MST 21
August 2017 (blue trace), together with the average for corresponding 5 minute period from the
previous and following days (orange trace). Totality occurred 1034:51 to 1037:12 MST.

Figure 8. Plotted 5 minute mean 1.5 m wind speed, m s, for Moose AWS 0000-2355 MST 21
August 2017 (blue trace), together with the average for corresponding 5 minute period from the
previous and following days (orange trace). Totality occurred 1034:51 to 1037:12 MST.



FIGURES

Figure 1. Location of US Climate Reference Network (CRN) automatic weather station (AWS) sites
as at August 2017, from NOAA (2017). The sites numbered 1 to 9 lay under the path of totality; these
sites are listed in Tables 1 and 2 and various parameters from these sites for eclipse day, 21 August
2017, are plotted in Figure 2.
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Figure 2. Plots of (left to right) global solar radiation (W m™), aspirated air temperature (°C) and
relative humidity (%) and 1.5 m wind speeds (m s™') from the nine CRN AWS sites labelled in Figure
1, derived from the original 5 minute records available at
https://www.ncdc.noaa.gov/crn/qcdatasets.html. Each global solar radiation plot scales 0 to 1000

W m; aspirated air temperature 0 to 35 °C and relative humidity 0 to 100 %; and 1.5 m wind speeds
(0 to 5ms™) except for sites 4 and 6 (which scale 0 to 7 m s™) and site 5 (0 to 11 m s™). Site 3 is
Moose, Wyoming; see Figures 5 to 8 for more detail.
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Figure 3. South-east quadrant of the sky as seen from a little north-west of Jackson, Wyoming at
0745:43 MST, prior to the commencement of the partial phase of the eclipse. Photograph taken with
15 mm fisheye lens with 100 degrees horizontal field of view, and 77 degrees vertical. Exposure f11,
1/500, ISO 100. Photograph by the author, Copyright © Stephen Burt.




Figure 4. As Figure 3 (camera position unchanged) but in mid-totality at 1035:42 MST. The exposure
was f11, 4 seconds, ISO 100 - less than 1/2000th of the light level in Figure 3. Photograph by the
author, Copyright © Stephen Burt.




Figure 5. Plotted 5 minute mean global solar radiation values, W m?, for Moose AWS 0000-2355
MST 21 August 2017 (blue trace), together with the average for corresponding 5 minute period from
the previous and following days (orange trace). Totality occurred 1034:51 to 1037:12 MST.
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Figure 6. Plotted 5 minute mean aspirated air temperature values, °C, for Moose AWS 0000-2355
MST 21 August 2017 (blue trace), together with the average for corresponding 5 minute period from
the previous and following days (orange trace). Totality occurred 1034:51 to 1037:12 MST.
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Figure 7. Plotted 5 minute mean relative humidity values, %, for Moose AWS 0000-2355 MST 21
August 2017 (blue trace), together with the average for corresponding 5 minute period from the
previous and following days (orange trace). Totality occurred 1034:51 to 1037:12 MST.
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Figure 8. Plotted 5 minute mean 1.5 m wind speed, m s, for Moose AWS 0000-2355 MST 21
August 2017 (blue trace), together with the average for corresponding 5 minute period from the
previous and following days (orange trace). Totality occurred 1034:51 to 1037:12 MST.
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