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Nobel Prize for climate science in 2021 
 
The Nobel Prize for Physics in 2021 was 
shared by three scientists. Two of them, 
Prof. Syukuro Manabe and Prof. Klaus 
Hasselmann, were awarded the Prize ‘for 
the physical modelling of Earth’s climate, 
quantifying variability and reliably predict-
ing global warming’. The impact of in-
creasing carbon dioxide on global climate 
was first studied by Joseph Fourier and 
Svante Arrhenius in the nineteenth cen-
tury. In 1896, Arrhenius estimated that the 
global mean temperature can increase by 
5–6°C, if carbon dioxide increased by 280 
parts per million (ppm). His calculation 
included the impact of increases in both 
carbon dioxide and water vapour. The ac-
curacy of his estimate was limited by the 
lack of precise data on the absorption 
bands of carbon dioxide and water vapour. 
The lack of accurate data on infrared ab-
sorption by minor gases continued for a 
long time because the concern about global 
warming faded after the global mean tem-
perature decreased from 1940 for about 20 
years. 
 Syukuro Manabe was born in Japan in 
1931 and migrated to the United States  
after completing his Doctor of Science de-
gree from the University of Tokyo. He 
joined the General Circulation Research 
Laboratory (later called Geophysical Fluid 
Dynamics Laboratory) in the United States 
Weather Bureau in 1959. The Director of 
the Laboratory, Joe Smagorinsky encour-
aged Manabe to examine the potential of 
computer models to study the evolution of 
the Earth’s climate. In the 1950s, Von 
Neumann had initiated the use of comput-
ers for weather prediction in the US. Ma-
nabe developed the first one-dimensional 
radiative transfer model to understand the 
impact of increasing carbon dioxide on the 
Earth’s climate. Many scientists had as-
sumed that global warming may be due to 
an increase in incoming solar radiation. 
Manabe showed that an increase in solar 
radiation will lead to the warming of both 
the troposphere and stratosphere, while the 
impact of increase in carbon dioxide will 
lead to warming of the troposphere and 
cooling of the stratosphere. This is a 
unique fingerprint of the impact of in-
crease in greenhouse gases such as carbon 
dioxide and water vapour. These results 
were in agreement with observations and 
hence increased credibility of theories re-

lated to global warming. Manabe also 
showed that global warming leads to in-
crease in water vapour and thereby en-
hances the effect of the initial increase in 
carbon dioxide levels. This was achieved 
through a three-dimensional numerical 
model of both the atmosphere and the 
oceans. These models solved the equations 
governing the conservation of mass, mo-
mentum, energy and species. These mod-
els had to be integrated for hundreds of 
years to obtain an equilibrium response to 
the doubling of carbon dioxide. Manabe 
used these numerical models to simulate 
the last ice age that occurred around 
20,000 years ago. He was able to demon-
strate the impact of ice and snow on the 
amount of solar radiation reflected by the 
Earth to space. The models that we use  
today are more sophisticated because the 
computing speed available now is a billion 
times higher than what Manabe had in the 
1960s. He established the foundation for 
the modern climate models that are used 
today to decide how much the world must 
decrease carbon dioxide emissions to limit 
global warming. Manabe has highlighted 
the need to understand how complex mod-
els work. According to him ‘The prediction 
of climate change without accompanying 
understanding of it is no better than predic-
tion of fortune teller’. This is an important 
advice in an era where big data, artificial 
intelligence and machine learning are used 
for prediction of complex processes. 
 Klaus Hasselmann was born in Germa-
ny 1931, and grew up in the United King-
dom, returning to Germany after the 
Second World War to train in physics and 
mathematics. For his Ph.D., he worked on 
fluid mechanics, studying shock waves 
and his early work applied methods of 
theoretical physics to study interactions 
between waves. He worked on ocean–
atmosphere interactions through surface 
waves, which led him to consider long-
term variability in the ocean. Hasselmann 
shared the Nobel Prize for work done in 
two areas. First is the study of stochastic 
climate models, starting with his 1976 pa-
per, which shows how climate can be pre-
dicted even though the weather is chaotic. 
This paper introduces a model for slow 
climate variability using the distinction be-
tween fast weather and slow climate, and 
models climate as depending on cumuli-

tive effects of weather. Hasselmann treated 
the weather component as a random influ-
ence on climate owing to its rapid varia-
tion, giving rise to stochastic differential 
equations. Such equations originated in 
modelling diffusion processes such as 
Brownian motion, and Hasselmann was 
able to employ the tools that had been  
developed to study such processes. Most 
significantly, Hasselmann was able to 
quantify how an input weather spectrum 
that is concentrated in high frequencies can 
give rise to a climate spectrum that is con-
centrated in low frequencies. The second 
contribution is optimal fingerprinting. Just 
as humans have unique fingerprints, car-
bon dioxide has its unique signature on the 
observational record, and Hasselmann de-
veloped an approach to optimally identify 
these fingerprints. By the late 1970s, the 
carbon dioxide effect on climate had be-
come noticeable in observations, and 
through the 1980s the scientific communi-
ty had become interested in searching for 
fingerprints of the carbon dioxide effect on 
climate. Potential fingerprints were identi-
fied through the climate modelling began 
by Manabe, but there was no objective me-
thod to identify a fingerprint. In a series of 
three papers, Hasselmann developed an 
objective approach to fingerprinting. An 
article written by him in 1979 laid the 
foundation, noting that the signal that can 
most readily be found might not corre-
spond directly to the external forcing,  
because it will also depend on where the 
natural variability has small variance. The 
optimal fingerprint would be some combi-
nation of strong signal and low natural va-
riability. He developed this insight further 
in a paper in 1993, which presented a pro-
cedure for determining the optimal signal-
to-noise direction using climate models. 
Hasselman’s work has provided the foun-
dation for subsequent detection and attri-
bution studies, which have demonstrated 
anthropogenic fingerprints in the observa-
tional records with a high degree of confi-
dence.  
 
 

Ashwin Seshadri* and J. Srinivasan, Di-
vecha Centre for Climate Change, Indian 
Institute of Science, Bengaluru 560 012, 
India. 
*e-mail: ashwins@iisc.ac.in 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


