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Estimating trends from Climate Data Records (CDRs) of Essential Climate Variables (ECVs) is
necessary to detect persistent changes in Earth's climate and geophysical processes and states.
Accurately describing trend uncertainty is also essential to determining the significance of
observed changes and attributing drivers. However, despite the importance of uncertainty, no
established trend assessment approach properly accounts for all known sources of trend
uncertainty. Most approaches either neglect part of known measurement uncertainty, such as
measurement system instability, or ignore the influence of natural climate variability on trend
estimation. Such neglect can result in over-confidence in trend estimates.

With the intent of providing the most realistic uncertainty intervals for climate data record time
series data, this study discusses problems and limitations of current approaches. It emphasizes
the need to account for the combined influence of measurement uncertainties (i.e., stability of the
observational system) and natural climate variability on trend uncertainty. This study proposes a
novel trend-uncertainty assessment approach unifying available measurement uncertainty
information with empirical modelling of natural climate variability within the same trend-
estimation framework. As a proof of concept, the proposed approach is applied to the analysis of
trends in a Global Mean Sea Level (GMSL) time-series. This GMSL application demonstrates that
combining available measurement uncertainty assessment with variance modelling is expected to
lead to more realistic uncertainty evaluations in sea-level trends. This unified approach is



potentially applicable to virtually any CDR and could enhance the reliability of climate change
analysis through an improved trend uncertainty assessment in climate studies.
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