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            Abstract
For generations, climate scientists have educated the public that ‘weather is not climate’, and climate change has been framed as the change in the distribution of weather that slowly emerges from large variability over decades1,2,3,4,5,6,7. However, weather when considered globally is now in uncharted territory. Here we show that on the basis of a single day of globally observed temperature and moisture, we detect the fingerprint of externally driven climate change, and conclude that Earth as a whole is warming. Our detection approach invokes statistical learning and climate model simulations to encapsulate the relationship between spatial patterns of daily temperature and humidity, and key climate change metrics such as annual global mean temperature or Earth’s energy imbalance. Observations are projected onto this relationship to detect climate change. The fingerprint of climate change is detected from any single day in the observed global record since early 2012, and since 1999 on the basis of a year of data. Detection is robust even when ignoring the long-term global warming trend. This complements traditional climate change detection, but also opens broader perspectives for the communication of regional weather events, modifying the climate change narrative: while changes in weather locally are emerging over decades, global climate change is now detected instantaneously.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 / 30 days
cancel any time

Learn more


Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Warming of daily temperatures experienced at the local and global scale.[image: ]


Fig. 2: The fingerprint of external forcing and its seasonal variation.[image: ]


Fig. 3: AGMT estimates from models, reanalyses and observations.[image: ]


Fig. 4: Emergence of externally forced climate change in ‘global weather’ from the noise of natural variability.[image: ]
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                Data availability


All original CMIP5 data, reanalyses and observations used in this study are publicly available under the following URLs. CMIP5 model data: https://esgf-node.llnl.gov/projects/cmip5/; reanalysis: ERA-Interim (https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era-interim), NCEP/NCAR Reanalysis 1 (https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html), NCEP/NCAR Reanalysis 2 (https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html), Twentieth Century Reanalysis (https://www.esrl.noaa.gov/psd/data/20thC_Rean/); observations (monthly): GISTEMP temperature dataset, version 3 (https://data.giss.nasa.gov/gistemp/), Cowtan and Way (2014) temperature dataset, version 2 (https://www-users.york.ac.uk/~kdc3/papers/coverage2013/series.html), Berkeley Earth Monthly Land+Ocean temperature dataset (http://berkeleyearth.org/data/), Met Office gridded land surface humidity dataset (HadISDH), version 4.0.0.2017f (https://www.metoffice.gov.uk/hadobs/hadisdh/); observations (daily): Berkeley Earth Daily Land temperature dataset (Experimental, http://berkeleyearth.org/data/), NOAA Optimum Interpolation Sea Surface Temperature (OISST), AVHRR-Only (https://www.ncdc.noaa.gov/oisst). All intermediate and derived data from these products (extracted CMIP5 fingerprints and daily/monthly time series of the test statistic (that is, obtained by projecting CMIP5 models, reanalyses and observations individually onto the fingerprints)) are available at https://data.iac.ethz.ch/Sippel_et_al_2019_DailyDetection/.



Code availability


All computer code to reproduce the main results and all figures and Extended Data figures is available at https://data.iac.ethz.ch/Sippel_et_al_2019_DailyDetection/.
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Extended data

Extended Data Fig. 1 Illustration of daily climate change detection method based on statistical learning.
Statistical detection of externally forced climate change involves three steps. (1) A fingerprint \(\hat{\mathbf{\upgamma}}\) of external forcing on climate is extracted, using regularized linear regression, that relates model simulated spatial patterns of daily temperatures (\({X}_{\rm{mod}}\)) and a defined univariate target variable used as test statistic (denoted \({\mathbf{Y}}_{\rm{mod}}\) in the figure: for example annual global mean temperature, AGMT, or decadal-scale Earth’s Energy Imbalance). (2) Spatial patterns of daily temperatures (\({X}_{\rm{obs}}\)) are projected onto the fingerprint \(\hat{\mathbf{\upgamma}}\) to predict the target variable (denoted \({\hat{\mathbf{Y}}}_{\rm{obs}}\)). (3) A statistical significance test is used to infer whether external forcing on the climate system can be detected from the observed daily temperature pattern against the distribution of the test statistic under natural variability (denoted here \({\mathcal{P}}[{\hat{\mathbf{Y}}}_{\rm{mod*}}]\)).


Extended Data Fig. 2 Evaluation of Annual Global Mean Temperature prediction performance.
Evaluation of prediction performance for the Annual Global Mean Temperature (AGMT) target metric across the multi-model CMIP5 archive from (a) any individual day’s global temperature pattern (‘Mean Included’) and (b) the daily pattern of combined temperature and land humidity with the mean removed (‘Mean Removed’).


Extended Data Fig. 3 Time scale dependence of climate change detection.
(a) Dependence of overall minimum of the test statistic on the time scale of aggregation, shown over different time periods (coloured dots and lines) for the reanalysis time series. Dashed lines show statistical fits of a linear model in log-log space to each period and its extrapolation to sub-daily time scales. The different time scales of aggregation are obtained by successively aggregating the daily test statistics to longer time scales. The CMIP5 1870-1950 distribution of the daily test statistic is shown for comparison. (b) The year of emergence (that is ‘detection’ at any time) of global climate as a function of time scale. The figure is derived by finding, for each time scale and backwards in time from 2018, the first year in which any point does not exceed the 97.5th percentile of the CMIP5 1870-1950 reference distribution of the daily test statistic from (a). Over the last 20 years, climate change would have been detectable in any individual 365-day period, whereas over the last 10 years any 180-day period was detectable in reanalyses and observations. Over the last seven years, detection was possible for any individual day, and would have likely been possible even for shorter time periods. Detection in the experimental daily observational dataset (OISST+BEST) occurs slightly earlier than in daily reanalyses.
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