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Abstract. Global surface temperature in 2016 was the highest in the period of instrumental
measurements. Relative to average temperature for 1880-1920, which we take as an appropriate
estimate of “pre-industrial” temperature, 2016 was +1.26°C (~2.3°F) warmer than in the base
period. The 2016 temperature was partially boosted by a 2015-16 El Nifio, which was almost as
strong as the 1997-98 “EIl Nifio of the century”. We estimate current global temperature excluding
short-term variability as +1.07°C relative to 1880-1920, based on linear fit to post-1970 global
temperatures.

Update of the GISS (Goddard Institute for Space Studies) global temperature analysis (GISTEMP)*2
(Fig. 1a), finds 2016 to be the warmest year in the instrumental record. (More detail is available at
http://data.giss.nasa.gov/gistemp/ and http://www.columbia.edu/~mhs119/Temperature; figures in this
summary are available from Makiko Sato on the latter web site.) For the second year in a row the prior
record was broken by a substantial margin. 2015 and 2016 annual temperatures were, in part, boosted by
the 2015-16 El Nifio. Because of the delayed global response to the natural El Nifio/La Nifia variability,®
it is likely that the 2017 global temperature will fall below that of 2016, as discussed below.

Here we choose 1880-1920 as baseline, i.e., as the zero-point for temperature anomalies, because it is
the earliest period with substantial global coverage of instrumental measurements and because it also has
a global mean temperature that should approximate “preindustrial” temperature®. The United Nations
Framework Convention® and Paris Agreement® define goals relative to “preindustrial”, but do not define
that period. Although human-caused increases of greenhouse gases (GHGs) by 1880-1920 were already
sufficient to cause a small warming,” 1880-1920 was also marked by above-average volcanic aerosols®,
which have a cooling effect. Extreme Little Ice Age conditions may have been ~0.1C cooler than the
1880-1920 mean,® but the Little Ice Age seems inappropriate to define preindustrial temperature because
the deep ocean did not have time to reach equilibrium with brief surface conditions. Choosing a

Global Surface Temperature: 1880-1920 Base Period
14 14

{a) (b}

. 2018 _’P s r
- 26T = 2
12-moenth Running Mean (280 12—meonth Running Mean I %ﬁi‘{m
e 132 —month Running Mean ] 32—-month Running Mean 4 [roro
-~ 1o = Annual Mean [ I 10 = Annual Mean . y J S
< < Best Lincar Fit H}J"
- 8 T il
= =
E B
z 4 =
= <
£ 4 g
E E
2 2 S
E e E
2 &
: 0.
al rw'n
L
1880 1200 1920 1240 1960 1980 2000 2020 1880 1900 1920 1940 1960 1980 2000 2020

Fig. 1. (a) Global surface temperatures relative to 1880-1920 based on GISTEMP data, which employs GHCN.v3
for meteorological stations, NOAA ERSST.v4 for sea surface temperature, and Antarctic research station data®. (b)
Post-1970 linear fit to 132-month (11-year) running mean is added to the results shown in (a).

2 Earth Institute, Columbia University, New York, NY

b Trinnovim LLC, New York, NY

¢ NASA Goddard Institute for Space Studies, New York, NY
1


http://data.giss.nasa.gov/gistemp/
http://www.columbia.edu/%7Emhs119/

2016 Annual Mean Relative to 1880-1920 Mean

[C e — I I I \ [
3 -2 -1 -.6 -2 2 .6 1 2 3 5.9

Fig. 2. Temperature anomalies in 2016 relative to 1880-1920 base period.

preindustrial global temperature thus has uncertainty of at least 0.1°C, but 1880-1920 temperature seems
about right and that period has the merit of near-global data. An alternative choice of 1720-1800 as base
period has similar (within ~0.1°C) global temperature as 1880-1920%, and their analysis'® and ours both
reach the +1°C level in 2014-2015.

We estimate current underlying temperature, excluding short-term variability via linear fit to the post-
1970 temperature (Fig. 1b). The result is +1.07°C at the end of 2016 relative to 1880-1920.

A global map of 2016 surface temperature anomalies relative to 1880-1920 is shown in Fig. 2. Maps
for each of the last four years (Fig. 3) are relative to the 1951-1980 base period to allow more complete
global coverage. 2013 is the sixth warmest year in the GISS analysis, 2014, 2015, and 2016 are the third,
second and first warmest, respectively. The tropical warming in the past few years is apparent, and
especially the warming in the Arctic.

Annual-Mean Surface Temperature (°C) Relative to 1951-1980
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Fig. 3. Temperature anomalies in the last four years.
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(a) Nino 3.4 SST: Detrended with 0.12°C/decade
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(c) Mean Temperature w/o Arctic: Detrended with 0.16°C/decade
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Fig. 4. (a) Temperature anomalies in Nifio3.4 region®, (b) for the global mean, and (c) for the globe excluding the
Acrctic (latitudes above 66°N). In each case the temperature is detrended by subtracting the temperature based on the
linear change over 1970-2016. Data source for (&) http://www.cpc.ncep.noaa.gov/data/indices/ersst4.nino.mth.81-10.ascii

The 2015-16 EI Nifio was weaker than the 1997-98 El Nifio, as measured by the peak SST anomaly in
the Nifio3.4 region, but the recent El Nifio was longer lasting (Fig. 4a). The longevity of tropical warmth
may have contributed to the magnitude of global warming, which was larger for the recent El Nifio (Fig.
4b). The most extreme warming was in the Arctic (Figs. 2 and 3); when the Arctic is excluded from the
global average, global warming relative to the trend line is slightly larger in 1998 than in 2016 (Fig. 4c).

The 12-month running mean temperature peaked at 1.31°C and declined to 1.26°C by the end of 2016
(Fig. 1), with global peak temperature lagging the Nifio3.4 temperature peak by 4 months (monthly mean
global temperature maximum lags monthly Nifio3.4 by 3 months, while the lag is 5 months for 12-month
running means). This lag, similar to that for the 1997-98 El Nifio, is as expected as maximum correlation
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Fig. 5. Observed Nifio3.4 temperature and projections with the NOAA NCEP CFS.v2 forecast model
(http://www.cpc.ncep.noaa.gov/products/precip/CWIink/MJO/enso.shtml#discussion).
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Fig. 6. Zonal-mean temperature for different latitude bands. (a) 132-month (11-year) running means for all five
regions, (b-d) 12-month running means. All results are relative to the 1880-1920 base period.

of global and Nifio3.4 temperatures has global temperature lagging by 4 months'-!*, Global temperature
in 2017 will almost surely fall from the 2016 value, as it has after other strong El Nifios, but the drop may
not be as steep as it was in 1999. The 1997-98 EIl Nifio was followed by a strong La Nifia (Fig. 4a), but
temperature in the Nifio3.4 region in 2016 barely reached the —0.5°C level, has since returned to Nifio-
neutral conditions, and is projected to remain Nifio-neutral for the next several months (Fig. 5).

Warming in the Arctic is now about 3°C, and in the tropics about 1°C relative to 1880-1920 (Fig. 6).
Middle latitude warming is larger in the Northern Hemisphere than in the Southern Hemisphere, as
expected, because of the much larger proportion of land in the Northern Hemisphere. Warming over
global land area in the past century is about twice as large as warming over the global ocean (Fig. 7),
which is consistent with expectations based on global climate modeling®.
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Fig. 7. Global land and global ocean surface temperature anomalies. Light lines are 12-month running means and
heavy lines are 132-month (11-year) running means.



(a) Annuval Mean Surface Temperature Anomaly: 1951-1980 Base Period
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Fig. 8. Daily temperatures in Central Park, New York City, during 2015. Data source: NOAA National Weather
Service New York Office http://w2.weather.gov/climate/index.php?wfo=0kx

Temperature (°C)

Reminder of the large magnitude of local temperature variability, relative to global mean warming, is
always in order. We use data for New York City to illustrate (Fig. 8). Local annual mean temperature
now has high likelihood of being warmer than mean climatology (Fig. 8a), but few people are concerned
with annual mean temperature. Monthly temperature anomalies (Fig. 8b) are more noticeable to the
public, but in this case the long-term average warming of about 1°C is much smaller than the interannual
variability of monthly mean temperature. Although the past six Decembers have all been warmer than the
1951-1980 average, the interannual variability is so large that some months colder than the climatological
mean must be anticipated. Daily temperature anomalies are even larger (Fig. 8¢c). One day in February
2016 the temperature reached a low of —1°F (—18°C), which was 28°F (16°C) colder than climatology.
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