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Figure 1 Some global surface temperature series since 1881
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by ARG (relative to 1961—-1990 averages)
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data and fitting uncertainties. Redrawn from Ref. [50]
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Accurately understanding the past is essential for better predicting the future. Since the 19th century, people have been
studying the key scientific question, “How much has the Earth warmed since the pre-industrial era?” Although the land
surface air temperature/surface temperature can be considered one of the most precise “key climate variables”, the long-
standing insufficient sampling of observations and data accuracy issues have prevented a perfect answer to this question.
However, to accurately address this issue, a higher-quality global temperature baseline observational dataset is needed as
the core foundation for detecting the fact of warming. The Intergovernmental Panel on Climate Change (IPCC) has
consistently used global surface temperature warming as the basis for its scientific assessment reports. Scientists from
Western countries such as the UK and the USA have conducted pioneering or in-depth research in the development of
global land surface temperature datasets, deepening our understanding of the above-mentioned issue. Since the beginning
of this century, with the fermentation of the “climate gate” event and the widespread discussion of the “global warming
hiatus” by scientists around the world, the discussion of biases in global land surface air temperature/global surface
temperature has once again gained attention from all sectors of society. In response to these discussions, the [IPCC’s Sixth
Assessment Report (AR6) has adopted more stringent standards in the selection of global baseline surface temperature
datasets for assessing the extent of global warming since the industrial era in terms of the dataset’s temporal coverage and
spatial sampling. In the end, five of the currently active global baseline datasets have been included in the final report of
AR6: HadCRUTS (UK Met Office and East Anglia University), NOAAGlobalT-Interim (US National Oceanic and
Atmospheric Administration/National Center for Environmental Information), and BE (US Berkeley Earth team) were
fully adopted. GISS (US National Aeronautics and Space Administration/Goddard Institute for Space Studies) only
adopted data from 1880 onwards. The newly released China-MST-Interim (Sun Yat-sen University, China) only adopted its
global land surface air temperature component, China-LSAT. In addition, AR6 also referenced the assessment results of
several datasets based on new methods (statistical interpolation, data fusion, and artificial intelligence) for reconstructing
HadCRUT4. Based on the above datasets, the AR6 report provides the most optimal estimate of warming since the
industrial era (represented by the average value from 1850 to 1900), indicating that the global average temperature has
increased by 1.09°C (0.95 to 1.20°C) over the past decade (2011-2020). However, we also need to recognize that there are
still many areas for improvement in the current baseline dataset. Firstly, the number of observation stations in the 19th
century was very limited, leading to significant differences in the global average temperature among the five datasets
during this period. Secondly, despite the sea surface area covering 71% of the world, there are still noticeable differences
between the two global sea surface temperature datasets from NOAA and the UK Met Office. Thirdly, observations in the
Arctic, Antarctic, and high-altitude areas are still not comprehensive enough, resulting in high uncertainty in temperature
changes in these regions. Finally, there are still deficiencies in data resources, data processing techniques, and the
estimation framework for uncertainty among different datasets, resulting in a certain level of structural uncertainty that has
not been fully evaluated. Therefore, there is still a lot of work to be done to satisfactorily address these issues. Additionally,
strengthening constructive communication between the scientific community and the public is also an issue that we need to
seriously consider at present.

global warming, instrument observation period, benchmark data, warming trend, uncertainty
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