AEES VERSION, JANUARY 2009

Futures, Volume 32, pp361-384, 2000

THE END IN SIGHT?

SOME SPECULATIONS ON ENVIRONMENTAL TRENDS

 IN THE TWENTY-FIRST CENTURY

Peter Harper

Centre for Alternative Technology

Machynlleth, Powys SY20 9AZ, UK.

peter.harper@cat.org.uk
[This paper makes much of ‘conceptual time-travel’, where accumulating hindsight allows us to evaluate the concepts and policies of the past with a view to illuminating those of the present. As it is now nearly nine years old, in a period when environmental events are unfolding rapidly, it offers the chance to add a fresh layer of hindsight. In the course of the text I shall insert remarks like this one, in italics within square brackets, to draw attention to areas where the intervening years have revealed the original analysis to be mistaken or incomplete. For both periods of hindsight, ask yourselves, what lessons should be drawn?  I should remark that the author (myself) has been involved in environmental affairs for nearly fifty years and during that long period has been repeatedly forced to change his views].

A generation ago there was a notable polarisation of opinion about global environmental issues. On one side we had environmental pessimists, the so-called ‘prophets of doom’ [1-10], and on the other, belligerently optimistic opponents, which we might call ‘prophets of boom’ [11-15]. Their respective predictions were so definite and starkly opposed that by now we might have expected some signs of resolution one way or the other. Yet this has not been the case. Many of the original ‘prophets’ on both sides have maintained their views [16-27] (see also Table 1), and have been joined by equally forthright younger theorists  [28-30] 
. 

Table 1: Some Persistent Prophets

	‘Prophets of Doom’

	
	Early 

publication
	Later 

Publication
	Reference

	P. Ehrlich
	1968
	1997
	2, 17

	B. Commoner,
	1972
	1990
	4, 19

	D. Meadows et al
	1972
	1992
	6, 22

	E. Goldsmith
	1972
	1997
	5, 20

	‘Prophets of Boom’

	
	Early publication
	Later 

publication
	

	H. Kahn
	1967
	1984
	11, 25

	J. Maddox
	1972
	1998
	12, 66

	W. Beckerman
	1974
	1995
	13, 27

	J. Simon
	1977
	1994
	15, 26


In some ways environmentalists have done well. Once the outsiders, they have -- nominally at least -- converted the political establishment in the industrial democracies, and captured the moral high ground in public opinion. They have also made significant theoretical advances [31-38] and can claim a far greater sophistication than was possible in the 60s. 

On the other side a so-called ‘green backlash’ has developed [39-40]. At a popular level this can largely be discounted as self-interested [41], but the legion of informed theorists sceptical of environmentalism has been growing steadily. In acknowledgement of the liberal establishment’s enthusiasm for environmental issues, these theorists have been called ‘contrarians’, a term we will adopt in the discussion that follows. [42-47]. Significantly, some of the most persuasive contrarians are apostates from the environmental cause [48-51].


For a question of such moment, it is remarkable how little effort has been made to explain or resolve this paradox. The case built up by each side is supported by a great deal of solid data. How can such divergent views be maintained, even developed, for so long, with so little effect on each other? It is reminiscent of video-game gladiators exchanging mortal blows, then getting up as if nothing had happened (e.g. [52] for precisely this effect; see also [53]).


Part of the explanation for the puzzle must lie in the familiar dynamics of rival conceptual paradigms. In this particular case the alternative paradigms are not merely incompatible metaphors, but an archetypal duality with unusual mythopoeic power (the historic uniformitarian/catastrophist polarity being another expression of the same archetype [54, 55]). This accounts for the emotional intensity of the debate, but not the factual paradoxes. These, I believe, can be explained by the suggestion that, in the manner of the old tale of the blind men and the elephant, the protagonists are looking accurately at different parts of a larger picture. Accordingly, I propose to explore a model of the ‘larger picture’ which could solve the puzzle and provide fresh policy perspectives.   

[The paper was written before the ‘climate change’ era achieved its current dominance. Is climate change a different kind of problem? Are contrarians equivalent to climate-denialists? Is the debate finally resolved, or transformed into other terms? Note that Bjorn Lomborg, the most famous and articulate of modern contrarians, accepts climate change as a reality, although he thinks it ranks low as a policy priority [139, 140]]
TERMINOLOGY 
For clarity in the discussion that follows I need to establish appropriate terminology. The categories and most of the terms themselves are quite conventional, and are laid out schematically in Figure 1. There is an important distinction between, on the one hand, values, attitudes and conceptual models, and on the other, practical policies. The major attitudinal division is between ‘environmentalists’ (anxious, pessimistic, more sensitive to problems) and ‘contrarians’ (sanguine, optimistic, more sensitive to possibilities).
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In policy terms however, there is common ground between moderate wings of each side, while within both sides there are major divisions on policy. This gives us three broad policy classes that map onto the two conceptual classes as shown in Figure 1. On the contrarian side there is a faultline between laissez-faire theorists who believe that no special environmental policies should be pursued at all [26, 27], and those who believe that targeted intervention is often necessary [45, 51]. On the environmental side, in spite of a great diversity of opinion [56-58] the most important faultline is between a ‘respectable’ mainstream majority seeking solutions broadly within the present framework of consumer culture (sometimes called ‘ecological modernisation’ [59,60]) and those who believe that radical restructuring of the fabric and aspirations of modern societies is necessary. These three significant policy classes will be repeatedly referred to in the discussion that follows, so perhaps some further remarks are appropriate: 
Business As Usual (BAU) supposes that the normal processes of economic growth and technical innovation are sufficient to circumvent or deal with environmental problems.  This represents the old economic and political establishment, still influential. In the discussion below we shall often use the abbreviation ‘BAU’ to signify a baseline case or simple extrapolation from existing trends

No Fundamental Change (NFC) summarises the approach of moderate environmentalists and contrarians, who believe that economic growth and technical innovation are necessary but not sufficient to deal with environmental problems. Such problems are best pursued in a targeted policy context, but without fundamental challenge to the modern consumerist project or to individual civil liberties. ‘NFC’ thus represents the new Establishment, still feeling its way but increasingly confident.

Radical Restructuring (RR) represents the views of environmental groups and theorists prepared to challenge the modern consensus. In particular they seek deliberate limits to, or controls on, certain factors thought to underlie the environmental impact of human activity, but—in the mainstream view, with one exception—regarded as givens, and not variable targets of policy. Each of these factors has its partisans, and during the sixties and seventies whole schools of environmental thought grew up around them. They are: 

· population growth [2,3,61] 

· changing technology and economic structure [4,62,63] and 

· economic growth or levels of material consumption [1, 64, 65].  

While it is widely agreed that these factors, appropriately defined, capture the fundamental influences on environmental impact, the relative attention given to each sharply discriminates our three policy classes:

BAU theorists let all three factors do what they will, supposing that any attempt to manipulate them would be counterproductive. 

NFC theorists tend to ignore population and consumption – which in policy terms are regarded as off-limits - and focus their hopes and efforts on technology in the broadest sense. They represent the mainstream, established view.

RR theorists – a motley group -- have been concerned about all three factors, but in recent years have tended to insist on the importance of consumption as the crucial variable. This brings them into conflict with ‘the modern project’ and makes them a more or less embattled minority.


The historical trajectories of these three factors and their projection into the 21st century hold the key to unravelling the paradox outlined at the beginning of this paper. In the 1970s Paul Ehrlich and John Holdren [67] offered the important insight that the three factors cannot be considered in isolation from each other. They are not alternatives, but have a multiplicative relationship. The authors went on to suggest the simple but heuristically powerful equation:

I=PAT 

where I mnemonically represented aggregate environmental Impact,  P  Population, A  ‘Affluence’ or standard of living, and T  ‘Technology’ in the broadest sense.  Later we will try to apply this equation with more exact definitions and quantities, and enter some necessary reservations about its usefulness. In the meantime, as we now have the spectacular advantage of a whole generation of hindsight since its original formulation, can we see any significant trends in these factors? And do these trends help us to resolve the theoretical and policy paradoxes? 

ENVIRONMENTAL TRENDS IN THE LAST 30 YEARS

 
The most striking thing about these three variables is how differently they have each behaved in the developed  ‘North’ and the less developed ‘South’. Population in the North grew hardly at all while in the South it doubled. It is intriguing that world population passed what appears to be the inflection point of an inferred logistic curve around 1965, and the growth rate has slowed steadily since [68,69). This pattern was not visible in the sixties and to some extent it explains both the former panic about population issues and the present lack of it. Population growth rates correlate rather well with GDP per capita and BAU theorists have argued that this provides an excellent example of economic growth as a beneficent environmental force [70]. NFC theorists argue that it demonstrates the value of effective demographic policies, allowing GDP per capita to grow by reducing the ‘capita’ [71]; while RR population theorists continue to argue that the problem is not over yet and that in some countries population growth frustrates any kind of development [72,73].

The North

In the North GDP per capita (‘affluence’) grew two- to threefold, (although noticeably slower than in the immediate postwar decades, and with increasingly unequal distribution within most nations). Was it accompanied by an increase in environmental impacts? The answer depends who is asked. In a directly measurable sense, most physical indices of environmental quality showed a steady improvement, to the delight of the contrarians [51]. On the other hand many environmentalists assume that the impacts have simply been transferred to the South. We shall return to this important question later.

In passing, we note that attempts to replace GDP with a more sophisticated measure of welfare suggested something very curious: a peak in the 70’s followed by a steady decline [74-76]. This has allowed RR theorists to claim that economic growth is self-defeating and that true welfare is increasingly negated by the need for ‘defensive expenditures’ [34].  The singularity of the 70s crops up in many different contexts, but little attention has been drawn to this per se. I will not pursue this topic here but it probably has some significance for the wider investigation.

 
On the technology side there were some spectacular environmental disasters but generally speaking clear advances were made. A simple example is the replacement of open coal-fires with gas-fired central heating. This produced a simultaneous leap in comfort and a greatly reduced environmental impact in many different directions (occupational health, visual intrusion, ease of use, solid waste, air pollution, global warming etc). The fact that this change was not driven by environmental considerations is significant. It has gradually become clear that the whole tenor of advanced economies is changing, with progressive ‘dematerialization’ and an apparent de-coupling of material inputs from GDP growth - the so-called ‘post-industrial’ condition [77-79].  Again we see a watershed being reached in the 70s, since when energy consumption in the North has grown extremely slowly after 100 years of rapid growth [80], and for the most advanced Northern nations material use per unit of GDP is quite clearly declining [53]. Furthermore it turned out to be far easier than pessimists had feared to circumvent shortages of raw materials or to ‘fix’ physical environmental problems.  This seemed an obvious victory for laissez-faire contrarians, but environmentalists wanted to claim at least some of the credit. They pointed out that the improvements had followed precisely the kind of active regulations and techniques they had called for. More critically, it was hard to discount the possibility that many of the more highly polluting industries were now re-locating in the South, and much of the apparent clean-up was simply a cosmetic illusion [81]. Further, many citizens in the North simply did not feel safer, cleaner or more secure [82,83].
The South

In the South the story is erratic, with some areas achieving the much-vaunted economic ‘takeoff’ [84] while others remained firmly stuck on the ground or even sinking into it (notably in nations with rapidly rising populations). Most environmental indicators showed a marked deterioration [85], and although the more advanced Southern nations showed that they too could clean up if they wanted to, often they seemed almost wilfully careless of environmental values. 


 As a broad generalisation we could say that the argument of more extreme RR theorists that modern industrial culture is intrinsically unsustainable, is losing support, and in the North the contrarians have had the best of it - so far. In the South however, it is the other way round - so far. How shall we evaluate the competing claims? Let us see if we can construct some simple scenarios with these three variables projected into the new millennium.

REFINING THE THEORETICAL ANALYSIS


Ehrlich and Holdren’s equation -- originally a rhetorical device to emphasise the multifactorial nature of the problem -- can potentially be used in a more quantitative way if we redefine the factors more carefully to ensure consistency and measurability. Its advantage lies in its brutal simplicity, making our assumptions transparent, easily understood and readily challenged. The mathematics are trivial, so all steps can be followed without the inevitable suspicion of legerdemain which attends more sophisticated computer-based models. Some readers of the draft versions of this paper have given up at this point, terrified by the appearance of quasi-mathematical symbols. I assure such readers that the smallest degree of concentration at this point will permit mastery of the conventions I have adopted and allow my argument to be scrutinised.

  
In this reformulation A is effectively GDP per capita (GDP/P) in a given community of population P.  T is a factor sometimes called environmental intensity, i.e., environmental impact per unit of GDP or I/GDP. Therefore I = PAT is equivalent to I = P(GDP/P)(I/GDP) and cancelling shows the equation to be a simple identity, I=I, true by definition.

Of the three factors T is the hardest to measure and the most problematic in terms of scope and definition. It requires some exegesis. Its basis is not just technology but the whole structure of an economy, factor endowments, cultural history etc [53, 86]. Think of the gas/coal heating example just mentioned: that is part of T.   Switzerland has a similar level of affluence to the USA but historically has lower pollution levels because it makes money and watches rather than cars and soybeans. That is also part of T.  T (and its cognate I ) combine a huge number of incommensurable environmental quantities and qualities, many of which can only be measured at the cost of multiple arbitrary assumptions and heroic ‘guesstimates’ (how can you quantify a blot on the landscape, the loss of a rare species and the value of clean air, and add them together?). This is indeed a philosophical minefield, and fastidious theorists would prefer to avoid it altogether. But, foolhardy as it may appear, some kind of ‘photofit’ aggregation of the trends has some value because environmental theorists of nearly all persuasions constantly invoke something like it. More importantly, practical policy is made as if it means something, and as if we can meaningfully speak of higher or lower values attached to it. And economists of very different kinds work hard to reduce the diversity of its components to single measurable units, be it dollars [87, 88], energy [35], land [36] or ‘space’ [89].
[In hindsight, this emerges as the crucial factor in the debate: do environmental problems add up? Or at least, do they synergise, making them worse than the sum of their parts? Environmentalists always argued that they did, or at least might; contrarians denied it, arguing that each problem was separate and could be dealt with piecemeal. For most ‘classical’ environmental problems (air and water pollution, toxic and radioactive wastes, noise, urban congestion, habitat loss [  

It is customary in ‘global models’ such as that of Limits to Growth and its successors [6,22] to consider the global population and its activity as a whole. Unfortunately this has obscured some very important patterns since the dynamics of P, A and T, as we have seen, are so different for the North and South.  It is a crucial feature of the approach adopted here that North and South are treated separately then re-integrated later. This minimally-disaggregated model gives us the key to resolving the paradox of the persistent divergence of views on environmental matters. Greater accuracy could probably be gained from dividing the North into East and West, and the South into a rapidly growing group and a stagnating group, but this is not attempted here.

PROJECTIONS FOR THE NORTH


Consider first the North (including, somewhat arbitrarily, the OECD group plus the former Soviet Union and Eastern Europe and top tigers). We are concerned principally with trends rather than absolute values, and to capture these we need only compare possible future states with a baseline at say the year 2000 given an index of 1. For even greater simplicity, we shall consider only the situation in 2050 and 2100. For concision we shall represent the factors pertaining to the North with the subscript N, thus AN etc and the South likewise, AS etc. The state of the factors at different dates will be represented by superscripts A2000 etc


Consider first a baseline ‘default’ or BAU scenario. North Population PN is static in most countries but overall is growing slowly. By 2050 it could possibly be PN2050  = 1.2 although it might actually be less. By 2100 PN2100 = 1.2 is a neutral guess and is unlikely to be far out, barring mass epidemics etc. ‘Affluence’ or GDP per capita has trebled in 50 years but is showing signs of slowing. Let us suppose it only multiplies by 2.5 in the next fifty years and merely doubles in the following fifty. This is not particularly what politicians or economists hope for or expect, but it will do as a ranging shot, so AN2050 = 2.5, AN2100 = 5. As remarked previously, the ‘photofit’ TN is extremely hard to gauge but nearly all its measurable components are currently declining, some quite rapidly. A review of possible proxies suggests a halving over 25-50 years [53, 80]. Let us suppose this trend continues, say TN2050 = 0.3 and TN2100 = 0.1.  Now we simply multiply up:

2050: PN = 1.2  AN = 2.5 TN = 0.3 …………………….       IN2050 = 0.9

2100: PN = 1.2  AN = 5    TN = 0.1 …………………….       IN2100 = 0.6

On these assumptions (and we must constantly stress this) we see the overall impact of the North decreasing steadily, as the contrarians have foretold. Some environmental theorists however, argue that this is not still good enough because the North has occupied more than its fair share of sustainable ‘environmental space’. The general consensus in the ‘environmental space’ and ‘footprinting’ communities is that (roughly)  IN2050 = 0.2 is required by considerations of sustainability and global equity [90] (although see below for a more nuanced view).  With respect to TN it has been persuasively argued that a technological ‘factor four’  [91], ‘factor ten’ [92] or even ‘factor 20’ [93] can be achieved more rapidly than BAU given positive eco-innovation policies. Assume for example ‘factor 7’ by 2050 and ‘factor 20’ by 2100:

Target value is IN = 0.2 

2000:   PN = 1   AN = 1    TN = 1     
 …………………………….IN2000 = 1


2050:   PN= 1.2 AN= 2.5  TN = 0.14     …………………………….IN2050  = 0.43

2100:   PN= 1.2 AN= 5     TN = 0.05     …………………………….IN2100  =  0.3

On these assumptions I gets close to the target. Readers might care to enter their own suppositions. If for example historical economic growth rates or more were to continue the result would be something like this:

2050: PN= 1.2 AN= 3 TN= 0.14……………………………….      IN2050 = 0.50

2100: PN= 1.2 AN= 9 TN= 0.05……………………………….      IN2100 = 0.54


Or, to consider a more pessimistic case, suppose the recent improvements in TN were to falter, but strong growth of AN were maintained:

2050: PN= 1.2 AN= 3 TN= 0.5……………………………….        IN2050 = 1.8

2100: PN= 1.2 AN= 9 TN= 0.25……………………………….      IN2100 = 2.7: 

 
To assume a level of affluence nine times greater than that of today might raise some eyebrows, but this is simply a mathematical consequence of everyday government policy and historical growth rates. A hundred years later it would be nine times greater still. I will return to this question later.

It is probably fair to say that under the most plausible assumptions of modest growth rates and historical improvements in T,  IN2100 could easily be less than IN2000, contrary to the Prophets of Doom and environmental street lore. Further, we could say that probably IN2050 = 0.2 (the notional target level) is achievable with appropriate policies regarding T, with some but not drastic strain on AN. This would meet the provisional target for ‘sustainability’ in the North. Here probably the light greens, eco-realists and contrarians can all agree that it is possible, even easy, given the appropriate policies. But the North shares the planet with the South and sustainability only makes sense if the whole of humanity achieves it. So now we must turn to the South.

PROJECTIONS FOR THE SOUTH

The South is not homogeneous, so we must bear in mind that many of the aggregate figures used here combine extremely divergent values. Potentially this will complicate interpretation, but will not affect the principles. UN forecasts expect the South’s population PS, now around 5 billion, to reach 8 billion by 2050 and 9.5 billion by 2100, so if  PS2000 = 1,  PS2050 = 1.6,  PS2100 = 1.9. Economic growth in the South is a bizarre mixture of very high and low or even negative growth but overall has been faster than the North. At present rates it is plausible to suggest (if AS2000 = 1) that AS2050 = 6 and AS2100 = 24. In absolute terms this last figure will be higher than AN2000.  This should not surprise us: AN2100 is likely to be considerably higher still. Of course we can postulate parity (AN = AS) at any future time and calculate its effect, but these values seem a reasonable starting point for the purposes of my argument.


The estimation of TS  - the aggregated environmental intensity of the South - is much more difficult but raises issues of such importance that a digression is necessary. Being a composite parameter, T cannot be measured directly but through ‘baskets’ of specific components, with proxies employed to represent the trends [94].  A very common proxy is energy intensity -- primary energy consumed per unit of GDP -- for which good figures are available across a wide span of time and for many different societies. Plotting this variable for a range of economies over the last 100 years gives Figure 2 and reveals a very striking recurrent pattern: an inverted-U in which energy-intensity grows steadily in the early phase of industrialisation, reaches a peak, then declines [95, 96].  

[image: image3.wmf]2050

2000

2100

5

10

15

20

Projected value of I where I

2000

= 1

[image: image4.wmf]2050

2000

2100

5

10

15

20

Projected value of I where I

2000

= 1

[image: image5.jpg]Francois Mifferrand

un Pres

b PRENEZ EN 1403 UETRE AVENIR
- VOTEZ POUR LE CANDIDAT
NIOUE DE LA GAUCHE





[image: image2.wmf]

Figure 2: Energy Intensities for selected countries and groups of countries. From [97].The vertical line shows date of original publication (1990). The developing country curves beyond 1990 are in the original. More recent trends and former USSR have been added from [96].

The figure also suggests several other possible generalisations that have influenced the debate: 

· that the rising limb takes 50-100 years; 

· that succeeding national cycles often have lower peaks – but not always; 

· that the descending limbs are converging towards a common value – a kind of global ‘intensity attractor’. 

The inverted-U pattern has been recast as a more general principle under the rubric of so-called ‘Environmental Kuznets Curves’ [98, 99].  The claim is that it applies to a wide range of environmental impacts associated with modern societies; each of which rises to a peak at certain level of A, then declines. In looking at the various curves for (say) specific pollutants there emerges a fairly regular sequence of GNP/cap levels at which the peak and subsequent decline occurs: thus pollution of surface waters comes early,  airborne particulates later, then sulphur dioxide, airborne lead and so on [100]. This is given a conjectural but plausible explanation in terms of direct human interest, the worst and most dangerous pollutants being tackled first, then the most visible, then the more subtle items, and finally those which are easily exported, such as CO2. Putting them together in a kind of ‘photofit’ generates T, the aggregated environmental intensity, which is presumed to reflect the inverted-U pattern of its components. We shall refer to this as the ‘EKC thesis’. 


The thesis is by no means universally accepted [101-103], but a great deal hangs on it, so we cannot avoid briefly e3ntering the debate. Some specific environmental indicators clearly do not conform to the pattern [95, 100], yet viewed as a whole it is undeniable that historically the early stages of industrialisation have seen very high levels of environmental impact. Pick almost any environmental indicator and compare, say, Manchester in 1890 and 1990, with a much greater population and affluence. Compare Manchester today and, say, Bangkok.  In many ways this is not surprising. Infrastructure has to be built up -- roads, buildings, factories, vehicles, and these are inevitably material- and energy-intensive. Just as important is the cultural shift in attitudes to environmental questions. The expression ‘Where there’s muck there’s brass’ attributed to 19th century captains of industry was accepted throughout society. 
It seems that people ‘read’ environmental qualities differently in the earlier stages of industrialisation. Even as late as the 1970s in France, a smoking industrial landscape and pylons—pylons!—were used by one candidate to promote his candidature in the Presidential election (Figure 3). As both individual and societal wealth increases it becomes ‘rational’ both to shift activity towards the ‘dematerialised’ service sector, and to tackle environmental problems in sequence according to the costs and perceived benefits of doing so [100]. If this can happen faster than the negative effects of growing population and GDP, the result is an improvement in environmental quality. In this light the observed recent decline of TN can be interpreted as the post-peak descending limb of the curve, and the broad decline of IN a sign that TN is changing faster than AN, assuming PN is roughly constant. 

However, if the EKC thesis is broadly correct it reasonable to expect that TS will rise to a peak in the next half-century, perhaps substantially, before a (rapid?) decline to join the general convergence. This temporary increase will be reinforced by the North-South transfer of environmental damage through trade effects [104, 105] and the globalisation of markets [106]. In some environmental circles there is a common post-Marxist assertion that (for example) Geneva is clean precisely because Bangkok is filthy [107, 108]. Eventually Bangkok may clean up at the expense of say, Kinshasa, but in the end there will be nowhere else to run.  In view of the mechanics of globalisation [109] this effect must surely exist, although it is hard to quantify its contribution. Contrarians would argue that it cannot account for all the apparent improvements in IN in recent decades, since most trade occurs within the North itself, and there has surely been some genuine technical progress [110]. Nevertheless we can expect TS to be somewhat inflated in the short term. 



To illustrate the possible implications of these assumptions, let us suppose that an entire BAU cycle of modernisation takes about a century (as suggested by the admittedly schematic Figure 2). Let us further suppose that the aggregate TS reaches a peak of 2 relative to the current level by 2050, followed by a decline to 0.2 by 2100. Combine this with PS and AS as previously projected:

2000:    PS = 1    AS = 1   TS = 1
IS2000 = 1     

Sustainability targets IS= 2 by 2020, IS= 1 by 2050 [90].

2050:    PS = 1.6  AS= 6    TS = 2 ………………………….     IS2050 = 19.2 

2100:    PS = 1.9  AS= 24  TS= 0.2 ………………………….   IS2100 = 9.12


On these assumptions there is a much more severe mismatch than we found in the North between the projected and target values for I, although mathematically it is hardly surprising when all three factors have positive values. The mismatch (represented graphically in Figure 4) is so severe, and its implications so potentially grave, as to suggest there must be some mistake. So let us test the robustness of the model by looking for mistakes or implausible assumptions.



QUESTIONING THE ASSUMPTIONS

a) Are the population projections wrong?

 The ones we used are the UN middle projections [69]. The minimum one will change IS2050 to 15.6, not enough to make a serious difference. It could equally go the other way, e.g. for  PS2050 = 2, IS2050 = 24.  

b) Is projected economic growth too rapid? 

Probably, and in the case of many national economies, almost certainly. But if so the drastic consequences have not been widely acknowledged. If economic growth is not as rapid as this the South will fall further and further behind the North, leading to a permanently divided and impossibly unstable world. Surely global sustainability absolutely requires that the gap be narrowed if not closed entirely? This must be the default assumption. There are some theorists who argue that the South should avoid economic growth and the industrial pathway altogether [20, 111, 112] in favour of a more organic, low-tech future which would also reduce T. Mathematically this works quite well: if say PS2050= 1.6, AS2050= 1, TS2050 = 0.5 then IS2050 = 0.8. Unfortunately this is not at all what most citizens of the South appear to want. For reasons discussed later it seems unlikely such radically dematerialised models can have much influence until basic industrialisation has run its course. This is not to deny their potential importance, and although such ideas are currently ignored in mainstream circles, they will remain a ghost at the banquet, ready to emerge when their time comes.

   
c) Is the assumption of increasing TS mistaken?  

Fig. 2 (published in 1990) hints hopefully that the leading edge of the developing world has already reached its maximum value for T, and the rest will somehow leapfrog early industrialism and jump straight to the descending limb of the curve. This is an attractive policy goal [37, 113] but (again) it is simply not what is happening on the ground in the South, where an irrepressible enthusiasm for what we might call ‘vulgar modernity’ seems determined to recapitulate at least some aspects of the West’s historic trajectory. For example, the attempts by Sir Richard Rogers to persuade the Shanghai authorities that the true future lay in parks, trees, bicycles, light railways, vernacular materials and pedestrian walkways was scornfully rejected in favour of skyscrapers, underpasses, shopping malls, concrete, and cars by the million [114]. Compare also Figure 3. This obsession with the trappings of modernity, familiar to anyone that has lived or worked in the South, is of extreme significance for the future of the global environment.  It seems to me that the peak of TS will occur not so much because history and BAU predict it, but because the people of the South insist on it. In this light a peak figure of TS= 2 might be an underestimate, although it could well occur before 2050, giving a lower figure for IS2050.


But of course the existence of a ‘peak’ implies an improvement thereafter, and this is a critical feature of the broader EKC thesis: that the initial deterioration of T is only a temporary state of affairs, which appropriate policies would be able to mitigate. 

d) Is the target  for IN misplaced? 

Setting a broad target in this way is probably the weakest part of the argument. It is based on rather recent work originating in the Netherlands, setting levels for ‘environmental space’ with respect to a wide range of resources and environmental impacts [89, 90, 115]. According to these studies the average world per capita pressure on land, fresh water, atmospheric CO2 absorption, ocean fisheries, wood and wild habitat is at or near sustainable levels now. Assuming these are a representative ‘basket’ the ultimate target for the world aggregate impact, IW, must be set around 1 or less (in the case of CO2 emissions the IPCC recommends 0.6). Since by 2050 PS=PW to a good approximation, target-IW  is close to target-IS. 


Against this, some environmental components of I could probably expand enormously without long-term or global consequences. Think of (again, say) Manchester’s 19th century air and water pollution, food adulteration etc. Appalling as these conditions were, they left little lasting legacy. Or take a modern example: wind farms could cover every hilltop and utterly blight the landscape aesthetically, but with no direct implication for sustainability. This suggests a potentially important policy strategy: to shift environmental burdens from critical areas to more robust, or at least reversible, ones. Temporarily, a ‘nuanced’ IW could rise a great deal, but paradoxically in a ‘sustainable’ way.


These projections all depend heavily on the assumption made, but it would appear that even if we make any other reasonable assumptions the same pattern appears: a dramatic, if temporary, increase in environmental impacts attributable to the rapid development of the South. According to the logic of the argument, failure of the South to develop, while superficially an ‘advantage’ will make matters worse by prolonging the period of increasing environmental impact. 

COMBINING NORTH AND SOUTH

For completeness we must now combine the North and South indices to give global figures. Again we can take 2000 as a base index of 1 for the lower figure, so PN2000 = 1, PS2000 = 4; AN2000 = 15, AS2000 = 1.  The ratio of TN and TS is much more problematic and casts some doubt on what follows. On the argument so far TN is declining from a historic high, while TS is increasing from a historic low, although it is itself an unstable average of high and low local components.  Figure 2 hints at rough parity for energy intensity in the 1990s and if this is a reasonable proxy we can guesstimate TN and TS as being roughly equal now, although set to diverge for the next half-century. This assumption gives the following world scaling (Table2):

Table 2: BAU Scenario with maintained recent growth rates in North

	Date
	Group
	Population

   Pi
	Output per capita
    Ai
	Intensity
     Ti
	Group net

impact

Ii=

PiAiTi
	World Impact
IW =

IN+IS
	Ratio to present, taken as target
IW ti / IW2000

	2000
	NORTH
	1
	15
	1
	15
	19
	1

	
	SOUTH
	4
	1
	1
	4
	
	

	

	2050
	NORTH
	1.2
	37.5
	0.25
	11.3
	95.3
	5

	
	SOUTH
	7
	6
	2
	84
	
	

	

	2100
	NORTH
	1.2
	75
	0.05
	4.5
	42.9
	2.3

	
	SOUTH
	8
	24
	0.2
	38.4
	
	


The most striking feature here is that although IN currently dominates the scene, on these assumptions the situation would quickly be reversed, with the direct contribution of the North becoming absolutely smaller and in relative terms much smaller than IS. Were the North to accelerate its process of dematerialisation (say to ‘factor 20’ by 2050), IN would be an even smaller proportion and this would not affect the IW peak significantly (Table 3). 

Table 3: Rapid Eco-innovation in North:

	2050

BAU
	P
	A
	T
	PRODUCT

PAT
	SUM
IN+IS
	RATIO TO PRESENT

	NORTH
	1.2
	37.5
	0.05
	2.25
	86.25
	4.5

	SOUTH
	7
	6
	2
	84
	
	


Far more effective in reducing IW would be rapid convergence of TS to TN . Although on current trends it is unlikely, a crash programme of sustainable-technology is technically possible, and might give results like this (Table 4):

Table 4: Rapid convergence of environmental intensity

	
	
	P
	A
	T
	PRODUCT

PAT
	SUM

IN+IS
	RATIO TO PRESENT

	2050
	NORTH
	1.2
	37.5
	0.05
	2.25
	26.25
	1.4

	
	SOUTH
	8
	6
	0.5
	24
	
	

	

	2100
	NORTH
	1.2
	75
	0.01
	0.9
	2.82
	0.15

	
	SOUTH
	8
	24
	0.01
	1.92
	
	


THE UNDERLYING PATTERN


I have now laid out the basic analysis, which suggests that, crudely speaking, things are likely to get worse before they get better in the course of the 21st century. The general pattern is summarised in Figure 5, and here we can start to see a little of the ‘blind men and the elephant’ effect. The curves for the North and South differ drastically, and it is no wonder that different conclusions are drawn from concentrating exclusively on one or the other. Even more confusion is generated by the fact that we happen to be at a point where the two curves are crossing, heading in different directions.






















Contrarians, noting that since the early days of environmental awareness, the North has taken effective steps to clean up, conclude reasonably enough that the modern project can, in principle, be sustainable. Many environmentalists would regard this as academic, in view of the coming tsunami of environmental impact in the South. Moderates on both sides would probably agree that resolute policies and strong nerves will be required, but might disagree on policy details. Some of these disagreements will arise from different assumptions about the influences that the three factors have on each other, so now we will have to turn to this matter.

The mutual dynamics of P, A and T:

Most communities strive for economic growth - to increase A - which is seen as a good in itself, yet this process – other things being equal - contributes to the growth of I, which we would like to stabilise. Partisans of P and T like to point out how attention to one or the other could reconcile this conflict. For example, a lower population means greater GDP per capita for a given level of I and T, while a lower T does the same for a given level of population. This is mathematically obvious if politically convoluted. What has been neglected in much environmental discussion is the likelihood that the factors are not simply independent coefficients of I, but have complex interactions of their own. Particularly important is the possible effect of A on the other two factors, and perhaps ultimately on itself.


Consider first A and P. There is a remarkably strong correlation between the absolute level of A and the rate of population growth [95]. Pre-industrial societies by and large have high birth and death rates that balance each other, giving slow or zero population growth. In the early phases of industrialisation death rates go down, but birth rates remain high. The result is a sudden increase in population which eventually slows as the birth rates fall back roughly in line with death rates to produce another fairly steady state with low growth but at a higher absolute level of P than before. This is such a reliable pattern that it has been labelled the ‘demographic transition’ [116]. The countries of the North can be considered to have more or less completed the transition, while those of the South are still in the midst of it, although in the slowing limb of the curve. This is reflected by the assumptions regarding 21st century levels of P in the analysis above. 


Nevertheless, for stabilising I it would be desirable for all societies to complete the demographic transition as soon as possible. Old fashioned Malthusians have long urged direct measures such as family planning, but contemporary demographers tend to argue that there are stronger cultural and psychological factors based on implied calculations of personal economic security, which in turn correlate closely with either individual or – if well-distributed -- societal wealth [117]. It is not that appropriate ‘direct’ population policies are irrelevant or ineffective, but that they are not sufficient. In other words, the transition does not proceed, or cannot be completed, without a certain measure of steady economic growth, provided this is well distributed. If this is true—it appears  to be the orthodox view—it presents us with the dilemma that AS must be increased several-fold to bring about a permanent stabilisation of PS

Turning now to the relationship between A and T we find almost exactly the same pattern, one we have already encountered in the EKC thesis -- that T, like P, undergoes a short period of rapid expansion followed by contraction, initiated by the modernisation process and correlating closely with growth of A.  Once again, as we have discussed, there is a plausible cultural-economic explanation of the link. There is one significant difference between the two cases in that in principle T can continue to decline indefinitely, although some limits are probably set by the size of human beings (certain elements such as information processing can probably be miniaturised or dematerialised to an indefinite degree, but others such as food, houses, cars and hospitals would resist the trend). But the similarity between the two processes is so marked that one economist has called this the ‘ecologic transition’ [118]. Once again we are faced with a dilemma, that AS needs to be increased in order to bring about an improvement of TS in the long term, but in the short term contributes to a temporary deterioration of IS. 


Finally we can consider the reflexive effect of A on itself. At low absolute levels there is no surplus for reinvestment beyond what is needed for immediate consumption, but once it does start to grow there is potential for accelerating growth, hence the metaphor of ‘take-off’ [84]. Some theorists (the so-called ‘cornucopians’, e.g., [25]) have a ‘space rocket’ model here, seeing no limit to the accelerating growth of A, and this is an implication of normal economic policy which sharply divides environmentalists and contrarians. The alternative is an ‘aeroplane’ model in which growth slows after a rapid climb, and there are weak signs that this might be happening in the North. The aeroplane model does make a kind of sense; even economists would probably accept that there is an intrinsic madness in everybody being a billionaire, which is what happens mathematically within a few centuries if present growth rates prevail [119]. Some economists have even argued that beyond a certain point, further economic growth is simply irrational [120-122].  The notion is gaining ground [123, 124, 137]) that the North is entering the early phases of a third transition (presciently labelled the ‘economic transition’ by Parsons back in 1975 [119]) in which culture itself becomes dematerialised, and A grows only in tandem with 1/T (giving a neutral I), stops altogether, or even shrinks (giving a decline of I). 

‘SUSTAINIA’


To summarise this part of the discussion, an implication seems to be that A – broadly speaking, personal economic welfare  (is a critical factor which when it grows certainly causes a lot of trouble, but then allows things to be cleared up and finally writes itself out of the script. This can be seen as a longer-term transition which both initiates and concludes the other transitions. Let is call this ‘the transition complex’. The whole process is summarised in Figure 6

: 


If successful, the transition complex leads to a condition of long-term sustainability which could continue for thousands, even millions, of years. This would be not so much The End of History [125,126] as a new beginning, and undoubtedly the 21st century would then be looked back on as its crucible. We need a name for this state of permanent sustainability, beyond the travails of our present situation, and I propose to call it ‘Sustainia’ .


Our problem can now be stated succinctly. We need to get (probably) 11 billion people through the transition complex to ‘Sustainia’, the sustainable state, before irreversible damage is done. This is a one-off process, after which we can relax. We can see that the 1.5 billion of the North could probably make it by 2100, even by 2050 with the right policies, if they had the planet to themselves. But they do not. The South can only get to Sustainia through the transition complex, but if that is not negotiated successfully there may be no Sustainia worth reaching. 


What are we to do? A small minority of theorists have argued that we should freeze everything in place and in effect, stop industrial development in the South [20, 127]. This has a certain logic but as I have argued above, it has been overtaken by events. Modernising processes have been irreversibly initiated in virtually every society, leaving many in the worst possible state, where A is stalled and P and I are rising fast and will continue to do so unless things move on. 


 It seems there is little real choice. We have to move quickly. As the contrarians have urged, there has got to be vigorous economic growth in the South

Ÿ for reasons of simple humanity

Ÿ to redress the imbalance between North and South

Ÿ to accelerate the completion of the demographic transition

Ÿ to bring forward and/or reduce the peak of environmental intensity.

Some environmentalists might find this a bitter pill, but should probably accept it. However, in response, they could convincingly argue that indiscriminate growth will not be good enough, and probably even counterproductive. The analysis supports this view. It also offers support for policy strands in almost every political direction: 


Ÿ NFC contrarians could urge that policy be targeted at lever points: population issues 
(e.g. women’s education), basic needs, health, food [50, 51]

Ÿ Industrial eco-Innovators should propose a crash programme of sustainable technology development, together with vigorous technological transfer to reduce TS [113, 123, 128].

Ÿ Decentralist technologists can point to many failures of mass technology to deliver, in spite of high apparent ‘efficiency’, and can demonstrate the superiority of more complex, nuanced, local systems [129-131]. 

Ÿ Left-wing RR theorists could argue strongly that the programme will fail utterly if 

AS is not well distributed, requiring active measures to reduce inequalities

 [60, 132].

Ÿ ‘Lifestyle’ RR theorists have a strong case for arguing that the level of AN, although not in itself a significant factor in the world equation, has a powerful symbolic demonstration role which multiplies its effect enormously in the South  [122, 133].

SOME DILEMMAS IN PROSPECT

More controversially, we might be forced into some difficult environmental choices. Here we should perhaps take a longer historical perspective. If the analysis presented here is broadly correct, from the point of view of future humanity the transition-complex will inevitably be seen as a defining process that set the scene for the next few millennia or longer. There are many more of ‘them’ (i.e., Sustainians, people of the future) than of us. We have --surely? (pace Beckerman [27]; see also [134]) -- some responsibility to them, and arguably to the rest of creation. The standard Brundtland definition of sustainability [135] asks us not to compromise their needs, but a more resonant principle is captured by asking this question: what would they like us to have done? If we have no choice but to leave a mess, what kind of mess would our descendants prefer? They will be wealthy, technically sophisticated and will have plenty of time. Let me suggest they would prefer easy problems to difficult ones, and difficult problems to impossible ones. This suggests a kind of environmental ‘triage’ in which (for the next hundred years or so) we divide environmental problems into three classes:

Class 1: Problems having negligible implications for sustainability, or which can be remedied easily, or which would only become problematic in the very long term. For example local air pollution, plastic waste in landfills, ugly or ill-sited structures, temperate soil erosion, shortages of industrial minerals

Class 2:  Problems posing a difficult challenge but solvable with sufficient time and technical sophistication: For example nuclear waste or toxic waste dumps, depleted aquifers, desertified land, rises in sea level, weather extremes, stratospheric ozone 

Class 3: Impossible problems: Major climate change, lost habitat types, extinct species, lost tropical soils.


Naturally we would prefer to leave posterity no environmental problems at all, but if this is not possible we should perhaps be more discriminating in our policies in order to maximise posterity’s room to manoevre. This cuts across conventional environmental thinking. Consider examples from the first two classes that might be relatively down-rated: 

Conscientious environmentalists sometimes fret about non-biodegradable wastes in landfills. In the long term this is unsustainable because if we carry on dumping (say) yoghurt pots or disposable diapers at the present rate, in 100,000 years time there will be whole geological strata composed principally of such items. But in the present context we are talking only of hundreds of years, by which time it is not really credible that such crude practices will obtain. Inert materials in landfills are a solvable problem for the citizens of Sustainia, and probably we should not fret about them too much. 

Nuclear waste is more serious, but in principle the same argument can be applied to it: the Sustainians will certainly not thank us for leaving it, but they will be far better able to cope with it than we are, and would probably prefer to do it themselves properly than inherit a botched job. There is a case then, for not spending too much time now on the question of ‘final disposal’, since there are far more urgent irreversible problems concerning for example climate change and biodiversity. It should be left on the surface and contained as well as possible. Or so the logic suggests. 

Finally we must return to the paradoxical question of economic growth in the South. We have urged that this be accelerated, yet it is by far the most dynamic of the three factors, and the principal contributor to the dramatic peak of IW which our analysis projects in the middle 21st century. If this growth rate of AS continues indefinitely without a reduction of TS it is reasonable to expect the sort of global instability of which The Limits to Growth so famously warned in the 1970’s [6].

Long-term sustainability appears to require an eventual slow-down in the rate of AS growth, marking the completion of the final phase of the economic transition. In the view of many commentators this would be profoundly rational in its own terms, and not merely a regrettable environmental necessity [120].  Yet in recent times no nation has attempted to limit the growth of affluence, and voluntary limits in developing societies have stood out as noteworthy exceptions [136, 137]]. The only signs of genuine popular interest in limiting personal wealth are in communities that have already been thoroughly immersed in consumer culture [124, 139]. 


There is a serious case then, which I would like to see argued out, for a deliberate, rapid, but well-distributed pulse of consumer activity in the South as a necessary cultural condition for its rejection in later generations. This certainly sounds odd, but it is a possible implication of the discussion hitherto: that 9 billion people might need to experience a consumerist cure-by-excess before we can build Sustainia, the environmental New Jerusalem, but with the clear risk that the very process may render it for ever unreachable. This sums up the dilemma for environmentalists. For contrarians it is not quite so acute.

CONCLUSION

I have tried to put the fundamental environmental debate -- whether things are basically improving or basically deteriorating -- in a new context which explains the divergence of views, and how it is that both sides can continue to amass theoretical and empirical support for their case without very much effect on each other. The explanation is that they are each focusing on part of a more complex pattern. I have suggested a model which is both optimistic and pessimistic, justifying both hope and deep anxiety, which allows each side to say with very good reason that indeed, The End is in Sight.
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Figure 3: Poster from the French presidential election of 1970
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Figure 4


Projected environmental impacts from developing countries in the 21st century.
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Figure 5: Contrasting North/South trends in environmental impact
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Figure 6: 


The Components of the Transition Complex





1: Initial phase of economic transition to rapid growth


2: Demographic transition, acceleration followed by stabilisation


3: Ecologic transition, acceleration followed by stabilisation


4: Final phase of economic transition to balanced or static growth.








� This paper was published just before the work of the Danish statistician Bjorn Lomborg became widely known. Lomborg has been an effective prophet of boom and has ably maintained the ‘contrarian’ tradition, but does not bring anything fundamentally new to the debate.
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