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The Spirit of Green: The Economics of 
Collisions and Contagions in a Crowded 
World. William D. Nordhaus. Princeton 
University Press, 41 William Street, Prin-
ceton, New Jersey 08540, USA. 2021. 
vi + 355 pages. Price: US$ 29.95/£25.00. 
 
William D. Nordhaus is best known for his 
pioneering contributions to the economics 
of climate change. He developed the dyna-
mic integrated climate economy (DICE) 
model, an efficient and optimal strategy to 
control emission of greenhouse gases 
(GHGs) through carbon taxes1. Nordhaus 
was awarded the Nobel Prize in Economics 
in 2018 ‘for integrating climate change  
into long-run macroeconomic analysis’2. 
Through his book The Spirit of Green, 
Nordhaus advances his vision and plan for 
a green planet. 
 Economics of climate change is a deeply 
divided area of study. Environmental eco-
nomists, Nordhaus being one of them, typi-
cally take a neoclassical, market-centric 
view, keeping economic growth and effi-
ciency at the centre, in looking at envi-
ronmental questions, including climate 
change. On the other hand, ecological 
economists, environmentalists and natural 
scientists point to environmental limits or 
thresholds, and are generally skeptical 
about the efficacy of the market mechan-
ism. More recently, an influential group of 
scholars has been advocating degrowth to 
bring down the increasing pressure that 
economic growth has put on the environ-
ment. It is no surprise then that the announ-
cement of the Nobel Prize to Nordhaus 
was received with criticism from some 
quarters3. 
 In 2006, ‘The Stern Review’, a volumi-
nous report on the economic impact of 
climate change was released. The Review 
commissioned by the Government of United 
Kingdom called for urgent and immediate 
action on climate change. Nordhaus argued 
that the Review used a low discount rate 

that did not correctly reflect the prevailing 
market conditions4. A high discount rate 
would mean that the future is valued less 
compared to the present. The implication 
for climate policy is that this would delay 
climate action projects, thereby slowing 
down the progress towards reducing GHG 
emissions. Ecological economists and en-
vironmentalists point out that the approach 
of Nordhaus would not help fix the current 
mode of economic growth, which has been 
the primary driver of global climate 
change5. The uninitiated in the field should 
read this book against the backdrop of 
these debates. 
 The book has 25 chapters organized in 
six parts. The prose is simple, arguments 
clear and devoid of unnecessary jargon and 
technical detail. It could very well be con-
sidered a thorough, yet accessible introduc-
tion to environmental economics for non-
specialists. The book, which was in the 
making for a decade (as pointed out in p. 
1), is as up-to-date and as relevant as it can 
be. It arrives in the public domain less than 
three years after the Nobel recognition to 
Nordhaus, but the world now looks vastly 
different from what it was then with the 
COVID-19 pandemic posing fresh and 
immediate challenges to humanity. Nord-
haus speaks to these emerging ‘low-pro-
bability, high-consequence’ tail events and 
discusses the ongoing pandemic in detail 
in the book (p. 110). 
 Almost a third of the book is spent on 
introducing and illustrating the fundamen-
tal principles of efficiency and sustainability, 
the concepts of growth and externalities 
and the technique of green national ac-
counting. Drawing upon behavioural eco-
nomics, Nordhaus acknowledges that 
people generally have high discount rates. 
This can lead to investments that are not in 
the interest of the environment and here he 
advocates regulation by the government. In 
making his case, Nordhaus claims to steer 
clear of ideological extremes and follows 
what he calls the Goldilocks rule – that 
regulation should not be too much, not too 
little, but just right (p. 307). 
 While the broad pointers are assumed to 
have implications elsewhere, the perspec-
tive of the book and the examples used are 
primarily United States-centric. Consider-
able attention has been given to political 
and policy choices, including a chapter on 
‘The Green New Deal’ (GND). Nordhaus 
views GND as more of a replication of the 
New Deal of 1930s, emphasizing ‘…poli-
cies to enhance equality and fairness rather 
than Green policies’ (p. 176). He draws 

upon Mancur Olson’s collective action 
theory to argue why a minority ‘moneyed 
interests’ dominate environmental policy-
making (p. 151). Garrett Hardin finds 
mention early on in the book (p. 12); 
common property resources (pp. 43–45) 
and collective action are discussed multi-
ple times. However, potential solutions 
other than the market and (state) regulation 
are not explored. Most noticeable is the 
omission of the views of Elinor Ostrom, 
another economics Nobel laureate6, who 
showed how commons could be managed 
without command-and-control regulation 
or privatization. 
 The debatable relationship between en-
vironment and development (the Kuznets 
Environmental Curve (KEC)), and the 
links between environment and democracy 
are discussed (pp. 155–157). A neat ‘dome-
shaped’ KEC is presented, plotting per  
capita gross domestic product (GDP) on 
the horizontal axis and CO2/GDP on the 
vertical axis, which Nordhaus agrees is not 
the norm for other environmental indica-
tors. He argues that democracies are, on 
the whole, more pro-environment. PM2.5 
concentrations are lower for democracies 
and countries with higher democracy 
scores have seen larger declines over time 
in air pollution. However, empirical litera-
ture on the effects of democracy on the en-
vironment is still sparse (p. 154). 
 Fairness, inequality and environmental 
justice are discussed within the framework 
of a market system (pp. 57–69). Nordhaus 
contends that thinking about ‘fairness of 
market forces is a matter of values’ (p. 61) 
and that green fairness cannot be separated 
from social fairness, with ‘generational 
fairness’ being a crucial add-on. The im-
plications of this come out prominently 
when he discusses the science, economics 
and policies of global climate change much 
later in the book (pp. 267–293). Nordhaus 
uses the DICE model to show the different 
possible paths for carbon intensity – con-
tinuing the current trend would result in 
4°C or more warming by 2100. He states 
that decarbonization should happen at the 
rate of 10% per year to achieve the 2°C 
goal, which is unrealistic given the current 
rate. To show that reduction in emissions 
has been inadequate, he uses data from 
China, the United States and ‘world less 
China’. The primary argument is that 
commitments (and by implication, efforts) 
by countries have been modest. However, 
global climate policies must recognize the 
huge differences between the United States 
and countries like China and India in their 
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historical and current living standards. 
Climate action should be based on the 
normative concerns (or values) of fairness 
and justice as well as the principle of 
‘common but differentiated responsibili-
ties’ between countries. 
 Nordhaus sets out to provide a blueprint 
for a green planet by proposing a vision 
that goes by the title of this book (pp. 2–3). 
For the informed reader following Nord-
haus and his work, the idea and its articu-
lation offer little or no surprises. As a 
conceptual framework and an operational 
plan, this book rests on the principle of 
competitive markets but ‘…balanced with 
the philosophy required to correct market 
and nonmarket flaws’ (p. 3), through the 
Goldilocks Rule of ‘just enough regula-
tion’. Ideologically, Nordhaus positions 
this book somewhere to the left-of-centre 
between the extremes of what he calls 
‘muck brown’ or pure profit seekers on the 
right and ‘deep green’ or deep ecologists 
on the left (pp. 297–301). Nevertheless, 
Nordhaus stands committed to his unshaken 
faith in ‘free-market environmentalism’ as 
he states at the outset and demonstrates 
through the book (pp. 310–313). 
 One may not share the ideological posi-
tionality of Nordhaus, but this book is a 
compelling read, and a highly recommended 
up-to-date guide to the economics of the 
environment and climate change. 
 
 

1. Nordhaus, W. D., Science, 1992, 258, 1315–
1319; doi:10.1126/science.258.5086.1315. 

2. NobelPrize.org, The Prize in Economic 
Sciences, 2018; https://www.nobelprize.org/ 
prizes/economic-sciences/2018/summary/ 
(accessed on 13 July 2021). 

3. Cho, A., Science, 2018; https://www.scie-
ncemag.org/news/2018/10/roles-ideas-and-
climate-growth-earn-duo-economics-nobel-
prize (accessed on 13 July 2021). 

4. Nordhaus, W. D., J. Econ. Lit., 2007, 45(3), 
686–702; doi:10.1257/jel.45.3.686. 

5. Hickel, J., Foreign Policy, 2018; https:// 
foreignpolicy.com/2018/12/06/the-nobel-prize- 
for-climate-catastrophe/ (accessed on 13 July 
2021). 

6. Ostrom, E., Econ. Theory, 2012, 49, 353–
369; doi:10.1007/s00199-010-0558-6. 

 

 
BEJOY K. THOMAS 

 
Humanities and Social Sciences and  
 Centre for Water Research,  
Indian Institute of Science Education and  
 Research,  
Pune 411 008, India  
e-mail: bejoy@iiserpune.ac.in 

Annual Review of Microbiology, 2020. 
Susan Gottesman and Caroline S. Harwood 
(eds). Annual Reviews, 4139 El Camino 
Way, P.O. Box 10139, Palo Alto, Califor-
nia 94303-0139, USA. Vol. 74. xvi + 858 
pages. Price: US$ 118. 

 
‘My career ended with the ascent of geno-
mics and its accompanying megadata 
analysis. This development has been trans-
formative and can be greatly interesting to 
read about, but not my thing to do. In my 
era, if an experiment required statistics for 
its analysis, you needed to find a new ex-
periment – a saying I believe is attributed 
to some luminary I don’t remember. One 
could imagine an experiment, discuss it 
with a graduate student, and see the result 
in a day or two; there might be 10 data 
points giving an unequivocal answer. For 
the student, as for me when I began, it was 
a largely individual endeavor, with logic, 
methodology, and experimental devices all 
plainly exposed and applied to some ques-
tion of basic interest. No longer – prominent 
papers tend to be multigroup collabora-
tions with tens of authors and distinct areas 
of expertise, often containing a plague of 
unmemorable acronyms. Likely no one 
understands everything. I was very lucky 
to arrive near the beginnings of molecular 
biology.’ 
 This quote from the opening article ‘A 
tale of good fortune in the era of DNA’ by 
Jeffrey Roberts in this volume of the An-
nual Review of Microbiology (ARM) could 
readily initiate a good debate. However, 
rather than getting into the debate, I must 
say that I enjoyed reading the article by the 
discoverer of Rho, the transcription termi-
nation factor. Some would also know Ro-
berts as an author of the fourth edition of 
the James Watson’s Molecular Biology of 
the Gene. He has provided a motivating 
description of his life in science. Teachers/ 
mentors have always played a special role 
in charting the paths of their students/men-
tees in research, and the article emphasizes 
how they influenced the Robert’s interests 
to pursue biology during his undergraduate 
training at the University of Texas in Aus-
tin, USA, and then in specializing in mole-
cular biology of the λ phage at Harvard 
University, USA, during his graduate studies 
in the research groups of Walter Gilbert 
and James Watson in 1964. The research 
that Roberts initiated on λ phage at Har-
vard University remained with him for his 
entire scientific career (including a short 
stint at MRC, LMB, Cambridge) to work 

on the mechanistic details of transcription 
initiation and transcription termination/ 
anti-termination at Cornell University, 
USA, from 1974 onwards. 
 The editors of this volume of ARM have 
done a splendid job of bringing it out with 
a total of 39 articles (perhaps the largest so 
far in any of the volumes of the ARM). In 
the times of SARS-CoV-2, while all of us 
are confined to our homes or offices with 
no offline interaction, the importance of 
socialization and personal discussions has 
come to the fore. Coincidence as it may be, 
this volume of ARM provides a special col-
lection of articles that focus on the social 
life of microbes. Understanding their life-
style is, of course, key to target or promote 
them. Many bacteria make use of their se-
cretion systems to release toxins or viru-
lence factors. Mechanistic details of these 
secretion systems are crucial to intervene 
in the host–pathogen relationships, and 
one would find descriptions of different 
secretary systems in different bacteria in 
this volume of ARM. The phenomenon of 
communication among the individuals is 
complex, and as the authors of one of the 
articles put it, ‘The tower of Babel narra-
tive is an origin story meant to explain the 
puzzling diversity of human languages. 
This review presents our own (evidence-
based) narrative meant to explain the puz-
zling diversity of bacterial communication 
systems’. Languages that the microbes use 
comprise diverse small molecules produced 
and sensed by them (dubbed as quorum 
sensing) in the wild or in their hosts. The 
articles discuss the roles of the secondary 
messenger signals, including cyclic dinuc-
leotides (c-di-AMP and c-di-GMP) in de-
cision making for unicellular growth or 
biofilm formation, in exopolysaccharide 
synthesis or in the stimulation of host im-
mune response by interaction with STING 
(stimulator of interferon genes). To respond 
to the chemical gradients, bacteria make 
use of flagellum and appropriately an arti-
cle is devoted on its assembly and dynamics. 
The natural world of microbes provides an 
excellent system of chemical ecology. 
 Chemical communications are also res-
ponsible for the relationship of plants with 
the microbes in their habitat, and in the 
plants influencing and enriching distinct 
microbiota in their habitat. Fungi emit vola-
tile organic compounds, which we know 
mostly as obnoxious odours, but some are 
important as flavouring agents and yet others 
serve as developmental hormones for fun-
gal species or are even important as phe-
romones for arthropods. Likewise, chemical 



<<
  /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


