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Evaluating Highest Temperature Extremes in the Antarctic

The record high temperature for regions south of 60°S latitude is a balmy 19.8°C (67.6°F), recorded 30 January

1982 at a research station on Signy Island.

Sunshine over the Antarctic Peninsula. Just how warm can Antarctica get? Credit: oliver.dodd

By Maria de Los Milagros Skansi, John King, Matthew A. Lazzara, Randall S. Cerveny, Jose Luis Stella, Susan Solomon, Phil Jones, David Bromwich,
James Renwick, Christopher C. Burt, Thomas C. Peterson, Manola Brunet, Fatima Driouech, Russell Vose, and Daniel Krahenbuhl @ 1 March 2017

On 21 July 1983 the lowest temperature ever observed on Earth was recorded at a Russian research station in central Antarctica: The thermometer at
the site read —89.2°C (-128.6°F).

In the face of climate change, researchers have begun to investigate how warm the planet’s southernmost region can get.
But it’s not just the lowest lows that have caught the attention of scientists in the Antarctic. Especially in the face of climate change, researchers have

also begun to investigate how warm the planet’s southernmost region can get.

Officially investigating, documenting, and verifying (https://wmo.asu.edu/) such high-temperature extremes is the business of the World Meteorological
Organization (WMO (https://public.wmo.int/en)) Commission for Climatology (CCl (htp://www.wmo.int/pages/prog/wep/ccl/index_en.php)). For this purpose, the
WMO CCl has created an international evaluation committee of climatologists and meteorologists associated with Antarctic temperature measurements

to establish the highest-temperature extremes of the region.

Their investigation verified what is, as of now, the current record high: a balmy 19.8°C (67.6°F). This temperature was observed on 30 January 1982 at

at Factory Cove, Borge Bay, on Signy Island. This record, collected

region) by WMO.
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Installation and maintenance of an AWS station in the Antarctic of a type similar to D-80 AWS, which recorded

the highest temperature seen on the Antarctic Plateau (—7.0°C on 28 December 1989). Credit: David Mikolajczyk

Also public as of today are two temperature extremes in two distinct climate regimes of Antarctica: its low-lying ice sheet and continent and its high and
dry plateau. On the continent, CCl verified that a high-temperature extreme of 17.5°C (63.5°F) occurred on 24 March 2015 at the Argentine research
base Esperanza, located near the northern tip of the Antarctic Peninsula. An observation of —7.0°C (19.4°F), made on 28 December 1989 at an automatic
weather station (AWS) site, D-80, located inland of the Adélie Coast, has been verified by CCl to be the highest temperature recorded on the Antarctic

Plateau.

The committee noted that the extremes at the Signy, Esperanza, and D-80 stations occurred during periods of warm air advection. At Signy and

Esperanza, warming from leeward winds (foehn warming (https://www.wmo.int/pages/prog/arep/wwrp/new/wwosc/documents/AndyElvidgePPP.pdf)) also contributed,

whereas at D-80 solar heating under clear skies at high elevation was a major contributory factor. This investigation highlights the need to continually

monitor all of the Antarctic region to ensure that we have the best possible data for climate change analysis (https://eos.org/articles/scientists-find-the-point-of-
no-return-for-antarctic-ice-cap) at both the regional and global scales.

Highest Temperature for the Antarctic Region: 19.8°C, Signy Research Station, 30 January 1982

Knowledge and verification of extreme temperatures is important in the study of global and regional climate change. It’s also key in the analysis of
observation practices and proper equipment selection. Similar to how WMO has documented extremes for other regions of the world during the past 10

years, an evaluation committee recently finished its examination of record high extremes for the Antarctic region.

But what exactly is the Antarctic region? The WMO Antarctic temperature extremes committee recommended that “Antarctic region” be defined as “all
of the land and ice shelves south of 60°S latitude.”
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Fig. 1. The area of the United Nations/WMO Antarctic region (all lands and ice south of 60°S) with the 2500-

meter elevation delineated (using the digital terrain model of Liu et al. [2001]). Locations of the three high-

temperature extreme stations (Signy, Esperanza, and D-80) are shown. Credit: WMO

The committee then examined the evidence for establishing the highest temperature of the region as 19.8°C (67.6°F), observed on 30 January 1982 at
Signy Research Station (60°43’S, 45°36’W, WMO station 88925) at Factory Cove, Borge Bay. Signy Research Station is situated on the eastern shore of
Signy Island (Figure 1). The research station was established in 1947 and operated as a year-round station until 1996, when it reduced to summer-only

operation. Figure 2a shows a photograph of the station in 1967.

Fig. 2. Photographs of the three stations evaluated

for the Antarctic extreme high temperatures. (a)

Signy Research Station in 1969 (60°43’S, 45°38'W;
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the Stevenson screen may be seen behind the station
buildings in the extreme right of the picture), (b)
Esperanza Station in 2016 (63°24’S, 56°59’'W), and
(c) D-80 AWS in 1993 (70°6’S, 134°53’E). Credit:
WMO

At the time of the record observation, the Signy Research Station was operating a very basic climatological observing program. There were no dedicated
meteorological observers at the station, and biological research assistants carried out the observations. These assistants carried out full synoptic
observation at 09:00 local time (12:00 coordinated universal time (UTC)) every day. Additionally, the assistants collected maximum and minimum
thermometers readings at 09:00 and 21:00 local time (12:00 and 00:00 UTC, respectively). The station used mercury-in-glass thermometers located in
a Stevenson screen shelter. At 12:00 UTC every day, a duty assistant changed the mercury-in-steel distant-reading thermometer that provided a

continuous record of temperature on a circular chart.

Between 25 and 27 January 1982, 12:00 UTC temperatures registered just above freezing but rose on and after 28 January. On 30 January the 12:00
UTC temperature read +9.6°C, and the maximum thermometer reading over the past 12 hours was logged as +19.8°C (67.6°F), a record for Signy

Research Station.

Weather Conditions During the High-Temperature Extreme

At the time of the observed record temperature, a trough of low surface pressure lay across the Drake Passage, connecting low-pressure centers to the
west of the Antarctic Peninsula and to the west of southern Chile. Simultaneously, a ridge of high pressure extending southward from the South Atlantic
drove a strong northwesterly pattern of circulation in the vicinity of the South Orkney Islands. This can be seen in the European Centre for Medium-
Range Weather Forecasts’ ERA-Interim reanalysis (http://www.ecmwf.int/en/research/climate-reanalysis /era-interim) [ Dee et al., 2011], one of the top computer
model reconstructions of the weather of the last 150 years (Figure 3a). This flow resulted in the southward movement of warm midlatitude air from the

South Atlantic sector.

Although this advection of warm air was almost certainly a necessary condition for achieving these record temperatures, it is likely that local orographic
effects also played a role. Signy lies in the lee of Coronation Island when the wind flows from the northwest. The island rises to 1265 meters and may
thus cause a significant foehn warming effect. The distant-reading thermometer record shows a rapid increase in temperature around 21:00 local time

and a rapid decrease at around 02:30, both of which are characteristic of foehn events.
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Fig. 3. The 500-hectopascal height
analyses (geopotential meters,
analogous to the pressure pattern
at around 5 kilometers in altitude,
above the highest parts of the
Antarctic Plateau) using the ERA-
Interim reanalysis [Dee et al., 2011]
for (a) 00:00 UTC, 30 January
1982, when Signy Research Station
recorded a maximum temperature
0f 19.8°C, (b) 0o:00 UTC, 24
March 2015, when Esperanza
Station recorded a maximum
temperature of 17.5°C, and (c)
00:00 UTC, 28 December 1989,
when D-80 AWS recorded a
maximum temperature of —7°C.
Credit: WMO
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Additionally, the hygrograph record shows two very rapid decreases in humidity on 29 January, the first around 09:00 local time and the second around

21:00, which would support the idea that a foehn effect played an important role. Although the anemograph does not show particularly marked wind

speed changes at these times, there is a transition from almost calm conditions to very gusty, moderate winds at around 22:30 local time on 29 January,

followed by a dramatic increase in wind speed at around 02:30 local time on 30 January.

Past researchers have noted the importance of the foehn in driving Antarctica warm events [e.g., Elvidge and Renfrew, 2016; Cape et al., 2015; Speirs et

al., 2010]. Consequently, after the committee assessed the station’s compliance with WMO standards, as well as foehn occurrence, it unanimously

recommended acceptance of this observation as the highest temperature recorded for the Antarctic Region.

Defining Subregions
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Following the acceptance of the Signy observation of 19.8°C as the highest temperature recorded in the Antarctic region (all lands south of 60°S), the
committee addressed the concern that such an acceptance of an island observation measured at 60°43’S does not match the common geographic
interpretation of the Antarctic as a single landmass. One important goal the committee wished to address was the improvement of public education

about the Antarctic’s quite distinct climatic regimes. Most of the general public is often surprised to learn how mild some parts of the Antarctic can be.

Consequently, the committee recommended two new subregional temperature extremes: (1) the highest temperature recorded on, or immediately

adjacent to, the Antarctic continent and (2) the highest temperature recorded at or above 2500 meters (the interior plateau region of the Antarctic).

Highest Temperature on the Continent: 17.5°C, Esperanza Research Base, 24 March 2015

The committee evaluated the evidence for an observation of 17.5°C (63.5°F) made on 24 March 2015 at the Argentine research base Esperanza. If

verified, this reading would be the highest temperature recorded on the Antarctic continent.

Most of the general public is often surprised to learn how mild some parts of the Antarctic can be.
Esperanza is located near the northern tip of the Antarctic Peninsula just to the east of the Antarctic Peninsula mountains, which rise to around 1000
meters near this location (Figure 1). This temperature extreme occurred on the day following a reading of 17.4°C (63.3°F) measured at the Argentine

research base Marambio, about 100 kilometers southeast of Esperanza, on 23 March 2015.

Temperature observations for Esperanza Station (63°24’S, 56°59’W, elevation of 13 meters) began in January of 1953 and have continued since. The
instrumentation consists of a common (mercury-in-glass) maximum/minimum thermometer that was installed on 3 December 2005 located within a

pagoda-style naturally vented meteorological shelter. Figure 2b shows a photograph of the instrumental shelter in 2016.

ERA reanalysis for this location at the time of the temperature extreme shows a northwest—southeast warm high-pressure ridge stretching from South
America to the Antarctic Peninsula in concert with a cold trough of low pressure lying over the far South Pacific near 120°W. Together, these features
drove a strong northwesterly circulation that was associated with warm air advection and strong winds perpendicular to the mountain chain in the

northern part of the peninsula, conducive to the development of a foehn at Esperanza (Figure 3b).

Consequently, after careful evaluation of the evidence with regard to quality of observation, type and calibration of equipment, and site placement, as
well as foehn occurrence, the committee recommended unanimously to accept the observation of 17.5°C (63.5°F) made on 24 March 2015 at the

Argentine research base Esperanza as the highest temperature recorded for the Antarctic continent.

Highest Temperature on the Plateau: -7.0°C, D-80 AWS, 28 December 1989

For the Antarctic Plateau, the committee evaluated the evidence for an observation of —7.0°C (19.4°F) made on 28 December 1989 at D-80 AWS, located
in the interior of the Adélie Coast (70°6’S, 134°53’E; see Figure 1). The AWS operated from 14 January 1983 to 1 January 2001 at an elevation of 2500
meters [Wendler et al., 1993]. The temperature was recorded with a Weed platinum resistance thermometer sensor with an accuracy of +0.5°C. Figure

2¢ shows a photograph of the station upon installation in 1983.

On 28 December 1989 ERA reanalysis showed that a high-pressure ridge situated west of Tasmania around 130°E over the Southern Ocean channeled
warm air southward toward D-80 (Figure 3c). This strong ridge had been persistent over the area for the previous 4 days. The committee noted that at
high elevations, insolation under clear skies will warm the air, contributing to the record high temperature. However, it was noted that in some cases
high insolation can cause spurious warming of the temperature sensor if the sensor is not properly ventilated, but in this situation, the committee

concluded that there should have been sufficient ventilation of the sensor.

Given these considerations and after ensuring that data were collected in compliance with WMO standards, the committee recommended unanimously

to accept the observation as the highest temperature recorded for the Antarctic Plateau.

Importance of Establishing Antarctic Extremes

As with all WMO evaluations of extremes (e.g., temperature, pressure, wind, etc.), the extremes presented here are the highest observed temperatures
placed before the WMO for adjudication that passed WMO’s standards for such data. It is possible, indeed, likely, that greater extremes can and have

occurred in the Antarctic but have gone unreported.

It is possible, indeed, likely, that greater extremes can and have occurred in the Antarctic but have gone unreported.
Temperature extremes in the Antarctic are important to evaluate and document in the face of changing regional and global climate. Only through the
continual monitoring (https://eos.org/project-updates/drones-in-a-cold-climate) of the entire Antarctic region can we ensure that we have the best possible data for

climate change analysis at both the regional and global scales.
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