Background

Barrow, Alaska
..

Her Majesty’s Ship (HMS) Plover
e Stationed at Point Barrow, Alaska from 1852 to 1854

 Hourly air temperature measurements

 Thermometer used was encapsulated in a radiation screen
(results In bias) [2]

Plover screen Figure l1a Location of Point Barrow, Alaska |
« Shelters instruments within it from outside environment

* Biases measurements recorded within it [6]

/& Arctic Climate change
"+ Characterized by a change of a few degrees (1 — 3 °C) [13]
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(http://geology.com/sea-level-rise/san- .. : : :
francisco.shtmi) * Arctic Is warming twice as quickly as world average [9]

Purpose

* To determine the screen bias of the Plover screen on temperature readings under certain
environmental conditions
* To correct inaccuracies present in the original Plover data set

Replica Plover screen

* Schematics and diagrams derived from the HMS Plover’s report
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« Data collected at Barrow, Alaska at the
National Oceanic and Atmospheric
Administration (NOAA) Observatory

* Two Resistance Thermocouple Devices
(RTDs) recorded air temperature
measurements at both inside and
outside of the replica Plover screen

~ 8. Replica Plover screen sent to the NOAA
| observatory
— Houses an RTD alongside an
exposed RTD

Figure 3 Site of data collection. Replica Plover screen RTD and exposed RTD are
noted

 Modern day meteorological equipment recorded atmospheric pressure, wind speed at 10 m, and
wind direction at 10 m



Experimental Assessment of Screen
Bias In an Early Arctic Alr
Temperature Time Series

Results
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Figure 4a (left) Plot of temperature difference (°C) of Plover RTD and RTD 2m for 2 years (2012-2013) by Julian day
Figure 4b (right) Temperature difference (°C) of Plover RTD and RTD 2m against daily sunlight hours
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Figure 5a (left) Average temperature difference (°C) at different wind speed intervals; P < 0.05 (Error bars = standard error)
Figure 5b (right) Temperature difference (°C) of Plover RTD and RTD 2m against wind speed (m/s)
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Figure 6a (left) Average temperature difference (°C) at different air pressure intervals; P < 0.05; (Error bars = standard error)
Figure 6b (right) Temperature difference (°C) of Plover RTD and RTD 2m against atmospheric pressure (mb)
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Figure 7a (left) Average temperature difference (°C) of ex
P < 0.05; (Error bars = standard error)
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nosed and encased thermometers at different intervals:;

Figure 7b (right) Temperature difference (°C) of Plover RTD and RTD 2m against actual temperature (°C)



Automated Data Organization
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database

on #199 (Barrow Baseline Observatory),Baseline Observatory

ocal Date and TimUnitID  Date Time GPS Date GPSTime Wind
3 | 1/30/201223:59 199  12/1/1931 0:00:00 9999 9999 ¢
4| 1/31/20120:00 199 12/1/1931 0:01:00 9999 9999 ¢
5 | 1/31/20120:01 199  12/1/1931 0:02:00 9999 9999 ¢
6 1/31/20120:02 199  12/1/1931 0:03:00 9999 9999 ¢
7| 1/31/20120:03 199  12/1/1931 0:04:00 9999 9999 ¢
.8 1/31/20120:04 199 12/1/1931 0:05:00 9999 9999 ¢
9 | 1/31/20120:05 199  12/1/1931 0:06:00 9999 9999 ¢
R 5 PedC Noers Daric/ Deskip Plovey adTestiod 10 1/31/20120:06 199  12/1/1931 0:07:00 9999 9999 ¢
11 1/31/20120:07 199  12/1/1931 0:08:00 9999 9999 ¢ F - I d I d d d
12 1/31/20120:08 199 12/1/1931 0:09:00 9999 9999 ¢ I e S OW n O a e a. n
13 1/31/20120:09 199  12/1/1931 0:10:00 9999 9999 ¢ .
14 1/31/20120:10 199 12/1/1931 0:11:00 9999 9999 ¢ CO nve rted to Excel FI IeS
15 1/31/20120:11 199  12/1/1931 0:12:00 9999 9999 ¢
16 1/31/20120:12 199 12/1/1931 0:13:00 9999 9999 ¢
17 1/31/20120:13 199  12/1/1931 0:14:00 9999 9999 ¢
18 1/31/20120:14 199 12/1/1931 0:15:00 9999 9999 ¢
19 1/31/20120:15 199  12/1/1931 0:16:00 9999 9999 ¢
20 1/31/20120:16 199 12/1/1931 0:17:00 9999 9999 ¢
21 1/31/20120:17 199  12/1/1931 0:18:00 9999 9999 ¢
22 1/31/20120:18 199 12/1/1931 0:19:00 9999 9999 ¢
23 1/31/20120:19 199  12/1/1931 0:20:00 9999 9999 ¢
24 1/31/20120:20 199 12/1/1931 0:21:00 9999 9999 ¢
eeeee 5 e wym omm s ww s A Java computer program

, it Sheet22

. Sheet23  Sheet24 .~ Sheet25 , Sheet26 .

Sheet27 Shee

Figure 8 Data conversation for weather data collected throughout 2012-2013 at
the NOAA Observatory at Barrow, Alaska. The bottom-left window represents the
original data on the FTP database. The upper-left window represents the data
after being converted to a .txt file format in Notepad. The right window represents
the data after being converted into a .xIs file.

was designed to organize
and analyze ~10’ data points

Conclusions

Effects of seasonal solar radiation

* During summer months, screen records higher

temperatures
— Possibly due to more sun exposure

— Barrow, Alaska is above Arctic circle;

sun never sets in summer (midnight

sun)

* During winter months, screen records lower
temperatures
— Lack of sun exposure removes heating
element

Screen bias Is highest under conditions of:
* Lower wind speeds (Fig. 5)

Figure 9 During Midnight Sun, the sun never dips below the horizon

— Lack of facilitation of air through the device results in an environment inside the
screen that being less representative of the surrounding conditions

No significantly evident screen bias under conditions of:
* Higher barometric pressures (Fig. 6))

 Lower temperatures (Fig. 7)

Barometric pressure may be correlated to cloud coverage and sun exposure

Implications and Future Research

Plover screen bias Is on average 0.35°C while

climate change is on the scale of a change of 2°C
— Data can rectify old weather data (Plover

data)

Conduct rare comparison study between Plover data
(located at Duke Special Collections Library) and

modern data to seek changing climate patterns in the

Arctic
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Figure 10 Dr. Simpson Barrow, Alaska meteorological
recordings located at Duke Special Collections Librar

Selected References

[1] BOhm, R., Jones, P. D., Hiebl, J., Frank, D., Brunetti, M., & Maugeri, M. (2010). The early
instrumental warm-bias: a solution for long central European temperature series 1760
2007. Climatic Change, 101(1-2), 41-67.

[2] Brohan, P., Allan, R., Freeman, J. E., Waple, A. M., Wheeler, D., Wilkinson, C., & Woodruff, S.
(2009). Marine observations of old weather. Bulletin of the American Meteorological
Society, 90(2), 219-230.

[3] Brunet, M., Asin, J., Sigro, J., Baiion, M., Garcia, F., Aguilar, E., ... & Jones, P. (2011). The
minimization of the screen bias from ancient Western Mediterranean air temperature
records: an exploratory statistical analysis.International Journal of Climatology, 31(12),
1879-1895.

[4] Carmack, E. C., & Kulikov, E. A. (1998). Wind-forced upwelling and internal Kelvin wave
generation in Mackenzie Canyon, Beaufort Sea. Journal of Geophysical Research: Oceans
(1978-2012), 103(C9), 18447-18458.

[5] IPCC - Intergovernmental Panel on Climate Change. (n.d.). Retrieved January 29, 2015, from
http://www.ipcc.ch/

[6] Lindsay, R. W., Zhang, J., Schweiger, A., Steele, M., & Stern, H. (2009). Arctic sea ice retreat
in 2007 follows thinning trend. Journal of Climate, 22(1), 165-176.

[7] Maguire, R. (1988). The journal of Rochfort Maguire, 1852-1854: two years at Point Barrow,
Alaska, aboard HMS Plover in the search for Sir John Franklin(No. 169). Hakluyt society.

[8] Nordli, @., Alexandersson, H., Frich, P., Fgrland, E. J., Heino, R., Jonsson, T., ... & Tveito, O. E.
(1997). The effect of radiation screens on Nordic time series of mean temperature.
International journal of climatology, 17(15), 1667-1681.

[9 Rothrock, D. A., Yu, Y., & Maykut, G. A. (1999). Thinning of the Arctic sea-ice cover.
Geophysical Research Letters, 26(23), 3469-3472.

[10] Streever, B., Suydam, R., Payne, J. F., Shuchman, R., Angliss, R. P., Balogh, G., ...
(2011). Environmental change and potential impacts: applied research priorities for Alaska's
North Slope. Arctic, 64(3), 390-397.

& Yokel, D.

[11] Serreze, M. C., & Barry, R. G. (2005). The Arctic climate system (Vol. 22). Cambridge

University Press.

[12] Steele, M., Ermold, W., & Zhang, J. (2008). Arctic Ocean surface warming trends over the past
100 years. Geophysical Research Letters, 35(2).

[13] Vincent, L. A., & Gullett, D. W. (1999). Canadian historical and homogeneous temperature
datasets for climate change analyses. International Journal of Climatology, 19(12), 1375

1388.

[14] Voiland, A. (2009). Second Warmest Year on Record; End of Warmest Decade.NASA Goddard
Institute for Space Studies. Accessed May, 6, 2011.



