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THE HIDDEN PRICE OF WHAT WE BUY

A while ago I made an impulse buy: a small, bright yellow wooden racing car, with a green ball for the driver's head and four black discs pasted on its sides for wheels. The toy cost just 99 cents. I bought it for my eighteen-month-old grandson, who I thought would love it.

After I came home with that little wooden racer, I happened to read that because lead in paint makes colors (particularly yellow and red) look brighter and last longer—and costs less than alternatives—cheaper toys are more likely to contain it. Then I came across a news item reporting that a test of twelve hundred toys taken from the shelves of stores—including the chain where I bought that car— revealed a large percentage contained various levels of lead.

I have no idea if the sparkling yellow paint on this toy car harbors lead or not—but I am dead certain that once it was in the hands of my grandson his mouth would be the first place it would go. Now, months later, that toy car still sits atop my desk; I never gave it to my grandson.

Our world of material abundance comes with a hidden price tag. We cannot see the extent to which the things we buy and use daily have other kinds of costs—their toll on the planet, on consumer health, and on the people whose labor provides us our comforts and necessities. We go through our daily life awash in a sea of things we buy, use, and throw away, waste, or save. Each of those things has its own history and its own future, backstories and endings largely hidden from our eyes, a web of impacts left along the way from the initial extraction or concoction of its ingredients, during its manufacture and transport, through the subtle consequences of its use in our homes and workplaces, to the day we dispose of it. And yet these unseen impacts of all that stuff may be their most important aspect.

Our manufacturing technologies and the chemistry they deploy were largely chosen in a more innocent time, one when shoppers and industrial engineers alike had the luxury of paying little or no attention to the adverse impacts of what was made. Instead they were understandably pleased by the benefits: electricity generated by burning coal, with enough to last for centuries; cheap and malleable plastics made from a seemingly endless sea of petroleum; a treasure chest of synthetic chemical compounds; cheap lead powder to add luster and life to paints. They were oblivious to the costs of these well-meaning choices to our planet and its people.

Though the composition and impacts of things we buy and use daily are for the most part the outcome of decisions made long ago, they still determine daily practice in manufacturing design and industrial chemistry—and end up in our homes, schools, hospitals, and workplaces. The material legacy left to us by the once wonder-inducing inventions of the industrial age that ran through the twentieth century has made life immeasurably more convenient than the life our great-grandparents knew. Ingenious combinations of molecules, never before seen in nature, concoct a stream of everyday miracles. As utilized in yesterday's business environment, today's industrial chemicals and processes made utter sense, but all too many make little sense going forward. Consumers and businesses alike can no longer afford to leave invisible decisions about those chemicals and processes—and their ecological consequences—unexamined.

In my past work I've explored what it means to be intelligent about our emotions and, more recently, about our social lives. Here I look into the sense in which we can, together, become more intelligent about the ecological impacts of how we live— and how ecological intelligence, combined with marketplace transparency, can create a mechanism for positive change.

In the interest of full disclosure, when it comes to ecological intelligence I am as clueless as most of us. But in researching and writing this book I've been fortunate enough to stumble upon a virtual network of people—executives and scientists alike—who excel in one or another subset of the skills we urgently need to build the human store of shared ecological intelligence, and to let that knowledge guide our decisions in better directions. In sketching the possibilities of this vision I've drawn on my background as a psychologist and science journalist to delve into the world of commerce and manufacturing, and to explore cutting-edge ideas in fields like neuroeconomics and information science, and particularly an emerging discipline, industrial ecology.

This journey continues one I began more than two decades ago, when I wrote in a book on self-deception that our habits of consumption on a worldwide scale are creating an ecological deficit at a rate unparalleled in history, as I put it, “simply by our heedlessness of the links between the decisions we make daily— for instance to buy this item rather than that—and the toll those decisions have.”

Back then I imagined that one day we would somehow be able to gauge with accuracy the ecological damage from a given act of manufacturing or the packaging, shipping, and disposal of a given product and sum it up in some handy unit. Knowing that metric about a TV set or box of aluminum foil, I reasoned, we could take more responsibility for the impact on the planet of our individual choices. But I ran out of steam, conceding “there is no such information available, and even the most ecologically concerned among us do not really know the net effect on the planet of how we live. And so our obliviousness lets us slip into a grand self-deception that the small and large decisions in our material lives are of no great consequence.”

All those years ago I had never heard of industrial ecology, the discipline that routinely does the very impact analyses I dreamed of. Industrial ecology exists at the cusp where chemistry, physics, and engineering meet ecology, and integrates those fields to quantify the impacts on nature of manmade things. Back when I was wishing for this field to exist, that still-obscure discipline was just gathering itself. In the 1990s a working group of the National Academy of Engineering spawned the field, and the very first issue of the Journal of Industrial Ecology appeared in 1997, well over a decade after I had wished for its existence.

Industrial ecology had its roots in the insight that industrial systems parallel natural ones in many ways: the streams of manufactured stuff running between companies, extracted from the earth and emitted in new combinations, can be measured in terms of inputs and outputs regulated by a metabolism of sorts. In this sense industry, too, can be seen as a kind of ecosystem, one that has profound effects on every other ecological system. The field includes topics as diverse as estimating CO2 emissions from every industrial process or analyzing the global flow of phosphorus, to how electronic tagging might streamline the recycling of garbage and the ecological consequences of a boom in fancy bathrooms in Denmark.

I see industrial ecologists—along with those at the cutting edge of fields like environmental health—as the vanguard of a dawning awareness, one that may well add a crucial missing piece in our collective efforts to protect our planet and its people. Imagine what might happen if the knowledge now sequestered among specialists like industrial ecologists were made available to the rest of us: taught to kids in school, easily accessible on the Web, boiled down into evaluations of the things we buy and do, and summarized as we were about to make a purchase.

Whether we are a single consumer, an organization's purchasing agent, or an executive managing a brand, if we knew the hidden impacts of what we buy, sell, or make with the precision of an industrial ecologist, we could become shapers of a more positive future by making our decisions better align with our values.

All the methods for making that data known to us are already in the pipeline. As this vital knowledge arrives in our hands, we will enter an era of what I call radical transparency.

Radical transparency converts the chains that link every product and its multiple impacts—carbon footprints, chemicals of concern, treatment of workers, and the like—into systematic forces that count in sales. Radical transparency leverages a coming generation of tech applications, where software manipulates massive collections of data and displays them as a simple readout for making decisions. Once we know the true impacts of our shopping choices, we can use that information to accelerate incremental changes for the better.

To be sure, we already have a mélange of eco-labels based on high-quality data assessing pockets of products. But the next wave in ecological transparency will be far more radical—more inclusive and detailed—and come in a flood. To make that mass of information usable, radical transparency must reveal what has been hidden from us in ways far more comprehensive and better organized than the sometimes haphazard product ratings we have now. With the right, targeted data, a continuous cascade of consumer-driven shifts would ripple through the world of commerce, from the most distant factory to the neighborhood power grid, opening a new front in the battle for market share.

Radical transparency will introduce an openness about the consequences of the things we make, sell, buy, and discard that goes beyond the current comfort zones of most businesses. It will reshape the marketing environment to ensure a better reception for the enormous variety of greener, cleaner technologies and products now in the pipeline—creating a far greater incentive for us all to make the switch to them.

Such full ecological disclosure presents an untried economic path: applying to the ecological impacts of the things we buy the high standards for transparency required, say in financial statements. It would hand shoppers information for their choices akin to what stock analysts apply in weighing the profits and losses of companies. It would give senior management greater clarity in carrying out their company's mandates to be more socially responsible and sustainable, as well as anticipate where markets will shift.

This book tracks my personal journey into this realm, beginning with my speaking to industrial ecologists about the enormous complexity in making even the simplest product, and about this new science that tracks the environmental, health, and social impacts at every step. Then I explore the reasons this information remains largely concealed from us, and why the remedy lies in boosting our ecological intelligence, a collective understanding of hidden ecological impacts and the resolve to improve them.

I show how we could boost our ecological intelligence by making this data on impacts available to shoppers—and visit the inventors of a technology about to make such radical transparency a reality. Next, I look at evidence suggesting how this could shift market share to a point where companies would see more clearly the competitive advantage in ecological improvements far widerranging than what is typical now. I examine a case in point: controversies about industrial chemicals, as viewed through the lens of brain researchers examining purchase decisions, reveal why consumers' emotional reactions to products' ecological impacts can matter for sales.

Finally, I shift from the psychology of buyers to the strategies of sellers, and talk to a widening circle of businesspeople who are ahead of this coming wave and who already have changed the way they manage their company's supply chains to upgrade impacts, thus positioning their businesses to thrive in a radically transparent marketplace. These executives realize that at the emotional level, good business means good relationships, and that by demonstrating their ecological concern in these ways, they make their customers feel cared for, too. My mission here is to alert businesses to a coming wave, one that will wash over any company that markets a man-made product.

We hear much about helping the planet by changing what we do—bike, don't drive; use the new, energy-saving fluorescent bulbs; recycle our bottles; and other ready fixes. All such changes in ecological habits are laudable; if more of us made these efforts they would have great benefits.

But we can go further. The true impacts of what we buy have been ignored for the majority of goods. Surfacing the myriad hidden ecological impacts during a product's life cycle, from manufacturing to disposal of those bikes, bulbs, and bottles, as well as the rest of the materials in the room, opens a floodgate of effective action. Using a deeper understanding of the impacts of the things we use to guide our buying decisions can give us added leverage that ripples widely through the worlds of commerce and industry.

That opens the door to a vast opportunity for benefiting our future. For shoppers, this singular mechanism can add potent forcefulness to our collective will to protect the planet and its people from the unintended harms done by commerce. For business, this more powerful alignment of consumers' values with their purchasing choices will foster a hot new arena for competitive advantage—a financial opportunity sounder and more promising than our present-day “green” marketing. We may not be able to shop our way out of the current crisis, but radical transparency offers one more avenue to essential change.

We have been besieged by messages about the dire threats of global warming and toxins in everyday objects and demands that we must somehow change before it's too late. One version of this litany is all too familiar: ever-warmer temperatures, fiercer hurricanes, fiery droughts, and rampant desertification in some places and relentless rains in others. Some predict escalating global scarcity of food and water within the next decade or so, or—with Hurricane Katrina in the Gulf of Mexico the harbinger—the evacuation of more cities around the globe because of environmental collapse.

Another chorus, growing stronger by the day, tells us that man-made chemicals in everyday items are slowly poisoning us and our children. This creeping toxicity goes far beyond lead in toys. These voices warn that compounds used to harden and soften plastics leach carcinogens into everything from IV bags in hospitals to water wings; chemical softeners in lipstick pose other dangers to health; our computer terminals off-gas one toxin, while their printers ooze a cloud of another. The manufactured world, it seems, is creating a chemical soup that is slowly polluting the ecosystem that is our body.

All such warnings implicate the same culprits: you and me. Human activity has become the main driver of this burgeoning crisis, one that gravely threatens, well, you and me.

We are collectively enmeshed in activities that inexorably endanger the ecological niche that houses human life. The continued momentum from our past actions will unfold over decades or centuries; toxic chemicals that permeate our water and soil, and the buildup of greenhouse gases, will take their toll for years to come.

That catastrophic scenario can readily lead to feelings of hopelessness, even despair. After all, how can any of us turn back the vast tsunami of human activity?

The sooner we can stop adding to that tidal wave, the less drastic the damages will be. And if we examine more carefully our part in fouling our niche on this planet, we can find points of leverage where simple, gradual changes might halt or even reverse our contribution to this cataclysm.

As individual shoppers we are trapped in making choices among an arbitrary range of product options, a range determined by the decisions of industrial engineers, chemists, and inventors of all stripes, at some distant remove in time and space. We have the illusion of choice, but only on the terms dictated by those invisible hands.

On the other hand, as we are able to make choices based on full information, power transfers from those who sell to those who buy, whether a mom at the local market, a purchasing agent for a vendor or institution, or a brand manager. We become the shapers of our destiny rather than passive victims. Just by going to the store, we will vote with our dollars.

By doing so we will create an entirely new competitive advantage for companies that offer the kinds of products our collective future needs. Those informed choices will shape new mandates for today's engineers, chemists, and inventors. I would argue that this market force will drive a demand for a wave of innovations, each of them an entrepreneurial opportunity. In this way, upgrading our ecological intelligence will prime a boom that will alter for the better the industrial processes used to make everything we buy. Global shocks like skyrocketing oil prices create a synergism with the search for ecological upgrades by radically shifting cost equations, boosting the urgency of finding advantageous alternatives.

As control of data shifts from sellers to buyers, companies would do well to prepare ahead for this informational sea change. The business rule of thumb in the last century—cheaper is better—is being supplemented by a new mantra for success: sustainable is better, healthier is better, and humane is better, too. Now we can know with greater precision how to implement that mantra.
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“GREEN” IS A MIRAGE

The Visudhimagga, a fifth-century Indian text, poses a riddle: “Precisely where is what we call a ‘chariot’ located? Is it in the axles, the wheels, the frame? Is it in the poles that connect to the horse?”

The answer: Nowhere. What we mean by the term “chariot” refers to the temporary arrangement of its component parts. It's an illusion.

The ancient text uses that insight to illustrate the elusive nature of the self, which resides neither in our memories nor in our thoughts, perceptions, sensations, or actions (an analysis that anticipated modern philosophy's deconstruction of the self by fifteen hundred years). But this insight applies as well to a Game Boy a blender, or any manufactured thing. Every such object breaks down into the multitude of its parts and the constituent processes that made them.

An industrial engineer's version of the deconstruction of stuff is called Life Cycle Assessment, or LCA, a method that allows us to systematically tear apart any manufactured item into its components and their subsidiary industrial processes, and measure with near-surgical precision their impacts on nature from the beginning of their production through their final disposal.

LCAs had a prosaic start; one of the very first such studies was commissioned by Coca-Cola back in the 1960s to determine the relative merits of plastic and glass bottles and quantify the benefits of recycling. The method slowly spread to other industrial questions; by now a large and growing band of companies with national or international brands deploys the method somewhere along the way to make choices in product design or manufacturing—and many governments use LCAs to regulate those industries.

Life Cycle Assessment was created by a loose confederation of physicists and chemical and industrial engineers documenting the minutiae of manufacturing—what materials are used and how much energy, what kinds of pollution are generated and toxins exuded, and in what amounts—at each basic unit in a very long chain. In that dusty text the Riddle of the Chariot names a handful of components; today the LCA for a Mini Cooper breaks down into thousands of components—like the electronic modules that regulate electrical systems. These electronic modules deconstruct—like the chariot into its main parts—into printed wiring board, various cables, plastics, and metals; the chain leading to each of these in turn leads to a trail of extraction, manufacture, transport, and so on. These modules run dashboard systems, regulate the radiator fan, wipers, lights, and ignition, and manage the engine—and for each of these parts in turn the analysis can run into a thousand or more discrete industrial processes. In total, that petite car's LCA entails hundreds of thousands of distinct units.

My guide in this terrain is Gregory Norris, an industrial ecologist at the Harvard School of Public Health. With degrees in mechanical engineering from MIT and aerospace engineering from Purdue and several years in the air force as an astronautical engineer helping build better space structures, Norris has impeccable credentials. But he readily concedes, “For LCA you don't need to be a rocket scientist—I know, I was one. It's mainly data tracking.”

That meticulous analysis yields metrics for harmful impacts over an auto's life cycle, from manufacture to junked car, for the raw materials consumed; energy and water depleted; photochemical ozone created; contribution to global warming; air and water toxicity; and production of hazardous wastes—to name but a few. An LCA reveals that in terms of global warming effluents, for example, everything in the car's life cycle from manufacture to getting scrapped pales when compared to the emissions while it is driven.

Another apt metaphor for the nature of industrial processes comes from an eighth-century Chinese treatise that describes a supernatural net belonging to the god Indra. In the heaven where Indra dwells, the text tells us, a miraculous net stretches in every direction. In each eye of the webbing glitters a magnificent jewel, cut so cleverly that its facets reflect all the other jewels in that net, in an endless web of interconnection. Any single jewel in that web bears a reflection of every other.

Indra's net offers a handy image for the endless interconnections within and between systems in nature, as well as in man-made systems like the supply chain. When Norris walked me through a Life Cycle Assessment for glass packaging, like that for jams or pasta sauce, we ended up in a maze of interdependent linkages in a seemingly endless chain of material, transportation, and energy demands. Manufacturing bottles for jams (or anything in a glass container for that matter) requires getting stuff from dozens of suppliers—including silica sand, caustic soda, limestone, and a variety of inorganic chemicals, to name but a few—as well as the services of suppliers of fuels like natural gas and electricity. Each one of the suppliers makes purchases from or otherwise utilizes dozens of its own suppliers.

The basics for making glass have changed little since the time of ancient Rome. Today, natural gas-powered furnaces burn at up to 2,000 degrees Fahrenheit for twenty-four hours to melt sand into glass for windows, containers, or the monitor on your cell phone. But there's far more to it than that. A chart showing the thirteen most important processes deployed to make glass jars revealed a system stitching together 1,959 distinct “unit processes.” Each unit process along the chain itself represents an aggregate of innumerable subsidiary processes, themselves the outcome of hundreds of others, in what can appear an infinite regression.

I asked Norris for some detail. “For example, let's trace the production of caustic soda. That requires inputs of sodium chloride, limestone, liquid ammonia, a variety of fuels and electricity, and transport of those inputs to the site. Sodium chloride production in turn involves mining and water use, and inputs of materials, equipment, energy, and transport.”

Because “everything connects to everything,” Norris says, “we need to think in a new way.”

Another insight: the supply chain for a glass jar may consist of seemingly endless links, but these eventually hook back onto earlier links. As Norris explained, “If you go beyond the total 1,959 links in the glass jar's supply chain, you loop into repeats—the chain goes on forever, but asymptotically.”

Norris gave a simple example of such repetitive loops. “It takes electricity to make steel, and it takes steel to make and maintain an electric power plant,” he explained. “You could truly say that the chain goes on forever—but it's also true that the extra impacts of the upstream processes get smaller and smaller as you trace them farther and farther back.”

The industrial version of Indra's net meets its limits in something like the Ouroboros, the mythic serpent that swallows its own tail. That tail-devouring beast symbolizes repetitive cycles or renewal in the sense of something constantly repeating and reinventing itself.

In industrial processing, the Ouroboros can also symbolize an ideal detailed in the “cradle to cradle” notion that everything used in a product should be designed so that on disposal it all biode-grades into compounds nature can use or becomes a manufacturing nutrient, recycled into other products. This contrasts with the current mode of cradle to grave, where a discarded item's ingredients simply add to the pile in a landfill, leach toxins, or create molecular or other nightmares.

These images of the chariot, the net, and the snake came to mind as Gregory Norris and I were in a virtual meeting where we talked by phone while my computer screen in Massachusetts displayed what was on his in Maine. Through the lens of an LCA every one of the nearly two thousand links in the glass jar's supply chain becomes a window on its impacts on human health, ecosystems, climate change, and resource depletion.

Making a glass jar requires the use of hundreds of substances somewhere upstream in the supply chain, each one with its own profile of impacts. There are around one hundred substances released into water and fifty or so into soil along the way. Among the 220 different kinds of emissions into the air, for instance, caustic soda at a glass factory accounts for 3 percent of the jar's potential harm to health and 6 percent of its danger to ecosystems.

Another ecosystem threat, accounting for 16 percent of glass-making's negative impact, results from the energy for the furnace. Twenty percent of the negatives specifically for climate change are attributed to the generation of electricity for the factory that makes the glass. Overall, half the emissions from making a glass jar that contribute to global warming occur at the glass factory, the other half in other parts of the supply chain. The list of chemicals released into the air from the glass factory runs from carbon dioxide and nitrogen oxides at relatively high levels through trace amounts of heavy metals like cadmium and lead.

When you analyze the inventory of materials needed to make one kilogram of packaging glass, you get a list of 659 different ingredients used at various stages of production. These range from chromium, silver, and gold to exotic chemicals like krypton and isocyanic acid to eight different molecular structures for ethane.

The details are overwhelming. “That's why we use impact assessment, where we can sum it all up into a few informative indicators,” says Norris. For instance, if you want to know what carcinogens are involved in glassmaking, an LCA tells you the main culprit is aromatic hydrocarbons, the best known being VOCs, the volatile organic compounds that make the smell of fresh paint or a vinyl shower curtain a matter of concern. For glassmaking, these compounds account for about 70 percent of the process's cancer-causing impact.

However, none of these are released directly from glassmaking at the factory; they are all somewhere else in the supply chain. Each one of the units of analysis in the glass jar's LCA offers a point for analyzing impacts. Drilling down into the LCA reveals that 8 percent of the cancer-causing impacts come from releases of volatile organic compounds associated with constructing and maintaining the factory 16 percent from producing the natural gas the factory uses to heat its furnaces, and 31 percent from making HDPE, high-density polyethylene for the plastic the glass is wrapped in for shipping.

Does this mean we should stop using glass jars for foods? Of course not. Glass, unlike some plastics, does not leach questionable chemicals into fluids and remains endlessly recyclable.

But as Norris took me through the highlights of that glass jar's LCA, it hit me: all this was for a glass jar that is 60 percent recycled.

Exactly what, I asked Norris, is gained by that 60 percent? For one, he answered, the amount of new glass replaced by the recycled content saves about that proportion of weight in raw materials extracted, processed, and transported. “Of course you still need to process and transport post-consumer glass, but the net impact of glass recycling is still beneficial,” he reassured me, adding an example: “Every twenty-eight percent of recycled content saves five hundred gallons of water per ton of glass produced and avoids emissions of twenty pounds of CO2 to the atmosphere.”

And yet all those other impacts remain, despite the recycling. This transforms our notions of “green” from what seems a binary judgment—green or not—into a far more sophisticated arena of fine distinctions, each showing relatively better or worse impacts along myriad dimensions. Never before have we had the method-ology at hand to track, organize, and display the complex interrelationships among all the steps from extraction and manu facture of goods through their use to their disposal—and summarize how each step matters for ecosystems, whether in the environment or in our body.

In this light, consider the tote bags British fashion designer Anya Hindmarch put out in a limited edition of twenty thousand. Hindmarch's inspiration came when she was approached by a charity called “We Are What We Do”—what Hindmarch decided to do was use her fashion platform to raise public awareness about refusing plastic bags in stores. And that it did.

Priced at $15, the bags were sold in supermarkets rather than the pricey boutiques where Hindmarch's handbags are usually to be found. Eager buyers lined up at the selected stores throughout England as early as 2 a.m.—and by 9 a.m. not one remained. When they later went on sale at Whole Foods' flagship market on Columbus Circle in Manhattan, the bags were snapped up within thirty minutes. When the bags were made available in Hong Kong and Taiwan, shoppers were injured in stampedes—so the bag's release in Beijing and several other cities was canceled. And in Britain the bags were repeatedly mentioned in nationwide discussions about higher standards for recycling.

Hindmarch's eco-chic suggests one way smart habits and products can nudge us to change our ways. And change we must. Those little plastic bags we carry our purchases home in are an ecological disaster. In the United States alone 88 billion are used each year; their abundant cousins are blowing in the breeze from São Paulo to New Delhi, caught in shrubbery, filling gutters, and killing animals that eat or get caught in them. The biggest curse: they take an estimated five hundred to one thousand years to decompose.

Not that paper bags are necessarily better. The EPA estimates that it takes more energy and pollutes more water to make paper bags than plastic ones. There are pros and cons on both sides of the paper-versus-plastic debate. Plastic bags, for instance, are 100 percent recyclable—though in the United States only about one in a hundred actually gets recycled.

One of the pioneering LCA studies, published in Science back in 1991, was an analysis of the merits of paper versus plastic as the ingredient in hot-drink cups, which highlighted the complexities of such comparisons. A paper cup consumes 33 grams of wood, while a polystyrene one uses about 4 grams of fuel oil or natural gas; both require a slew of chemicals (the analysis neglects their health impacts). Making the paper cup consumes thirty-six times as much electricity and 580 times the volume of wastewater, which contains some level of contaminants like chlorine; on the other hand, making the plastic cup produces pentane, a gas that increases ozone and greenhouse gas. But then there are the methane releases of paper cups left to biodegrade in a landfill. When the analysis shifts from the environment to impacts on human health, the math gets yet more complex.

Still, the smart answer to “Paper or plastic?” is “Neither—I brought my own bag.” This is already standard practice throughout many parts of the world, where customers have to pay stores for shopping bags or bring their own; the practice has been spreading through stores in the United States. But LCA raises the question, what are the impacts of that virtuous bag?

Hindmarch's company went to great lengths to make her bags ecologically correct: they were manufactured in factories certified to offer fair wages with no child labor, carbon offsets were purchased to cover the impacts of manufacture and transport, and they were sold at cost. Hindmarch even tried to use fair trade cotton, bought directly from small growers, but could not find enough and so settled for organically grown.

And yet you have to wonder what an LCA of that exemplary bag might reveal about all the ways it harms the environment— and thus all the ways it could become even more virtuous.

“GREEN” IS NOT WHAT IT SEEMS

That Hindmarch canvas tote was emblazoned with the slogan “I'm NOT a plastic bag,” a play on the 1929 painting by the Belgian surrealist René Magritte depicting a pipe, below which were the words Ceci n'est pas une pipe—“This is not a pipe.” The painting's title, The Treachery of Images, underscores Magritte's point that the image is not the thing and things are not what they seem.

The other day I bought a T-shirt that hung in a prominent spot in a department store. My T-shirt bears the proud label “100% Organic Cotton: It Makes a World of Difference.”

That claim is both right and wrong.

First, what's right: the benefits of forgoing pesticides in cotton. Cotton crops alone account for about 10 percent of the world's use of pesticides. To prepare soil so that fragile young cotton plants can grow, workers spray the soil with organophosphates (linked to central nervous system damage in humans), which kill off any plant that might compete with the cotton or any insect that might eat it.

Once soil has been so treated, it can take up to five pesticide-free years before even earthworms return, a vital step in recovering soil health. Then there's the paraquat sprayed by crop dusters on cotton just before it's harvested. About half this defoliant typically misses the cotton and ends up in streams and fields nearby. Given the damage done by pesticides, there's little question about the intrinsic environmental goodness of organic cotton—so far as it goes.

Then there are the downsides. For example, cotton has a prodigious thirst. It takes about 2,700 liters of water to grow the cotton for one T-shirt; the Aral Sea evaporated into desert largely because of the irrigation demands of regional cotton farms. Simply tilling the soil has its own ecosystem impact, releasing carbon dioxide.

The organic T-shirt I bought was dyed a dark blue. Cotton yarn gets bleached, dyed, and finished with industrial chemicals that include chromium, chlorine, and formaldehyde, each toxic in its own way. What's worse, cotton resists absorbing dye, and a large amount rinses off into factory wastewater, which can end up in local rivers or groundwater. Some commonly used textile dyes harbor carcinogens—epidemiologists have long known that workers in dye plants have unusually high rates of leukemia.

That label on my T-shirt exemplifies “greenwashing,” the selective display of one or two virtuous attributes of a product meant to impart goodness to the whole thing. The more complete analysis of its hidden impacts reveals multiple ways in which the T-shirt may not be so green after all. Although an organic shirt is all to the good, when the adverse impacts of a product stay hidden, the “organic” part at best marks the first step toward a business becoming more socially responsible or sustainable; at worst, it is a marketing ploy.

When the fast-food chain Dunkin' Donuts announced that its doughnuts, croissants, muffins, and cookies would henceforth be “trans fat free,” the company joined most other major players in its industry in making its foods a bit healthier. But the operative phrase is a bit: all those “zero trans fat” pastries remain an unhealthy mix of fat, sugar, and white flour. When nutritionists analyzed ingredients in tens of thousands of supermarket items, they found—no surprise—a vast number of foods marketed as “healthy” choices were not.

From a marketing perspective, spotlighting the organic cotton in a T-shirt or the absence of trans fats in a doughnut imbues that product with the sheen of virtue. Advertisers, of course, tout one or two positive qualities of a product to shine up its market appeal. Playing up the sizzle, not the steak, has always been standard operating procedure.

But that attentional bait and switch directs shoppers' focus away from whatever negatives a given product may still have. The T-shirt's dyes are as dangerous as ever, just as a “zero trans fats” doughnut still harbors fats and sugars that drive insulin levels sky high. But so long as we stay focused on that thin slice of virtue in the T-shirt or the doughnut, we can buy it feeling good enough about our choice.

So greenwashing merely creates the illusion that we are buying something virtuous. Such products are greenish—they are draped with the mere appearance of ecological merit.

Every small step toward green helps, to be sure. But our craze for all things green represents a transitional stage, a dawning of awareness of ecological impact but one that lacks precision, depth of understanding, and clarity. Much of what's touted as “green” in reality represents fantasy or simple hype. We are past the day when one or two virtuous qualities of a product qualify it as green. To tout a product as green on the basis of a single attribute—while ignoring numerous negative impacts—parallels a magician's sleight of hand.

That quasi-green T-shirt is not alone; consider a study of 1,753 environmental claims made for over a thousand different products plucked from the aisles of big-box stores. Some paper brands, for instance, focus on a narrow set of features, like having some recycled fiber content or chlorine-free bleaching, while ignoring other significant environmental issues for paper mills, such as whether the pulp comes from sustainable forestry or whether the massive amounts of water used are properly cleansed before return to a river. Or there's the office printer that proclaims its energy efficiency but ignores its impact on the quality of indoor air or its incompatibility with recycled printer cartridges or recycled paper. In other words, it was not designed to be green from cradle to grave, but only engineered to tackle a single problem.

To be sure, there are relatively virtuous products, building materials, and energy sources. We can buy detergent without phosphates, install carpeting that exudes fewer toxins or flooring of sustainable bamboo, or sign up for energy that comes mainly from wind, solar, or other renewable sources. And all that can make us feel we have made a virtuous decision.

But those green choices, helpful as they are, too often lull us to more readily ignore the way that what we now think of as “green” is a bare beginning, a narrow slice of goodness among the myriad unfortunate impacts of all manufactured objects. Today's standards for greenness will be seen tomorrow as eco-myopia.

“Very few green products have been systematically assessed for how much good they actually do,” says Gregory Norris. “First you have to do an LCA, and that's rare.” Maybe thousands of products of any kind have gone through these rigorous impact evaluations, he adds, “but that's a tiny fraction—millions are sold. Plus, consumers don't realize how interconnected industrial processes are,” let alone their myriad consequences.

“The bar is too low for green products,” Norris concludes. Our current fixation on a single dimension of “green” ignores the multitude of adverse impacts that shadow even the most seemingly virtuous of items. As Life Cycle Assessment of just about anything shows, virtually everything manufactured is linked to at least trace quantities of environmental toxins of one kind or another, somewhere back in the vast recesses of the industrial supply chain. Everything made has innumerable consequences; to focus on one problem in isolation leaves all the other consequences unchanged.

A publisher (not mine) wanted to make a book as “green” as possible. He found paper that had been whitened by an eco-friendly oxygenation method rather than with tons of chlorine, and he bought energy offsets—investments like wind farms on Native American reservations—to compensate for the energy used to produce the book. But there were obstacles. “One big problem was with the ink,” he told me. “Ink used to print books has been made from synthetic chemicals that are toxic. When a print run for a book finishes, the printers needed to wash their rollers; they used to just wash the ink off their rollers into water runoff from their plants. Now they try to capture the excess ink. If the ink is water based, then they can do this—but if oil based, they need to wash their rollers with a solvent, many of which are also toxic. Soy-based ink has become fashionable as a green alternative, but ‘soy’ ink in fact has just eight to ten percent soy; the rest is just as bad as ever. I tried to use soy ink, but I need a four-color ink process for the graphics, and only three of the inks met the standard for soy—the fourth was a bit short of the eight percent requirement. So I couldn't make that claim.”

Indeed, nothing made industrially can be utterly green, only relatively more so; Indra's net reminds us that every manufacturing process has adverse impacts on natural systems somewhere along the way. As one industrial ecologist confided, “The term ‘eco-friendly’ should not ever be used. Anything manufactured is only relatively so.”

This shadow side of industry has been overlooked in the value chain concept, which gauges how each step in a product's life, from extracting materials and manufacture through distribution, adds to its worth. But the notion of a value chain misses a crucial part of the equation: while it tracks the value added at each step of the way, it ignores the value subtracted by negative impacts. Seen through the lens of a product's Life Cycle Assessment, that same chain tracks a product's ecological negatives, quantifying its environmental and public health downsides at each link. This window on a company or product's negative ecological footprint might be called the “devalue chain.”

Such information has strategic importance. Every negative value in an LCA offers a potential for upgrading and so improving the item's overall ecological impacts. Assessing the pluses and minuses throughout a product's value chain offers a metric for business decisions that will boost the pluses and lessen the minuses.

In a day when major players in every industry, and more and more consumers, are pressing for green, we would do well to understand the implication of improving impacts all along the supply chain and throughout a product's life cycle. Green is a process, not a status—we need to think of “green” as a verb, not an adjective. That semantic shift might help us focus better on greening.
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WHAT WE DON'T KNOW

Try this mind experiment. Imagine an old-fashioned two-tray balance scale, like that held by the classic image of a blindfolded goddess of justice. On one of the trays put the total benefits that accrue from all the recycling, use of green products, and other environmental, public health-minded, and socially concerned activities you engage in over a typical month. Now on the other tray place what an industrial ecologist might assess as the harmful impacts of everything else you buy and do over the same month—all the miles you drive in a car, the hidden consequences of producing, transporting, and discarding your groceries, the printer paper you use, and everything else.

Unfortunately, for any of us but the most incredibly virtuous, the harmful impacts are enormously greater than the benefits. As Life Cycle Assessment data reveals, in today's marketplace it's almost impossible to come out well in this balance.

Among the few people I know whose scale might drop to the better side is a band of freegans who make exceptional efforts: they try never to buy anything new; they walk or bike instead of using cars; they barter, comb giveaway bins, even Dumpster dive. Such extreme enviro-asceticism is for the few. A middle way might appeal to a wider swath of enthusiasts: a combination of consuming less and shopping with more precision for beneficial environmental impacts. Buy less, but when you do shop, buy smart.

As we saw in the last chapter, almost all of us go shopping oblivious to the true impacts of our purchases and our habits. The main barrier comes down to a lack of crucial information, a gap that leaves us in the dark. The old saying has it that “What we don't know can't hurt us.” But the truth today is just the reverse: what we do not know about what goes on backstage, out of sight, harms us, others, and the planet. Look behind the light switch to glimpse the environmental cost of electric power; swoop down to the molecular level to assess the chemicals off-gassed by everyday products and absorbed by our bodies; burrow down through the supply chain to grasp the human cost of the goods we enjoy.

In the world of commerce, we are collective victims of a sleight of hand: the marketplace comes arranged as though by an illusionist working a trick in our perception. We don't know the true impacts of what we buy and don't realize that we don't know. Failing to know what we do not notice is the essence of self-deception.

We are at cause for a wide range of perils in large part because the web of connection between what we buy and do and the resulting adverse impacts remains hidden from us. Even as some of these consequences grow ever more dire, we can blithely continue habits that intensify these very perils. A fundamental disconnect resides within our awareness, between what we do and how it matters.

An example: The Swiss Federal Institute for Snow and Avalanche Research documents warming that leads mountain slopes below 5,000 feet to get 20 percent less snow than was true in earlier decades. Too little snowfall means that resorts have to manufacture the stuff, using machines that require enormous amounts of energy—and so worsen climate heating. Yet even in balmy weather, come the season skiers blithely expect to hit the slopes no matter what. So resorts concoct the man-made fluff with energy-hungry snowmaking equipment.

Another example: Industrial ecologists did a careful analysis of a green housing project in Vienna where residents gave up cars and used the money saved by not building garages to build solar energy collectors and the like. When it came to energy use and getting around, these households were far lower in their carbon emissions than conventional households. But when it came to everything else—food, travel beyond Vienna, and the overall basket of goods they bought—these households were no better than any others.

A third: Common ingredients in sunscreen turn out to prime the growth of a virus in the algae that live inside coral reefs. Researchers estimate between 4,000 and 6,000 metric tons of sunscreen wash off swimmers each year worldwide, threatening to turn about 10 percent of coral reefs into bleached skeletons. The dangers are greatest, of course, where the most swimmers are drawn to the beauty of these reefs.

Our inability to instinctively recognize the connections between our actions and the problems that result from them leaves us wide open to creating the dangers we decry. Somehow it's as though our commutes and carpools, our coal-burning power plants and overheated offices, the toxic mix of molecules that float around inside our homes have nothing to do with us. There remains a disconnect between our collective role in generating all those harmful particles and the damage they do.

We suffer a vast, shared blind spot. The millennia since the dawn of civilization have seen the slow but steady emergence of novel varieties of threats, so that today our species faces danger from forces that elude our built-in perceptual alarms. Because such shifts befuddle the brain's alarm system, we must make a pointed effort to bring subliminal dangers into awareness, beginning by understanding our perceptual dilemma.

Our brains are exquisitely attuned to pinpoint and instantly react to a fixed range of dangers, those that fit within nature's periscope. Nature hard wired the brain's alarm circuitry to spot and recoil immediately from objects hurtling toward us, threatening facial expressions, snarling animals, and like dangers in our immediate physical surroundings. That wiring helped us to survive to the present.

But nothing in our evolutionary past has shaped our brain for spotting less palpable threats like the slow heating of the planet, the insidious spread of destructive chemical particulates into the air we breathe and things we eat, or the inexorable destruction of vast swaths of flora and fauna on our planet. We can spot a menacing stranger's sinister face and immediately start walking in the other direction. But when it comes to global warming, we shrug.

Our brain excels at handling threats in the moment but falters at managing those coming at us in some indefinite future.

The human perceptual apparatus contains imperceptible limits, thresholds below which we do not notice what goes on. We are limited in what we sense by boundaries that themselves stay forever beyond our perception. Our range of perception was carved out in nature by fierce weeding out by predators, poisons, and the multitude of other threats to life our species encountered. Back in those tooth-and-claw days the human life span was a mere thirty years or so; evolutionary “success” meant you lived long enough to have children who lived long enough to have children themselves. But today we live long enough to die of cancer, which in itself can take three or more decades to develop.

We have invented industrial processes and fallen into habits of living that cumulatively may slowly erode the narrow niche of temperature, oxygen, exposure to sunlight, and so on that nurtures human life. But the changes that might result in a higher rate of cancers, or in the steady march to a warmer planet, fall beyond the threshold of our sensory perception. Our perceptual system misses the signals of danger when the threat comes in the form of gradual rises in planetary temperature or minuscule chemicals that build up in our body over time. Our brain has no built-in warning radar for these.

Our brains have been finely tuned to be hypervigilant at spotting dangers in a world we no longer inhabit, while the world we live in today presents us with abundant dangers we do not see, hear, taste, or smell. The brain's threat response system is buffaloed time after time.

Although the human brain is extremely alert to threats it can sense, our brain is unsuited for the ones we face on the ecological front: these are dangers that come gradually, or at the microscopic level, or globally. Our brain has been exquisitely tuned to notice changes in light, sound, pressure, and the like within a narrow range—the zone of perception that tigers and reckless drivers come in. These trigger our get-out-of-the-way system to react in milliseconds; we sense these familiar threats as clearly as we see a match light up a dark room. Ecological dangers, though, we notice as poorly as we see the difference that a lit match makes in a well-lit room.

Psychophysicists use the term “just noticeable difference” to describe the merest amount of shift our senses can detect in sensory signals like pressure or volume. The ecological changes that signal impending danger are sub-threshold, too subtle to register in our sensory systems at all. We have no ready-made detectors for, nor instinctive response to, these hazy sources of harm. The human brain adapted to spot dangers within its sensory field. But to survive today we must perceive threats that are beyond our thresholds for perception. We must make the invisible visible.

As Harvard psychologist Daniel Gilbert puts it, “Scientists lament the fact that global warming is happening so fast, but the fact is it's not happening fast enough. Because we barely notice changes that happen gradually we accept things we would not allow if they happened suddenly. The impurity of our air, our water, our food has increased dramatically in our lifetimes, but it happened one day at a time, transforming our world into an ecological nightmare that our grandparents never would have tolerated.”

VITAL LIES, SIMPLE TRUTHS

The Norwegian playwright Henrik Ibsen coined the phrase “vital lie” for the comforting story we tell ourselves that hides a more painful truth. When it comes to the full costs of ecological ignorance in the marketplace, we endorse the vital lie what we don't know or can't see does not matter. In fact, our indifference to the consequences of the sum total of what we buy and do, and our un-examined habits as consumers, drive a vast number of threats to the environment and to health.

Every vital lie requires cover stories that paper over the simple truth. Take recycling. We tell ourselves, “Well, I recycle my newspapers and bottles. Plus I bring my own bags to the store” and feel a bit better for having done our part. As virtuous as such recycling may be—and it is certainly better than nothing—it is nowhere near enough to remedy things. And recycling can feed our self-deception by creating a momentary green bubble that offers the illusion that our individual efforts are solving the problem.

“Recycling,” as industrial designer William McDonough puts it, “simply says we are going to recycle our toxins.” The reason: too many of the chemicals routinely used in manufacturing the stuff we use become destructive when leached into the environment. When we send our junk to the dump, we are doing our part in making our local landfill a minor-league toxic site. As the saying goes, “When you throw something away, there is no away.” It remains here, on planet Earth.

When it comes to recycling, we can do far better. One day, as McDonough proposes in his groundbreaking book Cradle to Cradle, we'll have total recycling, where all parts of a product can be completely reused in new products or broken down completely into molecules nature can absorb well. But for now we make what seems a good enough choice given the options—while we fail to perceive that we are offered only an arbitrary and very narrow range of options in the first place.

In this sense, recycling contributes to the vital lie that we are already doing what matters, when in fact what we are doing barely dents the vast tidal wave of collateral damage done to people and the planet by the things we buy and use. In this light, “green” labels and recycling programs may do harm as well as good; they lull us into the illusion that we are doing enough, while ignoring the remaining adverse impacts of what we buy and do. Humanity can no longer afford these comforting cover stories.

Vikram Soni and Sanjay Parikh decry how in their native India and other parts of the developing world the very term “development” can hide the extinguishing of vast swaths of nature by huge dams or enormous construction projects. A careful choice of terms disguises a more grim reality; for instance, real estate developers deploy the term “water harvesting” when they overdraw from an aquifer or pave over a floodplain. By the same token, Soni and Parikh question the term “sustainable” forestry when the word disguises the replacement of natural forest preserves by a monocrop; even planting two trees for every one lost in a clear-cut first-growth forest can fail to replace the richness of that vanished biodiversity.

Such vital lies create a collusion among us all not to look squarely at the hidden impacts of our choices. There are four rules of attention in any group, from a family to a company, to society as a whole. These govern our ratio of information to ignorance, and so have great consequences.

The first two determine what information we hold in common. Number one: Here's what we notice. When it comes to a product, what we notice is largely what's in it for us. For a corporation it's the bottom line; for the consumer, price and value. The second rule: Here's what we call it. In economic terms, to a company a product's price might be a “competitive advantage;” to a consumer, a “bargain.”

The second pair of rules determines our level of ignorance. Number three: Here's what we don't notice. What we haven't noticed about the free market has been the hidden costs to our planet and its people of the things we make, sell, and buy. The fourth rule: Here's how we talk about that, or what we say to keep the blind spot hidden. In terms of commerce, that has been some version of “only price matters, and little else counts.”

These four rules can be restated in terms of economic theory: in the marketplace, what we see and name represents the information we have about a product. Those aspects of the product that go unseen, and so unnamed, represent our ignorance. These attentional rules explain why, unfortunately, harmful product impacts go unpunished by buyers and virtuous ones go unrewarded.

In the lore of Alcoholics Anonymous, the collusion of friends and family to ignore the fact that someone has become an alcoholic and needs help is called the “elephant in the room.” We are ignoring another variety of elephant in the room: the room itself and the unrecognized impacts of everything in it.

Much of the world's focus on ecological improvements has pinpointed what individuals do—upgrading the impacts of our habits in terms of driving, home energy use, and the like. But seen through the lens of an LCA, what we do with the stuff we own represents only one stage in the life cycle of products. And that stage may have little or nothing to do with a given product's worst ecological effects. Focusing solely on how we behave ignores a vast, promising arena for change.

Certain theorists hold that we are all helpless victims of what amounts to a conspiracy. In the eyes of some, faceless corporations are handy villains to blame our predicament on, a convenient Evil Other. Seen from within some corporations, the forces of unreason are embodied in activists who push for changes that make no business sense. Within companies this same bent of mind takes the form of shifting the burden, making difficult decisions someone else's responsibility—an engineer, specialist, consultant, the government. Finding other people to blame has always been a favored ploy of the human psyche. Psychoanalysts call this “projection,” the casting out of our own failings and pasting them on someone—or something—other than ourselves.

Such scapegoating may simply reflect how our self-deception channels our sense of helplessness. Scapegoating offers too easy an out: each of us is both victim and villain. As individuals our own habits and consumption—the things each of us buy and do— drive the very effects we bemoan. When I flip on a light switch or fire up the microwave powered by a coal plant, I subsidize the addition of a tiny amount of greenhouse gases to the atmosphere. When you do likewise, the same happens. When tens of millions or billions of us do it day in and day out over the course of decades or centuries, we get global warming.

By imagining some disembodied power that has victimized us—“those greedy corporations,” say—we avoid having to examine our own impacts. It's a convenient arrangement, one that lets us deflect our discomfort at facing the ways in which we add to the onslaught against the natural world. But in the current crisis, there are no backroom villains, no hidden cabal of evil plotters; we are all enmeshed in systems of commerce and manufacturing that perpetuate our problems. The sad truth is that our roles as victims and villains are due to the collective habits and technologies that we have inherited from a more innocent time, when life could more readily be lived without regard for the ecological impacts of our own activity.

Businesses respond to consumers' desires; the free market—at least in theory—provides us what we want to buy. But this means that all of us, at every step, can become active agents for the broad-scale, incremental improvements we desperately need. The intelligence that might save us from ourselves requires a shared awareness by and coordinated efforts from all of us—as shoppers, as businesspeople, as citizens.
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ECOLOGICAL INTELLIGENCE

For over a thousand years Sher, a tiny village in Tibet, has clung to its existence despite its dire location, perched on a narrow shelf along a steep mountainside. This site on the dry Tibetan plateau gets just three inches of precipitation a year. But every drop is gathered into an ancient irrigation system. Annual temperatures average near freezing, and from December through February the mercury can hover below that mark by 10 to 20 degrees Fahrenheit. The region's sheep have extra-thick wool that holds heat remarkably well; locally spun and woven wool makes clothes and blankets that help villagers endure the excruciatingly cold winters with little heating other than a fire in the hearth.

The stone-and-wattle houses need to be reroofed every ten years, and willow trees planted along the irrigation canals provide the roofing. Whenever a branch is cut for roofing, a new one is grafted to the tree. A willow tree lasts around four hundred years, and when one dies a new one is planted. Human waste is recycled as fertilizer for herbs, vegetables, and fields of barley—the source of the local staple, tsampa—and for root vegetables to store for the winter.

For centuries Sher's population has stayed the same, around three hundred people. Jonathan Rose, a founder of the movement for housing that is both green and affordable and a builder himself, finds instructive lessons in the clever ways native peoples have found to survive in perilous niches like Sher. Says Rose, “That is true sustainability, when a village can survive in its ecosystem for a thousand years.”

Tibetans, of course, are not unique in their remarkable ability to find simple solutions to the daunting challenge of surviving, even thriving, in the most dire of environmental surrounds. From the Arctic Circle to the Sahara Desert, native peoples everywhere have survived only by understanding and exquisitely attuning themselves to the natural systems that surround them and designing ways of living that best interact with those systems. The tiny hamlet of Sher depends on three forces for its survival: sunlight, rainwater, and the wisdom to use nature's resources well.

Modern life diminishes such skills and wisdom; at the beginning of the twenty-first century, society has lost touch with what may be the singular sensibility crucial to our survival as a species. The routines of our daily lives go on completely disconnected from their adverse impacts on the world around us; our collective mind harbors blind spots that disconnect our everyday activities from the crises those same activities create in natural systems. Yet at the same time the global reach of industry and commerce means that the impacts of how we live extend to the far corners of the planet. Our species threatens to consume and befoul the natural world at a rate that far exceeds our planet's carrying capacity.

I think of the brand of wisdom that has kept that tiny Himalayan village alive for these centuries as “ecological intelligence,” our ability to adapt to our ecological niche. Ecological refers to an understanding of organisms and their ecosystems, and intelligence connotes the capacity to learn from experience and deal effectively with our environment. Ecological intelligence lets us apply what we learn about how human activity impinges on ecosystems so as to do less harm and once again to live sustainably in our niche—these days the entire planet.

Today's threats demand that we hone a new sensibility, the capacity to recognize the hidden web of connections between human activity and nature's systems and the subtle complexities of their intersections. This awakening to new possibilities must result in a collective eye opening, a shift in our most basic assumptions and perceptions, one that will drive changes in commerce and industry as well as in our individual actions and behaviors.

The Harvard psychologist Howard Gardner reinvented the way we think about IQ by arguing that there are several other varieties of intelligence besides the ones that help us do well in school, and that these other intelligences also allow us to do well in life. Gardner enumerated seven kinds, from the spatial abilities of an architect to the interpersonal aptitudes that make teachers or leaders great. Each of these intelligences, he argues, involves a unique talent or ability that helped us adapt to the challenges we faced as a species and that continues to benefit our lives.

The uniquely human ability to adapt our way of living to virtually any of the extremes of climate and geology the earth offers would certainly qualify. Pattern recognition of any kind, Gardner suggests, may have its roots in the primal act of understanding how nature operates, such as classifying what goes in which natural grouping. Such talents have been displayed by every native culture in adapting to its particular environment.

The contemporary expression of ecological intelligence extends the native naturalist's ability to categorize and recognize patterns to sciences like chemistry, physics, and ecology (among many others), applying the lenses of these disciplines to dynamic systems wherever they operate at any scale, from the molecular to the global. This knowledge about how things and nature work includes recognizing and understanding the countless ways man-made systems interact with natural ones, or what I think of as ecological intelligence. Only such an all-encompassing sensibility can let us see the interconnections between our actions and their hidden impacts on the planet, our health, and our social systems.

Ecological intelligence melds these cognitive skills with empathy for all life. Just as social and emotional intelligence build on the abilities to take other people's perspective, feel with them, and show our concern, ecological intelligence extends this capacity to all natural systems. We display such empathy whenever we feel distress at a sign of the “pain” of the planet or resolve to make things better. This expanded empathy adds to a rational analysis of cause and effect the motivation to help.

To tap into this intelligence, we need to get beyond the thinking that puts mankind outside nature; the fact is we live enmeshed in ecological systems and impact them for better or worse—and they us. We need to discover and share among ourselves all the ways this intimate interconnectedness operates, to see the hidden patterns that connect human activity to the larger flow of nature, to understand our true impact on it, and to learn how to do better.

We face an evolutionary impasse: the ways of thinking that in the ancient past guided our innate ecological intelligence were well suited to the harsh realities of prehistory. It was enough that we had a natural urge to gobble as many sugars and fats as we could find to fatten ourselves against the next famine, sufficient that our olfactory brain would ensure that toxins triggered nausea and disgust in response to spoiled food, and that our neural alarm circuits made us run from predators. That hardwired savvy brought our species to the threshold of civilization.

But ensuing centuries have blunted the survival skills of the billions of individuals who live amid modern technologies. Career pressures drive us to master hyperspecialized expertise and in turn to depend on other specialists for tasks beyond our realm. Any of us may excel in a narrow range, but we all depend on the skills of experts—farmers, software engineers, nutritionists, mechanics—to make life work for us. We no longer can rely on our astute attunement to our natural world nor the passing on through generations of the local wisdom that lets native peoples find ways to live in harmony with their patch of the planet.

Ecologists tell us that natural systems operate on multiple scales. At the macro level there are global biogeochemical cycles, like that for the flow of carbon, where shifts in the ratios of elements can be measured not just over the years but over centuries and geologic ages. The ecosystem of a forest balances the entwined interplay of plant, animal, and insect species, down to the bacteria in soil, each finding an ecological niche to exploit, their genes evolving together. At the micro level cycles run their course on a scale of millimeters or microns, in just seconds.

How we perceive and understand all this makes the crucial difference. “The tree which moves some to tears of joy is in the eyes of others only a green thing which stands in the way,” wrote the poet William Blake two centuries ago. “Some see Nature all ridicule and deformity, and some scarce see Nature at all. But to the eyes of the man of imagination, Nature is Imagination itself. As a man is, so he sees.”

When it comes to seeing nature, these differences in perception have huge consequences. A polar bear stranded on an ice drift or a vanishing glacier offer powerful symbols of the perils we face from global warming. But the inconvenient truths don't stop there—only our collective ability to perceive them does. We need to sharpen the resolution and broaden the range of our lens on nature, to see how synthetic chemicals disrupt the cells of an endocrine system as well as the slow rising of ocean levels.

We have no sensors nor any innate brain system designed to warn us of the innumerable ways that human activity corrodes our planetary niche. We have to acquire a new sensitivity to an unfamiliar range of threats, beyond those our nervous system's alarm radar picks up—and learn what to do about them. That's where ecological intelligence enters the picture.

The neocortex, the thinking brain, evolved as our most versatile neural tool for survival—what the hardwired reflexive circuits of our brain cannot help us understand, the neocortex can discover, comprehend, and marshal as needed. We can learn the nowhidden consequences of what we do, and what to do about them—and so cultivate an acquired ability to compensate for the weakness of our pre programmed ways of perceiving and thinking.

The variety of ecological intelligence humanity so urgently needs demands that this generalist zone work along with the brain's prededicated modules for alarm, fear, and disgust. Nature designed the olfactory cortex to navigate a natural universe of odors we rarely encounter today; the amygdala's neural web for alarm innately recognizes with effectiveness only a limited—and largely antiquated—range of danger. Those hardwired areas are not easily reprogrammed, if at all. But our neocortex—through what we intentionally learn—can compensate for our natural blind spots.

Smells are just combinations of volatile molecules wafting from some object and reaching our nose. Our olfactory brain assigns a positive or negative valence, separating the desirable from the repulsive, the putrified meat from the fresh bread. But life now requires learning that the scent of newly applied paint or that distinctive aroma in a just-bought car comes from volatile, man-made chemical compounds, which act like low-grade toxins in our body and should be avoided. Likewise we need to acquire a learned early warning system for toys laden with lead and gases that pollute the air we breathe, and to dread toxic chemicals in our foods that we cannot taste or see. But we can “know” these are dangers only indirectly, through scientific findings—a different order of knowing. What may eventually become a learned emotional reaction must begin with intellectual comprehension.

Ecological intelligence allows us to comprehend systems in all their complexity, as well as the interplay between the natural and man-made worlds. But that understanding demands a vast store of knowledge, one so huge that no single brain can store it all. Each one of us needs the help of others to navigate the complexities of ecological intelligence. We need to collaborate.

Psychologists conventionally view intelligence as residing within an individual. But the ecological abilities we need in order to survive today must be a collective intelligence, one that we learn and master as a species, and that resides in a distributed fashion among far-flung networks of people. The challenges we face are too varied, too subtle, and too complicated to be understood and overcome by a single person; their recognition and solution require intense efforts by a vastly diverse range of experts, businesspeople, activists—by all of us. As a group we need to learn what dangers we face, what their causes are, and how to render them harmless, on the one hand, and, on the other, to see the new opportunities these solutions offer—and we need the collective determination to do all this.

Evolutionary anthropologists recognize the cognitive abilities required for shared intelligence as a distinctly human ability, one that has been crucial to helping our species survive its earliest phases. The most recent addition to the human brain includes our circuitry for social intelligence, which allowed early humans to use complex collaboration to hunt, parent, and survive. Today we need to make the most of these same capacities for sharing cognition to survive a new set of challenges to our survival.

A collective, distributed intelligence spreads awareness, whether among friends or family, within a company, or through an entire culture. Whenever one person grasps part of this complex web of cause and effect and tells others, that insight becomes part of the group memory, to be called on as needed by any single member. Such shared intelligence grows through the contributions of individuals who advance that understanding and spread it among the rest of us. And so we need scouts, explorers who alert us to ecological truths we have either lost touch with or newly discover.

Large organizations embody such a distributed intelligence. In a hospital a lab technician does one set of jobs well, a surgical nurse another, and a radiologist still another; coordinating all these skills and knowledge allows patients to receive sound care. In a company the sales, marketing, finance, and strategic planning departments each represent unique expertise, the parts operating as a whole via a coordinated, shared understanding.

The shared nature of ecological intelligence makes it synergistic with social intelligence, which gives us the capacity to coordinate and harmonize our efforts. The art of working together effectively, as mastered by a star performing team, combines abilities like empathy and perspective taking, candor and cooperation, to create person-to-person links that let information gain added value as it travels. Collaboration and the exchange of information are vital to amassing the essential ecological insights and necessary database that allow us to act for the greater good.

The way insects swarm suggests another sense in which ecological intelligence can be distributed among us. In an ant colony no single ant grasps the big picture or leads the other ants (the queen just lays eggs); instead each ant follows simple rules of thumb that work together in countless ways to achieve selforganizing goals. Ants find the shortest route to a food source with simple hardwired rules such as following the strongest pheromone trail. Swarm intelligence allows a larger goal to be met by having large numbers of actors follow simple principles. None of the actors needs to direct the group's efforts to achieve the overall goal, nor is there any need for a centralized director.

When it comes to our collective ecological goals, the swarm rules might boil down to:


1 Know your impacts.

2 Favor improvements.

3 Share what you learn.



Such a swarm intelligence would result in an ongoing upgrade to our ecological intelligence through mindfulness of the true consequences of what we do and buy, the resolve to change for the better, and the spreading of what we know so others can do the same. If each of us in the human swarm follows those three simple rules, then together we might create a force that improves our human systems. No one of us needs to have a master plan or grasp all the essential knowledge. All of us will be pushing toward a continuous improvement of the human impact on nature.

Signs of the dawning of this shift in collective consciousness are amply visible globally, from executive teams working to make their companies' operations more sustainable to neighborhood activists distributing reusable cloth shopping bags to replace plastic ones—wherever people are engaged in creating a way of interacting with nature that transforms our propensities for short-term trade-offs into a long-term, saner relationship. High-profile investigations into the innumerable dangers human activity poses to our planet's ecosystems, like the growing study of global warming, are a bare beginning. Such efforts help raise our sense of urgency. But we can't stop there. We need to gather the on-the-ground, detailed, and sophisticated data that can guide our actions. That takes a thorough and ongoing analysis, determined discipline—and the pursuit of ecological intelligence.
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THE NEW MATH

Buy a snack-sized bag of Walkers Salt & Vinegar Flavour Potato Crisps—the British version of potato chips—and its label tells you its carbon footprint, 75 grams of carbon emissions (by comparison a full jumbo jet flying from Frankfurt to New York City emits 713,000 grams per passenger). The bag proclaims that Walkers has been working with an outfit called the Carbon Trust since 2005 to analyze the carbon footprints of its products and to find ways to reduce them.

To calculate that 75 grams took enormous effort. For starters, researchers from the Carbon Trust calculated how much energy was used when the seeds for its two ingredients, potatoes and sunflower oil, were planted. Then they added in the carbon emitted by the diesel tractors that harvest the potatoes, as well as during their cleaning and chopping, frying and bagging, storing and shipping. They also threw in the greenhouse gases emitted when the bags were printed and the potato crisps packaged. Finally, the carbon accountants factored in what happens when the empty bag gets tossed into a garbage can, including collection and trucking to the dump and burying in a landfill.

The produce in the typical American supermarket travels an average fifteen hundred miles from field to bin—but food miles do not necessarily equate directly to carbon footprints. For instance, shipping by sea produces about one-sixtieth the emissions of shipping by air, and about one-fifth that of trucking. For someone in Boston, it turns out, a bottle of Bordeaux that came from its French vineyard by ship will have a smaller carbon footprint than a bottle of California Chardonnay brought by truck (the geographic point where wines from California and those from France reach equivalence in their carbon costs lies somewhere near Columbus, Ohio).

Beyond shipping distance, there are a great number of other carbon variables involved in producing food, from harvesting methods to the type of fertilizer used and the fuel consumed to make the packaging. That's why environmental scientists at Lincoln University in Christchurch, New Zealand, calculate that lamb from New Zealand shipped to Britain has a carbon footprint just one-fourth that of British lamb—in part because most electricity in New Zealand comes from renewable sources, and ample rain and sun means pastures need less fertilizer there than in cloudy Britain. (On the other hand, ships use the most heavily polluting fuel, “black yogurt,” the otherwise unusable sludge left from processing petroleum into oil; because of the pollutants they give off, ships in some harbors are required to plug into land-based electricity rather than idle their engines while sitting in port.)

How much of a difference does it make to stop taking plastic bags at the local store to bring our groceries home in, turn down the thermostat by four or five degrees, or switch off the lights whenever we leave a room? To switch from using incandescent bulbs to energy-saving neon ones? The answers get us into a zone of complexity that can create small moral quandaries throughout the day.

We need to master a new kind of math to answer these questions, one that spells out the consequences of our everyday choices and purchases more deeply than ever before. The answers can be surprising. A carbon footprint analysis done at Cranfield University in Britain zeroed in on a life-cycle assessment for twelve thousand long-stemmed roses for sale in London during the wintry days of February, some from the Netherlands, some from Kenya. It turns out that the Dutch roses—because they grow in greenhouses— have a carbon footprint six times greater than the Kenyan variety.

Kenya's steamy climate, combined with small farms, a scarcity of tractors, and use of natural manure rather than chemical fertilizer, reduced its roses' carbon costs, compared to the costs of factory farming in greenhouses—even when the CO2 emissions from flying roses all the way from Nairobi get factored in. That's why it would be greener for Britons to buy roses air-freighted from Kenya rather than those grown just over the Channel in the Netherlands.

The benefits of shopping for local produce and products are not in doubt—protecting the community's economy through jobs and wages, for one; generally lower carbon footprints (despite the odd exception) for another. But Life Cycle Assessment raises the question, what exactly do we mean by “local”? A Montreal-based industrial ecologist tracked the geography of the life cycles of tomatoes grown in greenhouses near Montreal. As she told me, “Not much local was in the ‘local’ product. While the tomato R&D was conducted in France, the seeds were grown in China and transported back to France, where they were treated and shipped to Ontario, where the seedbeds are sprouted. Finally these seedbeds are trucked to Quebec, where the final plant is cultivated and the fruit harvested. Even a ‘local’ tomato has a global past.”

Another thing to keep in mind is that any intervention in a complex system has unintended side effects. Solutions over here can create new problems out there. A classic case of unintended consequences may be the boom in corn farming as a subsidized source for ethanol in biofuel. Farmers, of course, also rely on corn as a livestock feed staple so hogs get fat, cows make milk, and hens lay eggs. Corn syrup sweetens soft drinks and a host of processed foods. So the booming demand for corn as a fuel source stirs a ripple of unforeseen consequences. As subsidized farmers chase the bonanza—corn as the answer to petroleum!—its scarcity raises prices for corn-reliant items like beef, tortillas, and breakfast cereal.

Of course the rise in food prices is driven by more than just the scarcity of corn, as my guide to industrial ecology, Gregory Nor-ris, points out. “When you put pressure on farmland, food prices escalate, but that impact may account for a small share of the rise in food prices,” says Norris. “We can't blame biofuels alone for price rises; we also need to consider the rising oil prices and the increasing affluence in Asia, where people are shifting toward more meat in their diets. But if folks in a poor rural area can find ways to grow biofuel on marginal land that has not been farmed and is not forest, there is a huge positive impact, a source of income where there was none before.”

Which simply shows that systems are complex. We need systematic metrics for sorting out the myriad impacts of the things we produce. Industrial ecology is the discipline that seeks to master this new math. At best, our thinking about hazards like toxins in toys, threats like global warming, and the impacts of the stuff we manufacture, grow, distribute, consume, and discard has been one-dimensional, focusing on a single problem in isolation from everything else. The flood of guides to living a greener life too often offers such blindered details.

For example, objections to the carbon footprint of bottled water led many restaurants to stop offering it and some people to refill the plastic bottles their water had come in. But this eco logically correct response to the bottles' environmental impacts overlooked another downside: the plastic in the bottles posed potential adverse health impacts from chemicals leaching into the bottled water. The suspected endocrine disrupter BPA (bisphenol A, a basic chemical building block of many plastics) spreads into fluids fifty-five times faster than normal if the bottles are filled with boiling hot liquid— a common practice among climbers in cold climates and routine with parents putting formula in plastic baby bottles.

One way to boost our collective ecological intelligence is to become familiar with a wider range of ways to classify and think about impacts from products. Ideally, we want to understand an item's adverse consequences in three interlocking realms:


	the geosphere (including soil, air, water, and, of course, climate)


	the biosphere (our bodies, those of other species, and plant life)


	the sociosphere (human concerns such as conditions for workers)




THE GEOSPHERE

Global warming is the poster child for harm to the geosphere, with the details of CO2 emissions and their damage to the earth's carbon cycle capturing the popular imagination and the attention of policy wonks alike. It is a grave problem, but a small part of a far larger picture. By focusing solely on carbon-driven warming, we ignore the huge range of other ways in which human activities interfere in natural cycles essential to keeping our soil, air, and water healthy. “Healthy” here means able to sustain life—more particularly, the band of sustainability where humans, among other species, thrive (there are, after all, organisms, like those thriving in torrid vents from hot springs in the deepest ocean bed, that can survive in environments where we would not).

Carbon footprints, while the celebrity of environmental measures, are just one of a host of ways to vet a product's impact on the carbon cycle (the vehicle for continual exchanges among living things), the geosphere, and earth's atmosphere. The carbon cycle itself is just one process affected by human activity. Among the myriad other measures is embedded carbon, which represents the CO2 per kilogram released in manufacturing, transport, use, and disposal of a product. Calculating the embedded carbon in a bottle of shampoo, say, requires evaluating the CO2 shed over the product's life cycle for each separate ingredient (there can be fifty or more ingredients in a bottle of shampoo), as well as for the type of plastic in the bottle.

Let's look at eutrophication, one measure of our impact on water. When nutrients like nitrogen and phosphorous enter water, often from chemical fertilizers, they create explosive algae growth that in turn depletes oxygen in the water, choking other species; common sources include sewage effluent and runoff from fertilizers used on lawns and in farming. About half of the lakes in Asia, Europe, and North America suffer from eutrophication; the enormous dead zone encompassing much of the Gulf of Mexico testifies to the fertilizer runoff streaming down the Mississippi River.

Despite the threat from global warming, some argue there is even greater urgency from the razing of forests, depletion of aquifers, species extinction, and other losses of or damage to our planet's natural reserves. Global warming operates over decades or centuries; through concerted human effort we may be able to slow or perhaps eventually reverse it. But when human activity destroys natural resources that took aeons to create—a rain forest that is leveled and eliminated from the earth, an aquifer depleted, a mineral used up—the loss is both immediate and irreversible. By measuring a product's resource burden we can see how much raw material was consumed and what kind of contamination resulted or value was destroyed. A product's debt to nature's commons can be calculated as the sum of nonrenewable resources depleted, plus its total “load” or impact on the commons, such as pollutants emitted into air, toxins dumped into water, or contaminants buried in landfills during manufacture.

When we toss something out that ends up in our local landfill, we engage nature's eternal campaign to retrieve molecules from one form for use in a multitude of others. Soil contains an enormous number of enzymes and the like whose sole task is to catalyze reactions that break down chemical compounds, whether they be knit to last night's T-bone or the packing the steak came in. Biology degrades into component parts that get reused by bacteria, plants, insects, and higher animals. Biodegradability has become a scientific field of study in itself. Of the tens of thousands of chemical compounds used in man-made products today, only a small portion has been assessed for whether or not microorganisms will eventually be able to break them down into forms useful in nature.

As the industrial designer William McDonough likes to say, “All waste equals food for another system.” The end products of industry can, ideally, all be seen as industrial nutrients, man-made substances that at the end of their useful life—if they cannot be left to biodegrade—can be used once again to make something else.

These are but a few of the hundreds of metrics for assessing the impact of human activity on the geosphere. Others include water consumption, adverse changes in land use, acidification of soils and lakes, depletion of the stratosphere's ozone layer; there is no fixed limit to the ways human activity can befoul—just to the ways we measure.

THE BIOSPHERE

Our bodies, like the earth itself, consist of interlocking ecosystems. In ecology, an environment's “carrying capacity” refers to the maximum number of people (or any other species) that a given environment can support before damage occurs. Just as the earth's systems have a limit they can sustain before they begin to degrade and finally collapse, the systems within our body have limits on the accumulating foreign compounds they can sustain before they break down into disease.

The ecosystem within our bodies involves immensely complicated interactions between our genes and the everyday industrial chemicals we take in through what we eat, breathe, and touch. These are so complex we rarely can trace specific links between single suspected chemicals and a specific biological outcome. With some exceptions, the precise biological consequence on the human body of day-to-day exposure to even tiny amounts of synthetic chemicals is unknown.

The main drawback of exposing ourselves to thousands of synthesized chemicals stems from the fact that nature economizes, reusing a given molecular structure in many different ways for multiple purposes. An alkaloid resin secreted from the ovary of a poppy bud mimics endorphins in the human opioid system to create a state of benumbed bliss. An industrial chemist may prize a molecular compound that keeps pans from sticking or kills crab-grass in the backyard, while nature will find other uses for that same compound once it enters the inordinately complex chemical factory that is the human body.

Nor does this take into account what happens when these chemicals are absorbed by the bodies of other species. The man-made compounds that end up in soil, water, and air do not disappear; they mix with the complex ecosystems of nature that animals depend on. We have made a panoply of discoveries about the havoc man-made chemicals, from pesticides to Prozac, create in the natural systems they invade. Even tiny doses of certain chemicals can have side effects no one ever anticipated. Our better living through chemistry can become nature's nightmare.

Take, for example, all those pills in our medicine cabinets. Pharmaceuticals are purposely designed to initiate a precise biological reaction at extremely low doses. Such designer chemicals can become something like biological bullets when they end up in nature, whether through sewage or seepage from dumps. Tiny doses of a synthetic form of estrogen found in birth control pills “feminize” male fish; scientists who put a bit of the compound into a Canadian lake found that male minnows stopped making sperm and instead produced eggs. Within three years the minnows had virtually disappeared, and the lake trout that feed on them had declined by close to 30 percent.

As science progresses in its ability to detect ever more subtle dangers from side effects of man-made substances, the list grows longer. Geneticists who study bacteria from soil and lakes tell us that the massive use of antibiotics inadvertently breeds germs that resist those very antibiotics—and that the more we use, the more wide spread those antibiotic-resistant bacteria become throughout nature. Though antibiotics kill specific bacteria, they also favor the spread of DNA combinations immune to their effects; these resistant strains end up swapping their genes with other bacteria, which gain their immunity. The 25 million pounds of antibiotics used annually by farm factories to help fatten sheep and cows quickly— making it cheaper to bring them to market sooner—end up breeding enormous amounts of bacteria that resist those very animal antibiotics. Any of us who takes antibiotics or uses antibiotic soaps add to this problem.

That's just one of countless ways industrial chemicals interfere with nature. Here's a casual list from the much lengthier inventory of Life Cycle Assessment evaluations of how chemicals impact our health or that of the biosphere:



	Cancer impact assesses an industrial process or chemical in terms of the expected pathways of carcinogens put into the environment, their persistence once there, the probability of human exposure to them, the cancer potency of each chemical, and just where in the supply chain all those cancer impacts come from. For 116 highly toxic chemicals released into the air from industrial processes in the United States over a year, environmental scientists calculate there were 260 excess cancer cases per $1 million of industrial output involving those chemicals; the main culprits were polycyclic aromatic compounds released from making aluminum and diox-ins released by cement plants.


	Disability adjusted life years (DALY) measure the amount of healthy life lost due to impacts from particulate emissions, toxins, carcinogens, risks on the job, and so on. This can be calculated for even tiny amounts of a substance and translated into its contribution to increased rates of childhood cancer or emphysema for those affected. The basic unit, one DALY, represents the loss of a year of full health.


	Loss of biodiversity refers to the degree of species extinction caused by a given process or substance. Technically measured in terms of a “potentially damaged fraction,” this allows a calculation of how much the release of, say, a given chemical might diminish an ecosystem by speeding the decline of plants or animals.


	Embodied toxicity calculates how many problematic chemicals are deployed into nature over a product's life cycle. For a polyvinyl chloride (or PVC) shower curtain, one has to calculate the petroleum oil extracted and processed and the chlorine added to make the polyvinyl chloride—high in carcinogens—the shower curtain is made from. Then when we use the curtain, there's the off-gassing of phthalates that were mixed in to make the curtain soft as their molecules leach into the air. When a shower curtain finally ends its days in a dump, it slowly exudes chlorine gas. But a shower curtain's greatest danger to human life may be to workers during manufacture or from the chlorine gas released if it is incinerated at a dump. The curtain's overall embodied toxicity takes all these hidden factors over the product's life cycle into account. Embodied toxicity recasts what have long been thought of as “occupational hazards”—like welders' heightened risk of Parkinson's disease from inhaling manganese fumes—as consumer issues.






Gregory Norris warns us against all-or-none thinking about such impacts, reminding us that “everything is connected.” We need to realize, he points out, “that every product's life cycle is linked to the release of at least trace quantities of pollutants somewhere far back in the supply chain.” So the telling question becomes quantitative: how much of which pollutants are released, and how can we most effectively reduce those releases? Because every supply chain has so many impacts, we can no longer ignore climate change, habitat destruction, toxic chemicals released or embedded, or workers' conditions—nor can we take any one of these as our exclusive focus anymore.

THE SOCIOSPHERE

Recently the news carried the tale of a Brazilian ethanol company that raises sugarcane for biofuel. On-site inspections revealed its 133 workers were suffering from hunger and cold, living in overcrowded rooms with terribly unsanitary conditions. In this kind of predicament, how can we weigh any environmental pluses from ethanol production against the human minuses?

That is the sort of question that has sparked a movement to add a social dimension to products' LCAs. Human concerns like working conditions, forced labor or child labor, fair wages, health benefits, and the like are of increasing concern to companies that embrace ethical standards and take corporate social responsibility seriously.

“Social impacts have been long neglected in Life Cycle Assessment, but you see the demand now,” says Norris. “Governments and companies are asking for these methods. You see it in the biofuel debate. A major international company that has been reviewing biofuels to decide how they might play into their business strategy has been asking me for an analysis of the social impacts. They want all the pluses and minuses. We can't think of the environmental impacts to the exclusion of the social.”

Norris did an LCA of the health consequences in the global supply chain from generating electricity in the Netherlands, comparing the harms from pollution with benefits due to increased economic activity. By converting the two scores to a common unit of analysis—disability adjusted life years, or DALY—Norris could compare the pluses and negatives with regard for health, drawing in part on a World Bank data set that was used to calculate the increase or decrease in years of life that results from every $1 million increase in GNP. The main adverse environmental effects turn out to be electricity power plants' particulate emissions, as well as their contribution to global warming.

But around 10 percent of the economic activity related to Dutch power occurred in developing countries. Some were poverty stricken, with many people lacking access to basic sanitation, clean water, and education. In such poorer countries the health benefits from added wealth can have a hugely positive impact if that wealth is invested in health and education infrastructure like clinics, hospitals, and schools. Doing the math in terms of DALY, Norris concludes that those benefits to the poor can dwarf the minuses in the rest of the world—economic boosts in the world's poorest regions result in an immense health payoff.

On the other hand, when a Dutch agency analyzed the country's total environmental impact as a result of private consumption as a whole, the picture reversed. The negative toll of Dutch shopping, in the form of environmental stressors like resource depletion, pesticides, and such, fell heavily on developing countries. That may be true for any developed country, though few countries have been so conscientious in calculating these impacts as the Dutch.

Current thinking on sustainability recognizes that saving the environment or creating safer products should include maintaining or improving people's well-being. All three systems—the geosphere, biosphere, and sociosphere—need to be weighed in the equation for improvements. That's why the United Nations Environmental Program (UNEP) has been grappling with the trade-offs between environmental considerations and human needs, seeking to use LCA methods to find points in supply chains where the greatest benefits could be found for the environment, as well as for the people in a given region. I spoke with Catherine Benoit, a Montreal-based social scientist, just after she returned from a meeting in Freiburg, Germany, with a UNEP Life Cycle Initiative task force that was drafting a code of practice for assessing socioeconomic impacts of a product's life cycle from cradle to grave.

“If you really want to change things for the better, a social LCA will give you the picture of where things are good and where they need to improve,” Benoit told me. “The social dimension talks about positive human impacts, as well as negative. If a company has a high level of involvement in the local community, empowers women, is philanthropic at the local level, pays living wages, or is involved in international movements to improve working conditions, all these are positive impacts.” On the other hand, the social scales also track the cruelty of sweatshops where underpaid workers are faced with overly long hours under dangerous conditions, are emotionally or physically abused, lack safe drinking water, and the like.

Sometimes using LCA methodology to quantify human conditions makes sense, sometimes not. For example, researchers at the University of Stuttgart calculated the rate of accidents workers suffered throughout the supply chain while making different kinds of packaging materials. The number of lethal accidents (though relatively rare) was highest for wooden boxes, followed by cardboard boxes, and finally for plastic crates. Such an analysis yields actionable data. But social LCAs can become overly precise, out of touch with the human reality. For instance, Benoit argues, it makes no sense to tie human conditions to overly precise measures like benefit from units of work done in terms of “working seconds per process,” as has been proposed. Instead she favors calculating the percentage of a product's supply chain where, say, child labor is involved, or fair trade certification, or health insurance provided to workers.

Assessing social impacts represents unique challenges, because numbers alone can distort the human situation. “You can try to come up with a number for how many children a company hires,” Benoit said, “but in many countries child labor is illegal, so nobody will tell you. It is impossible to get the correct number for hours of child labor found in a supply chain. It's more to the point just to ‘ask Is there child labor, and why?’”

Benoit adds, “You might want to use generic data to identify hot spots, where the risk of child labor is greatest. For textiles in India, for example, the risk of child labor is high—but even within India there will be higher-and lower-risk regions. Generally the hot spots for child labor are where there's lots of poverty, wages are low, and employers do not respect human rights. Identifying hot spots gives you valuable information when you want to improve the social conditions over a product's life cycle.”

Gregory Norris argues, “The paradigm LCA has worked from is that the analyst knows best. We can sit in a university lab and say CO2 release matters, we can set performance thresholds and say, ‘We don't care how you do it, but get your toxin release and CO2 emissions below this level.’ That makes sense, but when you factor in social impact, with its possible magnitude of health benefits from economic development, it's better to empower producers and people where they operate to tell buyers, These are the benefits we care about. Help us achieve and report them.' Going bottom up gets new voices into the conversation between buyers and sellers and expands the dialogue about the impacts that matter.”

“The very best method for spotting say child labor, somewhere in the supply chain is still to visit the work site and get in touch with local organizations, but that's costly and time-consuming when you need to do it for the whole life cycle,” Catherine Benoit points out. “So you need to do that where it matters the most to you: where there's most value added in the product life cycle, where you find hot spots, or where you can act to improve conditions. Those three things are not necessarily the same. If you're an IT company making cell phones and the ore for one component is mined in Africa, that's a hot spot for both forced and child labor. But that component may be a very small piece of your phone, representing very few work hours in the product's life cycle. So if you're looking for where you can act, you may not have much power in that situation, if you're a relatively small customer for that supplier. But you could collaborate with other IT companies to apply pressure.”

Expanding LCAs to include their social impact can reveal pluses for companies that operate in the world's zones of poverty. But the picture is not always that clear. Norris points to the case of ecotourism. If that term refers to an impoverished rural village that now attracts more spending from visitors so locally owned businesses do better and some profits are reinvested to improve local schools, clean up water, and improve sanitation and medical care, it's all to the good.

On the other hand, if the tourism is “eco” only in the sense that water and energy are conserved and buildings use green materials, other questions arise. Have locals lost access to land or water formerly held in common that has now been used for development? Do all profits go to a company based somewhere else, with none used to improve local conditions? Do tourism-related jobs for locals pay enough to improve their standard of living? Or has the cost of living, but not wages, gone up because of the development, increasing local poverty and crime or worsening health? In other words, does what looks like “sustainable” development hold up on closer inspection of its impacts on local populations?

Norris questions the green maxim that “less is always better.” While that clearly applies, say, when it means fewer pollutants per widget made, he points out positive results in the social sphere from industrial production, starting with “your salary, my salary, taxes for teacher's salaries and malaria clinics. Not all impacts of product life cycles are bad. The positive social impacts of companies that operate in zones of poverty can be great.”

Instead of all-or-none thinking, Norris calls for a more nuanced approach: How much of which impacts does a product's life cycle spawn, and how can we get to a desired outcome with the least overall harm? And how can everyone, from shoppers to manufacturers, play a role in reducing that harm?

And, I would add, why can't we know the actual impacts of everything we buy as we are deciding whether to purchase it? And how would our knowing this transform our world?
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THE INFORMATION GAP

An industrial engineer I was talking with, pointing to my tape recorder, posed some questions: “I'm sure you got a great deal on that. But how did they make it so cheap? What corners did they cut in the manufacturing of the metals, plastics, and chemicals that went into the recorder's body, the LED display, the circuit boards? What did they dump in a local river? What emissions went into the air? What did they just bury somewhere? And what was the impact on the neighbors, or the workers in those factories?”

Consider our present predicament. If you want to buy a given product that's best for the environment, for your health, and for the well-being of those who made it, it's largely impossible to get sound comparative information. The data we need to compare these impacts has for the most part gone missing. We can check cost and, usually, quality. But apart from organic or “eco” brands and labels, shoppers can rarely express a preference for less toxic or more environmentally sound alternatives.

Price is one thing we understand, so costs become the singular driving force in how things are made and marketed. The big factor in supply chains has been the “China price”—the lowest cost for manufacturing. If I'm a supplier operating a factory in Vietnam or Bangladesh, say, and I'm competing with other suppliers for orders from a manufacturer, it pays to lower my costs any way I can. I may resort to questionable savings: kids will work for less than adults; safety measures add expense; I can use the cheapest ingredients no matter their hazards, dump wastes in the local river rather than having them properly disposed of.

As retailers sound the drumbeat of faster, cheaper, and more, they create a powerful downward pressure on suppliers that rewards rock-bottom wages, long hours, and hazardous working conditions, as well as toxic materials and dangerous pollutants in local rivers and landfills. Such cost-cutting measures are reinforced in the marketplace, where price alone drives most of consumers' buying decisions, while they ignore the hidden impacts of the steps taken along the way to keep prices low.

A maxim in economics holds that healthy markets communicate information openly. But when keeping information secret or hidden makes a producer more money, there is little if any incentive to divulge it. When it comes to the environmental or health impacts of a product, manufacturers and suppliers may know the answers, but they rarely go out of their way to offer up such data unless compelled to by government fiat. This lack of available information on the hidden consequences of what we buy insulates companies from this portion of the supply-demand pressures central to a healthy competitive market. We as consumers lack a sound way to know the harm or good a product might do, and let that sway our preferences. Instead, the companies that make stuff most cheaply—and shun the expense of environmental or other virtues—can capture more of the market or achieve more profitable margins. Too often, they are in a race to the bottom.

When the ecological impact of goods remains invisible, merit goes unrewarded. To be sure, we can find a scattering of eco-labels here and there, each helping us to identify relatively better choices. But the overall lack of authoritative indicators to alert shoppers to the hidden impacts of what they buy means there is only sporadic or paltry marketplace reward for products that are ecologically sound, and so there is weak competitive pressure to improve products along these lines. Sellers have little reason to share information that would help buyers make better ecological choices.

This inequality between consumers and companies in terms of access to key data has been dubbed “information asymmetry” by Joseph Stiglitz, who won a Nobel Prize in economics for his theory of how information shapes the operation of markets. Stiglitz sees any data gap between buyers and sellers as a major market flaw: ignorance cripples market efficiency, while sound data lets buyers make smarter choices. When sellers know something consumers do not—in other words, always, as Stiglitz wryly notes— the information inequity hampers market fairness and efficiency.

Information itself has value; knowledge translates into market power. The essence of transparency lies in conveying information from the informed to the uninformed. Making once-hidden data available to all remedies the unfair advantage of sellers over buyers. Economists have thought about this mainly in terms of price. But expanding the domain of value for an item beyond price and quality to include its harmful or beneficial consequences converts the once-hidden ecological impacts into a market force.

Consider the implications of greenwashing in this light. Take the claims that can't be supported, such as household lamps that trumpet “energy efficiency” on their packaging without the least shred of supporting evidence. Or claims that are simply too vague, like “eco-conscious” shampoo, or poorly defined, like “chemical-free” insecticide (no product is free of chemicals altogether, so what kinds of chemicals does this label refer to?). Another type of marketing sleight of hand takes the form of irrelevant environmental claims that distract shoppers from making brand comparisons that count: the aerosol can of insecticide that trumpets, “No CFCs!” (the ozone-depleting chlorofluorocarbons banned in the 1970s) draws attention away from its remaining toxic ingredients.

Greenwashing pollutes the data available to consumers, gumming up marketplace efficiency by pawning off misleading information to get us to buy things that do not deliver on their promise. This squanders the benefits of our purchases. Because greenwashing undermines consumer trust, it devalues sound data, instilling doubts and cynicism in customers who might want to put their dollars to good use by supporting true green innovations. Greenwashing steals market share from products that genuinely have more benefits and hampers the success and market penetration of better innovations.

Sound product information has been a perennial need in commerce. Olive oil was perhaps the biggest cash crop in the Roman Empire; it was the petroleum of its day. Some estimates put per-capita consumption in the first century A.D. at 50 liters a year; producing and selling olive oil made many Roman Empire merchants and growers immensely wealthy. The sheer volume of olive oil imported to Rome literally altered the landscape; today a hill 50 meters high marks the spot where the clay amphorae used to transport the oil were discarded. That ancient landfill to this day bears the name Monte Testaccio—Mount Potsherd.

Archaeologists who study these potsherds tell us they were part of an ancient system for point-of-purchase transparency. Whether from Andalusia in southern Spain or the hills of Tripoli in what is now Libya, the pots holding olive oil were each sealed with a painted detailing of the exact weight of its oil, the name of the farm where the oil was pressed, and the identities of the merchant who shipped it and the Roman official who verified all this information. David Mattingly an archaeologist at the University of Leicester and expert on the Roman olive oil trade, concludes that even then the explicit labeling of these goods was designed to protect consumers. Those painted seals were insurance against one of the scams of the day, switching to inferior oil, or stealing some of the precious fluid en route.

“Sunlight,” wrote Louis D. Brandeis in 1913, “is the best of disinfectants.” Brandeis, later a Supreme Court justice, was writing to propose new laws that would force public companies to reveal their profits and losses. Insider trading represents a classic case of information asymmetry; Brandeis saw “sunlight” as a way to foil the flood of seamy deals that were cheating investors of his day.

The long history of economic transparency documents a continuing pressure for information symmetry—for giving buyers a fair break by ensuring that sellers tell them the truth. In the current chapter of this story, some consumers want far more finely detailed explicitness about the things they buy: How were the olives grown—without fertilizer or pesticides? How well were the farm workers paid and treated? What was the carbon cost of transporting all that olive oil? Was the mill where it was pressed run on fossil fuels or alternatives? Are there any additives or preservatives that could affect our health?

Late one night at a London corner store I bought a bag of hard candy, a rainbow of brightly colored discs. A look at their ingredients list revealed that the candies were packed with “E numbers,” which alert shoppers to a junk food treat that harbors flavorings and colorings that can drive a four-year-old into a bout of hyperactive frenzy. Those candies, I learned by following an asterisk through the fine print of ingredients, contain E104, E110, E120, E122, E124, E132, E133, and E171.

It took me a good deal of time, and the help of a young friend whose eyes could make out the teeny print, to decipher those E numbers. And, truth to tell, I did not bother to track down the website that translates the E number code into the actual ingredients they stand for. So just how useful are these right-on-the-candy revelations?

The question of precisely what makes a label most useful to— and used by—shoppers has preoccupied scores of economists for years. The issue, while seemingly trivial, actually matters greatly as an influence on what customers buy; the tiny patch of real estate on product labels is one of the most hotly contested in the world of commerce. There are weighty books of regulations for companies to follow in labeling their foods and countless studies of how one or another word, graphic, or phrase impacts sales.

For economists, the fight over label design translates into a lofty question: how can labeling move shoppers to buy in a way that maximizes social benefit? The first assumption that goes out the window is that the information on a product's label captures shoppers' awareness; studies find that label-induced market changes can take months or years, because it takes many shoppers that long to notice the change in the first place, let alone do anything about it.

That troublesome fact has led to detailed studies of just what makes a label work as intended. For instance, “green” certification programs are found in products ranging from plywood to tea. But market researchers find a notable number of shoppers are wary of these eco-labels, doubting their veracity or seeing them as a marketing gimmick. Skeptical shoppers put more credence in labels that give specific details and let them use their own judgment. They crave information.

George Stigler, also a winner of a Nobel Prize in economics and a founder of the influential Chicago School of Economics, pointed out that information has its price: the “cost” of searching for it, whether reckoned in time, effort, or cognitive demands. As Stigler notes, “the assimilation of information is not an easy or pleasant task for most people.” From his perspective, the most desirable data comes “cheap,” in a user-friendly form.

The multiplication of consumer choices, and decay of brand loyalty, has only whet consumers' appetites for more and better information on which to make their choices. Tide detergent, which came in a single variety in my childhood, now offers thirty-nine varieties, from Tide with Bleach and Tide with Bleach Alternative to Tide for use with high-efficiency washing machines. When a single brand makes a once-simple purchase decision suddenly so complex, small wonder we need help sorting it all out, given the thousands of brands of various kinds of goods and their variations.

But the human mind has its own shortcuts. When we face a complicated decision, our minds make what seems like a good enough choice, given the options at hand, the mental effort demanded by weighing every variable, the benefit to us, and how much (or, more likely, little) time we want to spend making up our minds.

Psychologist Herbert Simon (yet another Nobel winner in economics) coined the term “satisfice,” a combination of “satisfy” and “suffice,” for the kind of mental shortcut we go through in the supermarket aisle. He saw that all but the most obsessive among us lack the cognitive power to go through the endless computations that would make our decision-making approach optimal.

Anyway, who's got the time? So we settle for a good enough approach and get on down the aisle: I'll take whatever detergent I bought last month—it worked okay. Indeed, studies of consumer choice find that most often we as consumers just look for what we've gotten before. We settle for what's adequate rather than search for what's optimal: once we have “satisficed” a product choice, we stop looking. In other words, much of what is known in marketing circles as “brand loyalty” is really just a peculiarity of cognitive inertia.

One drawback of satisficing is that we don't see how the range of options that we are given could be far larger or the ways it could be better. By focusing on what's just good enough, we fail to see that what we are offered is only an arbitrary narrow number of choices in the first place. This handy cognitive shortcut for quick and easy decision making feeds a self-deception, diminishing the range of what we seek and so consider.

RADICAL TRANSPARENCY

Let's say I don't just want the cheapest tape recorder I can buy; I want one that was made in ways that exposed workers to no toxins and that will do the least harm to the environment when I'm done with it. With full ecological transparency I could know which one that is. The more systematic and comprehensive that transparency becomes, the better the choices for buyers.

Ecological transparency becomes radical when its analysis encompasses the entire life cycle of a product and the full range of its consequences at every stage, and presents that information to a buyer in ways that demand little effort (unlike those hard-to-decipher E numbers on that bag of candies). Radical transparency means tracking every substantial impact of an item from manufacture to disposal—not just its carbon footprint and other environmental costs but its biological risks, as well as its consequences for those who labored to make it—and summarizing those impacts for shoppers as they are deciding what to purchase.

In economic theory, transparency's power comes from providing key information that changes consumers' choices, which in turn creates new incentives for businesses to align their practices with the public's priorities. Radical transparency would alert shoppers to, say, which piece of clothing was manufactured in a model factory, which in a horrific sweatshop. Bringing such information to the surface at the point of purchase puts into competitive play these otherwise hidden dimensions. Suddenly we could make choices that would shift market share on the basis of a range of ecological virtues, in addition to price and quality. In such a market, virtuous products and companies would be rewarded with more sales—and bottom feeders would lose.

Radical transparency brings to the neighborhood shopping mall the same full disclosure now imperative in corporate financial statements. At the moment of truth—the point of purchase— shoppers could learn the true ecological impact of their dollars and so spend them more pointedly. Companies could track how specific improvements in the environmental or health impact of their products affect sales and market share, and so respond by making changes in manufacturing design and the like that a radically transparent marketplace demands.

The remedy for a vital lie is always to face the truth it obscures. In our consumer purchases, that truth takes the form of the countless hidden impacts that the things we buy have during their manufacture, their use, and their disposal. At present, we are largely blind to those consequences.

We typically have little or no idea what chemicals, for instance, we are bringing into our homes with what we get at the store (let alone what molecules the stuff already there might be off-gassing into household air). Radical transparency would give us a clear picture of these hidden consequences of what we are buying. Just as opaqueness in the stock market lets insiders take advantage of outsiders, so opaqueness in the marketplace lets companies take advantage of our ignorance of the ecological impacts of their products. In both cases, transparency levels the playing field.

If we get better, more complete information about the true effects of an item at the moment we are deciding whether to buy it, we can make wiser decisions. Such full disclosure can make each of us an agent for small, gradual changes that, when multiplied by millions, will ripple through the industrial enterprise, from manufacturing and design through supply chains and transport to the distant ends of consumption.

As shoppers express their preference for safer, more sustainable, and humane products, they will create an added fiscal incentive for companies to examine their manufacturing methods, materials, and practices. Where there are adverse impacts, this economic force will lower the financial risk and enhance the financial upside for those companies that are developing better alternatives.

Radical transparency offers a way to unleash the latent potential of the free market to drive the changes we must make, by mobilizing consumers and executives to use data to make more virtuous decisions. An ecologically transparent marketplace lets each one of us become a far more effective agent of amelioration, giving shoppers a role as crucial as that of executives.

Such a marketplace incentive could reverse the momentum begun at the dawn of the industrial revolution, when manufacturing technologies began to come into use without full understanding or regard for how they affect ecosystems. The world of commerce is rife with processes and technologies in need of reinvention—business opportunities that may drive the next decade or more of value creation through innovation. We need steady, incremental improvements across the entire range of industrial enterprise methods—not a revolution per se but an evolution, in the Darwinian sense of survival of the fittest, where a process or product's survival comes about as a result of its ecological fitness.

For companies, radical transparency can create a vibrant new competitive playing ground, one where doing the right thing also means doing better. Rewards will go to companies that innovate most quickly, upgrading qualities such as sustainability that consumers are using to compare products and brands. The greatest penalties in lost sales will go to companies that dig in their heels and resist change, even as customers insist upon it.

Radical transparency has the power to reinvent the marketplace as an arena for optimal information and decision making, one that works with powerful efficiency to reward those who merit it and penalize the rest.

Perhaps, one day. But first we need to upgrade a marketplace rife with informational black holes.
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FULL DISCLOSURE

Radical transparency launched its seminal application at 3:43 on the afternoon of April 1, 2008, in what had once been a laser cosmetologist's office above a sushi restaurant on a well-worn stretch of Shattuck Avenue, Berkeley's main commercial thoroughfare. That office building, faced in attractive cobalt blue and green tile, houses GoodGuide, Inc. Its mission is to build tools that “transform how people see and interact with products and companies by delivering comprehensive and rigorous information at the point of purchase,” as its official mission statement puts it.

GoodGuide is a “for-benefit” corporation, with a charter that states its mission is to benefit not just shareholders but stakeholders— in other words, the shopping public. Fittingly, the only other tenant sharing the floor is the Union of Concerned Scientists, just a few steps down the hall.

I had come to town to chat with Dara O'Rourke, an industrial ecologist and the visionary behind this project to bring radical transparency to the marketplace in the form of a software innovation, GoodGuide.

“We're in the Dark Ages now,” O'Rourke told me. “We know brand and price, and think we know quality. But no one knows what's behind the label, what the product actually does to us or the planet. We want to pull back the veil of brand and go far beyond what the company tells you. What ingredients are health concerns? How far did it travel? How were workers treated?”

GoodGuide can summarize the bottom line of all that information and present you the answer in the time it takes to exhale. “This is what consumers care about,” says O'Rourke. “People want simple information to help live their lives better—‘Just tell me in a few seconds.’”

GoodGuide integrates hundreds of complex databases that evaluate everything from, say, Unilever's policy on animal testing to the carbon emissions in its supply chain to the specific chemicals of concern in its products by drawing on roughly 80 million bits (and growing) of data on products and companies. “This is distributed knowledge,” says O'Rourke. “No one person can know all this at one time, but together we can bring the best knowledge on product and company impacts to people in a form that lets them make better choices.”

In other words, GoodGuide surfaces a product's backstory. It can calculate the specific environmental impacts of a product during manufacture, transport, use, and disposal. It can perform this calculation down to a single chemical among a batch of ingredients. On a macro level, it can rate how well a given company stacks up against others in its field on environmental, health, or social performance, as well as determine which brand or company has been getting better over time. GoodGuide can evaluate a company's policies, its disclosure of key information on products, and ultimately a company's impacts on consumers, workers, communities, and the environment.

The afternoon I dropped by, the company was launching its beta release, the very first trial by shoppers of its system for revealing how a product's impacts fit their values. This initial release covers somewhere skyward of fifty thousand brands of personal care products and household cleaners. Subsequent releases will add categories such as food, electronics, and apparel.

This closed beta version allowed tests of the site by about one hundred people, most of whom were concerned parents whom O'Rourke calls eco-moms. “Having a child triggers you to think about the health or environmental impacts of products. Before you have a kid, you buy just any shampoo or dishwashing detergent. But once you're a mom, you start to think twice about what you put all over your baby's skin, or have second thoughts about what's coating your child's plate. Eco-moms are the tip of the wave of concerned consumers.

“When they find out that Dad's hair darkener is full of lead acetate, they'll tell him to stop using it. Should they find phthalates in their own shampoo, and if they still like what that shampoo does to their hair, they might e-mail the maker to ask them to drop phthalates from its ingredients. And if they learn that their baby's sunscreen contains oxybenzone, a carcinogen activated by exposure to the sun, they'll pass on that info with e-mails to other moms. Or they might post it on a social network for mothers, like Cafemom.com, and it could spread from one trustworthy mom to hundreds or thousands of others.”

O'Rourke's credentials in industrial ecology are impeccable. He is currently a professor in the Department of Environmental Science, Policy, and Management at the University of California at Berkeley. He previously taught at MIT, where he had studied mechanical engineering as an undergrad. His doctorate was done at Berkeley's Energy and Resources Group, where his interest was in the design not just of the processes used to make products, but the environmental impacts of those processes. For a time he was a consultant working with international agencies like the United Nations Development Programme and the World Bank, advising factories on how to improve their operations in countries from Vietnam and China to El Salvador.

“I was focused on the technical issues at first,” he recalls, “but I eventually realized that the real impediments were never the technology, but decisions about product and process design—and the inertia in organizations.”

O'Rourke's career odyssey began with an interest in workplace health and safety in global supply chains, including issues like air quality on the factory floor and the number of accidents workers suffered at a plant. But that led him to ask questions about why, for example, these accidents were happening at all.

“In a clothing factory, all these girls were losing fingers to cutting devices. When? Around two a.m. Why are they working that late? Because American retailers were pressuring the factories for delivery dates that meant operating eighteen hours a day. My research was getting at the root causes that drive these problems. It comes down to the competition among retailers in pricing, delivery times, and rapid changes in styles, which in turn drives factories to the risky practices that lead to workers getting hurt. And what drives that? It's we consumers, who want the hottest, newest styles as quickly as we can and at the lowest cost. It comes down to us, to you and me.”

That's where O'Rourke's efforts focus now: creating a method that lets shoppers—you and me—learn the true impacts of what we buy and make more ethical choices based on that information.

O'Rourke's passion to improve workers' health and safety led him to his fifteen minutes of fame, the Nike campaign. He was studying shoe factories in Vietnam working with non governmental groups. He worked with, although not for, companies like Nike and Adidas to help them develop better ways to monitor their supply chain.

“I went to Nike's country headquarters in Ho Chi Minh City and told them they had all these problems. Workers were being exposed to illegal levels of air toxins. They were working way beyond legal limits. They were complaining of physical and verbal abuse. Nike said, ‘We'll fix it.’ But they never did. So then I contacted Nike headquarters in Beaverton, Oregon, and said, ‘You've got problems in your factories.’ They said, ‘No, we don't.’ They didn't have a clue what was really going on.”

So O'Rourke went public with his data in a front-page New York Times story that captured world attention. The Nike brand suddenly became linked in the public mind with the abuse of workers, a PR disaster. “When people from headquarters finally went to visit those factories themselves,” O'Rourke tells me with a tone of satisfaction, “they found they had lots of problems. There was no incentive for the guys at the bottom of the supply chain to tell the truth to the guys at the top.”

Nike has become a world leader in efforts to reform factories; O'Rourke speaks of it with admiration these days. That singular success inspired him to use the power of radical transparency for reforms in manufacturing and commerce—but this time to tackle everything, all at once. “We want to revolutionize consumption, and thereby global supply chains,” says O'Rourke. “If shoppers start preferring products made from green energy, it will encourage Chinese factories to use green energy sources instead of electricity made from coal.”

A hot-link feature on GoodGuide can send a message from the shopper directly to the company about a given product—giving users a mini version of the opportunity O'Rourke had to let Nike know his opinions. In other words, GoodGuide will let customers talk directly to companies, to tell them, “I'm concerned about your ingredients,” on the one hand, or “I love what you're putting in your product now” or “Please give us better data on your products.”

That feature could convert a private act—a person's shift in brand preference—into marketing data for brand managers. The feature promises to open up a valuable conversation between companies and their customers, giving businesses an enormous amount of on-the-spot insight into what a shopper thinks and feels as she considers their product—the live moment that focus groups try to unpack.

GoodGuide draws on the decades of industrial ecology research that tags processes and products with precise metrics. That vast Life Cycle Assessment database has traditionally been proprietary or otherwise sequestered among specialists in manufacturing. GoodGuide offers shoppers this data mother lode in forms they can use to buy products that reflect their values. “No one,” O'Rourke acknowledges, “wants the flood of raw data” offered by the two hundred or so databases crunched in the GoodGuide system. They just want the final evaluation, like a wine rating. “Just show me which item is best.”

As we sat at a small table in O'Rourke's sun-filled office, he picked up my tape recorder and studied the model number for a moment. “We could tell you the energy impacts for this. It's made in China, so the factory used electricity from coal; burning the amount of coal used to make this will have a deleterious health impact through respiratory disease, which we can calculate in terms of the increase in mortality due to making this tape recorder. Granted, it's tiny. But then when you scale up to the entire production run for this model, you get a much larger figure.”

The beta version of GoodGuide allows shoppers to point their cell phone's camera at the bar code of almost any consumer product and click its image to the GoodGuide server. Within seconds GoodGuide's server transforms that bar code into a three-bar rating of that very item, revealing in red, yellow, or green the relative level of virtue generated by that product's life-cycle impact in three dimensions: environmental, health, and social. If you're curious about just why the rating came back as red, you can go to GoodGuide's website and explore details of the rating.

That whole set of maneuvers is a bit cumbersome, as O'Rourke readily admits, posing a barrier that will keep many shoppers who don't want to be bothered from accessing GoodGuide judgments. But he sees the cell phone as a transitional stage. “We're building a system that can let impact ratings flow out to wherever anyone is interacting with a product. In a few years this system will be embedded, so you don't need any special device nor to do anything extra to get the information you want.”

O'Rourke foresees skipping the cell-camera-to-bar-code step entirely, and instead perhaps picking up radio frequency signals from an electronic tag embedded in the product that automatically alerts your phone to display red or green. Or GoodGuide might, at your request, monitor everything you buy on your credit card, e-mailing you to suggest alternative products that would be better, given your priorities.

A regular review of purchases, with recommended upgrades, could be done for an entire household, as a service of the bank that issues your credit card. That way shoppers can come to the store with a ready-made list of better choices for the stuff they buy regularly. O'Rourke speculates, “We could put together a shopping list of the best among the categories of stuff you shop for every week or month, and continually upgrade it,” according to a list of your priorities. “Just tell us what you want, and we can make the suggestions.”

In a decade or two, O'Rourke conjectures, the information might be right on the product, as state and federal governments require companies to disclose it. “Our system is a baby step toward making all this information publicly available,” says O'Rourke.

In whatever form people get the data on ecological impact, the clearer the better. Early versions of Life Cycle Assessment feedback have been designed by engineers and policy wonks, resulting in mystifying data such as a given product's “kilograms of acidification potential.” Moreover, an LCA provides an overwhelming data flood, more than almost anyone can process at one time, especially while prowling the aisles of a store. The simple green-yellow-red rating system in GoodGuide bypasses the problem; those dedicated few who want more can navigate the website that gives the technical details behind a rating.

GoodGuide draws together over 80 million separate evaluations of the impacts of substances, components, products, and entire companies, pooling information from hundreds of separate databases. Many of the databases have been proprietary, their insights sold to companies but not accessible otherwise. For instance, consultants to socially responsible investment funds license their database for a fee to ethical investors who are evaluating stock value; by sharing those databases with GoodGuide, they are making their knowledge available to the public for the first time. The system also taps into a range of LCA databases that have until now been the exclusive domain of academics and industry.

“We're bringing this rich research to bear to answer questions for consumers that have never been asked before,” says O'Rourke. “Stock analysts use it to find the best value, not to see which product is safest for me and my kids, or which causes the least pollution, or treats its workers best. We want to offer the average person enough information to make better ethical decisions while they're standing in the store aisle.”

Entire companies (as well as individual products) are rated, allowing shoppers to choose to avoid firms with bad records. Personal care companies that have joined the Campaign for Safe Cosmetics, for instance, might be flagged as preferred alternatives as a shopper browsed skin creams—and the fob on her car keys might turn red or green accordingly as it passed near the various choices.

Since people vary in what issues matter most to them, GoodGuide can be tailored according to each user's priorities; it offers more than six hundred separate ways to evaluate impacts. One person could filter products through various health-focused screens, another through any of numerous ethical lenses, another evaluating products on particular environmental impacts of concern to them. GoodGuide brings precision to values shopping. A GoodGuide user can design the priorities so that animal testing gets weighted more than the chemicals in the health column. Or a concerned mother can set as her priority the safety of chemicals in what she buys.

“We want to give consumers the information they need to apply their values,” O'Rourke explains. “Some people might choose as their lens on a product cruelty to animals or contribution to species extinction; others might choose the increase in childhood cancers. Some might choose toxic pollution in their vicinity, while others might care about it for the folks who live near the factories where their stuff gets made. These are each a shorthand for a more complex measure, but we can deliver these evaluations to shoppers in the form that has most emotional resonance for them.”

O'Rourke adds, “We don't dictate what shoppers should care about; we just tell you what science says matters about this specific product.”

GoodGuide cuts through greenwashing to the underlying facts. “If an oil company's marketing campaign brags that they planted ten thousand trees or that their headquarters was green,” says O'Rourke, “we'd still show that these benefits are a minor part of their overall environmental impacts. We'll help consumers focus on what matters most in a product.”

Take the ubiquitous Energy Star ratings on appliances. When it comes to evaluating a laptop, says O'Rourke, most look highly energy efficient. But that thin slice of data distorts the overall impact of a laptop; 90 percent of the environmental impact comes during manufacture and disposal, not use. “An Energy Star rating on a laptop,” he notes, “means little by itself.”

GoodGuide offers a credible source of comprehensive ratings on a wide swath of products, all right at the sweet spot, the point of purchase. Perhaps the most powerful psychological impact of GoodGuide may come from being able to compare products. Should GoodGuide be taken to scale, with millions of shoppers routinely consulting it, markets could churn.

When I visited, the prototype the company had developed could compare the top five products in a given category against the one a shopper was considering. O'Rourke was pondering whether to include a hot link showing where to buy the best in each class at local stores or online. If a shopper's phone sent a GPS signal along to GoodGuide, the hot link might lead to directions to another store in the vicinity with better choices—O'Rourke was in discussion with a tech outfit that has lists of every product carried by all the stores in shopping malls throughout the United States.

GoodGuide offers proof of concept, a concrete example of how radical transparency might work. GoodGuide may not be the system that eventually prevails in bringing transparency to store aisles, but it could open a competitive marketplace in which any number of companies like Google or Yahoo! or Microsoft might develop similar products themselves.

Despite its impressive database, GoodGuide's reach covers only a fraction of products available now. There remain huge gaps in data. But every tech innovation starts with a first release and, if it is to survive, must be steadily upgraded with each new release.

As O'Rourke speculates on the future of GoodGuide, I'm reminded of the program's fledgling status when a programmer interrupts us to announce that the system is ready to roll out to test users. O'Rourke goes to a desktop console where a software techie has just finished an improvised ceremonial gesture, a large red button drawn on a piece of thin cardboard placed over his computer's “Enter” key. As a dozen of the dedicated souls behind GoodGuide gather round, O'Rourke grandly hits the button, to applause and cheers.

Someone shouts, “We're launched!” At that moment a hundred eco-moms get an e-mail offering them entrée to the sea of ratings GoodGuide offers, a first step into the brave new world of radical transparency.

THE MINDFUL SHOPPER

I was daydreaming as usual while browsing the pasta sauces in my local supermarket. As I was about to reach for my favorite brand, another caught my eye. This sauce was packaged in a cloudy plastic jar that somehow intrigued me.

A closer look at the label sold me: “BPA-free container,” it read. “This jar is microwavable, freezable, and reusable. Re-uses are endless.”

Bisphenol-A, used to harden plastics, has a chemical structure similar to that of the hormone estrogen. That week, it so happened, I had been immersed in reading about the controversy over whether BPA leached into our food and water from plastic disrupts the endocrine system. I reached for the BPA-free sauce and pictured myself sorting through the reusable container drawer in our kitchen, throwing out our old BPA-riddled plastic containers, and replacing them with these emptied pasta sauce jars.

That moment was an exception, not the rule. As we shop, our perceptual apparatus attunes us to whatever confronts us in the immediate surround: the stylishness and cut of that outfit, the rock-bottom sales prices, or the tempting aroma wafting our way from that coffee shop. These sensory impressions drive our shopping decisions far more than some vague memory of the latest alarm over global warming, that news story about yet another toxin scare, or a grim scene of an Asian sweatshop glimpsed on some website.

In the eyes of a shopper roaming the aisles of a market, eco-campaigns and the like occur elsewhere, a dim memory in the recesses of the mind. On the floor of a store, soaked in lulling Muzak or blaring hip-hop, shoppers jostle as they navigate shelves stacked high with items begging to be bought. What's far more salient than the hidden ecological impacts of all that stuff are the immediate cues: On Sale! Improved! Low Fat!

That sensory clutter and cognitive fog challenge anyone trying to get shoppers to notice the impacts of what they are about to buy. Our attention, a limited capacity at best, is occupied by what we encounter; it takes a goodly added amount of cognitive effort for a tidbit stored in long-term memory to penetrate awareness.

When it comes to shopping, we operate mostly in this mindless mode, leaving our thoughts free for other, more interesting topics. This partial inattention while we shop can readily keep from awareness what matters about what we buy. Instead, half alert, we let a sale price, new packaging, or simple habit determine what we choose. We too easily fail to recall at just that moment the details of some news item or consumerist article that may have alerted us to the hidden advantages of one item over another. The act of shopping is largely guided by a fog of inertia.

GoodGuide and programs like it offer a way to pierce this fog, bringing squarely into awareness the actual impacts of what we buy—a well-timed intrusion into our attention that gives us the crucial opinion at the moment we need it. Of course there's a good possibility that the same fugue state that whisks us down a store's aisles will make us neglect GoodGuide as well. Another step is needed: making that consultation a habit, an automatic reflex we execute even within the shopper's daydream.

The moment a customer pauses, exits the shopper's trance, and pays full attention to some attribute of a product, the mental ground shifts significantly. “To be mindful,” says Ellen Langer, a Harvard psychologist who has studied such attentiveness for decades, “is simply to notice new things about something.”

As prosaic as that may sound, mindfulness matters immensely for marketing. The battle for consumers is, in essence, a fight for attention. Mindfulness in a shopper marks a shift in mental functioning from running on automatic, reflexively going through long-practiced routines, to an active awareness that allows new learning—and so new choice. The shift from one brand to another occurs in such bubbles of attention, as new information soaks into the mind and changes a preference.

“If you compare five products and end up buying Product A,” Langer told me, “you'll feel much better about buying it than if you only looked at one. Mindful, proactive thinking increases your brand loyalty. So you'll more likely buy Product A next time you shop.”

As Raina Kelley a journalist who experimented with being a freegan for a month, observed, “I really thought that being mindful of my impact on the Earth would drive me crazy but, in the end, it was the most valuable thing I did over the whole thirty days. The more you know about where your food, clothing, entertainment, and shelter comes from, the easier it is to make buying decisions in line with your conscience.”

Active attention, Langer's research shows, creates a curious benefit: it enhances your experience of whatever you're attending to. For eco-transparency systems, that means once shoppers start using GoodGuide, she says, they should enjoy shopping more. “Once it gets started, it should be self-perpetuating, because of the intrinsic pleasure of mindfulness.”

Shopping becomes a game of sorts. That fits with the business rationale that led one grocery chain to put nutritional labels on its foods: it was not so much to upgrade shoppers' nutritional choices as to enhance their shopping experience (and so prolong the time spent in their stores).

The trick will be to get shoppers to use a system like GoodGuide in the first place. When I told Langer about GoodGuide, she offered some suggestions. One was to make it an actual game. A retailer seeking to enhance time in store or heighten experience could have a sign at checkout asking, “Did you find the most environmentally friendly items today?” This would prime conversations about eco-transparency while people wait in line at cash registers, making them more likely to check the system the next time they shop. Or a similar invitation could be placed at the entrance, reminding shoppers to use GoodGuide.

Such reminders, technically speaking, “prime” the mind: simply thinking of an action prepares us to perform it. Priming guides us through our daily routines: our toothbrush on the sink in the morning silently guides us to brush our teeth. Priming lets us live on automatic, not having to think much about what to do next, or how to do it. This makes room in the mind, for instance, for multitasking: we can go down the aisles of the grocery store picking out every item we always buy, all the while talking on a cell phone or daydreaming. Or, if primed, we would consult an eco-transparency system while we shopped.

Another use of ratings from a system like GoodGuide would be an inventive retailer deciding to post the product ratings right on the store shelf next to each item's price, as a service to shoppers. That way shoppers needn't go through the cell-phone-to-barcode maneuver while wending their way down an aisle, but could get the ratings at a glance. This would lower the user effort for eco-transparency to near zero, making it far more likely to appeal to the majority of shoppers, who desire minimal information cost.

The effort demanded to open a cell phone, point the camera, and click poses an effort threshold that might well stop many shoppers from using GoodGuide. “I'm not sure how many people will do that,” observed Joel Gurin, who was once an executive vice president at Consumers Union, when I briefed him about Good Guide. “Consumer Reports did a similar app, where you could download our product ratings on your cell phone. If you were in Best Buy you could go online right in the store and get the information while you were shopping. But while it was a useful service, it got only a limited number of users, far fewer than our website did.”

Today, we have little to no ability to discern which products contain ingredients that raise concerns. And even if we do know about a specific hazard or two, who has the patience to read through a product list of dozens of arcane ingredients in a frozen pizza or floor polish and compare it with similar lists on an alternate choice? But, as the launch of GoodGuide shows, we are on the verge of a day when all that mental work will have already been done for us. The question remains what difference this might make.

When I discussed radical transparency with Baba Shiv, a neu-romarketing researcher at Stanford Business School, his first response was a question. “If the ultimate goal is to help people choose more eco-friendly products by giving them more information, we need to know: does more information necessarily change people's consumption habits?

“Shoppers are distracted, thinking about life's preoccupations,” Shiv observed. “That lowers the capacity of their working memory, what they can hold in attention. They don't have the cognitive ability they would if they were paying full attention. When we're distracted, our inhibitors for emotional impulse are weaker and we fall prey to what appeals right now, without thinking about the consequences.

“Through the years,” Shiv added, “consumers have been given calorie, nutrition, and trans fat contents of food right on the label.

But sales haven't really budged on the basis of this information that much. For most of our decisions as consumers there's no clear decision matrix, where A is better than B. Product A has some bad features and some good ones, Product B the same. In a trade-off decision like that, our emotions settle it. The option that will win or lose is the one associated with the stronger emotion, negative or positive.

“But if you're a concerned mother and you never knew before which product was better for your children's safety, and suddenly a device gives you the facts about which item might have some toxic risk and which not, that emotional impact will drive your decision. It's compelling—that kind of information creates ‘hot’ cognition, emotionally loaded thoughts. That can drive consumer decisions to the point it shifts market share.”
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TWITTER AND BUZZ

In 2007 the British branch of the bank HSBC ran a promotion to recruit business from college students and recent grads by offering them checking accounts with no penalty fees for overdrafts. In August of that year, someone at the bank decided that the policy was costing the bank too much and should end. After all, the strategic thinking went, the level of effort necessary for all those new customers to switch to a new bank was too high, so the change in policy would lose the bank few accounts.

The bankers, however, failed to calculate into their decision the reaction of Wes Streeting, vice president of the student union at Cambridge University. Outraged by the bank's move, Streeting set up a site on Facebook called “Stop the Great HSBC Graduate Rip Off!” Students who saw Streeting's alarm in turn alerted their friends, in a cascading digital wave.

Within days thousands of students joined the crusade. Immediately, the students traded information on which other banks offered no penalty fees and publicly threatened to drop their business with HSBC. They started organizing protests, planned for September, in front of the headquarters of the venerable bank.

Chastened by the online customer revolt, and fearing a more public one, the bank made an about-face within mere weeks of Streeting's first post. What the bank had not seen coming was the force of such discontent when spread virally, amplified, and well coordinated.

The HSBC tale demonstrates the dual marketplace power of lowering the cost of information combined with information sharing. The multiplier effect means networks of people pooling their knowledge can diminish information asymmetry. Clay Shirky, professor of social computing at New York University, offers the HSBC tale as a seminal moment. As Shirky observes, the digital revolution catalyzes new forms of information sharing, and its networks are far larger and more widely distributed than any in human history.

Customers are no longer lone individuals, isolated and voiceless. The ability to share information freely creates a collective awareness that can trigger a coordinated reaction. Consumers can talk back to business in a far more powerful way than ever, en masse and synchronized.

Instant messaging methods like Twitter, which lets shoppers send their reactions to friends as they stroll through a store, means a customer ripple can start with a single dissatisfied (or delighted) customer. Perhaps the most powerful market force inherent in the GoodGuide system I discussed in Chapter 7—in tandem with radical transparency—may be the built-in capacity to notify your e-circle about a product's ratings in a single click. Anyone in your e-circle can spread the news to his or her own e-circle, again in one click, ad infinitum.

These digital tools threaten the standard veils that have hidden the raw facts about manufacturing processes, toxicity of ingredients, workers' conditions, and the like—for better or worse—from customers' eyes. They alter the very ecosystem of marketplace information. As Daniel Vasella, chairman and CEO of Swiss pharmaceutical giant Novartis, observes, business is being transformed by information technology that creates a “boundless world” where once there were walls. Inexorably, the Internet is shattering the walls companies have set up to keep information about products locked away, letting news spread about adverse impacts that in a former day could have been kept from the public eye.

I raised the idea of a website where consumers could go to get detailed information about a product with my friend Bill George, a professor at Harvard Business School. A former CEO of the medical device maker Medtronic and currently a member of the board of directors at Target Corporation, among other companies, Bill has long been a vocal advocate of ethical leadership and business practices. Bill posed a series of questions: “The first thing I'd want to know is, what motivates the people who rate the products? What's the motivation behind the website? What's the site's business model? Why can you trust this site?”

An executive at Wal-Mart echoed these questions, saying, “It's just a simplified scorecard—can I believe it?” He added another objection: “People don't want to know all this information—it's too complicated, too much information.”

I put these questions and critiques to GoodGuide's Dara O'Rourke, who replied, “My deep motive is as a parent of a five-year-old. As a citizen and as a consumer I want this information available so parents like me can make better choices for ourselves and our families.”

As for the business model, GoodGuide's remains unclear; the operation has been fueled by seed money so far. As with so many tech start-ups, the people involved have been focused on getting it up and running, not where the money will come from. “We want to give our information away to the shopping public—no charge, no subscription,” said O'Rourke. “We do need to find a way to turn a profit, but not at this stage.”

The tension between presenting complex information simply and respecting its complexity, O'Rourke explained, will be handled by having two levels users can access. “Our front layer will be intuitive and easy to understand; our back layer will be packed with data.”

O'Rourke agrees that one of the first priorities in rolling out GoodGuide will be building credibility for the system. “We've gone overboard on this because we're academics,” says O'Rourke, “but we've got to get the data right. We'll let anyone dig down to the raw data source and check that we're not just making this up. We'll be completely open about the technical details.”

A website such as GoodGuide needs to be fully transparent, disclosing not only its information sources but the ways in which it reaches the ratings it displays. That was not true of a three-star nutritional rating system pioneered in Maine's Hannaford supermarkets, developed by an advisory panel of nutritionists from institutions like Dartmouth. That system is proprietary, owned by the Delhaize Group, the Belgian corporation that operates Hannaford and many other food retailers. Delhaize hopes to license the system to supermarket chains in other markets and so, presumably make the three-star ratings a revenue source as well as a service offered to its own customers.

The Delhaize three-star ratings are derived from a complex logarithm that manipulates a food's nutrients by giving each a weight in equations that boil all the variables down to a single score for the aggregate nutritional value. Like any such logarithm, that formula contains a series of hidden judgments, such as how to interpret and value a range of scientific findings about nutrition and health. Those judgments—while no doubt benign—are, to some extent, subjective. More to the point, they are not available for inspection and questioning. As with any such for-profit information system, the rating company's competitive advantage lies in keeping secret the specifics of the algorithm for rating.

In another nutritional rating scheme being developed by Adam Drewnowski, director of the Nutritional Sciences Program at the University of Washington, the ratings can be translated into a simple score, star rating, or letter grade for any food. But Drewnowski's system will be fully transparent and not for profit: he plans to publish the details in academic journals. As a result, the assumptions underlying his ratings will be open for scrutiny by his professional colleagues—or anyone else.

While there are no apparent problems with any of these nutritional rating systems, if a group with a hidden self-interest were to control a rating system, it could undermine the credibility of all such systems' evaluations. One could argue that the best way to protect against the appearance of such conflicts is to ensure that a rating system is utterly transparent in its operation.

The website Skin Deep, which evaluates the relative safety of personal care products, provides one model of such operational transparency. For starters, the site is open about its sponsor, the advocacy organization Environmental Working Group. Skin Deep identifies the types of scientific studies on which it bases a rating of a given ingredient—for example, “one or more studies show tumor formation at high doses” or “one or more in vitro tests on mammalian cells show positive mutation results.” And the site reveals how it arrives at its product ratings.

It lets visitors know the strength or weakness of a specific rating, based on how much data it actually has on a product's ingredients. So for the fifty or so ingredients in a shampoo that languishes in the bottom ten of Skin Deep's safeness rankings, the site discloses that there was “no data/high uncertainty” for 93 percent of the ingredients, no FDA review for 89 percent, no industry review for 45 percent—an aggregate data gap, as the website reports, of 80 percent. Even so, those ingredients that have been evaluated apparently showed high enough health hazards to rank the product so poorly that, as the site says, “100 percent of shampoos have lower concerns.”

At the peak of the most recent real estate boom, a website called Zillow.com began to attract prospective American house buyers and sellers at the rate of about 4 million a month. Zillow.com used a complex artificial intelligence logarithm that scrutinized an immense amount of data on home prices, then organized it for a given zip code and zeroed in on a specific house, rendering a “zes-timate,” the most likely market price for that house. Zillow.com showed how information science could mix with something as complicated as real estate and render complex variables into easily understood data—in this case, an appropriate asking price.

As Zillow's creator, Rich Barton, readily concedes, any given zestimate “is only going to be as good as the information we have going in, and there are lots of holes and inaccuracies.” To remedy that, Zillow.com became an open information system, one where home owners could feed in new data or correct facts about the estimates on their homes, or offer new details like the number of bathrooms that a house has, or the fact that a home has solar heating.

GoodGuide, too, welcomes such feedback. “If you find errors in our system, tell us and we'll fix them,” O'Rourke says. “We want to engage companies; we welcome them telling us when they've upgraded a product we've rated. We say, ‘Send us the data and we'll give you a new rating.’ We'd love companies to offer data, and users to identify the issues they care about us rating. Then we can have a potential upward spiral of transparency, with better information improving over time.”

Using that same principle, a group in Europe has begun development of a “sustainability Wikipedia,” a version of the open-source dictionary that would focus on the backstory of everyday products. Enter “peanut butter,” and it would tell you everything about its impacts on health and the environment and its social dimensions. The goal is an ever-evolving update of ecological product knowledge, fed by a stream of inputs from experts and the public at large, all managed by a dedicated cadre of skilled editors.

The principle that evaluations are dynamic, and that those who know the most about a given bit of information should have the ability to feed in fresh data, is one of the core operating rules for marketplace transparency. Of course, as open-source databases like Wikipedia recognize, such openness risks people trying to game the system by feeding in false information. Zillow.com confronts this issue daily, and Barton's view is instructive: “Once you open the information doors, it's difficult to close them. I'm of the opinion that there is no hiding, period. Everybody is a reporter, a blogger, a rater of everything. Fighting that force is like fighting gravity.”

Open-source sites that allow the public to add what they know about a process, product, or company could be a boon to consumers seeking more accurate and complete information, especially about impacts a company does not want revealed. A lawyer friend tells me of a casual conversation he had with an acquaintance of his, an executive at a large manufacturing plant nearby. The executive admitted, a bit ruefully, that his factory still “dumps a lot of bad stuff” into the local river. Now, I have no idea if the charge is true, let alone what that “bad stuff” might be. But multiply that nameless executive a millionfold to approximate the numbers of industry insiders privy to such information, any of whom might potentially reveal it, to see the potential for an army of informants to add immeasurably to the public store of such knowledge.

But does such whistle-blowing serve the needs of marketplace transparency? It can, to the degree insiders can provide solid, substantial information that consumers and others can use to make better decisions on whether or not to buy a given product. But there is also a danger that such information may selectively distort the facts, serve some malicious agenda, or be tainted in some other way.

To be trustworthy, radical transparency needs to be authoritative, impartial, and comprehensive. Authoritative means that the parties evaluating the impacts of a product are intimately familiar with, for example, the manufacturing processes within that sector. A given industry might collectively set standards for evaluating its products, in conjunction with whoever has the expertise relevant to the question at hand—epidemiologists, toxicologists, industrial ecologists, impact auditors, and the like.

Impartiality demands that whoever does an evaluation is someone who has no personal stake in the sale of the product. At some point marketplace transparency systems might well include the post of ombudsman (or an ombudsgroup), an independent authority to whom anyone can appeal a rating that seems unfair or inaccurate.

And comprehensive requires that the consequences of a given product be weighed in several meaningful dimensions, examining the whole range rather than just a narrow focus. While carbon footprints are relatively easily calculated and satisfy some concerns about climate change, the scope of environmental impacts from a product goes far beyond carbon use. This means assessing a product over the full course of its life cycle, from manufacture (and even before that, to the origins of its components and extraction or creation of their ingredients) to disposal. An evaluation of a product should also cover all three spheres: it's not enough simply to claim that using solar energy sources makes a product virtuous if it off-gasses toxins or is unsafe for factory workers.

ACCELERATING BUZZ

Revolutions don't come about simply because of the advent of new technologies. They occur when those technologies result in starkly new behavior. Radical transparency will matter as a market force only to the degree it can go to scale; huge numbers of shoppers need to make a multitude of small decisions based on the information it makes available. As applications such as GoodGuide come online, the cost of getting information beyond what a seller chooses to present collapses spectacularly.

Social networking makes even a single shopper's reaction to a product into a force that can, conceivably, initiate either a boycott or a bonanza of new business. “These networks accelerate buzz in a way we've never seen before,” Shirky told me. “A lot of talk-back to companies comes from user groups. The idea is that other people are as angry as I am—you're acting on behalf of hundreds of consumers. The sideways conversation about your brand on newsgroups is what hurts you. The lateral conversation among buyers wildly complaining to each other recruits new people to feel aggrieved.”

Younger people are wired to each other as no previous generation and look to one another for reliable information, while deriding sources older generations had relied on. As shoppers—especially in coming generations—find themselves pleased or peeved by the cascade of revelations about products that transparency offers, they will spread the word instantaneously.

O'Rourke suspects teens, for example, may find GoodGuide a way to be cool, a prestige-boosting gadget that lets them impress their friends by knowing which skateboard or video game system is greener than others, or shock them by how “red” a favorite item turns out to be.

The possibilities here are enormous, as the remarkable success of two student projects in a viral marketing class at Stanford Business School suggests. Student teams designed two applications for Facebook: SendHotness, which lets users vote for their ten hottest Facebook friends, and KissMe, which sends a virtual kiss. Within thirty days the apps were adopted by more than a million users at a rate of around 100,000 daily; the “hotness” app reached over two million users within three months.

Dara O'Rourke sees such viral networking as one of the most effective ways to spread information about a product on GoodGuide (I can imagine twin product review apps called something like ThisSucks and ThisRules). “The apps now are pretty silly,” O'Rourke admitted, “but one day they could carry this information. We're exploring how one friend can get to another friend, ad infinitum. You can go from zero to millions in a few weeks.”

Shirky remains skeptical about the staying power of these viral transmissions, like a feature in GoodGuide that lets a shopper share product ughs and wows with a circle of friends. “People assume friendship circles scale up, so you go from ten to a thousand,” Shirky comments. “But most information is of high value to a small group and little value to a large group; opinions from someone in a casual friendship won't travel far.”

Shirky feels that radical transparency will matter more if information from sources like GoodGuide is taken up by committed groups—an eco-shoppers' club, for example—that focus on one product category at a time and broadcast the good or bad news to others who share their interests and values. “This kind of service will be more broadly effective if it's not just friend to friend but put in the hands of activists committed to a public good. A small group can digest the information and pass it on to a huge audience. They could focus on one item or category like detergents, at a time, while other committed groups could get together, share which brands are less toxic, and act on it.”

One explicit goal of GoodGuide is to serve as a catalyst for communities of people who care about the same issue and who are united in using this information to effect changes. “Activist consumers can go on YouTube and say, ‘We're Moms Protesting Phthalates,’” says Dara O'Rourke. “Or a loyal customer might tell a company, ‘I love your product and want to keep using it, but why does it have that suspected carcinogen in it?’”

Perhaps those most eager to take up this strategy will be the multitude of small organizations worldwide working for ecological and social justice, groups that environmental activist Paul Hawken estimates number more than a million. For many of these groups radical transparency—whether it concerns rainforest clear-cutting in Peru or a factory dumping industrial toxins in Peoria—will offer fresh ammunition that they can use to fan consumer indignation and get companies to change their practices.

In India, farmers near a Coca-Cola bottling plant were given sludge, a bottling by-product, to fertilize their fields. A band of activist groups had laboratories analyze levels of heavy metals in the sludge and posted the findings on websites. They organized protests that brought attention from media throughout India, as well as the BBC, resulting in a court-ordered shutdown of the bottling plant and a drop in Coke sales throughout India. Coca-Cola responded to this development with a series of positive steps, as we'll see in Chapter 13.

Such examples fit well with a prediction about the evolution of marketplace information made by Archon Fong, a professor at Harvard's John F. Kennedy School of Government who has pioneered studies of transparency and its impacts. In the view of the research group he leads, the first generation of transparency came about as a result of forced disclosure such as the right-to-know laws that allowed citizens to pry information out of the government. The second generation of transparency was also mandated, by rules that forced companies to disclose hard-to-detect risks or benefits, such as the safety of SUVs, CO2 levels, or nutrients or allergens in food.

Third-generation transparency goes beyond voluntary and government-dictated disclosure to bottom-up transparency driven by vigilant, active consumers. The HSBC and Coca-Cola sagas illustrate what shared knowledge can do to trigger beneficial changes in the marketplace. Today, marketplace revelations by websites and bloggers lead a company to make such changes in response to consumer concerns surprisingly often. These consumer-driven business changes need not foster hostility; ideally, Fong argues, third-generation transparency should be more fully collaborative than any before. Progressive companies should systematically welcome this consumer feedback and incorporate these concerns in their policies by focusing their R&D or supply chain management accordingly, ending up on the same side of an issue as their customers.

Sir Terry Leahy, CEO of Tesco, the huge British supermarket chain, may have set a best-practice standard for businesses seeking to upgrade the information cosmos. Leahy has undertaken the challenge of systematically assessing the carbon footprint of the seventy thousand products Tesco's stores stock, and labeling each with that number. In Britain suppliers of foods are under pressure from Tesco supermarkets to track and report the carbon emissions associated with a given food item—with the threat of losing a large contract if they fail to supply that data. Partly because of Tesco's move, the British government has undertaken an initiative to create a uniform measure for evaluating the carbon footprint of not just foods but a wide variety of consumer goods. Its goal: a single standard that can be adopted throughout the world.

In the phase of transparency about to come, Fong foresees consumers controlling decisions about the sorts of information disclosed and how it gets displayed. He sees GoodGuide as an early harbinger of this new phase of marketplace transparency, one that will speed up positive responses from businesses.

Some companies are already putting such pressure on other companies. A friend reached for his morning dose of Stonyfield yogurt to find this message on the foil peel-back seal: “Fight climate change at the cellular level … Use your cell phone to check on companies' climate practices before you purchase. Just text ‘cc’ and the name of the company to 30644 for an instant reply.” The container also included a website address: www.climatecounts.org. As the website explains, “Climate Counts is a collaborative effort to bring consumers and companies together in the fight against global climate change. We are a nonprofit organization funded by Stonyfield Farm, Inc., and launched in collaboration with Clean Air-Cool Planet.”

The site had ratings for around sixty major companies spanning industries from apparel and food services to household products and electronics. Like GoodGuide's ratings, the companies are ranked in a red, yellow, and green rating system that's backed up by more detailed evaluations of a company's efforts to review and reduce emissions. On each company's score page is a link for sending consumer opinions.

What intrigues me most about the yogurt lid is that ecological transparency here is not just the result of a campaign by an activist organization but rather is promoted on a product as a value-added feature. One business uses the assessment of the ecological performance of other businesses as a competitive advantage.

Another version of this third-generation transparency might be a website that melds a populist tone and consumerist mission with highly informed posts from industry insiders—chemical and industrial engineers, industrial ecologists, systems analysts, toxi-cologists. They could detail improvements at the far end of the supply chain and explain what advantages they lend to the products they end up shaping. Such a website would appeal not just to individual consumers but to decision makers at every point in the retail and manufacturing world who are trying to upgrade their products. We'll explore a prototype of such a website, Earth-ster, in Chapter 14.

For consumers, the coming digital sources of eco-transparency will mean, as Shirky puts it, that “you can make more virtuous decisions without it inconveniencing you. If you tell me that Food Lion stores are more environmentally conscious than Kroger's, I'll change where I shop—and that will put market pressure on Kroger's to compete along those lines, too.”
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FAIR AND SQUARE


These towels have been made under fair labor conditions, in a
safe and healthy working environment which is free of
discrimination, and where management has committed to
respecting the rights and dignity of workers.



That message, printed under a logo reading FAIR AND SQUARE, was placed on towels sold at a trendy Manhattan home furnishings store. It proved to have remarkable sales power. Compared to adjacent towels that lacked this simple information, the Fair and Square batch showed a steady boost in sales over a five-month period. When the labels were switched to comparable towels, the sales advantage—a boost of 11 percent in sales—traveled right along with the label.

Most surprising, when the price of the towels was raised, their sales increased more quickly. A 10 percent bump up in price brought the Fair and Square towels 20 percent more sales—and a 20 percent price rise yielded a 62 percent sales jump!

The two Harvard University political scientists who conducted the experiment, Michael Hiscox and Nicholas Smyth, conjecture that the higher price tag for the towels lent more credibility to the claim for superior labor standards. The results, they suggest, show a large untapped market for such ethical merchandise.

Of course, this happened at an upscale store; its shoppers fall within the marketing category known in some circles as “Price-Sensitive Affluents,” those who equate a virtuous label with quality, and are willing to pay up to twice an item's price if it matches their concerns. But don't the vast majority of shoppers, a skeptic might argue, care more about price than goodness?

The data from less trendy venues is mixed. In an experiment by Oregon State University researchers at Home Depot stores, eco-labeled items outsold those without such labels by two to one if the prices were the same, and by slightly less than two to one when the eco-products cost 2 percent more. But at a department store in a working-class neighborhood of Detroit, the results were different. One pile of socks was labeled as having been made under “good working conditions,” while an identical pile had no such sign. The prices of the two piles of socks varied. About a third of customers paid up to 40 percent more for the ethical socks. But when the socks were priced the same, the virtuous label had zero effect; again the researchers conjecture that the higher price made the claim more credible.

That eco-virtue adds perceived value finds support from recent brain studies. From her research on consumer decision making, Caltech neuroeconomist Hilke Plassmann concludes, “Our concepts about price shape an expectation, which then biases our experience and our purchasing decisions.” The brain activity when we make a decision about a brand reflects this bias, equating price with quality. A lower price lowers our expectations of a product, and a higher one raises them.

When Plassmann gave experimental volunteers what they thought was a discount wine, they liked it less than a supposedly high-priced wine, even though the wine in each glass was the same. “Price makes us feel a wine tastes better,” Plassmann notes, “but that's a cognitive bias that arises from computations in the brain that tell me to expect it to be better, and then shape my experience so that it does, indeed, taste better.”

Could the same sort of cognitive operation apply with regard to an ecological judgment? Plassmann thinks so: “It could be a moral concept, like ‘This product is bad for the environment,’ that drives the brain.”

As every brand manager knows, a product's reputation can make it or break it. And reputation can be remarkably fragile; as neuroeconomic studies of preference show, a single note of negativity or positivity can skew our entire decision to buy. Our biases and expectations drive brain activity, which in turn shape what we do. That sequence from label to mental state to choice has profound implications for brand preferences. From this perspective, the ferocious marketing battles between rival brands are fought within the neural circuits of shoppers, where the telling moment comes in the second or two a customer contemplates a box of laundry soap.

“Most people don't buy the cheapest thing,” O'Rourke points out. “They pay more for what they perceive as good.” He envisions environmental, health, and social welfare concerns entering the brand choice matrix, in addition to price and quality.

Still, a survey of twenty-five thousand customers across the economic scale by Marks and Spencer, the British retail giant, found that about a quarter of shoppers are simply not interested in whether an item carries a virtuous pedigree. Ten percent, on the other hand, will go out of their way to get a more ethical item. Those data points, if taken alone, suggest that those who are indifferent outnumber those who care by two or three to one.

But the most telling group in that survey was the large majority of shoppers who lie somewhere between the two extremes. Roughly two-thirds of shoppers, the survey found, care about ethical choices but want the decision to be easy, or are vaguely concerned about ethics but feel their shopping preferences won't matter. Radical transparency targets that two-thirds by making ethical choices easier, offering a shopper relevant data in a neat summary as she holds the item in her hand.

The two-thirds who care but want information with little effort are the swing voters, the crucial shoppers who might be encouraged to shop their values, but whose failure to do so breaks the demand-supply link between shoppers' choices and the products supplied. If there is no real market advantage to companies for adhering to ecological soundness, then there is less reason for them to shift how they make and transport their products. Taking the transparent marketplace to scale will depend on how large a proportion of shoppers in the middle ground use their ecological intelligence.

The Marks and Spencer survey results bolster the claims of skeptics who argue that regardless of people's assurances that ethics matter in what they buy, most shoppers are indifferent to anything but cost, and transparency would make little or no difference. Witness the gap between how many people espouse green values and what they actually buy. Surveys of shoppers in the United States have found that around seven in ten think of themselves as “environmentalists,” with about a third claiming they stopped buying a product because the company pollutes. Likewise, around three-quarters say they would not buy something made under bad working conditions; 86 percent in one survey said they would pay an extra dollar to be sure a twenty-dollar item of clothing did not come from a sweatshop.

That argument, however, assumes that virtue always costs more. Market realities make the picture murkier. Consider the ten most “toxic” shampoos and the ten least (as listed by Skin Deep, the website that evaluates the relative safety of personal care products). While the very worst, a kids' shampoo, is also the cheapest per ounce, the most expensive shampoo of the twenty is also on the “worst” list. In other words, cost and virtue cannot always be equated. For example, as oil costs have risen, businesses have been searching for ways to lessen its presence along their supply chain by switching to clean energy sources. Such sources may become cheaper than oil, once again breaking the link between high cost and improved ecological quality. Dow Chemical has committed to finding non-petroleum-based alternatives for its vast repertoire of industrial chemicals, a move likely to reduce the number of artificial toxins in nature. As cost equations shift, goodness may become cheaper—or at least increasingly competitive in terms of cost.

Nonetheless, cost remains key. Despite the willingness of some to pay a premium for eco-virtue, when it comes to what most people are willing to pay for, by and large only a fraction of shoppers seem to be guided by the ethical, environmental, or health impacts of products. One review of “green consumer” campaigns over twenty years found that only around 10 percent of consumers went out of their way to buy sound eco-products— presumably the same passionate group identified in the Marks and Spencer survey. Green campaigns do not seem to boost the numbers of green consumers much beyond this coterie of true believers. Environmental and public health activists have been discouraged by the repeated failure of their campaigns to motivate shoppers to buy more environmentally or socially sound products. Schemes ranging from educational programs in schools to eco-labeling have made little or no discernible impact in how people shop.

So what works? The experiment at Hannaford Brothers Company, the chain of supermarkets in Maine I mentioned earlier, has resulted in ready lessons for raising our ecological intelligence. One day shoppers found little stars perched next to the price tags of foods, rating the nutritional value of each item. Desirable nutritional choices received one, two, or three stars, for good, better, and best. Hannaford worked with a panel of expert nutritionists from institutions like Harvard and Tufts University to rate nutritional value. Foods earned points for vitamins, whole grains, fiber, and the like; they lost points for ingredients like bad fats, sugars, and salt.

Hannaford evaluated 25,500 products with the resulting formula, applying it to foods' ingredients lists and their nutrition panels. A host of products that food companies touted as “healthy choices” in fact received no stars, the worst rating—mainly because they were too high in sugar and salt. Only 28 percent of items on the store's shelves earned any stars; the rest got no rating at all.

Customers paid attention. A survey of Hannaford shoppers found that four in ten used the star ratings to guide their shopping fairly often—with sales figures revealing decided shifts in their purchase decisions. Hannaford estimates that those shifts were based on about a billion individual purchase decisions.

In the first year the three-star system was deployed, the stores saw marked sales gains for the most nutritious foods, those with three stars, and losses for those with two, one, or none. Three-star leaner cuts of meat increased 7 percent in sales, while ground beef, with no stars, dropped by 5 percent. Whole milk (no stars) dropped 4 percent, fat-free (three stars) gained 1 percent. Overall, packaged foods that earned stars had a jump in sales two and a half times greater than that for products that earned no stars.

The idea of nutritional labels came from focus groups with Hannaford shoppers about ways to make the time they spend in a supermarket more pleasant. Many shoppers complained of frustration and confusion in figuring out which foods were more nutritious choices. The star rating system, as Hannaford puts it, offers its “customers a useful tool that can help improve their shopping time with us.”

As a Hannaford executive explained, the company's main motive for the rating system was to boost shoppers' positive feelings about being in its stores. The three-star system aligns with the chain's experience-based marketing strategy and transforms shopping into an education—with the dual benefits of helping customers find what's best for them and increasing the time they spend in a store.

The Delhaize Group, the Belgian company that owns Han-naford, plans to bring its ratings to other supermarket chains in its portfolio, one in Florida and another throughout the mid-Atlantic and Southeast. Delhaize may license the rating system to still others in regions of the United States where it does not operate.

Food marketers are noticing. Even though the shifts in market share were within only a single chain of stores, sales reps from several brands that lost market share approached Hannaford executives to see if making their product ingredients more nutritious might earn them a star or two. That once again suggests ways point-of-purchase data can create a virtuous change.

That potential should increase over coming decades. Stu Stein, then a student at Wharton, saw a talk I had given about ecological transparency posted on the Web, and posed this question on his website under the heading “Compassionate Capitalism”: “If we had more knowledge about the things we buy, would it make a difference? If we knew that the washwater from the dye of one t-shirt might contribute to nearby children's risk of leukemia while another did not, would we care? I think so. My generation likes to do good by buying differently. When given the option to be virtuous, we take it.”

But too often, he noted, they lack the information that would enable them to make a more positive choice. He proposed three things that would help: 1) knowing why they should care; 2) an easy cue for which choices are better; and 3) “a right decision that's as accessible as a wrong one.” GoodGuide addresses the latter two, but not the first. The need to know why to care is really a call for ecological intelligence. Early signs suggest coming generations of shoppers will indeed care more than today's about the impacts of what they buy.

When I asked Thomas Ehrlich, a senior scholar at the Carnegie Foundation for the Advancement of Teaching, whether today's college students cared about these issues, he told me, “On campuses across the country there's been an explosion of student civic activities, particularly environmental projects and other forms of community service.”

Baby boomers like me grew up during the early days of the Cold War. In my school days that meant regular “bomb drills” that reminded us we could be blown to bits in a nuclear war. Children today face what may prove, over the long term, to be an even more dire threat: the specter of drastic disruptions of life from global warming and the other ecological disasters we may have already set in motion.

Older shoppers may not have cell phones, be too set in their habits, or merely too lackadaisical as they shop, to use technologies like the smart bar code. But today's younger generations seem far more motivated to embrace them, growing up in an atmosphere of alarm about the future of their planet that stands to move them more strongly to action. If predictions of global warming are anywhere near accurate, Hurricane Katrina and her ilk herald a steady drumbeat of ecological disasters in the decades ahead. This sort of defining generational trauma seems likely to grow stronger as time goes on, as ecological momentum already unleashed bears more sad fruit.

While older generations of consumers may be largely set in their habits, younger people are acutely aware of the need for an environmental bottom line. In a 2007 survey of American teenagers, half of the teens said that the degradation of the environment scared them. Most telling, almost two-thirds felt their generation will be more environmentally responsible than previous ones, with 78 percent believing they will have time to make changes that can repair the damage done to the environment.

This motivational difference makes younger generations more likely than older consumers to act on ecological transparency in their purchasing decisions, and to do so with greater urgency as the years go by. For starters, 80 percent say corporations should be held to a mandatory ethical code on their impact on the environment. Three-quarters say they would buy products or services that help the environment (whether they actually do remains an empirical question). More to the point, 83 percent said that, if it were easy to do, they would take action to help the environment—if someone showed them how. And that, in essence, describes the function of radical transparency: making it easy to help.
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THE VIRTUOUS CYCLE

When I was a kid, one of my favorite treats was a French doughnut, a fat pretzel of braided dough deep-fried in oil. The bakery was just two blocks away, a short bike ride; whenever I could scrape together enough money, I made the pilgrimage.

Little did I know the dangers lurking in that delicious fried delicacy, with all that sugar coating and its medley of fatty oils. As sensory psychologists tell us, the body's mechanisms for taste and smell have been fine-tuned to adore the sugars and fats that, well, make us fat. This neural strategy for surviving scarcity and famine presumably worked well in the hardscrabble days of prehistory; today it's an expressway to rotundity.

But the biggest danger lurking in those luscious French doughnuts was one that did not exist until recent culinary history: trans fats, hydrogenated vegetable oil. Adding hydrogen atoms to cooking oils created saturated fats, gunk patented in 1903 that made baked goodies stay moist longer. The miracle of trans fats lent pastries and cakes a longer shelf life, let pie crusts (and French doughnuts) stay pleasingly crisp yet chewy. Trans fats were first marketed to the public as Crisco; I can remember the big can of Crisco in our kitchen—and in the kitchens in my buddies' houses—when I was growing up. Today Crisco has virtually disappeared from American kitchens.

Perhaps the first widespread public awareness of trouble with trans fat came from a 1993 report in the British medical journal The Lancet. Scientists analyzing data from the Nurses' Health Study, which since 1980 has tracked the medical destiny of more than eighty thousand nurses, noticed that women whose diets were high in trans fats had a higher likelihood of heart attacks. By 1997 the scientists had even more robust data to report: by then 939 nurses had already died from heart disease. The researchers calculated that switching from eating trans fats to nonhydrogenated ones would reduce a person's odds of heart disease by 53 percent.

But here was a case of unintended information hoarding: medical researchers were in the know, the rest of us clueless. Dr. Walter Willets of the Harvard School of Public Health and the lead scientist on the study of nurses, noted that of all the varieties of fat, from those in olive oil to those in butter, trans fat was the worst culprit, adding—back in 1997—that this little fact was “still unknown to most consumers.” Indeed, at the time the Associated Press story reporting the study used the phrase “something called trans fat,” to signal that readers were probably learning of the substance's existence as they read the article.

While in 1997 knowledge of trans fat itself—let alone its hazards —was barely beginning to dawn, that awareness grew quickly as a cascade of findings made clear the hazards in eating trans fat. In 2000 the FDA released a study estimating that removing trans fat from margarine and other foods could prevent about seven thousand deaths each year in the United States. The report suggested that labeling trans fats could have a meaningful impact by giving consumers a way to make more healthy choices.

Then came the death knell for trans fats. In 2001, the prestigious Institute of Medicine, a branch of the National Academy of Sciences, issued a report confirming that trans fat was strongly associated with heart disease, increasing the LDL cholesterol that clogs arteries and reducing levels of HDL, the “good” cholesterol that cleanses arteries. The conclusion: there is no “safe” level of trans fat in a food.

The U.S. Food and Drug Administration had already begun pondering whether to require that foods be labeled to reveal their amount of trans fat. Nutrition labels at the time included the total amount of fat in a food but made no distinction between, say, polyunsaturated fats, which are healthy, and trans fats.

Food manufacturers opposed labeling trans fats, complaining that there was simply no good substitute for hydrogenated oils, and that a host of foods would lose the taste, textures, and shelf life that customers wanted. Meanwhile, the food industry intensified research to find equally good-tasting alternates it could use to reformulate its products. By the time the FDA got around to requiring that foods show how much trans fat they harbored, major food companies had already found ways to drop hydrogenated oils and were proudly labeling once-guilty foods as “trans fat free.”

In 2007 fast-food chain Dunkin' Donuts joined a multitude of other companies in announcing it would drop trans fats from its recipes, even its eponymous doughnuts (which for years had, literally, been dripping with the hydrogenated oil). Like every other major food company (including those that at first had complained that there was no substitute for trans fat), Dunkin' Donuts switched to a combination of more healthy oils to replace trans fats.

For more than a century hydrogenated oils had been seen as a magic ingredient that bestowed on hundreds of foods their lasting freshness, moistness, and crispness. But in just a decade the dawning of their downside in our collective awareness had turned hydrogenated oils into an object of disgust, even banned by law in some locales.

Early on, when the FDA began to hold hearings on listing trans fat on products, many companies opposed the proposed labels. At the time one newspaper article mentioned offhandedly that consumers concerned about health wouldn't touch products high in trans fat—“if they knew” which ones those were. Now we know, and as a result we are hard put to find anything high in trans fat to buy. Trans fat has virtually vanished from American food.

What's most telling about this saga is the mechanism that made trans fats vanish. The federal government never banned hydrogenated oils. No one told food companies they had to stop using trans fat. The crucial shift was in the information available to consumers. Trans fat stands as a textbook case of the potent market force that comes from full disclosure in labeling the things we buy.

As the public gets more finely detailed information on the various harms done by products, such cases of disappearing ingredients and abandoned industrial processes will no doubt proliferate. All it takes is a bit of radical transparency. Full disclosure has marketplace power, as a handful of earlier cases illustrates.

A Senate hearing on September 10, 2000, shocked drivers of SUVs—then the rage of the auto industry—with the news that these top-heavy vehicles were prone to deadly rollovers from something as mild as a blown tire. A total of 271 people had been killed in a spate of such accidents. One impetus for buying SUVs had been that people thought they were safer than smaller cars (as they indeed were in cases of a crash between an SUV and an auto with less bulk when there was no rollover involved). Congress, trying to find the best method to calm drivers' fears, turned to transparency: a law that required automakers to divulge to buyers the likelihood that an SUV would roll over.

The transparency system was a straightforward five-star rating based on government tests that instantly let a prospective buyer know if a given car was among the most or least prone to rollovers. Five stars meant the car had a 10 percent or less chance of rolling over in an accident; a car with one star had a 40 percent or more likelihood. And, to ensure the ratings were useful, the law demanded the stickers be placed right there on the auto's window in the dealer's showroom.

At first SUVs had a wide range of rollover ratings, with most very poor; thirty models were rated one or two stars, indicating a 30 percent or greater rollover probability. Just one SUV earned four stars, a less than 20 percent rollover chance.

But only four years later, the pattern had reversed: twenty-four models rated four stars, and just one was ranked with two stars. Consumer pressure had convinced automakers to stop lobbying against a standard for rollover safety (as they had for decades) and to speed up their R&D on technology for stability control, such as sensors for corrective braking.

The SUV rollover story is one of fifteen cases studied by researchers at Harvard University investigating when transparency produces beneficial marketplace changes. The focus of these studies ranged from the 2001 fiat that mutual funds disclose their aftertax returns to the 2004 ruling that auto companies collect and report consumer complaints about potential defects. In each one, a major, beneficial shift took place simply because consumers got new information about potential harms from standard practices or common products.

The Senate hearing on SUV rollovers was a benchmark in marketplace transparency. Congress's explicit rationale for subsequent tire-rating laws was that the information on rollover risk led buyers to choose safer cars, which in turn would lead automakers to improve the safety of the cars they made. And so it did.

Similarly, consumer demands for information led to industry action back in 1978, when a jungle of state-by-state energy efficiency standards for refrigerators was creating a compliance night mare for appliance makers. The resulting desire of U.S. manu facturers for nationwide, uniform efficiency requirements led Congress to require that the Department of Energy set mandatory energy standards—not just for refrigerators but for nearly a dozen other electrical appliances.

Predictably, at first some industry advocates protested that the requirements were technically unfeasible. But, as so often happens, despite the protests manufacturers proceeded to develop refrigerators that were highly efficient—in fact, 10 to 15 percent better than the standards demanded. The ingenuity unleashed has resulted in today's kitchens having refrigerators that have larger capacities than those of previous decades and that consume a fraction of the energy. Energy use by refrigerators in the United States plummeted, and continues to drop as the years go on.

In neither of these cases did the government demand that industry meet a certain standard or decree any change. Rather, they simply required the informed to let the uninformed know critical information. If information moves markets, the advent of information symmetry shakes them.

THE MULTIPLIER EFFECT

Sequestered among New Jersey's anonymous landscape of industrial parks squats a vast factory complex dedicated to making bath and body products. The factory's main building, a massive 600,000 square feet, holds forty production lines. Every hour each line pumps out two thousand units, about two to three hundred boxes of shampoo ready for shipping.

A goodly portion of the shampoos in America's stores and beauty salons was born in the immense vats in this factory's mixing room, each vat the size of an upended cargo container—about 18 feet high and 10 feet across. A single vat holds 8,500 gallons, which turns out enough bottles of a shampoo to fill a slot on the shelves of every store in a national retail chain.

It takes an entire day to put the ingredients in a vat and another day to mix the batch. Then the shampoo gets piped into drums and tested for impurities. The drums are hooked up to one of the production lines, where that brand of shampoo gets pumped into bottles. The capacity of the plant: around eighty thousand units per hour.

Consider the scale of manufacturing versus what we buy: manufacturers think in batches of thousands of gallons, while a single bottle of shampoo represents a few ounces. But each single bottle represents all the others in its batch, about 108,800 standard ten-ounce bottles. However that bottle's worth of shampoo was made, whatever its ingredients, whatever its contribution to the devalue chain (the ways in which various points in its life cycle have negative ecological impacts), in the logic of the marketplace all these impacts are rewarded whenever someone buys a single bottle.

In this sense, a single customer switching a brand preference can have vast implications. For one, it gives every consumer a role in the business decision to continue the current way of doing things or to find alternatives. Just as single votes count in an election, the swinging of such purchasing choices in one direction or another decides the fortune of the brands competing for that person's dollar.

But the missing piece of the equation here is finding a way to let a company know precisely why we decided to buy, or switch from, its brand. Such an information feedback loop between shoppers' preferences and a business's response to how it does things creates a “virtuous cycle.” When information about a product changes consumers' brand preferences, the resulting market shift in turn will lead companies to offer more of the improvements shoppers want. Simply providing information to buyers that changes their behavior leads sellers to change their business practices. A virtuous cycle connects what shoppers decide in the aisles of a store with what companies need to do to win their business.

One of the longer-playing virtuous cycles can be seen in the green building movement. We are nearing the end of that long era in the construction industry where, to maximize their profit, developers set their budget for a building's costs as low as possible, and architects, contractors, engineers, and everyone else who will build a piece of the complete building compete for their share of that fixed budget. That system provides incentive for bidders in turn to find ways to cut their costs to the bone to fatten their profits, in a race to the bottom: the subcontractor for the heating and cooling system, for instance, has every reason to install the cheapest he or she can find that will do the job and just meet building codes, rather than a higher-priced one that will save energy and money over the long haul for the tenants—the real customers of the building.

The fixed-budget system operated in the shadows of commercial development, out of sight of those tenants (and sometimes building owners) who would bear the higher operating costs. These crucial decisions were hidden in the construction bids and passed on to these customers for the life of the building. It was a classic case of marketplace information asymmetry.

Disclosure of the ecological downside of commercial buildings has arrived in the construction sector in the form of LEED (for Leadership in Energy and Environment Design), the certification system that has become the gold standard for green building. By alerting the world of building owners and tenants to the dangers of indoor pollution and better alternatives, to the high operating costs of cheap heating and air-conditioning, and to the many ways in which we can lower energy costs by using new design and material options, the LEED standards create ecological transparency where there was none before. LEED creates information symmetry by revealing the hidden costs to a building's owners and users of the old way of doing business in the construction world, and creates a virtuous cycle by offering ready market alternatives.

Commercial buildings in the United States account for about a third of our greenhouse gas emissions, and almost two-thirds of our energy consumption. The brick-and-mortar relics of earlier days that dominate the building stock in any city represent the greatest immediate opportunity for the real estate sector to go green. Converting a building to LEED standards represents low-lying fruit in upgrading our impact on the environment: the immediate payback comes in energy cost savings.

A study by the Green Building Council, which administers the LEED program, found that owners who retrofit older buildings on average get an annual savings of 90 cents a square foot; most earn back their investment within the first two or three years. Small wonder large building owners from Citigroup to property managers like Cushman & Wakefield are joining the movement. Other advantages include not just lower electric bills, but lower overhead expenses for things like cleaning, and healthier air inside as well—not to mention the increased comfort, health, and productivity of those who work in the building.

From the start, the small working group that kicked off the LEED movement realized that market forces would be the driver of this fundamental change. “The idea of market-based transformation” was a key founding idea, recalls Jim Hartzfeld, a founding member of the U.S. Green Building Council. “We realized that the voluntary response of the marketplace—generated by people's understanding that there were better ways to build buildings now, and it was in everyone's best interest to do it—was more powerful than imposing any kind of regulation.”

The market results have been powerful. When LEED was introduced in 2000, there were 635 buildings worldwide that met the standards. Seven years later, over $12 billion in building starts had been designed to meet these green standards. LEED is fast becoming an industry norm for commercial properties, with many building codes worldwide adopting the standards for large buildings. As market demand has increased, so too has the supply.

The building industry is in the throes of waves of innovation, with a race to find new technologies that do everything from allowing a building's surfaces to be made with solar panels that generate electricity to geothermal heating and cooling systems that take advantage of the constant year-round temperatures of 50 to 55 degrees that lie several feet below the earth's surface. The construction industry's bar for green is in continuous upgrade. Industrial designers envision a coming generation of “living buildings” that will operate like an accessory to nature, producing more clean water and energy than they use. This virtuous cycle is moving into fast forward.

The larger accelerating force for such cycles may come from the cumulative force of institutional and business-to-business decisions rather than retail shoppers. If you are the purchasing agent for a large organization, your spending power has a much bigger impact. Mike Hardiman is one such big spender. As the director of purchasing for the University of Wisconsin, Hardiman spends upward of $225 million each year, about half of that for goods. The day we spoke, he was about to attend a meeting with other purchasing agents from the Big Ten schools, the huge state universities that, like his, buy massive amounts of supplies. “There's a large movement sweeping us up toward sustainability and social awareness, and we're nowhere near the crest. All of us purchasing agents are struggling with how to apply this.

“We already have a couple of mandates, like a requirement from the state that we buy recycled paper. Some major donors have given us funding for a very large new science center, and we're going for LEED certification. Other social issues have come up—we want to ensure the workers of contractors we deal with are paid living wages. We're part of a consortium of schools that has hired a third party to do an analysis of working conditions for our contractors.”

Institutional purchasers like Hardiman are intentionally creating virtuous cycles via requests for bids on the goods they buy that specify incremental upgrades. The state of Texas has joined several others by moving toward updating its procurement practices to favor rewarding contracts to products that are more environmentally sound, including their life-cycle costs.

That strategy seems ripe for spreading to other institutional sectors. As Jonathan Rose told me, “My job as a builder is to select the material with the best backstory—the least environmental and health costs. Every design and material choice we make carries a market message. As the green building movement has grown in size and scale, there has been a tremendous response from manufacturers and suppliers to make more and more environmentally responsible materials. The green demand began with smaller, innovative firms but is rapidly growing as Fortune 500 companies and institutional investors demand healthier, greener products.”

Rose and others see the power of collective action to create market pressure that encourages suppliers to upgrade materials. In time, he believes, the largest owners of buildings will do this for the things they continually replace or upgrade as well. Pointing to giant retirement funds that own trillions of dollars in real estate, he predicts that if these funds said they wanted “a certain improvement in the carpets, lights, or other fixtures they regularly replace in their buildings, then you'd start to see a continuous upgrade. When you drive key leverage points in an industrial system, the rest will follow.”

This shifts the decision-making process for executives, in the view of industrial ecologist Gregory Norris. Management can now calculate, “If we get our environmental benefits to this threshold, then we could expand our market share this much. The more we move to the right on this graph of recycled content, for example, the more sales we'll get as we meet the threshold requirements for more buyers.” This provides a concrete incentive for companies to justify the costs of finding ways to make the improvements needed to get to average or better for their industry.

In the past advocacy groups concerned with everything from saving the rain forests to ferreting out sweatshops would lobby governments to pass regulations to further their agendas. More recently many have switched tactics, trying to persuade shoppers to boycott products that displease them. The strategy boils down to creating collective consumer action—or the threat of such action—to shift markets to the kinds of products aligned with what they advocate. Such a market strategy can be far more effective and work far more quickly than regulation. It parallels the market pressure that many institutional buyers are applying.

Dara O'Rourke's hope for GoodGuide is “to provide a giant lever that shifts markets to prod manufacturers incrementally to get better across the board.” But that lever for change might be pushed for any of a variety of reasons beyond responding to a shift in the market, from ethical concerns and commitments to social responsibility to the effort to protect a brand's reputation. Here the old sixties slogan “Power to the people” takes on new force, empowering those in business who seek to promote the greener, cleaner, and more humane in the marketplace.

Radical transparency promises to create a marketplace mechanism that takes the consequence of shoppers' choices to scale: each individual purchase, aggregated with all the others, becomes tantamount to votes on the nature of the goods they buy. As businesses respond by making more of the improvements that shoppers want, shoppers can feel empowered by seeing that their ethical choices matter.

“You could make the argument that your bottle of pasta sauce makes a trivial contribution, but that brand's total impacts are the sum total of millions of decisions like yours,” Gregory Norris argues. “If we can find a better choice, that's a vote, and every vote counts. Saying it doesn't matter what I buy is like saying it doesn't matter who I vote for. It's only our purchases that are driving this industrial machine. Companies tell me, I'm not paying attention until buyers care.'”
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THE CHEMICAL STEW

Conventional wisdom posits a potential bonanza for companies that go green not merely in direct savings on energy costs, but also from the smarter products and processes they innovate that solve ecological problems. But looked at through another lens, the current tide of activity focused on global warming is just the first in a series of such waves likely to wash over businesses in coming years.

Most products marketed today are based on twentieth-century industrial chemistry. The twenty-first century will inevitably bring a more fine-grained understanding of how commonly used ingredients interact with human biology. Given the inexorable advance of science, eventually some of those substances will be implicated in processes that lead to disease of one kind or another.

The widespread fears about the heating of the planet are driven by a steady drumbeat of scientific findings, each hitting the media with a new wave of alarm. But just behind the current surge of fears about global warming, the next wave of dread to wash over us can be seen gathering a bit farther offshore. One inexorable force that stirs these waves is backwash from fast-moving scientific advances. Another is the ever-increasing zones of transparency created by the availability of information.

Put radical transparency together with, for example, medical findings about industrial chemicals, and we can see that one likely wave will be alarms about toxins: more compounds that are today routine ingredients in consumer products will become suspect. These anxieties may spread to seemingly innocuous industrial chemicals, simply because tomorrow's standards for toxicity will likely be more demanding than today's, as more information is spread more widely and the public's perception of danger becomes greater.

Another reason this may be the next major wave: While alarms about global warming and other planetary dangers have filled the news, they can seem to operate on too massive a scale and over too long a time frame to affect most people's everyday lives. But when it comes to protecting our own health and that of our loved ones, people pay far closer attention.

Consider a box of microwavable, butter-flavored popcorn. The label assures buyers that it has zero grams of trans fat and zero mg cholesterol. But the ingredients list fails to mention that the savory butter taste and mouthwatering aroma come courtesy of diacetyl, a flavoring long known by pulmonary specialists to cause bronchiolitis obliterans, a disease in which the small airways in the lungs become swollen, scarred, and, eventually, obliterated.

Victims can breathe in deeply but have severe difficulty exhaling. More commonly known as “popcorn worker's lung,” the disease has sometimes led to the death of those who labor in popcorn factories or plants that produce candy and pastries, and even dog food, where diacetyl is used as a flavoring.

A canary in the coal mine for the rest of us was Wayne Watson of Centennial, Colorado. When Watson was diagnosed with popcorn worker's lung, his physicians alerted federal agencies that the threat had leapt beyond factory walls to consumers' homes. The resulting public alarm swiftly led the four largest U.S. makers of microwave popcorn to announce they were pulling diacetyl from the mix of ingredients.

In nature diacetyl occurs at low levels in butter, cheese, and some fruits, where it poses no danger. The popcorn companies were breaking no law by using diacetyl; the FDA had approved its use. And Wayne Watson had put himself at unusual risk; he dubbed himself “Mr. Popcorn” because he devoured two or three bags every day for ten years. He especially loved to fill his lungs with a deep inhalation of the buttery cloud of aroma released the moment he ripped open a freshly popped bag—in other words, the strongest dose possible.

His food fetish was a recipe for medical disaster. When heated, diacetyl becomes a vapor, the form that poses a danger to lungs. If breathed in over long periods, concentrated doses of this very vapor lead to popcorn worker's lung. When Mr. Watson's doctor went to his house and measured levels of diacetyl in the air right after he made popcorn, they were found to be as high as those in a popcorn factory.

So should we all shun diacetyl-laced popcorn? Maybe. Maybe not. As one report on the case put it, “There are no warnings from federal regulators, nor is there medical advice on how consumers” should treat the news. And that's the quandary. The standards that the FDA, food industries, and even physicians use for determining consumer safety do not always match the recommendations of scientists who study the health impacts of the multitude of chemicals we imbibe.

Just what do we mean by “toxic,” anyway? That question goes to the heart of a decades-long struggle over industrial chemicals waged between public health experts and the chemical industry. It revolves around a question that can be answered in many ways: what compounds are toxic to whom and under what circumstance?

The Flavor and Extract Manufacturers Association estimates more than one thousand flavoring ingredients may pose respiratory dangers to workers. No one knows how many other chemicals with potential dangers lurk in the everyday objects we use and foods we eat. Informed estimates put the number of man-made chemical compounds as high as 104,000. Of these, 10,000 are used yearly in volumes greater than ten tons. Only a fraction of these everyday chemicals have ever been tested for toxicity in adults, let alone on fetuses or infants.

When it comes to potential harm from the chemicals in what we buy, use, and own, while many dangers are suspected, almost all are “unproven,” in the sense of achieving consensus on the verdict. Apart from a relatively small subclass of chemicals, like concentrated doses of vaporized diacetyl, the chain of causality from chemical X to disease Y in almost every case has yet to be investigated, let alone established.

When it comes to knowing which ingredient might be a medical concern, it's largely a guessing game. In some cases, science can identify certain ill effects from specific toxins and suggest a pathway consistent with those medical outcomes. But most of the apprehension centers on the simple fact that no synthetic chemicals are integral to the body, and at a high enough level or in various combinations, their presence might not necessarily be good.

But science cannot always predict what specific effects these exposures will have in a given person; the body's biological maze is simply too complex. These chemicals engage tissues in multiple ways. Some imitate the molecular structure of the body's own hormones, ending up lodged in the endocrine system; others mimic the chemical messengers that keep cells in the brain and body working smoothly together. Some are readily absorbed into body fat, while still others—particularly the large number made from petroleum—readily slip through the oil-based membranes that surround cells (petroleum-based chemicals harbor carcinogenic benzene rings). Once absorbed into the body's tissues, these chemicals can wreak havoc in any number of ways, none of which may be immediately obvious.

THE INFLAMMATORY SYNDROME

If you want to know what industrial chemical compounds Michael Lerner or his wife, Sharyle Patton, carry around in their bodies, just go to the Web page www.bodyburden.org. Lerner and Patton are both active in environmental health, the field that studies how the chemical by-products of industry and commerce impact the human body. They posted their analyses on the Web as part of an awareness-raising campaign.

Lerner, it seems, lugs around relatively high levels of methyl mer-cury, inorganic arsenic, and polychlorinated biphenyls (better known as PCBs). These are but a few of the 102 industrial chemicals of 214 assayed by measuring metabolites in his blood and urine.

Patton's body, in addition to these, has relatively high levels of chlorinated dioxins and organochlorine pesticide residues, plus a generous helping of others that did not show up in her husband's tests.

Medical databases link, at various levels of certainty, each of these compounds with a distinct set of illnesses. Inorganic arsenic is a known carcinogen. BPA (bisphenol A), found in plastics, dental sealants, and the linings of tin cans, is suspected in certain birth defects and developmental delays in children, some cancers, and disturbances in endocrine and hormone function. Both chlorinated dioxins and PCBs come to us mainly in fatty meats, dairy products, and fish; like BPA, they may link to birth defects and developmental delays in children and to cancers, as well as to malfunctions of the nervous and immune systems. The pesticide residues enter our bodies via the foods they are used on, as well as in drinking water; they are associated with a similar roll call of disorders.

Stepping back and looking at the entire list of 214 industrial chemicals creates the creepy feeling that nothing is safe: toxins waft our way in house dust or air, from water and soil, or by off-gassing from a long litany of objects from paint and carpeting to computer consoles and furniture.

The body is an ecosystem of sorts, an exquisitely coordinated mass of disparate units functioning within a whole. And like any ecosystem, the body can be invaded by foreign substances that muck up the works. Quantifying how many such invaders our bodies harbor has been the quest of studies on bioaccumulation like the one Lerner and Patton participated in to assay this biological buildup over a lifetime. Bioaccumulation has become its own corner of medical science, with studies suggesting that virtually everyone alive on this planet harbors a stew of toxic substances.

By now thousands of people have been tested, and everyone has been found to harbor some version or another of this molecular stew. The biomonitoring program at the U.S. Centers for Disease Control has a massive project under way that measures people's exposure to toxic substances by assessing metabolites of toxins in their blood or urine. This gives a picture of what actually has been absorbed by our bodies, rather than what is in our proximity. This shift from measuring pollutants in our water, air, or soil to what has melded itself into our biology has led to related shifts in thinking about medical etiology and chemical risk.

One emerging medical model for these chemical invasions holds that ill effects can emerge slowly, over decades, from cumulative chemical exposures at doses so low they are measured in parts per million. For toxicology, this marks a shift away from the traditional approach of searching for a chemical's risk only at high doses from short-term exposures. The high-dose/short-exposure model applies more readily to, say, the safety of a painter who uses solvents on his job. But the alternative low-doses-over-decades model seems more apt for a child growing up with small daily exposures to risky chemicals from everyday objects—or to any one of us.

For instance, an emerging consensus in oncology holds that a person's lifetime exposure to many small amounts of cancer-causing agents can be just as toxic as a few big doses of carcinogens. This model of causation rejects the search for a single smoking gun—some substance that in itself fosters cancer—but rather looks to a person's lifetime, cumulative exposure to a wide range of chemicals that trigger cell mutation. This continual barrage of mutagens can finally overwhelm the immune system's ability to kill off mutant cells and so resist cancer. Our risk of cancer, in this view, reflects the sum total of day-to-day doses of carcinogenic molecules shed into our air, food, and water.

Dr. Martha Herbert, a pediatric neurologist at Harvard Medical School, points to the tens of thousands of manufactured compounds that are now found peppering nature in some three billion potential combinations, and the fact that no one knows all the ways these chemical concoctions might impact an infant's neural development. One of the greatest human dangers from this slew of molecules, Dr. Herbert reasons, comes when a child's fast-growing organs, budding central nervous system, and hummingbird-like rapid metabolism get exposed to—and voraciously incorporate— small amounts of foreign molecules, sustaining biological damage that may not surface for years.

The brain has a special vulnerability to interference from invading chemicals because, of all organs, it utilizes the widest variety of molecules to send the chemical messages that coordinate our mental life and biological functions. This very design means there are that many more ways molecules from outside the body can disrupt what goes on if they happen to interact with any of countless neural chemical reactions. Another reason for the brain's vulnerability is its rapid metabolism: the brain uses one-third of the body's energy supply and thousands of chemicals affect its metabolic operation, which manages how well our cells handle energy.

A state-of-the-art analysis by Dr. Herbert and her colleagues of the genes commonly found in people with autism revealed that a large number have nothing to do with the neural specifics of autism, but rather reflect a person's vulnerability to environmental stress and inflammation. Dr. Herbert proposes that kids with autism have a genetic vulnerability to disturbances in their metabolism's management of how their cells handle oxygen and produce energy, and of their immune system's reactions to infections or allergens.

For these kids it takes less environmental stress to reach a tipping point into illness. Two things that can lead to this tipping point are systemic inflammation and what's called “oxidative stress,” where too many free radicals—sticky molecules that cause havoc in our cells—lead to mutations of DNA and vulnerability to diseases like cancer. These two conditions go hand in hand with each other and, in combination with a unique susceptibility from other genetic patterns, express themselves in the spectrum of autistic disorders (as well as in seemingly unrelated symptoms common in children with autism, like diabetes, allergies, and asthma).

“What we are looking at is a breakdown of our body resiliency, our physical ability to bounce back from challenges,” Dr. Herbert says. She sees this vulnerability as part of a much larger medical picture, one that may go a long way toward explaining the mystery of why the so-called diseases of civilization are increasing in affluent societies but are relatively rare in poorer ones. These include endocrine disorders like diabetes and autoimmune disorders like lupus, multiple sclerosis, and asthma.

As Dr. Herbert told me, she and her colleagues “began to wonder if all these different diseases aren't the same underlying biological process with different outward, visible end results. We're always producing free radicals, and in the right amounts they are part of how the cell balances itself. If they outpace the body's ability to clear them, you get three things: inflammation, oxidative stress, and trouble.”

The immune system ordinarily produces short-lasting inflammation while fighting infections, but when a defect in turning inflammation off occurs, a condition that should only be temporary becomes ongoing. Dr. Herbert explains, “If the natural systems that clear free radicals get hit by a chemical that slows them down or otherwise interferes, you get stuck in a state where you run treacherously low on antioxidants, which shifts your biology to oxidative stress and chronic inflammation.”

This model fits with a corner of biological science called “epi-genetics,” which studies, among other dynamics of the genome, how molecules from inside or outside the body turn our genes on or off. The chemical compounds known to cause oxidative stress and chronic inflammation, Dr. Herbert says, include “lead, mercury, alcohol, diesel fuel, pesticides—there's a litany that goes into the hundreds. We're all getting inflamed by this toxic cocktail. This seems to be a major common pathway for a host of diseases. The more toxins you dump in, the sooner it will occur and among more people.”

There seems to be a tipping point where the body's burden of harmful chemicals overcomes its ability to handle them anymore.

The specific malady that results depends on what we're exposed to and how our unique genetic profile responds. Perhaps for some children the outcome may be autism. But other people with a different genetic profile or exposure at a different point in life might develop any of a range of medical problems from diabetes and is-chemic heart disease to chronic obstructive pulmonary disease (COPD) and asthma.

This emerging causal model holds that all these diseases share a single root phase, chronic inflammation. Years of steady inflammation undermine the endocrine and cardiovascular systems, and the immune system's ability to fight the beginning of some cancers, while the constant irritation of lung pathways prepares the way for COPD. So medical science now proposes a new umbrella term: “chronic systemic inflammatory syndrome,” which eventually can become life-threatening in any of several ways.

Take COPD, a precursor of emphysema, which has always been seen as a sad medical end stage for smokers. A worldwide study of COPD produced a surprising result: growing rates of emphysema in people who have never smoked. As more and more people live in cities where they breathe particulate-laden air, non-smokers are developing COPD too. Over the lifetime of those living now in China alone, nonsmokers' exposure to polluted fumes will be responsible for almost two million “excess deaths,” according to an editorial about the COPD findings in The Lancet.

COPD reflects the body's accumulated burden from exposure to lung irritants in the air—auto exhaust, cigarette smoke, dust, or chemicals like those that waft through an office from the computer printer. We all are susceptible. Worldwide, COPD rates are predicted to increase because airborne particles, like factory smoke, auto exhaust, and indoor pollutants, are all on the rise. By middle age, nonsmokers catch up with smokers in rates of COPD.

Whereas a lifetime accumulation from tiny exposures sets the stage for disease, the implication is that any exposures to chemicals that may enhance inflammation or otherwise hamper our body's function are a health concern. From that perspective, any synthetic chemical can be seen as a gamble with nature: who knows what unforeseen biological reactions it might trigger? No one does, at least for the vast majority of man-made chemicals our body takes in daily. All day long we play a game of chance, gambling that what's used to make the things we find so useful will not harm us in the long run.

How regulators think about toxicity makes all the difference in what we end up exposing ourselves to. In evaluating chemicals, European toxicologists start by measuring a substance's inherent toxicity. Then, if there is potential human toxicity, the panel weighs scientific evidence to assess the chemical's potential for harm. They are guided by a better-safe-than-sorry approach— called the “precautionary principle”—which means if a chemical is merely suspected of being harmful, it is banned.

Our approach in the United States assumes that even if a chemical has some inherent toxicity, it may still be safe to use under normal—or at least certain—conditions. The U.S. government requires conclusive evidence that people exposed to that chemical will be harmed before banning a suspect substance. Such definitive evidence of harm can be hard to muster; far more chemicals are deemed “safe” in this country than in Europe. As a result, there are countless chemicals commonly used in American products (and other countries with similar standards or with none at all) that are banned in European countries.

The stage for this dilemma was set long ago by a decision made in 1979, when the newly formed Environmental Protection Agency drew up a list of about sixty-two thousand industrial chemicals and ruled that their use could continue without any testing or review of any sort. Those grandfathered chemicals included some substances known to be highly toxic, like ethylbenzene, an industrial solvent that medical studies show to be a powerful neurotoxin. But the most disturbing problem, according to a report by the Government Accountability Office, is that thirty years later the EPA has required testing of only a few hundred or so of those chemicals. The rest are mysteries.

That contrasts to the approach being taken in Europe by a program called REACH (for Registration, Evaluation, and Authorization of Chemicals). REACH has an ambitious goal: testing and evaluating all those tens of thousands of chemicals that were grandfathered into use in everyday products by the EPA back in 1979—plus all the new ones that have come into use since then but have not yet been rigorously evaluated by an independent body. Starting in 2009, the European Chemicals Agency will publish lists of chemicals to be tested in successive waves, a heads-up for manufacturers who might want to start finding alternatives. For the chemicals that flow through the world economy, REACH will generate a new kind of periodic table, tabulating their hazardousness rather than their molecular structure.

“In concept I agree with what REACH is trying to do,” commented a toxicologist at Procter & Gamble. “There are many chemicals in commerce today that were grandfathered into regulatory systems and for which there are little publicly available safety data. REACH is a way to make that information more available.” P&G, he added, has long had its own standards for safety, whether or not the government required filing papers on a chemical's toxicity. As he put it, “We'd never put a chemical in the marketplace if it wasn't safe.”

When I asked another toxicologist about the possibility that lifelong, cumulative exposures to otherwise “safe” chemicals might lead to an inflammatory syndrome, the idea was new to him. As a scientist, he raised pragmatic questions, like how to quantify an inflammatory response in people, and telling ones, such as whether studies have as yet shown a definitive relationship between a person's level of inflammation and lifetime accumulation of chemicals. His conclusion: “It's an interesting theory, and I can see it may have some merit. But there are lots of empirical questions. The science of toxicology has evolved over the last twenty years, and I suspect it will continue to evolve.”

Some toxicologists argue their discipline may have a blind spot when it comes to the stew of chemicals we breathe, drink, or otherwise absorb over the course of life. One step in this awakening came in the journal Neurotoxicology, in a challenge to the methods used by toxicologists for decades to test the hazards of chemicals. Deborah Cory-Slechta, a toxicologist at the Robert Wood Johnson Medical School, found that exposing lab animals to the pesticides paraquat and maneb caused the degeneration in the dopamine circuits that underlies Parkinson's disease in humans. The damage occurred only if the exposure to one of the compounds was repeated (in this case, in utero and in adulthood) or through exposure to both pesticides in combination. Paraquat and maneb are quite distinct molecules, but the mixture or number of exposures produced the signature damage for Parkinson's.

Such findings—and there are dozens of others like these—create a paradigm challenge for toxicology: an exposure just one time to one of these chemicals resulted in no discernible damage. And up to this point that method—assessing the tissue damage from exposure to a single chemical or class of chemicals for a limited time—has been the gold standard in tests of a chemical's tox-icity, our early warning system for protection. But it tells us nothing about how a given chemical might damage tissue if we are exposed to it in combination with others or over the course of a life span. The reality is that we all are exposed to a mix of countless chemicals continually a predicament for which toxicologists as yet have no assessment method.

As Cory-Slechta points out, the standard methods of assessing safe levels of exposure to a chemical fail to address the environmental realities. Synergy among synthetic chemicals lodged in our bodies challenges the assumptions underlying risk analysis calculations. For one, these tests simply look to see if a compound kills cells. But very low doses may fail to kill cells while nevertheless damaging the cells' ability to signal other cells or otherwise interfere with their functioning. And, Cory-Slechta adds, a single-chemical, onetime exposure of healthy adults tells us nothing about how a substance might impact children, the chronically ill, or the aged— groups with greater susceptibility—nor about the realities, say, of breathing polluted air, a mixture of countless kinds of ultrafine particles whose chemical composition varies from place to place and day to day.

As Cory-Slechta diplomatically puts it to her colleagues in neuro-toxicology “Information on the scope and extent of chemical exposures in humans, while increasing, remains limited.” Cory-Slechta proposes her discipline switch its thinking to a “multi-hit” model, in which insults to different target sites within a specific biological system, either over time from one molecule or all at once from many, harm a biological system. That, she adds, would be a major first step in toxicology's main mission, safeguarding human health. Current methods, she notes, may offer inadequate protection given this new understanding.

So what are we to do in the meantime?
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THE AMYGDALA GOES SHOPPING

If you want to start a brand of shampoo, you might go to a gigantic personal care products factory deep in the maze of indus-trial parks scattered through central New Jersey where they can offer ingredient design as well as manufacture it. You meet with a factory-based formulator, who will come up with a unique recipe for you. A businessman who is a partner in a hair care products company founded by a famous hair stylist told me, “Every body in the business goes to these plants; they do the R&D for all the shampoos. There are no secrets in the industry—all the ingredients are listed.”

Shampoo retails in a three-tier market— mass-market chains, hair salons, and upscale department stores—each with progressively higher price points. Products at the bottom, in the big-box stores, have little flexibility in ingredients. Those in salons and department stores have more freedom to pick specific substances without pricing themselves out of their market.

The giants in the industry do their own R&D and manufacture in their own plants. Nonetheless, they use virtually the same ingredients and methods. As in any business, cost considerations come first. The businessman told me, “When we looked for ingredients of our shampoo, it's not just what you want the shampoo to do for your hair, but the price point that determines what you can make. We told the formulator that we needed to hit a total cost of $2.85 in order to be able to sell to our customer—a big-box store that would retail the product.

“He said, ‘You can't get what you want at that price.’

“But after several months and many rounds of sample formulations we ended up getting pretty much what we hoped for at that price point. But for organic ingredients we'd have had to pay much more.”

Every shampoo contains four basic types of chemicals. The first is surfactants, cleaning agents that strip dirt off hair. But surfactants are harsh and can leave hair dry and brittle, so formulators add a conditioning agent to rectify the pH balance. Foaming agents make it bubbly; fragrances give a shampoo its unique identity. Shampoos can have dozens and dozens of ingredients fine-tuning their unique appeal in these four basic categories.

Not all those ingredients are necessarily benign. An industrial ecologist told me, indignantly, that he had recently learned that the shampoo he and his wife use contains 1,4-dioxane, a suspected human carcinogen. That chemical is not listed in the ingredients; it's there unintentionally in trace amounts as a residue from the chemical process used to make a foaming agent.

If you want to buy a completely safe shampoo, you might want to skip one that features a greenish-sounding name hinting at botanical wonders. Some of the fifty or so ingredients in this shampoo have been linked to cancer, reproductive toxicity in women, allergies, and disruptions of the immune and endocrine systems—to name just a short part of a long list. Not that a single rinse, or even years of hair washing, will trigger any of these maladies; using the shampoo may only heighten their risk a tiny, tiny bit, if at all.

By contrast, Skin Free Extra Moisturizing Soap & Shampoo Bar may be one of the safest shampoos around; its three simple ingredients—palm oil, cacao seed butter, and coconut oil—threaten no hazard to the health of those who use it as a shampoo. Or so I gather from Skin Deep, that cosmetics hazard-rating website (discussed in Chapter 8) operated by the Environmental Working Group, an outfit that crusades against toxic ingredients in personal care products. The average American woman applies one to two dozen personal care products daily, and Skin Deep tells which of these contain chemicals that might better be kept away from the body's biggest organ, the skin.

Despite the air of natural essences promoted by cosmetic packaging, beauty products depend greatly on synthetic chemicals for whatever elixir-like action they may have. In March 2005, the European Union implemented a rule requiring that any product placed on the body must be scientifically assessed for toxic effects. The chemicals in such products are successively being tested for “CMRs”—carcinogens, mutagens, or reproductive toxins—and any suspect chemicals found are to be banned from their ingredients or have their use severely restricted, at least in Europe.

But in the United States, the safety of the estimated 10,500 chemicals used in personal care products and cosmetics has been largely taken for granted—the Environmental Working Group claims that close to 90 percent have never been assessed by the FDA or the cosmetics industry. In the EU, these chemicals are being rigorously assessed quarterly by a committee of toxicologists drawn from scientific labs across the continent.

Drawing on such research, as well as on years of previous studies, Skin Deep evaluates the health risks of cosmetic ingredients by matching each one to what medical databases reveal about its level of hazard or safety. Using this methodology, for example, the website rates the Skin Free Extra Moisturizing Soap & Shampoo Bar as one of the top ten brands at the very safest level. In contrast, that shampoo with the eco-ish name languishes among the bottom ten of the 1,051 shampoos rated.

The website summarizes where a given shampoo lies along the safe-to-hazardous spectrum by giving it a green light for safe, yellow for moderate risk, and red for beware. This easy summary is probably all most consumers care about. But for those who want specifics, the website also offers a list that enumerates each ingredient in terms of the health concerns signaled by scientific findings. So, for example, the site says that BHA (a preservative that keeps the shampoo's oils from going rancid) has been linked to cancer, endocrine disruption, allergies and/or immunotoxicity, and organ system toxicity and has been found to accumulate in tissue, so that the more that is used, the higher these risks become. On a hazard scale of 1 to 10, BHA rates a 10.

This website evens the information symmetry between buyers and sellers when it comes to potential health risks in the 55,000 personal care products the site rates. When I mentioned the website and its evaluations to a high-level executive of one shampoo brand, he had never heard of Skin Deep and was surprised to learn that customers were using this data. Skeptical, he asked me whether shoppers would actually bother to go to a website to check on the safety of cosmetics they buy, let alone let it guide their choices.

Apparently they would. As of the most recent day I checked, since the website launched in 2004 there had been 64,328,621 visits. How many of those hits are from shoppers, and how many from cosmetics brand managers checking their products' ratings or from shampoo formulators, no one can say. In an ecologically intelligent world all three would be numbered among those millions. Think how many more consumers would use these ratings if they were available in stores, on the shelves next to the shampoo. If they were, I can't imagine any executive of a hair product not being aware of Skin Deep—and not reformulating their product to ensure a good rating.

From the perspective of neuroscience, Skin Deep caters to the apprehensions of the amygdala, the central node in our brain's radar for danger. These circuits continually scan for anything that might be a threat to us and triggers the fight-flight-freeze reaction that catapults us into a frenzy. When the amygdala goes shopping, it puts us on the alert for potential dangers in what we buy. The very possibility of hazard in a product triggers the brain's most primitive safety strategy: avoid what might be dangerous. Objective, rational evaluations of safety have nothing to do with it. The amygdala operates by an emotional logic, with a singular decision rule: better safe than sorry.

This overly cautious circuitry may have played a role, for instance, in the repulsion at made-in-China products that swept through America in 2007, starting with a series of alarms in the summer that reverberated through the holiday shopping season. For months the news featured a succession of widely publicized rapid-fire recalls of toxic pet food and toothpaste and lead-laced toys, all from Chinese factories. The panic over these marketing disasters witnessed the coining of a new term, “China-free,” proposed as a label for products to reassure shoppers about their safety.

At the peak of the scare, product safety experts advised parents to find alternatives to toys made in China. That advice placates the amygdala, the brain's threat circuitry that drives jittery parents to be extracautious. This threat-avoiding strategy prevails even though the brain's centers for rational analysis may know full well that most playthings made in China are perfectly safe. The logical truism that all goods from China are not tainted (nor are all tainted products from China) matters little to the aroused amygdala. The amygdala's excess of caution has nothing to do with a rational weighing of risks and everything to do with how its design for survival pilots us through a world of potential dangers.

An initial scare primes the amygdala to be on guard against anything similar in the future. Specific circuits within the amygdala are specialized for the tasks of remembering a danger—and connecting a sense of fear or dread to the object. It evokes that same dollop of angst whenever that thing we dread comes our way again.

A neural snapshot of the shopper's radar for danger comes from the new field of neuroeconomics, which studies how a person's brain functions during, say, a purchasing decision. I spoke about wary shoppers with Tania Singer of the University of Zurich, who may be the first neuroscientist anywhere to hold a faculty position in an economics department. As Professor Singer told me, “When a mom sees a product that she thinks is poison, her amygdala gets her heart pumping. This alarm signal gets picked up by the insula,” a part of the neocortex, the thinking brain, that has strong connections to the emotional centers. “The insula translates these feelings of alarm into words, interpreting them as the strong thought ‘I don't like that product.’”

For instance, Jill Cashen, mother of a five-year-old, told The Washington Post she had confiscated every single doll in her daughter's collection of Polly Pockets when Mattel recalled some of them as a choking hazard. Even though consulting the Mattel website made it clear to her that most of the dolls had not been declared a hazard, Cashen was so alarmed that she seized even the innocent ones. As she explained, “I felt like we couldn't really be sure, so I took them all away,” adding, “as a parent, it's really frustrating and scary.”

That reaction—or, more accurately, overreaction—makes perfect sense to Baba Shiv, a professor of marketing at Stanford Business School, who studies the interplay between rational thought and feelings in purchasing decisions. “When cognition and emotion are involved in a decision, emotions outrule cognition most every time,” he told me.

One of the strongest emotions is disgust, a vital reaction for the survival of any species. Nature has hard wired the brains of all mammals to recognize the smell, taste, and look of things that are toxic or otherwise nauseating. Better to have something that's suspicious and possibly dangerous elicit a spontaneous “Ick!” reaction than to blithely eat whatever we come across. This lifesaving design has morphed in humans to go beyond the realm of what we might eat to the range of what we perceive. Our brains find even weird beliefs or bad business propositions disgusting.

In an experiment, some restaurantgoers were served a sample glass of a “new California wine,” while others who got the same wine were told it was a “new North Dakota” wine. In reality both wines were the same bargain bin Cabernet Sauvignon. But when patrons thought the wine was from North Dakota, they drank less of it, and, intriguingly, also ate less of their meal, compared to those who had that same wine labeled from California. There was, of course, nothing wrong with the North Dakota version except for people's expectations of what that wine might be like— and that dimming of prospective pleasure spilled over into how diners felt about their food.

When a wine label or a product brand fails to impress—or repels—us, our brain shows a lessening of activity in a strip of the orbitofrontal cortex, the neural zone that connects our thoughts to our feelings. In another version of the wine study, this one using brain imaging, volunteers were told that a glass of wine (again one and the same) was either from a cheap bottle or from a pricey one. The supposed high-end wine evoked higher activity in that orbitofrontal brain zone, signifying positive interest; the same wine masquerading as low end lowered activity, in a distinctive neural brain signature seen also when people feel disinterest, boredom, or disgust.

That same lowering of brain activity shows up when we face an unpleasant loss, whether when gambling or playing the stock market. If the loss really upsets us, that disappointment recruits the amygdala, which registers fear and feelings of aversion, and the insula, a site of disgust, among other states of mind. On the other hand, simply seeing the logo of a brand we like creates the opposite pattern, with the key orbitofrontal strip becoming more active in the brain reaction that promotes sales.

Hilke Plassmann, the neuroeconomist at Caltech who did the brain-imaging study of wine drinkers, says this boost indicates the “neural signal for brand preference. It creates the experience ‘This is the brand I like.’ Our cognitive model or expectation determines the neural activity. Deactivation in that orbitofrontal region is a sign something has a negative value. I would expect to see similar neural signs of disinterest or disgust if I gave you a chocolate bar or some orange juice and told you it was made with child labor.”

Disgust reflects our hardwired programming, ensuring that we shun the rotten, the poisonous, and the revolting. Acquired distastes—things we learn to find disgusting—can become potent market forces. The negative market power of disgust may explain a common claim about marketing, that “bad news”—like revelations of sweatshops or toxic ingredients—has more impact on what people choose not to buy than does good news on what they buy. Campaigns to boycott products because of unsafe factories, or because fishing practices endanger dolphins, leverage this effect. A poll in Britain found that half of shoppers said they had punished a company by boycotting its products; an international poll found that between 40 and 50 percent of respondents had shunned a company's products for “poor practices.”

“When you have an emotion like disgust, your reaction is not just psychological—it's neurological,” I was told by Richard Davidson, director of the Laboratory for Affective Neuroscience at the University of Wisconsin. Davidson's research group made brain images while volunteers were given samples of five tastes that they had rated from highly pleasant to highly distasteful; as usual in these studies, the actual liquids were given with various positive or negative labels. When the cue was given that a taste was highly unpleasant—though in actuality it was only mildly so—the volunteers' brains reacted as though it were indeed extremely unpleasant.

“The cognitive cue overrides the actual experience,” Davidson told me. “The information you have about a product is such a cue. Getting distasteful information about an item elicits the brain's response for disgust.”

Shopper disgust has predictable consequences for marketing. “If you feel that kind of distaste for a product while you also consider another with a better profile,” Davidson explains, “there's a contrast effect, which means you'll have an even stronger preference for the better one, because the other one seems so bad.”

The contrast effect has been known for ages among salespeople. If you want a product to look good, first show the shopper an inferior product. If you want someone to buy an expensive item, start by showing them something even pricier. The mind's computations of value shift with the basis for comparison—all value is in contrast to something else.

When I described the notion of radical transparency to Craig Wynett, a creative director at Procter & Gamble, he zeroed in on the trade-off between short term and long term that is critical to the way people make choices. “We are hardwired to focus on short-term benefits at the expense of much larger, long-term rewards. From the evolutionary standpoint, this shortsightedness makes perfect sense—at least it did a hundred thousand years ago.”

Wynett attributes this bias to the legacy of living on the African savannah, where life could end on any given day and the take-whatever-you-can-get strategy paid. “Many of the big problems people have, from weight loss to addiction, are the result of the shortsightedness we inherited from our primeval ancestors. When consumers are at the point of sale, what drives them is the present situation—getting a pleasurable experience or getting rid of a pebble in their shoe. If in the process we can solve some long-term problems, all the better. But the long-term benefit plays a remarkably small role in the choice.

“Happily for humans—and marketers of products with long-term benefits—our shortsighted bad habits are, at least theoretically, reversible. The newer areas of the brain, the frontal lobes, can shut down our instinctual behaviors. This is not easy, though. My suspicion is that even if you give shoppers at the point of purchase the kind of information that's focused on long-term benefits, it just won't feel like the right choice—especially if you have to pay 20 percent more for this benefit. Rationally, X may be better for the planet in the future, but Y seems better right now.”

In Wynett's view, that decision-making matrix shifts when what's revealed about a product has direct benefit for the shopper. “At the point of purchase you think with your emotions. If you find a product might have toxins, there's an immediate payoff in switching away from it to a safer choice. The long-term benefit is as hot neu-rally as the short-term one. Your switch makes cognitive sense, not just emotional; it will be a rational impulse, not an irrational one.

“So the trick,” Wynette added, “is to find elements of your product that appeal to consumers' sense of what is important to them right now, and to make sure that those elements compare favorably to the equivalent features of the competitors' products.”

PLAYING IT SAFE

When Bakelite was invented in 1907, the substance was a wonder: a gunk that could magically take and hold any shape—its remarkable flexibility lent it the apt name “plastic.” Bakelite was more durable and far cheaper than the Victorian-era materials it replaced, such as bois durci (“hardened wood”) made from natural resins and an imitation ivory made from a creamy celluloid concoction extracted from wood fiber. With Bakelite a handy industrial application was found for an otherwise useless effluvium of the increasingly popular new fuel of the time, petroleum.

As the radio craze caught on, Bakelite found its way into American homes in the ubiquitous cabinets of tabletop radios, and found uses from the distributor cap of the Model A Ford to bangles and pool balls. During World War II, Bakelite and its close chemical cousins gave way to our modern versions of plastic, like vinyls. Like other plastics, vinyl hardens into a woodlike rigidity. But the addition of softening chemicals allowed vinyl to do what stiff Bakelite could not: bend a bit. To give vinyl the softness that makes plastic so useful in everything from IV bags in hospitals and “rubber” ducks in kids' bathtubs, phthalates are added, resulting in an oily-textured product with a long shelf life.

The Phthalate Information Center (an industry-sponsored website with links to the Vinyl Institute) describes the wide range of products that contain the chemical: “From their use in medical devices to toys to cars to homes, flexible vinyl products help make our lives better and safer. And in hospitals and emergency rooms, they help save lives. They make our homes more decorative, easier to clean, more energy efficient and durable. Flexible vinyl products are high-performing and cost effective; their performance is difficult or impossible to match with competitive substitutes. They save money for consumers.”

On the question of phthalates' safety, the Center notes, “For more than fifty years, they have been a key ingredient in fragrances and in nail polish. One kind of phthalate fixes the fragrance in perfumes and other products to make it last longer. Another type is used in nail polish (as well as in tool handles and outdoor signs) to help prevent chipping and breaking. Safety reviews by European and American scientific panels have specifically cleared phthalates for use in toys and in nail polish. The different reviews use phrases such as ‘safe as used,’ or ‘no concern,’ or ‘no demonstrated health risk.’ No governmental review has found any phthalate unsafe as used in products for the general public.”

That is all true, so far as it goes. But phthalates represent a large class of compounds in dispute. Public health activists and researchers in environmental medicine warn that “chemicals of concern,” phthalates among them, contribute to or cause a wide range of disease, from autism and reproductive disorders to cancer.

That dance of accusation, defense, and counteraccusation occurs whenever an industrial chemical comes under question. Most of this argument goes on in the backstage of our collective awareness, surfacing in the media from time to time in reports of some alarming medical finding or other that will immediately be countered by soothing reassurances from industry.

The mile-wide gap in the scientific debate between environ-mental health activists and the chemical industry may never narrow sufficiently to reach consensus. But from a business per spective, there's a more significant conceptual gap: industry thinks about toxicity in one way; consumers in another.

A week or so after I decided not to give my grandson that little yellow-painted—and possibly lead-laced—toy car I mentioned in the opening pages of this book, I was in a store where I saw a rack of locally made wooden toys. One was a niftily designed car with an aerodynamic shape that swooped around in a way that let the passenger compartment double as a handle. The box it came in— itself made from recycled cardboard—assured me that the maple wood was sustainably harvested in Vermont and that the paints used were nontoxic.

That's the toy car I gave my grandson.

Did it matter to me that this car cost several times the price of the first car? A bit. After all, he could have enjoyed playing with either one just as much. But as I mulled it over, I recalled that his family lives in a small town where kids' toys are recycled via a community giveaway bin, finding endless new homes. The imaginative design was quite appealing, and this toy was bigger and better built than the first car.

But mainly I felt that my peace of mind about his well-being was well worth the premium. So I shelled out the extra few dollars.

That decision was in keeping with the paradigm of environmental health, the emerging medical specialty that analyzes how chemicals of concern impact our biology. We can't undo many of the toxins our tissues have accumulated—but we can stop adding more to the mix. The smart strategy here is to be wary and avoid exposure to potentially hazardous substances as much as possible. This school of thought tells us it's wise to be concerned and cautious, shunning products that contain chemicals of concern.

Even if these chemicals are not proven dangers (and it may never be possible to prove such danger to the satisfaction of all parties), the prudent shopper would likely avoid them when possible. Ecological health holds that any step that reduces biochemical stress on an organic system will have a cascade of benefits. Since our total body burden of toxins increases our risk for a range of diseases, the better choice is to avoid whatever adds to that malevolent accumulation.

When toxicologists in the United States assess a chemical's safety, they test for inherent toxicity—the hazard a substance poses to an organism, such as causing tissue damage in cell cultures or laboratory animals. They assume that this impact does not necessarily mean the same substance in a product will harm humans; more testing will be needed to arrive at a scientific consensus.

In contrast, the precautionary principle as applied in European countries means a chemical with potential risks can be banned despite the absence of a definitive scientific consensus. The EU already outlaws toxins that are common ingredients in much of the rest of the world, including the United States (an odd contrast to the slowness of many European countries to ban smoking in public places). So a prudent shopper would likely prefer products containing chemicals that are REACH-safe—if he or she only knew which ones those are.

To be sure, a plethora of U.S. government regulations strive to protect the public from toxic ingredients. But these standards for safe limits may include arbitrary boundaries, given some thinking in medical biology about how our bodies interact with environmental chemicals. Take the U.S. government's rule for lead— levels of 600 parts per million in a product are deemed safe and will not contribute to cognitive decline. But studies find that the loss of IQ points when a child has high lead levels in her blood are at the upper end of a continuous gradient—adverse behavioral and cognitive impacts don't abruptly begin with the arbitrary exposure level set by the government. So the American Academy of Pediatrics argues the limit should be far lower, just 40 parts per million. As Richard Canfield, a behavioral toxicologist at Cornell University, notes, “No one has ever found any evidence of a threshold below which lead has no effect” on a child's brain.

Those in environmental health and industrial toxicologists often apply different assumptions in judging toxicity. Such debates will never be settled—especially to the extent that those on either side of the issue argue from vested interest and each marshals evidence based on different underlying assumptions. In any case, there is no ultimate forum for determining the truth.

A toxicologist at a multinational consumer goods company offers a metaphor for thinking about toxicity in consumer products: Imagine a tiger in the wild and one in the zoo. The tiger itself is intrinsically dangerous, but the one behind bars is no danger at all. Chemicals in consumer products, he argues, are the same.

But that metaphor misses a point made by events at the San Francisco Zoo the day before Christmas in 2007, when a tiger jumped over the wall and killed a zoogoer, mauling two others. Despite the zoo's implicit assurance that all was safe for visitors, the wall, it turns out, was three feet shorter than needed. Yet it had been in place for years. The zoo's administration was as stunned as anyone—they had assumed the wall was perfectly safe.

So it might be with industrial chemicals: as a steady stream of news items raises concerns about various suspected toxins in everyday items, the public grows more wary. In such an atmosphere of suspicion, a company's assurances that its products are utterly safe can ring hollow—once the amygdala goes on alert, suspicions rule over reason. Once a shopper loses trust in a product, brand loyalty evaporates.

And that is the point: at the moment of truth in a store's aisles, how customers perceive a product, matters more than how the manufacturer sees it. While companies can offer endless reassurances about product safety—and get federal regulators to agree with them—concerned customers are still likely to switch their purchase to a rival product they feel better about.

Such marketplace shifts make hair-splitting debates over what is or is not toxic a moot point. Even as that argument rages, it is being decided daily in the amygdalas of countless shoppers whose choices are swayed by the fact the toxicity issue has been raised at all. The amygdala shops for safety, driven by the neural “logic” of fear and disgust—just the chance that there may be danger to themselves or their family triggers the brain's alarm system, guiding a shopper away from a suspect product.

As information about the potential hazards of ingredients becomes available to customers in stores, many shoppers will go out of their way to avoid a product that is even potentially harmful. As Dr. Philippe Grandjean, head of the department of environmental medicine at the University of Southern Denmark, advises, “It is very unwise to wait until we have complete scientific truth. The prudent judgment is to protect human health.”

An environmental health expert told me he became indignant when he noticed the sunscreen he was using on his small children contained oxybenzone, a chemical suspected of having carcinogenic properties when exposed to sunlight. “It's just what I don't want to put on my kids' foreheads. But if you tell this to companies, they'll say, ‘Let's talk about risk assessment.’ I say, ‘No—I just want a sunscreen without any suspected carcinogens.’ I like that sunscreen—I just want them to make it better.”

Martha Herbert, the Harvard pediatric neurologist, observes that reassuring messages from companies that seek to discredit an unsettling research result about possible harmful impacts of industrial ingredients “are designed to calm the amygdala.” By the same token, given the amygdala's worrywart role in decision making, it makes emotional sense that all of Skin Deep's evaluations are couched in terms of “concerns.” Objectively speaking, there is no inarguable proof that even those shampoos rated most hazardous will actually cause or contribute to a serious health problem (minor troubles like rashes aside) in anyone who shampoos with them.

There may rarely be proof that a cosmetic ingredient poses a direct health threat, if only because most such hazards are cumulative and indirect, with a given chemical contributing to complex biological processes that might eventually lead to a disease. This complexity creates an inherent tension between the priorities of manufacturers and consumers.

Nonetheless, if I were a manager of a line of shampoo products, I'd much rather use ingredients that make my product last longer, smell better, clean more thoroughly, and build body in hair follicles better than my competitors'. In other words, I want to make the shampoo that consumers want to buy. Still, if I discover that some ingredient that adds one of these valued qualities has been found in a test on lab mice to have some untoward effect, it makes sense to drop it as an ingredient—even if there is no evidence showing a clear link to disease in humans.

Why? Consider how this piece of information affects a shopper browsing the shelf of shampoos in a local store. Given the new medical understanding of the danger to our body from the sum total of what we are exposed to—and following the precautionary principle—the safest bet would be to shop for items that minimize our cumulative exposures. If just as I'm deciding which shampoo to buy I discover a given brand contains ingredients that might be a health hazard, I will quickly choose the one that raises no concern.

The amygdala operates by a subcortical logic—the very possibility of a threat tips the scales toward a better-safe-than-sorry cost-benefit analysis. Business tends to operate via a cortical logic, deploying data in a rational manner. The discrepancy between the two modes of decision making can result in a disconnection, with consumers making purchase decisions from fears that hard-nosed business thinkers dismiss. In the future, though, as more product information makes its way to consumers, dismissing such concerns will almost always be risky, if not an outright mistake.

To the extent that chemicals are of genuine biological concern, they represent a novel case for economists, who deal with variables like cost and price but usually do not grapple with the environmental or health impacts for workers or consumers of chemicals in what we buy. But look at the debate over the safety of chemicals through the lens of marketplace information.

At present, consumer concerns have relatively little effect on the ingredients or chemicals used in the products we buy. But in a radically transparent marketplace, that equation shifts, allowing shoppers to make more informed decisions based on information that previously had been hidden. Companies may decide for any number of reasons to use chemicals of concern in their products. But once shoppers know what items contain those worrisome chemicals, they are less likely to buy them. And that will ultimately tip the scales for how things are made.
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TOUGH QUESTIONS

With the advent of methods for radical transparency, what the marketplace offers today may become out of synch with what shoppers will want tomorrow. These new approaches to managing information herald a coming flood of data about the heretofore unnoticed consequences of a host of common ingredients in everyday products. What had previously been successful brands may be in danger of becoming tainted in our minds.

For companies, staying ahead of the waves of consumer preferences that point-of-purchase transparency seems on track to create requires early detection of which aspects of products are problematic, so that companies can develop better alternatives— sooner rather than later. To judge such risks, businesses need the executive's equivalent of mindful shopping, gathering new information and acting on it rather than reflexively denying the facts (as cigarette companies did for decades with evidence on cancer). Decision makers need to be among the first to know what's coming. And everyone in a core group of decision makers will need to see more clearly than ever before how to weigh the risks and realize the benefits.

Art Kleiner is editor in chief of the review Strategy + Business. When we met over lunch in the boisterous atmosphere of Me-trazur, a restaurant perched in an alcove overlooking the giant concourse of Grand Central Station in New York City, I posed Kleiner a hypothetical business scenario: Let's say in the near future the field of epigenetics, the study of which molecules turn what genes on and off, begins to identify certain industrial chemicals as possible triggers of genes known to be active in specific diseases. Those chemicals happen to be crucial to a wide range of products. What should a company do? Kleiner rattled off a series of tough questions that skeptical executives would have to answer before considering changing their company's use of such chemicals:

Do we care about it? This raises the fundamental issue of values, priorities, and ethics. Executives who embrace social responsibility or environmentalism as a business imperative will answer this with an enthusiastic yes. Those whose business decisions are driven by financial concerns alone will drop the inquiry here, except to the extent that there may be easy cost savings. But there are a great many businesspeople who are somewhere in the middle—for whom bottom line concerns mix with other considerations—who might continue down this loose decision tree.

What would we lose if we ignore this? The answer may be company or brand reputation, or market share. Such an answer would likely revive the discussion even among those who initially answered no above.

How would we have to change our thinking? For a company to leverage this opportunity, its core group—the most influential decision makers—would have to come on board. The danger here is groupthink, the collective denial that the company's products have flaws or dangers. The cigarette industry's fight against the data on cancer stands as the classic case: the industry won a pitched legal battle for decades, but lost the war. Such groupthink can be seen in Detroit's resistance to hybrids before the oil price shock hit, even as Toyota's Prius grabbed market share from it. In contrast, the U.S. toy industry responded to revelations of high lead levels, and the ensuing enormous public alarm, by calling for an independent agency to inspect and certify the safety of its toys.

Another answer lies in shifting perspective beyond the short term. “We're caught up in the moment—it's tough to take the necessary corrective when there's no immediate crisis,” a top executive at a global consumer goods company told me. “Part of making a decision like this is trying to find a net present value in these long-term choices.”

One cognitive trap here involves the costs that have already been sunk into present ways of operating. The executive added, “If you've invested ten million dollars on Project X or a new factory, financial theory says that because that money's already spent, it should have zero effect on your decision for what to do next. But emotionally, almost no one can ignore it. The decision to pursue a short-term gain rather than to follow a long-term plan that might not pay back right away is, to some degree, a decision around risk. And for someone who wants to manage risk, the short term is the more appealing answer.”

What's the harm? Is the evidence refutable? Raising the flag of doubt was the tactic deployed by the tobacco industry for decades to fight the accumulating medical evidence linking cigarette smoke to lung cancer. This tactic remains in use by many industries. Another version of this don't-rock-the-boat school of thought makes the counterargument that what we do is no worse than what our competitors are doing. These spins satisfy those who would rather not make any change at all.

What information exists that I need to be aware of? Answers here might come from Life Cycle Assessment, among other sources.

What are the costs of changing? Product ingredients have been chosen because they have some benefit—they add pliability, durability, shelf life, texture, and the like. Any switch in ingredients or processing risks a drop in quality, increases in costs, lower margins, and lower profits, not to mention a drop in sales—plus internal chaos in supply chain management. In the past, businesses contemplating such shifts did not have clear information on the risks and had to guess at the benefits of changing. But executives have had a much more detailed sense of the costs of changing, or good reason to fear what these costs might be. So the result has been inertia: why change?

Do we really want to know? “What if we find out we've been poisoning kids with additives in what we sell?” was the way Kleiner put it, posing an extreme case for facing discomforting facts. Finding out something like this would raise both emotional and legal issues. One corporate strategy has been to leave the actual risk unknown and justify any change a company makes on the grounds that customers want it, rather than admit some risk, which might open the way to liability problems.

If we decide to change, how do we titrate our response to fit the costbenefit calculus? Exactly when, fiscally speaking, does virtue pay? For instance, a book publisher tells me that he does not use recycled paper because at present it's too expensive. “But,” he added, “we always talk about finding ways both to cut cost and do the right things—those imperatives fight each other. But one day those lines will cross. We're monitoring what others are doing about this, talking to paper mills about costs. Soon there will come a tipping point when one publisher makes the shift, and the rest of us will follow.”

What are the logistics of change? Any major change will cost money and the aggravations of changing. Some suppliers might have to be dropped or persuaded to alter their practices or sources. Longstanding relationships and priorities might need to switch.

Are the changes worth it? Those executives who hold that the “business of business is business” will be more reluctant to change; their singular mission lies in maximizing shareholder value. Such executives will be reluctant adopters, at best—until they see how ecological transparency might help their company prosper. Kleiner's questions address the understandable skepticism of this group.

The subtext of these ten questions and their answers revolves around values, which dictate strategic priorities. These answers assume as the standard business mind-set a Friedman-esque guiding principle in which all that matters is the bottom line. Ecological changes are fine only if they bring no net effect in costs or increases in sales. This mind-set sees social responsibility as an irritation, a distraction from business fundamentals.

But that view becomes outmoded the more ecologically intelligent the public becomes, and to the degree that market shifts make such trade-offs pay. In theory, as marketplace transparency grows, stonewalling or ignoring data works less well; when we, the customers, know the facts, we will act on them anyway. Ecologically intelligent companies will be proactive: businesses will want to be the first to know about epigenetic data, collaborate with suppliers to make shifts, see marketplace feedback as actionable information, and perceive the change as a business opportunity that will bring added value, not just added costs.

THE ECOLOGICAL EVOLUTION

Throughout 2004 and 2005 Kerala, a state in India's south, underwent a severe drought, with a 60 percent decrease in annual rainfall. As crops failed, small farmers suffered an epidemic of suicide. But even as villagers ran out of water, the local Coca-Cola bottling plant near the village of Plachimada had no lack, even increasing its output. With the factory running at full tilt, its gates saw up to eighty-five truckloads of Coke drive off daily, each bearing more than ten thousand bottles.

That triggered a protest at the plant by local villagers that began on April 22, 2002, and continued for several years. Over that time the plant became a flash point, the bright red trucks a symbol of water profligacy and corporate indifference. The Coca-Cola company became vilified in the Indian press, where it exemplified how corporate operations helped cause the chronic dehydration suffered by millions of Indian villagers.

Decisions by the local village council and the Kerala courts led to the closing of the plant for seventeen months. Sales dropped throughout India. The company responded by pointing out that the Coke plant drew its water from a deep aquifer that, technically had no immediate relation to the surface water local farmers used. The villagers were victimized by the drought, the company argued, not by the bottling plant's wells. And it pledged to put back more water into the local aquifer than it used.

The company had already begun to educate itself about water use. In 2002 Coke executives undertook an analysis of the world's supplies of fresh water, its growing scarcity, and the depletion of aquifers. But this top-down overview was of little relevance to local operations people who run bottling plants like the controversial one in Kerala. Internal studies revealed that operating managers simply regarded water from a municipality as an assured supply. They never asked the question “Where does that water come from?” Even when the occasional plant manager did have concerns about the local watershed, there was no support from the company for addressing them.

The company's attitude toward water management focused on operational performance—wastewater treatment and efficient water use within the plant. It typically had ignored not only where its water came from but also the overall availability of water for the local area. As Jeff Seabright, Coke's vice president for environment and water resources, admits, “It took a real wake-up call before we started to think beyond the four walls and pay attention to the larger system.”

In a world where 40 percent of people have no reliable source of safe drinking water and shortages daily destroy habitats, that attitude could not last. Coca-Cola convened meetings on water at each of its twenty-three divisions throughout the world and had local managers complete an exhaustive three-hundred-question survey to identify the water issues at each site. By raising the entire organization's awareness of water use, the iniative began a company wide conversation, with people who usually did not talk to one another now engaging the issue together. At that point, as Seabright tells it, the company realized it lacked crucial expertise in aquatic ecosystems and the dynamics of watersheds. It turned to the World Wildlife Fund for help.

That created a small crisis for WWF, which had long taken contributions from corporations (as well as the general public) but maintained its distance and independence. WWF had to rethink its strategy and mission, realizing that it could gain leverage by partnering with business. Suzanne Apple, the WWF coordinator of the Coca-Cola project, points out that Coke is the world's single biggest customer for sugar, as well as purchasing large numbers of aluminum cans and immense amounts of glass, tea, and a long list of other items. “If we can work with a company like Coca-Cola and shift their purchasing to sustainable sources,” she observes, “it can have a huge impact.”

But the issue at hand was water, more particularly the mindset that viewed water only in terms of its use in products, cleaning, and processing, or of challenges like how to reduce the water used to make a liter of Coke from 3-plus liters to somewhere under 2.5 liters. WWF expanded that myopic view by analyzing a bottling plant's total water footprint, from suppliers through distributors and retailers. Sugarcane, it turns out, requires some of the most intense water use of any crop. That expanded analysis concluded it takes more than 200 liters of water simply to grow the sugarcane that goes into that one liter of Coke.

Coca-Cola had discovered its devalue chain. Insights like these shifted the scope of thinking about water from the single watershed a bottling plant draws on to all those watersheds tapped at any point in the company's supply chain. Coke needed to consider all the major uses of water, as well as the ways and rates at which those sources were renewed. In Seabright's words, “If we are wasting water or polluting we have no legitimacy to stand on.”

This second wake-up call enlarged the mission of Coke's water initiative to look at its total water demand, as well as that of its suppliers, to get them to see themselves as part of a larger system whose water use could be measured and improved. That also got Coke to look beyond its own business to see the need to engage other corporate partners to build political will for the overall management of water. The CEO Water Mandate, one expression of this initiative, evolved under a United Nations umbrella. It urges companies to show progress in areas that range from water use in their direct operations, supply chain, and watershed management to becoming more transparent about all this.

The target of ecological transparency is being met at Coca-Cola in part by asking auditing firms to measure and report on their water use in countries like India so that they have verifiable benchmarks against which to show improvement. Companies meeting the Water Mandate pledge to set incrementally better targets for their water use, to help their suppliers become more water efficient, and to do what they can to help with local water shortages and improve water cleanliness. At its Plachimada plant, Coca-Cola installed a sophisticated rainfall-harvesting system designed to recharge local groundwater reserves. It also dug a bore well for the nearby village, sending over two tankers of fresh water daily to keep the well filled.

As for its worldwide operations, Coke has taken a fresh look at water management. In 2006 Coca-Cola and its franchisees processed 80 billion gallons of water, some ending up in drinks, but most used in making the drinks. Coca-Cola has set measurable targets for itself toward the goal of ensuring that by 2010 all wastewater from Coke plants worldwide is returned to the local water supply clean enough to support aquatic life.

The company has been making efforts to understand the watersheds where it operates and the local social and economic issues surrounding water, and undertaken the responsibility to lead in this area globally. In July 2007, Coca-Cola's CEO, E. Neville Is-dell, announced to the triennial UN Global Compact Leaders Summit that his company's guiding principle in the years ahead would be “We should not cause more water to be removed from a watershed than we replenish.”

That shift to sustainability as a means to create value can be seen in terms of five discrete stages in the evolution of a business, each with its own drivers, in the view of MIT's Peter Senge and his colleagues at the Society for Organizational Learning. The earliest stages describe the conventional business response, as reflected in the assumptions behind Kleiner's questions. The assumptions include that accommodating to ecological needs will be costly, unnecessary, and bad policy.

This results in companies digging in their heels, denying the need, sowing doubt. Any move toward ecological improvement comes from reaction to outside pressures, whether regulations that require lower air emissions or some activists picketing an annual meeting. And those moves are limited to doing the least amount necessary to meet minimum requirements. Lee Scott, Wal-Mart CEO, admits the retailer's initial conservation initiatives were driven by the need to protect its sullied image.

A more proactive approach begins in the next stage of Senge's model, with voluntary compliance; the drivers here often come from the realization that taking environmental measures can save money and improve reputation and brand value. The surge in companies finding ways to save on energy exemplifies this, from Wal-Mart dropping $25 million per year in diesel costs by putting small generators in the cabins of its trucks to Adobe Systems retrofitting its headquarters to LEED standards and saving the $1.4 million in costs within ten months. Such benefits to the bottom line can create a virtuous cycle, as the initial savings lead to a search for more ways to find such gains.

Beyond this search for savings comes the next level in Senge's progression, integrating sustainability into a company's strategy, typically by discovering a range of ecologically sound business opportunities. For a public company to reach this stage requires meeting the constant challenge of showing it can be profitable as it becomes more ecologically intelligent. The internal signs that a company has reached this benchmark include shifting responsibility for sustainability from an executive whose main job focuses on stakeholder management to leaders of business units and corporate executives like COOs. In a company sustainability holds a meaningful place in strategy and its implementation, shaping capital and budget allocations, core operations, and R&D. It drives the pursuit of significant new markets and the rethinking of supply chains alike.

Procter & Gamble aims to integrate sustainability into strategy. “We use Life Cycle Assessment a lot in our sustainability program,” says Len Sauers, vice president for global sustainability at P&G. P&G did extensive life-cycle analyses for energy impacts of its product lines for everything from disposable diapers to shampoos. The very worst impacts turned out to occur not during transport or extraction of raw materials but during the phase when customers used certain products. The singular villain was consumers' need to heat water for laundry detergents.

“That was by far the biggest contributor to our company's entire energy footprint,” says Sauers. As a result, the company's R&D unit developed Tide Cold Water, a laundry detergent that cleans clothes without consumers having to heat the water in the washing machine. According to Sauers, if everyone in the United States converted to such a detergent, it would reduce by 3 percent the total household energy use (a savings of nearly 90 billion kilowatt hours) and eliminate up to 34 million tons of carbon dioxide release (roughly equivalent to 8 percent of the Kyoto Agreement target for the United States).

There are, Sauers says, no adverse trade-offs to using Tide Cold Water and one great advantage: it is no more expensive than regular detergents and cleans just as well. P&G calculates that the money saved in energy costs from not having to heat laundry water is equivalent to the price of the box of detergent—in this sense, “it pays for itself.” In an ecologically transparent marketplace, Tide Cold Water represents an optimal product, at least in terms of its energy profile.

P&G market research finds that up to 10 percent of shoppers will “inconvenience themselves”—for example, pay more—to get an environmentally superior product. But up to an additional 75 percent will buy sustainable products if they have no adverse trade-offs like higher price or poorer performance. “We think we make the largest impact by targeting the huge middle,” Sauers says. “With Tide Cold Water the price is the same and the quality is the same—there are no trade-offs. As a company we think this is the way we can make the biggest difference. LCA let us discover this.”

Another incremental improvement by P&G can be seen in its “compaction” initiative, which involves finding ways to get the same effect from smaller amounts of their products. For instance, a liquid laundry detergent that used to require half a cup per load has been concentrated so that one-quarter cup suffices. That, says Sauer, means “the bottle is smaller, you need less shipping material, and get more energy savings by increasing transport efficiency. If this were done with all laundry detergent in the U.S., we'd take 140 million pounds of materials out of the system from what's not used and eliminate 42 million distribution miles.”

One motivator for companies like P&G has been Wal-Mart's eco-friendly packaging mandate, which demands its suppliers minimize packaging. Charmin toilet paper and Bounty paper towels now both come in a version with far bigger rolls, resulting in less space needed per unit for packaging and during transport. Other benefits include using fewer cardboard cores for the rolls and having fewer wrappers end up in landfills.

“Our company is dedicated to finding more and more incremental improvements like this,” Sauers reports. LCA analyses show that after heating water for cleaning clothes, the next major contributors to the company's energy footprint are the materials used in making laundry products and disposable diapers, and home use of dishwashing soap and shampoos (these no doubt also result from the use of heated water).

“The company's latest five-year business goals for sustainability target finding at least twenty billion dollars in innovative sustainable products,” says Sauers. “Several such product initiatives are already in the development pipelines. Every business unit is working on sustainability now, and we expect them all to be contributing. We're looking at our supply chain and asking suppliers to bring new ideas to us for product improvement.”

What P&G's business strategy now seeks, as Sauers puts it, is “innovation, which leads to a better product, at lesser cost, that's more environmentally sustainable, with no trade-offs to the consumer. We've integrated sustainability into the rhythm of our business.”

At the apex of corporate ecological intelligence are companies founded with this mission foremost in mind. Typically the founders foresaw these business opportunities while competitors were still at the stage of mere compliance; these visionary entrepreneurs made ecological goals part of their mission from day one.

Take Eosta, Europe's largest distributor to retailers of organic produce, a $100 million business. Volkert Engelsman left his job as an executive in the commodities division of Cargill to found a company that would intentionally contribute to a better environment, health, and social responsibility. He told me, “We saw we could only do this if we financed the company in a way that we'd be held responsible for all three of these goals. So our start-up capital was from green investment funds. The financial bottom line is our barometer for success, but not the only one.”

Eosta stands as the exemplar of an ecologically intelligent company, practicing the three swarm rules: know your impacts, favor improvements, and share what you learn. Buy one of Eosta's mangoes or oranges, and you'll find a sticker with a three-digit number on it. Go to the website www.natureandmore.com, punch in that number, and you will find a message from the farmer who grew it along with a profile of his operation and its merits. For example, Fazenda Tamanduá, a mango farm in the equatorial state of Paraiba in Brazil, introduced a new variety that needs less water to grow and a drip irrigation system to optimize a scarce water supply in this parched climate, sharing the methods with smaller local farmers.

An interview with the farm's owner, Pierre Landolt, reveals that he left Europe to start the farm back in 1977, hoping to bring better agricultural technologies to a poverty-stricken region with a tough climate. A slide show takes you to the mango grove and shows an aerial view of the spread, and workers sorting and boxing the mangoes for shipping. A chart displays results from an independent evaluation, from wages and salaries and an atmosphere of respect to irrigation and pest management through innovation— the operation's most outstanding rating.

“We're trying to build awareness bridges,” says Engelsman, “so customers can know about our growers. These are local communities and we know these people, whether in Egypt or Brazil. We want to highlight their contributions.”

That awareness serves to decommodify Eosta's products. While for most food distributors a banana is a banana, Engelsman sees a premium in personalizing the shopper-grower relationship. “We serve an awareness elite, people who are concerned about health, the environment, social issues,” he told me. “We don't try to compete with the lowest prices but to capitalize on the benefits of our growers—they're not just organic but also socially and environmentally responsible.”

If a grower's produce has a higher ranking on the Eosta scales, his fruit will sell at a higher price. “We might charge twelve euros for a high ranking, ten for a lower one,” says Engelsman. “We pass that increase on to the grower; we take a fixed commission. That rewards the good things they are doing.”

Engelsman believes in the power of a transparent marketplace—transparent in the cost chain as well as the quality of Eosta's produce. One way Eosta embodies this transparency can be seen in what it calls a “trace and tell” system. Every fruit or vegetable it sells can be tracked back to the specific grower it came from and its ranking displayed. “Today's customer has health, environmental, or social concerns that he supports by giving to causes like Greenpeace,” Engelsman told me. “We want to let our customers use their buying power to support what they believe in, and we can only do that by giving them full information, the whole story behind our products: who grew it and a threefold quality rating that reflects its ranking on healthiness, environmental, and social qualities.”

Eosta puts great effort into rating its products, hiring outside experts in nutrition and ecological impact to assess every crop of fruit and vegetables it sells. Independent auditors evaluate the three aspects of, say, an apple to come up with its rankings. A grower wins higher social ratings by, for example, contributing to local schools or clinics, profit sharing with employees, or cultural efforts like putting on a music festival for the community. “Social indicators vary by local reality,” says Engelsman. “If a farmer in Zimbabwe tells us all their workers' children go to school, that's an achievement—but not in New Zealand.”

The environmental ratings revolve around water conservation, composting, and other indicators of organic farming best practice; auditors travel to each farm twice a year in scheduled visits and twice a year unannounced. And the health ratings are based on the nutritional qualities, taste, and other attributes of the food itself as it arrives at Eosta's warehouses. Fazenda Tamanduá, that farm in a semiarid region of Brazil, for example, rates four of five stars on both ecology and social responsibility. To know how its mangoes rate on health, you'd need to get one from a recent shipment.

Many retailers that carry Eosta's produce value its ratings as bulletproof ecological transparency, according to Engelsman. Some retailers that carry Eosta brands, he says, want to avoid the kind of scandal that hit a major British supermarket chain when the BBC ran a documentary revealing that its organic peanuts from Asia were harvested using some child labor. In such an environment, brands will win by monitoring and anticipating consumer preferences and hot spots proactively changing ahead of the curve, and reassuring the marketplace via transparency.

Most Eosta suppliers are in the Southern Hemisphere; transportation is one of the company's major ecological costs. “We launched a climate-neutral program to offset all our emissions. We do a full LCA on all greenhouse gas emissions throughout our supply chain, from farm to plate, under the supervision of Germany's national certification agency.”

More proactively, Eosta has driven an innovation that lessens release of methane, a greenhouse gas. “If you collect all the green waste from a city and throw it on a landfill, it starts rotting,” En-gelsman says. “You cause anaerobic fermentation that makes methane. But if instead you put green waste in compost and keep turning it in the right way, you avoid methane emissions and end up with stable compost that will increase your soil fertility— which replaces mineral fertilizer—and increase the soil's water-holding quality so there's less runoff. You also enhance the pest resistance of crops.

“On the other hand,” Engelsman adds, “if you use the nitrogen fertilizers standard in conventional farming, you'll get greater yields but the crops will be more susceptible to pests, so you need pesticides. Producing and applying fertilizer contributes sixteen percent of all global greenhouse gases, especially nitrous oxide, which is three hundred times more aggressive than CO2.”

The company managed to get Kyoto-approved carbon credits for the composting done by the organic farms in its supply chain. Eosta has set up joint ventures with these local farmers and cooperatives to produce compost that will replace nitrogen fertilizer in several developing countries. Selling their carbon credits provides the farms a supplementary income stream.

“We're taking this to scale in a joint venture with the World Bank,” Engelsman says. “You can do this with any field crop— citrus, avocado, anything. Most agriculture takes place near rivers and in deltas, where chemical fertilizer runoff causes eutrophication. The World Bank has financed a program to hire people to cut back the algae this causes before it chokes off the oxygen aquatic life need. But we said, instead of burning the algae or other alien vegetation, we'll use it for compost and gradually replace the need for mineral fertilizers that cause the problem in the first place.”

Eosta represents the new breed of start-ups and entrepreneurial outfits that incorporate ecological intelligence into their DNA from the start. But the more common path for companies is to retool an existing mission to embrace sustainability and other hallmarks of ecological intelligence. That was the case at ABC Carpet & Home, a trend-setting retailer in Manhattan. Paulette Cole told me that when she took over as owner and CEO in 2004, “We decided we should become mission based and use our platform to lead a paradigm shift in retail, using beauty as a tool for change. We do green with style.”

One of the first initiatives was a letter the company, a founding member of the Sustainable Furniture Council, sent to its furniture suppliers, most in North Carolina. “We told them we were going to educate our consumers by putting labels on furniture explaining responsible forestry. We see ourselves as a model for other stores; we believe we will increase the demand for responsibly managed woods. So we invite you to get on board.

“Many of our vendors took us pretty seriously, though some were skeptical,” Cole said. “You're asking a business to add costs and work.” So ABC Carpet & Home partnered with nonprofits like Rainforest Alliance, asking them to provide their services to and share their expertise with furniture makers, like criteria for responsibly managed wood and where to source it. They warned them about countries where paperwork “certifying” sustainability was often a cover for black market woods and educated the companies about healthy forestry practices.

“We're sharing this information with our suppliers so we can get the products we want,” Cole said. At the time we spoke, about 40 percent of ABC Carpet & Home's reproduction furniture offerings bore a “goodwood” label, certifying that the wood is either reclaimed or ethically logged. That label is one of more than a dozen the retailer uses to educate its customers and reassure them of the ecological pedigree of its products. Other eco-items include organic bedding; formaldehyde-free upholstery; linens made from organic cotton, silk, and natural dyes; and “Organic Baby & Little Ones,” toxin-free products for children.

A 3,500-square-foot space on the third floor shelters ABC Home & Planet, which consolidates sustainable offerings from the rest of the store's six floors. Museum-like displays educate shoppers about, for example, the differences between organic, natural, and cruelty-free wool, organic cottons, and natural dyes. Altogether the retailer's offerings are tagged with any of thirteen different labels, each telling the product's ecological backstory. “We're educating our customers and modeling for other retailers,” says Cole.

Ray Anderson, CEO of Interface, a carpet tile company, remembers his conversion experience well. It began at a sales meeting in 1994, when he was asked to give his reps some talking points on Interface's environmental philosophy. His reply was “That's simple. We comply with the law.”

That less-than-inspiring response led Anderson to ponder the environment more deeply, until he had an awakening: “I realized I was running a company that was plundering the earth.”

So Anderson set his company the task of becoming what he calls a “restorative enterprise,” one that takes nothing from the earth that cannot be replaced, regenerated, or recycled. This ecologically intelligent enterprise, he was determined, would do no harm to the biosphere; Anderson has resolved that his business will be completely sustainable. His concern about environmental crises comes coupled with a vision for business, the realization that the only institution powerful and pervasive enough to turn these problems around is “the institution that was causing them in the first place: Business. Industry. People like us.”
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THE PERPETUAL UPGRADE

Wherever you live, whatever you do, you are very likely to have something in your home or workplace made by FiberMark, a manufacturer of papers, packaging, and a host of related things that permeate the manufacturing universe. Its products range from Bible covers to wallpaper, from the fancy boxes for Hermès scarves to the lowly file folders ubiquitous in offices. One of the world's leading providers of packaging and paperboard, Fiber-Mark has managed to reverse the dominant flow in the global supply chain: its factories in the United States ship packaging to China, Thailand, and just about everywhere else in the world where things are made. Those packages, in turn, stream through the world's retail outlets.

The company's Brattleboro, Vermont, paper mill offers its customers two hundred different colors and grades of paperboard.

FiberMark's Brattleboro plant became the first manufacturer in that green state to switch from burning fuel oil to used vegetable oil for powering the factory's turbines, drying papers, and heating the plant. At first, Vermont's Department of Environmental Conservation required a test run of the oils to see if the fumes would make the picturesque town reek like a fast-food kitchen. Satisfied, the state let the company proceed, and today a FiberMark tanker truck makes a daily journey to Manhattan to collect used cooking oils from restaurants there.

The switch lowered the plant's fuel oil use by almost 75 percent, and emissions of sulfur dioxide and nitrous oxide, both causes of acid rain, continue to fall with each gallon of vegetable oil burned. The air quality inside the factory has improved enormously, and what had been a steady odor from the fuel oil has largely vanished; vegetable oil burns far more cleanly.

That environmentally conscious decision was as much about saving fuel costs as saving the planet. But FiberMark has pushed ahead on other environmental fronts, particularly in making more and more of its packaging from recycled paper fiber. Some of FiberMark's clients had already been asking for recycled papers—particularly those in the university market. But when I asked FiberMark CEO Anthony MacLaurin if he had switched to recycled paper because of demands from customers, his reply was “Not really. We believe this is where the world is going—so we're bringing it to our customers.”

Packaging from FiberMark holds a slot in a vast number of product supply chains, so whenever FiberMark upgrades its methods, all those products share in the ecological benefit. As Gregory Norris observes, “When anyone in your supply chain makes a smart move, it makes your product greener too—as well as the purchases of everyone who buys your product. That ripple effect turns thousands of upstream suppliers into your allies, to the extent any of them make improvements.”

When Gregory Norris walked me through the details of an LCA for a recycled glass jar, with its overwhelming list of negative impacts, he pointed out that each one represented an opportunity to explore whether some industrial upgrade—a different chemical here, a novel process there—might improve the jar's overall footprint. “Any of these negative impacts are a waste, in the colloquial sense—an unintended consequence that smart design can reduce.”

Norris has a vision for a way to churn out an endless stream of such ecological upgrades throughout the world of industry and commerce. Earthster is a free, open-source, Web-based program that will offer businesses LCA-driven windows into supply chains and create an online bazaar for upgrades. When we spoke, Norris and his colleagues were hard at work developing the prototype for this gigantic piece of ecological transparency software. The consortium backing Earthster's development included Dell, Owens Corning, Stonyfield Farm, and the state of Texas, among others; all these organizations are prospective users.

Earthster seeks to give B2B (business-to-business) shoppers a way to signal producers about the ecological improvements they want to see in products over their life cycles. By design the program will give producers all along supply chains a way to benchmark themselves against averages for their industry, and let companies looking for upgrades know they are better by posting their product and process scorecards on environmental, health, and social indicators. In theory, the LCA methodology offers a clear avenue to identifying the progression of gains to be had from supply chain upgrades for any product.

Earthster's strategy depends on social computing to build a collaborative database. “I publish my LCA data for the screws I sell,” says Norris, “and you use my screws in your product. You can plug my data into the LCA database for your product. That way we build a database together. We want a system where people anywhere along the supply chain can help us gather information on a product's impact.”

To speed the spread of useful innovations, Earthster will highlight products or processes whose record for reducing impacts is better than the industry average. “If your vegetable oil has a better carbon footprint than most, we want to call that to the attention of any potential customers.”

Benefits for buyers are built in, too. “Earthster lets you search the database for which product is better than average on, say, environmental impact. You can change your purchase accordingly and calculate the environmental benefits of switching. For instance, if a glass factory switched to renewable energy, it would reduce the global warming potential from making their product by fifty percent. We hope to promote just that kind of upgrade.”

That feature should appeal to buyers for organizations that have mandates to make their purchases more environmentally friendly and who need to document those benefits. Earthster can also help buyers who have a particular concern like climate change or off-gassing find the better products and report the specific benefit.

Norris envisions that “Earthster will allow, say, the state of Texas to tell its suppliers, ‘Next year we will purchase thirty million dollars in your product category and the following list of environmental impacts are important in our choice. We'll give preference to companies that are good in these ways, or getting better.’”

The specific preferences could be detailed in any number of ways: an improvement in an item's overall impacts as evaluated by an LCA, better life-cycle water efficiency, a carbon footprint 20 percent below sector average, or fewer particulates emitted, to name a very few.

Institutional customers can choose the upgrade that targets the most problematic aspects of a given item. For vegetables that need lots of fertilizer, the targeted problem might be eutrophication of water ecosystems due to irrigation runoff carrying nitrogen or phosphorous from chemical fertilizers, depleting oxygen, and choking aquatic life. Adding this requirement to a purchasing policy that favors food from local farms would also help protect the area's rivers and lakes.

Norris predicts, “If a huge institutional buyer like Texas says to its global suppliers. ‘We're spending this much on your product group, and we care about the following variables over and above cost,’ it will create a new category of performance characteristics.” Instead of cost and quality being the sole basis for purchases, doing the least harm becomes another selling point.

This is not hypothetical; the trend started a while back. A global manufacturer of heavy equipment, Norris told me, won a huge order from a foreign government because it was able to respond overnight to questions from the purchasers about the precise recycled content of the metal in its bulldozers. “In the global competitive environment,” Norris added, “this already matters. If you sell to governments, you need this information.”

Governments have begun to pool their criteria, multiplying the beneficial market impact of their “RFQs,” or requests for quote, which they routinely use to solicit competitive bids. In the United States, state purchasing agents are already consulting with one another to find common ground and standardize their requests, giving them greater market force. The conversation has begun, Norris says, that will allow companies that put in these bids to compare, for instance, how California's specifications match those from Texas for recycled content or lower carbon footprints in the carpet they want to buy.

The public sector, from universities and hospitals to towns and cities, states, and provinces, has started adding these mandates to its purchasing specifications, with the trend certain to grow stronger. One of the tougher problems for purchasing agents with ethical mandates of one sort or another is how to get the hard data that would guide them.

As Mike Hardiman, who directs buying for the University of Wisconsin, complained, “All of us in procurement are struggling with looking into the supply chain in depth—we're seeking how to do that in a smart way. It's one thing to say you're concerned about workers' wages, but when you're buying something like a copier, you're dealing with a complex supply chain where different factories in different places make different parts. How far can you go in tracking down the data you need?”

Norris's hope is that Earthster will one day give such industrial buyers the kind of information they need to “show a metric for how much good we've done in the world—that our choices, for example, have reduced this kind of pollutant by that much.

“Say a manufacturer responds to Texas's request to upgrade their environmental performance,” he adds. “They're not where they need to be yet; they've got too many toxins in their supply chain. They could use Earthster to find that a big problem is in their aluminum, from releases of dioxin during its manufacture, based on generic data for the aluminum industry.

“Then they have to track down a supplier with great environmental management or with high recycled aluminum content. So in the next step an engineer designing a product or a purchasing manager at the product site calls the environmental manager of an aluminum producer and says, ‘Please go into Earthster and calculate your level of toxic release.’ If they find it is better than average, then the engineer can recompute their own performance and show Texas they now meet the purchasing requirement.

“If that environmental manager finds out they are worse than the average toxic release for their industry, and wants to keep the Texas business, then we would record their present levels as a benchmark for progress. Once they find ways to lower their release, they can show a reduction from that benchmark in pollution per product sold.

“Progress is a game that every company can play,” says Norris. “Everyone can get better incrementally—and we need them to. The idea is not just to make a few green companies rich but to spread progress everywhere in the economy.”

As huge institutional buyers and retailers pressure their suppliers to improve, those suppliers will pass that pressure down their supply chain. Anyone who has a way to improve some aspect of products' LCAs can let that be known on Earthster. So the industrial designers, engineers, or chemists searching for ways to upgrade can more readily find the innovations that will help them get there, in a kind of Craigslist for ecologically minded industrialists. Norris sees Earthster as “facilitating the link between green buyers and sellers” in the enormous B2B bazaar, where companies buy from other companies.

GoodGuide aims to offer a complementary service to companies, a market-sensing feature that might prove immensely helpful in strategic decision making. “We can analyze billions of purchasing decisions to see what really matters to shoppers,” O'Rourke told me. “Do shoppers care about carbon footprints? Chemicals of concern? Maybe having phthalates loses sales. We'll aggregate data on what customers prefer, and we'd like to make these analytics available to companies so they can change their products accordingly. We want to feed the data back at the level of manufacturing, to accelerate virtuous cycles.”

Earthster and GoodGuide, operating in tandem one day, could well aggregate the cumulative choices of individual shoppers, institutional buyers, and B2B purchasers, creating a powerful market force favoring incremental improvements. “GoodGuide allows people to pick small, proximal goals for change, rather than a gross all good or bad,” says O'Rourke. “That lets companies respond by gradually upgrading. We're adding the information that will create the incentive for companies to keep upgrading. As one company upgrades, that will pressure others to match it. Now that Timberland puts carbon ratings of its shoes right on the box, other companies should feel pressure to disclose the same information. That competitive pressure creates real incentives for products and companies to get better.”

Of course, O'Rourke adds, “We're not there yet. There's no way for us to know who is just greenwashing and who is making a genuine change for the better—managing their supply chains better to reduce toxins and environmental impacts, to improve working conditions. There's no market feedback as yet to reward doing good. At present we have very poor information, and so we make poor decisions all the time. We need to add the solid data for shoppers that will create the virtuous circle, where companies sell more product and see their stocks rise—do better by doing good.”

That continual upgrading would occur, for example, if the goal for a brand was simply to be better than the sector average. As poor performers reach average and average ones respond by getting even better, standards inexorably rise for all. As an executive at a global company told me, “If we put everything out on the table and someone else runs with it, that just lifts the bar for everyone, including us. If one player changes, the rest will have to.”

As O'Rourke sees it, “If companies start paying attention, it will motivate them to disclose more and better information to consumers, kicking off a process of continual improvement, as consumers demand more and more of the companies they buy from.”

Are major companies paying attention? Take Andy Ruben, who was appointed by Wal-Mart CEO Lee Scott as the first vice president of the company's sustainability initiative. When we spoke, Ruben had just left that post to head Wal-Mart's private-brand sourcing strategy, a position where he felt he could more directly influence operations. “Our CEO sees sustainability as fundamental to our business strategy,” Ruben told me. “The company started on this defensively at first, but by now it's fundamental.”

When I asked Ruben what he thought of the approach to ecological transparency being taken by GoodGuide and Earthster, he replied, “What's in the black box of the ratings? If they had a great box, we might want to use it” for purchasing, just as institutional buyers could use it as a screen.

Ruben sees the need to go beyond what he calls “eco-think.” He told me, “Getting to fifty percent recycled content in packaging is good so far as it goes. But we don't just want someone slapping eco-labels on a package. We want to reinvent the system to minimize or completely get rid of the packaging. Why redo everything and label it green? We want to open up a candy store of innovation—more than just green: smart.

“To me all negative impacts of products are a discovery about unintended consequences,” Ruben says. “There can be thousands of consequences from a single decision, and we may be seeing just ten of these unintended impacts. The most competitive companies will engage to uncover these unnoticed impacts and make better decisions. Simply put, they will become more competitive by seeing their business in a broader light.

“We think of ourselves as buyers of products on behalf of our customers,” Ruben reflects. “We have two hundred million customers and sixty thousand suppliers. That's our lever: to buy better products for our customers. So we see one of our roles as creating the demand so suppliers will try to find the innovative alternatives everybody needs. That can move things faster, so it will ripple through the supply chain.”

One place Wal-Mart started was packaging. Everyone has had the experience of opening a cereal box and realizing the top portion is all air. It turns out, Ruben tells me, that the amount of air can depend on the line speed at which cereal goes into its packaging. “The box is larger than needed and gets shipped all over the world that way. There could be big savings in finding how to keep up line speed while adjusting how the boxes are filled, so we can end up with a smaller box. Now that you identify the problem and the market for the solution, you create an incentive for innovation.

“We recently put in place a packaging scorecard to measure the efficiency of a product's packaging. I was at a packaging conference where I heard about a manufacturer claiming that they could improve their Wal-Mart packaging score from a four to an eight—a big jump. This is the more competitive market of innovation that I am talking about. When the companies that make use of such broader innovations gain market share, everyone wins.”

Wal-Mart has also begun measuring energy use for its goods in seven product categories and will eventually apply this data to choose suppliers for products ranging from DVDs and vacuum cleaners to toothpaste and soda. Wal-Mart's eventual goal, according to John Fleming, chief merchandising officer: “removing nonrenewable energy from the products Wal-Mart sells.”

Well and good if you have the market heft of Wal-Mart. Smaller retailers in some sectors are finding that they can gain greater leverage in their supply chain by working together with similar companies than any could achieve on its own.

“We see sustainability as a team sport, both vertically down into the supply chain and collaboratively” Kevin Hagen, director of corporate responsibility at outdoor goods co-op REI, told me. REI has been working with Organic Exchange, a not-for-profit that sources cotton, to find the textiles for its organic clothing line.

At the early stages of the supply chain, few brands actually have direct contact with suppliers (who may be suppliers to suppliers of their suppliers), and so have little influence on how they operate. That's one reason the Organic Exchange was created. Says Hagen, “The Exchange broke a logjam in everyone's supply chain. It used to be that dye houses had no lot control; all the fabrics that came into a house were treated as interchangeable. Organic cotton went in, but there was no way to know what came out. No longer—the Organic Exchange has helped the industry develop ‘chain of custody’ tracking, so now when organic fabric goes in, we know what comes back.”

Hagen adds, “It's largely a problem in industrial design; in our business there are a number of problematic industrial processes involved in our products, like dyes and waterproofing, a soup of chemicals that does all kinds of things. As one lone brand we have little opportunity to affect these outcomes, but as a collaborator with other companies, we can all have an effect. We can articulate our desires for specs and allow the supply chain to respond. We want lots of innovation and development in the supply chain.”

The Outdoor Industry Association, which numbers companies like Nike, Patagonia, and Timberland among its members along with REI, has been the main vehicle for this sector to work with its supply chain for ecological upgrades. Hagen says, “The Outdoor Industry Association's Eco-Index group has over one hundred brands of outdoor products working together to create specifications for environmental attributes that can help motivate the innovation we want in the supply—and we can make the reward worth the change.

“Suppliers will innovate if the market is there. But first they have to know what outcomes are important and how it affects their competitive position. Often the right change reduces costs and improves competitive positioning. We disagree with the idea that it's all about paying more to be green.”

While before such supply chain change had been spotty and ad hoc, Hagen adds, “Now we're getting systematic metrics. The Outdoor Industry Association Eco-Index is intended to help measure suppliers' eco-performance with LCA-type analysis that gives scores on issues such as energy use, chemistry, and waste. And we offer advice to suppliers on how they can improve their scores— eliminate toxic chemicals, reduce waste. We are driving toward minimum required thresholds for everything we design—the outdoor industry can take a unified stance for all our products. It's not that our customers are forcing us to do this, but we see a connection between getting people outdoors and how we run our business.”

LCAs would do well to include positive impacts along the supply chain as well as negative. Remember that Gregory Norris's analysis of the Dutch power grid found that the relatively small amount of economic activity in the 10 percent of its supply chain that was in impoverished countries accounted for enormous health benefits to people there, dwarfing the harms to health done by the grid's pollution. Norris uses World Bank databases to argue that the boost to health from people getting jobs will be greater the lower the mean life expectancy of an area—especially when enhanced economic activity expands social services like education and medical care. If that increased cash flow ends up largely in the pockets of just a few or of people in other countries, of course, then locals benefit little.

One way to increase positive social impacts is through Fair Trade certification, which ensures that producers in developing countries are paid reasonable wages and have safe and just working conditions. “Some customers, a small percentage, are willing to pay more for fair trade coffee because of its virtue,” says Ruben. “Many of our customers either can't or won't choose to pay more, so the overall societal change is limited.

“Working with Café Bom Dia and Paul Rice of TransFair, we were able to relook at the coffee supply chain through a broader fair trade lens. By creating longer-term relationships with growers in Brazil, we found efficiencies in co locating roasting, bagging operations, consolidation points, and more. In the end we are able to offer a better-quality coffee, fair trade certified, for under six dollars a pound. That's less than half of what others are doing by simply finding fair trade coffee and selling it.

“One of the best parts of this win was that this coffee displaced a few major brands of traditional coffee—not because customers were demanding fair trade but because it was a better-quality coffee that was more affordable. This creates a much larger win both for customers and the coffee growers.”

Ruben hopes for a continuing cascade of such wins: “We need a systems perspective on how we're operating today to see the thousands of places we can do better.” When Wal-Mart asked its truck drivers not to idle their diesel engines anymore—and installed smaller generators just to power the truckers' cabins—the company saved $25 million a year. Comments Ruben: “That went straight to the bottom line. And because trucking and retail are a penny business, we just created thousands of environmentalists. Others have a choice either to compete or to live with being less competitive.”

But Ruben sees Wal-Mart's leverage point not so much in finding such solutions, but rather spurring them by creating a vigorous market for upgrades. He told me, “Our role is to create the marketplace in an opaque supply chain—to surface information that makes the supply chain improve. It's not an LCA on every product but a systems view that perceives unintended harm and aims to profit from improvements, all in a consumer-driven economy. Businesses must create customer value to survive over the long term. That's what makes this broader systems viewpoint and resulting innovation so exciting. It's a competitive business strategy.”

Another crucial feature: collaborative learning and knowledge sharing. Says Ruben, “We have suppliers we intend to stay with, so we can make this a real, shared strategic relationship. We will make this shift, but we need to figure out how to do it together.”

Ruben sees that the LCA methodology, which pinpoints what needs to improve, offers only part of the solution. “That's necessary, but not sufficient. The crucial next step: innovation.”

Ruben, for one, is bullish about finding points for upgrade innovations throughout the supply chain. “This is the largest strategic opportunity companies will see for the next fifty years,” Ruben predicts. “This is the most exciting time to be in business, with more opportunity to create change in the world than ever.”

THE NEXT FIFTY YEARS

There are, literally, millions of ways to upgrade our collective ecological footprint. Take that glass jar. To melt sand into glass, manufacturers of everything from glass containers and auto windows to hybrid products like fiber optics depend on massive furnaces that can run for as long as ten years at a stretch at more than 2,000 degrees Fahrenheit. But industrial glassmakers use a basic design for furnaces that has seen little change since it was first developed in the 1850s.

To be sure, there have been small improvements here and there, like using pure oxygen to improve energy efficiency a bit. That drive to experiment with new methods has accelerated with higher energy costs. One innovative furnace design would improve heat transfer by, in effect, turning the oven upside down, bringing the usual twenty-four hours needed to melt sand down to just three. That shift could save vast amounts of energy—but as yet the improvement yields smaller batches with bubbly glass that breaks more easily. Another radical switch uses microwave ovens instead of the traditional natural gas but again yields batches too small for industrial production. As Ian Kemsley, the inventor of the microwave glass oven, notes, “We're making glass essentially the same way as the ancient Romans. There's tremendous waste and a huge amount of money to be made by innovating.”

Here ecological intelligence takes the form of rethinking our entire legacy from earlier days, when processes and inventions came online without regard for their impacts. Upgrading this legacy may present the biggest business challenge of the twenty-first century: we need to reinvent everything, from the most basic platforms in industrial chemistry and manufacturing processes through the entire supply chain and life cycle of products.

We face a toll from fundamental decisions reached many years ago: choices about how to engineer and manufacture, about energy sources, about what chemical compounds to use—decisions made without regard for the impact to the commons, the planet we share, and our bodies. To be fair, the industrial chemists and engineers of earlier centuries had far, far less information about the adverse impacts of the substances they used and how they used them than is the case today.

For the most part, cost and marketing considerations have held sway—sound business practice. But in the near future those calculations will need to consider, too, the risks of ignoring the dawning ecological transparency in the marketplace. And, perhaps more to the point for many executives, strategic thinkers will see new business opportunities opened up by that very transparency.

The possibilities for radical innovation and clever upgrades seem endless. Researchers in New Zealand mapped the genome of ruminant animals like sheep and cows to discover the genes that regulate flatulence, in order to develop a vaccine that will greatly reduce “flatulent emissions” from livestock—which now account for 28 percent of human-related methane buildup. Meanwhile plant-breeding geneticists in the United Kingdom are attacking methane emissions via genetic improvements in digestibility, sugar content, and protein-breakdown enzymes in grazing grass.

Environmental scientists at Spain's National Center for Bio technology have developed software that identifies whether a molecule will biodegrade well. The software analyzes, for example, whether a variety of plastic will break down completely as sun and water melt it, or if it will hold together for a thousand years. This test for biodegradability opens an entirely new criterion for materials selection.

The Paris Metro's new line uses old technology in a holistic way. The standard technology generates electricity from the friction produced when a train brakes and then uses this energy to boost the same train when it starts or accelerates. The Metro went beyond thinking about trains one at a time to envisioning them as parts of a system. On the new Line 14 the electricity all the trains make by braking is fed back into the power system so that any train can draw on it, reducing the energy needs of the line by 30 percent.

Such systems analysis suggests another range of ways to rethink how industrial systems impact those in nature. Take plans for a paper plant to be located in the South Bronx. The plant was designed to use recycled paper harvested from recycling as its pulp stock, not that from trees. “There's more paper fiber per acre in New York City than you can get from an acre in the Amazon,” says Jonathan Rose, who helped draw up the plans. “It's in the recycling bin or the garbage.”

Paper plants use huge amounts of water, so the site was chosen to be close to a sewage plant; the paper would be made using cleansed sewage water rather than devouring fresh water. For years New York City newspapers got their newsprint delivered daily in enormous rolls shipped by truck from Maine or Canada. Locating the plant smack in the environs of the city avoids that long journey. No trees cut, no fresh water used, no diesel-puffing tractor trailers rolling along for hundreds of miles—three natural systems where impacts are minimized. “Why do we have pollution?” Rose asks. “Pollution is a sign of incomplete consumption— something being wasted. When we see buildings, factories, cars or power plants as isolated entities, we lose the benefits of systems efficiency.”

Other gains could be found by using LCA methods to ratchet up current standards for green certifications of all kinds. LEED ratings for green buildings exemplify this opportunity; so far that certification is based on a relatively narrow slice of what goes into a building and how it gets used. The LEED governing group has been working with industrial ecologists to help them introduce LCA into their green building standards.

“LEED is a first step,” commented Pedro Vieira, a member of the Consortium on Green Design at the University of California at Berkeley. “But it only touches the surface—you can do an LCA of a building, assessing all the individual materials, water and energy used, as well as the logistics of producing them.”

The sand used to make cement, for instance, typically is excavated from a riverbank and then sent to a facility that sorts rocks and sand by granularity, grading them by size. Next the finest sand goes to a coal-fired kiln to be mixed with other minerals, and the whole batch is cooked at 2,642 degrees Fahrenheit. Most of the batches end up in cement in trucks that mix in water and chemicals while hauling it all to a construction site. Excavating, transporting, and heating cement are extremely energy intensive, accounting for about 3 percent of the world's greenhouse gases.

When a building's life ends, an average 25 percent of the structure's concrete is recycled: walls and slabs are crushed and sorted for their next use, typically in roads or new buildings. “If we increase the concrete recycling rate to fifty percent,” Vieira and his UC Berkeley thesis adviser, Arpad Horvath, calculated, “it would mean the equivalent of taking approximately six hundred thousand vehicles off the road for a year” in terms of reducing its contribution to global warming.

This list goes on indefinitely. These advances and their ilk will be the stuff of headlines for the next century in basic and applied sciences as well as in environmental studies and ecology—and the basis of bottom lines in business. We need a continuous cascade of such improvements throughout the industrial enterprise if we are to bring the human endeavor beyond harm's reach, so that commerce supports the earth's carrying capacity rather than threatening it. The big question: can we do it?
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SECOND THOUGHTS

Let's not be naive about business realities.

Mondi, based in South Africa and London, sells paper and packaging materials in thirty-five countries and has been a leader in its sector in environmental upgrades. In the 1990s Mondi was among the first large paper companies to produce totally chlorine-free office paper by improving bleaching practices, and it continues to search for ecological upgrades.

Wolfgang Schacherl, a Mondi executive, told me, “Environmental advantages have always been one of the pillars of our market positioning, so we need to do continuous R&D and invest in innovations to maintain that position. We find our customers will usually stay with an environmentally upgraded product even if the cost is a bit higher. But at the end of the day cost and performance are by far the most overwhelming decision criterion”— not environmental excellence.

Mondi product design engineers developed a single-ply paper for bagging industrial goods like fertilizer that replaces two-or three-ply papers. The bags use less paper but are stronger and stiff enough to withstand even tremendous pressure while being filled with cement and the stresses of being shipped around the world. Another innovation, an “airstream” bag design for high-speed filling, replaces a petroleum-based wrapping with a paper-based one, supplanting a nonrenewable resource with a renewable one.

Mondi uses LCA methods, among others, to figure long-term targets for environmental sustainability, though it does not evaluate all the impacts across all its product groups. For its paper products it does a yearly update on its plants that analyzes energy, water use, emissions, and wastewater per ton of paper. For many industries, impact assessments of chemicals over product life cycles are a legal requirement in European countries; Sweden and Finland have the highest environmental standards for entering their markets.

Yet, as Schacherl told me, “Procurement departments have a larger range of considerations than environmental impacts alone— cost, for sure. It's not always possible to make environmental-friendly products at the same low cost.”

When will the tipping point come? “If we look at how corporations are rated in the financial markets, fiscal performance is, of course, most important,” Schacherl said. “But there's also a slight trend to evaluate environmental performance, too. The London Stock Exchange now rates companies on a sustainability index. But these are new considerations; it's unclear what the market impacts from this will be. If financial analysts started recommending investment in more sustainable companies, that would help.”

Still, Schacherl has witnessed a gradual shift. “Ten years ago no one asked what forests we cut our trees from, and now we need to prove we use sustainable methods and follow Forest Stewardship Council rules. If we learned that something we used in making paper was troubling, we'd drop it immediately. We've posi tioned ourselves as the high-quality eco-brand.”

But, he added, he didn't think that would matter at all to companies at the low end of the paper market, whose marketing strategy was simply to make their paper the cheapest. That premise applies to world commerce, as well; take First World versus Second World economies. The countries of the Second World—like Brazil, India, Russia, and China—harbor the growing new consumer markets whose spending power drives much of the world economy's growth. For billions of shoppers in these economies cost alone will likely prevail as the hallmark of best selling products.

It may take decades for the first-tier market's desire for impact transparency to reach or permeate these second-tier economies. The market segmentation that separates high-quality/ low-impact goods from low-cost/ poor-impact ones will likely prevail for decades in these bustling economies. On the other hand, if global retail giants like Wal-Mart apply their huge advantages in seeking ecological gains from their suppliers, the cost equation might change radically. Even in Second World economies, this business strategy conceivably could drive down the market share of low-cost/poor-impact products. If so, accumulating forces could tip toward a worldwide virtuous cycle.

GETTING IT RIGHT

Three years after a disastrous infestation of drinking water by a toxic microbe killed more than one hundred people in Milwaukee, the U.S. Congress passed a law in 1996 requiring disclosure of toxins in community water supplies. The law required that local water authorities throughout the land regularly test their water supply and inform their customers of any contaminants.

The devil was in the details. Somehow the regulations mandated a treacherous combination of inaccurate analyses, idiosyncratic ratings, and a failure to link any of this to the actual level of health threat. To compound the problem, all this inadequate data was displayed in a complex table rife with arcane technical terms that a chemist could love but hardly anyone else could comprehend. Plus, the already hard-to-decipher data was as much as a year out of date.

The upshot was a series of public health disasters. Some cities were reassuring their citizens that their drinking water was perfectly safe based on assays at the filtration plant, while ignoring microbes or toxins the water might pick up as it wended its way through hundreds of miles of creaky piping. In most cities much of that piping contains lead, which leaches into the water and puts children at risk. A decade after Congress passed that benighted law, the Environmental Protection Agency estimated that 10 percent or more of Americans still were drinking tainted water daily.

Simple ineptness or poor execution may be the greatest threat to the best-intentioned transparency efforts in the marketplace. There are other risks: radical transparency is itself an untried intervention in a complex system and as such may have any number of unintended, even unfortunate, side effects. There are many caveats and cautions. For one, as some argue, only top-tier brands, which are the most reputation-sensitive, may be affected. Bottomtier firms, whose business model centers on having the lowest-cost products, often with unknown brand names, would likely not be affected by the market pressures transparency creates.

Another concern: misguided good intentions could mean sourcing or other nightmares for companies trying to respond to market shifts. Say, for instance, a critical mass of consumers stam pedes away from products with a certain ingredient that happens to hit the headlines and get carried far and wide via some digital tidal wave. Yet we will still want the products to maintain whatever beneficial texture or other quality that ingredient lent, even if no suitable replacement has yet been found.

That catch-22 could be compounded by others, like the predicament of needing to manage suppliers who may not agree to change their practices. For instance, Dara O'Rourke, whose early research was on supply chains, tells me that many global running shoe brands depend for manufacturing on a single Taiwanese firm that, through a holding company in Hong Kong, operates a vast network of factories throughout China and beyond. This shoe maker can keep its costs rock bottom by, among other practices, making all the shoes for the various companies in the same way. The company has so much power in its industry that a lone shoe brand might not be able to dictate changes it wants to make. Says O'Rourke, “In this kind of global supply chain situation, an individual brand is meaningless” and might well be powerless to insist on manufacturing changes that the market favors but the manufacturer opposes.

A publisher told me, “I print my books in China, because I can find cheaper four-color presses that can print on green paper. There's now one company in China that has built a Forest Stewardship Council-certified paper mill; that means, for instance, it gets its wood pulp from sustainably grown forests and the mill minimizes its use of water. Environmentally, this is the best in China. But this company is owned by a bigger Chinese corporation that has another division notorious for clear-cutting rain forest in Indonesia. When this was discovered, the FSC pulled the green mill's certification because the parent company was doing the wrong thing. So there's no Chinese FSC-certified paper mill at the moment. That raises the question, do I import green paper from Europe to China? It's not energy efficient to ship paper, and it's not cost effective for me.

“I tell myself, I probably should use that green Chinese paper mill, because they are trying to do the right thing. Even if I can't say it's FSC-certified, it still has another kind of green certification. Am I upset they lost their FSC certification? That's the way you put pressure on them to improve. But should my business go to them? It's the best paper I have available in China, and they've invested millions in this plant—shouldn't I support that?”

Then there are the difficulties of verification down through the maze of a global supply chain. As one businessman bemoaned, “Things change week to week, and people make different judgment calls up and down the line. One source we depend on for ‘green’ stock couldn't get enough raw material from his supplier one week, so he just switched to another supplier whose products were readily available but not sustainably made. It's just like at home: most days we rinse and recycle our plastic and glass containers —but sometimes they're just too yucky to wash, so we toss them in with the rest of the garbage.”

As the triple bottom line (which reports environmental and social responsibility initiatives in addition to the standard financial metrics) becomes a fixture in corporate reports, companies are looking to auditing firms to certify how well they are doing. When I asked the head of one of America's Big Four auditing companies about auditing such impacts, he told me this was “one of our better-growing lines of business. How else do you know how much water you're using in India?”

As it happened, a week or so later I was talking with Dara O'Rourke, who over the course of seven years inspected working conditions in more than one hundred factories throughout the developing world for organizations like the Swedish government and the World Bank. At one point a consortium of universities asked him to report on the factories that supplied them with clothes emblazoned with their school emblem.

Three of those factory inspections were done in tandem with auditors from one of those Big Four consultancies. O'Rourke's report on their audit was sobering. O'Rourke shadowed the auditors as they inspected three garment factories, one each in China, Korea, and Indonesia. In the factory outside Shanghai, for example, the official auditor took a rather random forty-five-minute walk through the factory, during which he missed several hazards to workers' health: workers wearing flip-flops and with no gloves or eye protection operating hot-dye machines; safety guards missing on machine chains and sprockets; workers cutting by hand without protective gloves.

Workers were interviewed about the company's labor practices in the presence of managers, who knew what they were being asked—ensuring that the answers would be sanitized—rather than off-site and in confidence so workers could open up. In short, what struck O'Rourke was not what the auditors found but what they missed. The auditors noted a series of minor violations but found the factory to be in “acceptable” compliance, based on reassurances by factory managers that problems would be remedied. In O'Rourke's view, the auditors, with their extensive training in fiscal details, were not up to the challenge of a social audit.

O'Rourke also questioned the standard practice of letting consulting firms that provide their services to a company also monitor the impacts of factories that supply those companies, because of potential conflicts of interest. In a transparent system, the most credible evaluations are by completely impartial third parties. O'Rourke suggests that corporations monitor factories in their supply chain in a more transparent way, making their methods and findings public and so subject to verification.

O'Rourke also proposes that different factories and firms harmonize their audits, so consumers can compare them. Procter & Gamble's director for sustainability insists that there need to be transparent definitions that can be reviewed by third parties for several key questions: What is a “sustainable” product? What is a “renewable” material? What qualifies as “packaging reduction”? Standardized industrywide metrics and ongoing measures would be the greatest help here.

In seeking ecological upgrades in supply chains, says Wal-Mart's Andy Ruben, “The verification elements are extremely important.” He cites the availability of wild-caught seafood, which came about because of a system of certification that showed where fish had been caught, to ensure it was not from a zone where the species was in a state of collapse. Similarly, an advantage for Wal-Mart of buying fair trade coffee turns out to be verifiability because the coffee comes directly from the farmers rather than through middlemen who can make tracking the origins of the coffee impossible, let alone, for example, whether it was grown organically.

A while ago I was visited by two friends from Shanghai, one a high-level executive at China's largest real estate developer, the other a leadership coach for several CEOs of Chinese corporations. The big buzz in the Chinese business world, they told me, was what Wal-Mart had done with its Chinese suppliers. Wal-Mart, though the world's largest retailer, owns no factories but buys everything from toys to TVs from thousands of factories globally. Wal-Mart has taken steps toward ensuring ethical sourcing by sending its own inspectors to these factories—in 2006, the company inspected nearly 8,900 plants worldwide, with 26 percent of those visits unannounced.

Wal-Mart's two hundred or so inspectors rate each factory on working conditions, safety, and environmental practices. Most factories with problems like failure to pay overtime get warnings and guidance in how to improve; Wal-Mart sees this as an opportunity to educate factory managers and upgrade conditions. But those factories with repeated or egregious violations such as physical abuse, child workers, or prison labor are barred forever from supplying Wal-Mart. Nearly twenty factories suffered that fate in the 2006 inspections; many more received warnings and advice on improving.

It would seem an overwhelming task to audit factories in the turbulent realm of Third World entrepreneurs, where suspect plants can be operated out of sight or be closed down only to reopen as something else doing the same things, or where hidden “shadow factories” actually produce the goods supposedly made in the show factories inspectors know about.

But many companies are taking steps to ensure that their goods are clean. In January 2007, the world's four largest retailers—Wal-Mart, Britain's Tesco, France's Carrefour, and Germany's Metro—formed the Global Social Compliance Program to develop a uniform code for workplace standards in the factories that supply them worldwide. This would mean the world's major retail companies have a single standard for how workers are treated, covering their health and safety. It forbids child and slave labor and racial and sexual discrimination, and mandates fair treatment and wages. This group of giant companies intends to enforce the code by having its own independent monitors audit factories.

Adding bottom-up reports from the factory floor might make such social audits more credible. As one executive for a multinational retailer told me, “If an issue like the health implications of a product is our goal, we run up against a lack of transparency in the supply chain. We need to make it okay for people on the scene with cameras and cell phones to say what's going on. We need more eyes and ears who have the brains of an industrial ecologist. That would give us data points we never had before. We need to let people in the supply chain report up. If I could do it, I'd set up a reward system that makes the supply chain transparent. The trouble is, there may be more money for some supplier in adulterating a product than in fixing it.”

Gregory Norris notes that the state of Maine has a law that says when city or state agencies buy clothing like police uniforms they need to be sure the textiles used are sweatshop free. “But nobody can certify that now,” he notes, “because the global textile marketplace is such that you go out of business if you don't have sweatshops somewhere in your supply chain. This economic pressure for sweatshops means any data you do get is slippery.

“Many folks are trying to get this right,” Norris adds. “The Gap, like Nike, is looking at their supply chain.” When the Gap received negative press over sweatshops, it instituted a model factory audit system, publishing its findings in the social responsibility section of its website.

The retailer, Norris recounts, “began by saying they were going to audit all their suppliers. But top-down audits fail to uncover all the bad issues and do not necessarily lead to real improvement. If Gap drops a supplier who then gets new customers, then nothing changes—it doesn't improve working conditions for anyone. So the Gap is moving toward long-term engagement with their suppliers rather than audits alone. That way they can help the suppliers learn how to get better, and Gap can get to the levels of worker safety they want.”

Gregory Norris was consulted by a multinational that was measuring the ecological performance of its suppliers in Asia; the company has been discovering that they can make engineering changes to reduce emissions, and that there is local financing available for the new equipment they need. The limiting factor turned out to be that the plant managers knew little about alternative energy—the company needed to show the suppliers how to measure their CO2 emissions and get the engineering expertise to lower it. Increasingly companies trying to green their supply chain are realizing the value of a sustained engagement with valued suppliers, which allows them to build the capacity they need to meet environmental goals.

Then there are the limits of what LCA itself can do. For one, existing Life-Cycle Assessment information has many gaps and often offers industry averages for the upstream components of items but not for finished consumer products: there's an LCA for a glass jar but not for a jar of pasta sauce. Most of the LCA data provides information that matters to industrial engineers, such as for mate rials like plastic resins, metals, or the various grades of a manu facturing ingredient. Another limitation of the LCA methodology reflects its strength: being empirically based, the measure is being constantly refined, a perpetual work in progress. Every time an industrial ecologist adds the results of an LCA for a specific product, that strengthens the overall database.

Another limit to the usefulness of LCAs lies in the conventional underlying business model. Typically consultants to industry develop proprietary LCA software, charging companies for access to their data and software. Whenever a consultant does a study for a company, that data goes into his or her database. The company needs to pay a fee for using it, say, to find the carbon footprint of a peach.

Norris is working with colleagues to enable a new business model that turns the conventional logic on its head—with each industry contributing data on its own operations into a common data resource, so that each company essentially brings one morsel to the table and everyone can feast from the potluck banquet, gaining access to data from all the others that have contributed. This, in effect, creates an LCA information commons for industry.

That commons could help industries meet market pressures for upgrades, such as those from large organizations. As Mike Hardi-man of the University of Wisconsin told me, “We at the university are trying to be leaders in improving our world; we feel that's part of our mission.” But large buyers like Hardiman are frustrated in that mission by the present lack of standards and benchmarks that will let them track how well they are doing. Hardiman believes a solid certification system would make all the difference.

“ISO certification credentials companies for having high-quality controls in manufacturing that let manufacturers find suppliers with high standards. But there aren't any such standards yet that address social consciousness issues. If there were, they would be a benchmark that would guide our purchases. In a global business environment, that lets you know who you're buying from.”

Finally, are radical transparency and all its incremental improvements enough? The adequacy of perpetual upgrades alone was questioned from a surprising source: John Ehrenfeld, the executive director of the International Society for Industrial Ecology. One of the founders of the field, Ehrenfeld fears that in terms of the massive challenges facing our planet, these gradual improvements may be too little, too late.

Ehrenfeld points out that simply reducing our unsustainability results in a host of technological fixes that leave untouched the underlying causes of these problems. Increasing the fuel economy of cars as the main strategy for reducing the environmental impacts of driving is such a partial solution: Although gasoline needed per mile has dropped over the years, the number of miles driven (at least before the oil price shock) has risen so greatly that it has canceled out any benefits to the environment. Says Ehrenfeld, “This strategy is shortsighted to the extent it shifts the burden away from developing better transportation alternatives.”

Ehrenfeld, who retired as director of MIT's Program on Technology, Business, and Environment, notes that, from the global perspective, the rate of change toward greater sustainabil-ity must outpace increases in overall industrial output to ensure that eco-upgrades matter. Examining corporate and government data on gains in eco-efficiency, Ehrenfeld concludes that they are too small as yet to offset the growing threats. He calls for industry to make more radical leaps, finding innovations that greatly expand the current range of ecological choice. In addition to discovering better choices among present technologies, he also calls for product innovations that “radically reduce the amount of stuff that humans all over the globe use to produce well-being.”

If industrial ecology had a statesman, it would be Ehrenfeld. He brings a larger perspective to the minutiae of Life Cycle Assessment by questioning what it all means with a radical premise: “The global industrial system is broken; the environment would rather not have us here at all. Reducing unsustainability, though critical, does not create sustainability. The planet needs to be restored to a healthy state. We should go beyond the goal of merely lessening our harmful impacts and seek true sustainability”—the flourishing levels of health, vitality, and resilience that allow both humans and Earth's ecosystems to thrive.

“Of course we need every possible eco-efficiency, any solution that reduces unsustainability,” Ehrenfeld is quick to note. “Everything that makes the next thing we buy less negative is necessary; every such action helps.” But, he adds, “the vision of what we need to be truly sustainable goes way beyond this. We need to look at the whole consumer mentality.”
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DOING WELL BY DOING GOOD

Centuries ago when villagers would share a common grazing area, some farmers abused the privilege by overgrazing their herds, destroying the pasture's value to all. The contemporary equivalent of this tragedy of the commons can be seen in the business model that has been dubbed “take-make-waste.” Environmental activists who coined that phrase charge that the free market has a glaring blind spot: it ignores the cost of commerce's destruction or consumption of nature itself, the planet's common. Throughout history companies have been able to consume or pollute air, water, or land with little to no consequence. The costs—such as damage from floods and the expense of treating respiratory disease or cleaning toxins from soil—are borne by the general public. Whatever form such abuse of nature's commons takes, the laissez-faire mishandling of any public resource can be seen as unsustainable and ethically unacceptable. Ethical judgments aside, there has been a practical problem in dealing with this abuse: calculating the actual cost of such damage to nature.

But new methodologies now allow the quantification of “natural capital,” the economic value accruing from nature. One model for this can be seen in the efforts of the Canadian Boreal Initiative, a consortium of environmental groups and companies like Suncor Energy (natural gas) and Tembec (a paper and pulp giant) that have huge investments in the vast forest that spans most of the Canadian north. Working in tandem with the native peoples whose land lies within the region, the Initiative has conducted a systematic estimate of the yearly fiscal worth of the pristine, sprawling Mackenzie Valley, a virgin forest zone in the Northwest Territories. The Valley contains a large part of the vast boreal forest that spans most of the Canadian north—the world's largest remaining intact woodland.

The Valley's natural capital—the sum of ecological services like absorption of carbon dioxide and other greenhouse gases, pests eaten by birds, clean water—has been put at roughly $378 billion. That figure dwarfs the annual economic value in the same region from extractive industries like mining, whose operations inevitably destroy a part of the common itself—and which in the past have never been charged for that destruction. That estimate offers a model for calculating the cost to a common of any commercial activity that diminishes these ecological services and so allows a rational basis for “taxing” the activity.

A parallel calculus for the public health risks of industrial processes yields a similar measure for analyzing air emissions from industrial supply chains. Combining LCA with epidemiologic databases, researchers at the National Center for Environmental Research estimated added cancer cases per $1 million output for certain industries in the United States due to the release of toxic chemicals during manufacturing.

From the perspective of a product's life cycle, we usually do not know the extent to which harmful impacts are passed on to the public. If a factory releases toxins that increase the rate of cancer or kill fish in a local river, or if a product's disposal releases toxins like mercury into the landfill, the company has passed off hidden costs of that product to the people and communities that will suffer or pay for repairing the damages.

One policy solution for this dilemma, proposed with increasing frequency in recent years, is to tax companies for the harms their products cause over the course of their life cycle. That tax could take the form of a proportionate payment to an organization that remedies the damage, such as a wind farm that reduces the equivalent amount of greenhouse gases emitted by an industrial process. Such a tax converts the damage to the common into an operating cost borne by the business, so forcing the price of the resulting commodity to reflect its adverse impact. Transferring the cost of harm to the company that does the damage would create strong fiscal incentives to find ways of doing business that will reduce such costs.

One fundamental dilemma of the tragedy of the commons boils down to how to handle challenges of vast magnitude and regulate business on a global scale. Nations send out fishing fleets that have incentives to catch as many fish as they can—which depletes the fishing stock available to everyone. The Maldives are threatened by rising sea levels from global warming, with the United States the largest contributor to greenhouse gases. Pollution from China affects Japan. And none of these players need bear the cost—fish are free to anyone who catches them; the people of the Maldives are powerless to reduce American greenhouse gas; people suffering from respiratory disease in Japan can do nothing about China's coal-burning plants.

With such dilemmas in mind, the economist Joseph Stiglitz argues that holding corporate interests above all means that harm to the global environment and public well-being are inevitable. He would turn to rules from governments or bodies like the WTO to remedy the abuses. As one chemist who does basic research on toxicity put it, “The function of government is to offer incentives through regulations. That way, the new research becomes part of the cost structure.”

We can't always wait for government solutions. Political realities may make promises of beneficial shifts attractive, but not the pain of those shifts—politicians too often defer the pain until they will be out of office. Depending on governments and their policies to patrol the world of commerce has notorious pitfalls; governments are notoriously slow and awkward when they try to regulate commerce. And corporate self-interest typically dictates that companies oppose such government restrictions. Mandatory carbon caps, the banning of chemicals, enviro-activists picketing corporate headquarters all nudge commerce toward more ecological transparency. There is no doubt a place for such interventions. But these are sticks.

Radical transparency holds out the carrot, the promise of business opportunity waiting to be seized. The free market itself could foster an alternative or complementary mechanism for making damage to the commons consequential to a company, through systematically revealing that harm to consumers. And if a company takes steps to compensate the commons for damage done (e.g., as a member of the Forest Stewardship Council, which requires a company to plant trees to replace those it lumbers) or raises local health and education standards by bringing jobs to poverty-stricken areas, that, too, would be transparent.

Radical transparency would let the marketplace reward the good regardless of whether the damage was “taxed.” As a former U.S. government economist, who asked to remain anonymous, told me, using the dynamics of the free market in this way “bypasses the ineptitude of government. It lets the market show what matters—you don't need to wait for governments to act.”

Stiglitz proposes that global economic success depends on getting the right regulatory balance between markets and government. As an executive at a Fortune 50 company put it, “Customer shifts and government regulations are the two things that can change the business reality in the right direction.”

Stiglitz, who pointed out the ways poor information cripples markets, sees economic indicators alone as markers of efficiency that are insufficient for our times. Free markets, he says, result in too much pollution and too little of the basic research needed to make radical leaps toward sustainability Lately he has joined a chorus advocating a “green net national product” that, along with fiscal measures, takes into account depletion of natural resources and environmental degradation to replace the standard gross domestic product, the measure of a nation's income and economic output, as the index of an economy's robustness.

Something akin to that dual measure makes sense, too, as a metric for a company's dual bottom line: eco-efficiency measured as the ratio of economic value added versus ecological impacts. That gives a more ecologically intelligent accounting, one that weighs financial success in light of its net harm: both the value chain and the devalue chain. Some companies already have begun to operate along these lines. BASF, the German chemical product company, uses such a measure of eco-efficiency to choose among alternative processes and options, seeking strategic choices that yield both financial and ecological gains.

When I asked the head of product innovation at a global company how an ecological transparency system might change the business landscape in years ahead, he mentioned two probable ways thinking might morph. The first would be a shift in the value basis, adding a product's ecological impacts into the equation. The second will come in the scramble to rethink how products are made, to maintain a brand's market position.

Then there are the initiatives of companies that embrace a triple bottom line, where environmental and social impacts matter as well as financial outcomes. Historically corporate responsibility has gone through distinct phases. The first, exemplified by Andrew Carnegie, saw industrial robber barons amass great wealth and later become philanthropists; Carnegie's public libraries dot the United States. The Robin Hood phase sees companies charge premiums for green products and then give a portion of profits to worthy causes.

In the third stage, growing rapidly these days, companies integrate sustainability into their business strategy. This “requires rethinking the business, the product, and the solutions, so you have mutually reinforcing benefits,” in the words of Kevin Hagen, director of corporate social responsibility at the sporting goods co-op REI. He cites how REI has been reexamining its corporate footprint, trying to go from “do less bad, to do more good.”

“There's a difference between just trying to be green and finding sustainable business solutions,” Hagen observes. “The first can have unintended consequences and may or may not work in its business implications. The second is thoughtful, has metrics, and contributes profitably to the business. We're getting beyond either/or, sustainable or profitable—they're not mutually exclusive. It's not about trade-offs or finding the balance between the two. Success is when these are mutually reinforcing—the more green we can be, the more money we make.”

Hagen points to a decision made, after REI assessed its carbon footprint, to shift from relying on conventional power from the electric grid and natural gas for its operations to renewable energy. “We identified price volatility as a business risk we had not identified before,” says Hagen. “So both to eliminate CO2 emissions and hedge energy costs, we looked for renewable sources wherever we could—we're now at twenty percent renewable sources. That decision has insulated us a bit from the rising costs of energy.”

When the bottom line is the sole arbiter of decision making, some or many of the changes ecological transparency demands may seem unreasonable or at the very least risky strategic targets. They can be made more readily to the degree that there are clear or likely competitive advantages. But that decision becomes much easier for organizations that have adopted an ethical bottom line so that impacts on the planet matter, impacts on health and on people matter. When these enter the equation along with cost, business calculations render different decisions.

Mike Hardiman told me that several years ago the Wisconsin state legislature mandated all government agencies buy recycled paper, regardless of cost. “When the requirement started, the cost differential between virgin and recycled used to be large, but now the gap has closed. If someone doesn't start the trend by making a principled stand, we won't see the changes we need in industrial methods and materials.”

Corporate social responsibility represents a mixed picture across companies, with some setting high standards for themselves and their sector, others making idiosyncratic or halfhearted efforts, and still others using toothless measures that may merely sound good to whatever stakeholders care. “The triple bottom line is a desire, not a hard metric,” says Pavan Sukhdev, an accountant who directs the Green Indian States Trust in New Delhi and consultant to InfoSys and WinPro. “With the present loose definitions of the triple bottom line you can tell your own story most any way you want. But we'd never allow that range of flexibility for fiscal accounting.”

The worst cases are the companies where corporate social responsibility has become the front line in a bitter war between business ethics and shareholder value, with companies espousing aspirations that fiscal realities stymie. As the head of corporate compliance at a national apparel firm confides, for many in top management ethical mandates like those for corporate social responsibility are just an “irritant”—something they have to put up with or pay lip service to. In the words of this executive, “If I could walk into my CEO's office and say, ‘Look, here is proof that the customers are stopping buying from certain brands based on their ethical sourcing practices,’ then they would pay attention.”

COMPASSIONATE CONSUMPTION

“For years,” laments Robert B. Reich, professor of public policy at the University of California at Berkeley and former U.S. secretary of labor, “I've preached that corporate social responsibility helps the bottom line. Respect the environment, your employees, and the community, I argued, and they'll not only respect you back; they'll buy your products.”

Reich goes on to explain why he's changed his mind, making a provocative case that the socially responsible gestures companies make are mere public relations gambits, ways to burnish their public image, cut costs, or dodge more government rules. And, he adds, “That's the way it should be. Companies aren't moral beings. They exist to make money for their shareholders by hanging on to customers.”

That pretty much sums up a core debate in business ethics, the classic predicament that pits doing good against doing well. Two bibles in this argument are economist Milton Friedman's Capitalism and Freedom, which argues that corporate profit is the sole moral basis for business operations, and philosopher John Rawls's A Theory of Justice, which has shaped the views of those who argue that a moral basis for business must be social responsibility.

In the gritty arena of day-to-day business decisions, to the extent executives put profit as the primary driver of strategy, other goals become secondary. As Reich observes, objectives like social responsibility or minimizing environmental impacts can be pursued only to the degree that they help the bottom line—like the easy cost savings from lowering energy costs. But when the price of doing the right thing threatens profitability, those good things are skipped.

As Milton Friedman famously put it, “The social responsibility of business is to increase its profits.” Within the terms of Friedman's argument, a strong ethical case can be made for not making changes—no matter how virtuous—if they will harm profit. That sets up the win-lose: either doing well or doing good.

At this point Reich throws up his hands, saying it's hopeless to try to reason or moralize companies into virtue. He favors coercion through government regulation—after first closing down the lobbying by business interests that he sees as paralyzing government action in the United States. That tactic could take years, decades, or forever to achieve.

Radical transparency offers a third way out of this dilemma: make goodness pay. Eco-transparency transforms the core assumptions of this discussion itself, morphing the business model to create a market reality where doing good becomes synonymous with doing well.

Making visible the hidden impacts of our choices holds a bold solution, one that goes beyond the tired tactic of instilling environmental fears and even beyond hopes about innovative greener and cleaner alternatives for industry. Those virtuous technologies will matter little if the marketplace fails to make them financial winners.

Beyond these fears and hopes lies full transparency about the impacts of what we buy. To the extent that transparency allows shoppers to vote with their dollars for more ecologically intelligent technologies, ingredients, and design—and so shifts market share toward them—commerce will reform itself, not just in the name of responsibility but in pursuit of profit.

Activists decry the threats of global warming, the pollution of our bodies, sweatshops, and the like, while many businesspeople have argued for greening and social responsibility as good for the corporation. Yet the fundamental tenets of capitalism have put those two camps at odds: executives are paid to maximize company shareholder value and quarterly earnings, not to support the common good. This antagonism between corporate goals and those of the public interest creates a quandary for those many executives who seek both to please their shareholders and to pursue the best interests of the public. But radical transparency unites what had seemed polarities: the self-interest of a company aligns with the best interests and values of the consumer.

This conceptual sea change reorients capitalism to embrace the public interest as an arena for competition emerges where ethics, innovation, and initiative are dependably rewarded in sales. This shift replaces a win-lose assumption of profit versus virtue with a win-win proposition. Whether our purchases add up to a few dollars at the local store or millions through business-to-business transactions, we incentivize business to make positive changes by voting with our dollars. Each of us becomes an active player in determining the course of the planet, our health, and our common destiny.

The movement toward such transparency augurs a day when the free market will forcefully operate in the public interest. Radical transparency offers a mechanism for commerce-based improvements, where market forces rather than governmental fiat bring about desired changes. It creates a genuinely positive impact on a firm's bottom line from the missions of responsibility that so many corporations already call their “second bottom line”—but that today may lose money. It catalyzes an immense competitive arena for innovation, entrepreneurial genius, and smart strategic planning to create wealth. And in doing so, it moves us all toward a more viable and healthy planet.

One critique of globalization holds that it creates a social and environmental race to the bottom in developing countries where factories compete to supply the cheapest goods most quickly. The marble tiles, handmade carpets, and labor-intensive lingerie sold in the First World are too often made by laborers in the Third World who work deadly long hours, for pitiful wages, under dangerous or unhealthy conditions—millions of children among them.

Governments in such countries have objected to having labor standards part of trade agreements; some economists fear that such standards might punish developing economies should multinationals pull investments from subpar suppliers. Michael Hiscox (the Harvard professor who conducted the experiment that showed shoppers would pay more for ethically made towels) argued at a conference on globalization at Princeton University that a market-based tactic might well work more effectively than trade agreements. A certification for products that met higher standards for working conditions, environmental sustainability and so on would alert concerned shoppers, many of whom, his study found, are willing to pay higher prices to reward such virtuous goods. That might make virtue pay a good way down the supply chain.

Consider what this might mean for the impact of the world's richest consumers on the working and living conditions of the world's poor. Another great injustice of global warming can be seen in the sad fact that the world's poor will suffer most greatly from global warming, while they contribute least to the cause. The habits of the rich most intensely fuel the planet's global warming—and so the rich bear the greatest ethical burden to change.

The one billion denizens of the developed world consume at a rate thirty-two times greater than the world's poorest citizens. This vast share of humanity's footprint on the planet means a thirty-two times greater rate not just in using limited resources like oil or lumber or fish but also in producing waste like greenhouse gases, plastics choking marine life, and a sea of other stuff moldering in landfills.

Social geographer Jared Diamond, who makes this observation, notes that this rate of consumption will become utterly unsustainable as millions from countries like China and India reach for the lifestyle of the world's affluent. He suggests that if consumption were to grow more efficient—using alternatives to fuels that produce greenhouse gases, sustainable lumbering and fisheries, and the like—we would stand a better chance of dodging a planetary collapse from this unparalleled human binge. That greater efficiency would be far more easily reached if the marketplace were transparent: if it were crystal clear to us which things we buy contribute to health, sustainability and social equity—and which worsen things.

With the right information at their fingertips, the wealthiest consumers could do more than achieve more sustainable consumption for themselves. Shopping would become an opportunity for compassion, with purchase decisions whose effects could ripple through global supply chains, so leveraging better environmental, health, and working conditions for the world's poorest.

Shoppers in Berlin or Brooklyn or Beijing could make informed choices that would speed the conversion of China's power grid from coal-belching plants to alternate sources, reduce the clouds of toxins that a Mexican farmworker inhales, upgrade working conditions in sweatshops in Vietnam, or enhance the health of miners in Africa. That means, in turn, not just better life circumstances for Chinese, Mexicans, Vietnamese, and Africans but also more virtuous shopping choices available to these target nations as they in turn become more affluent. In a transparent marketplace, shopping becomes a geopolitical act.

In short, radical transparency holds the potential to better align what sells with the public good. It changes consumers from helpless cogs in a vast machine into a force that matters—whether those consumers be concerned moms or purchasing agents for a huge organization. A transparent marketplace alters the fundamental balance between businesses and their customers, allowing shoppers to vote with their dollars with unprecedented precision.

This informational fix has been a missing piece in the free market system all along, one that holds the promise of ending the eternal tension between profit and public welfare. Radical transparency changes the rules of the game for business. In an ecologically intelligent economy, executives will be paid to maximize shareholder value by being responsive to the public good. As market forces align corporate and public interests, commerce takes on a new role as a tool for our collective well-being.

A boost in ecological intelligence seems essential for our species to adapt to the singular challenges of these times. Ian McCallum, a South African physician and naturalist who writes about ecological intelligence, points out that while our planet seems destined in the years ahead for shifts in weather that threaten our fragile niche, the planet itself can continue long after our species has gone. To avert this fate, he says, we don't have to fix the planet but rather our relationship to it.

He would have us consider the distinction between healing and mending. Mending suggests the quick fix, the Band-Aid that, while helpful, does nothing to resolve the underlying problem. Mending can be compellingly seductive, an endless stream of fixes that never truly heal. Healing goes deeper, to the root causes, and brings a profound change of attitude. Healing perceives the hidden patterns that connect and sees everyone as having some part in the solution. The root meaning of “heal” is to make whole again.

“We have to stop speaking about the Earth being in need of healing,” McCallum observes. “The Earth doesn't need healing. We do.”
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belonging to the God Indra: See, for example, Francis Harold Cook, Hua-Yen Buddhism: The Jewel Net of Indra (University Park, PA: Penn State Press, 1977). Indra, a Vedic deity, is the archetypic lord of lords; as the god of war and storms he bears some resemblance to the Teutonic god Thor.

repeating and reinventing itself: The Ouroboros has also been seen as symbolizing creation out of destruction, primordial unity, and the dual nature of all things, among many other interpretations.
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Eager buyers lined up: Lisa McLaughlin, “Paper, Plastic, or Prada?,” Time, August 13, 2007, p. 49.

merits of paper versus plastic: Martin B. Hocking, “Paper versus Polystyrene: A Complex Choice,” Science 251 (1999): 504-505.

forgoing pesticides in cotton: John C. Ryan and Alan Thein Durning, Stuff The Secret Lives of Everyday Things (Seattle, WA: Northwest Environment Watch, 1997).

foods marketed as healthy choices: Andrew Martin, “Store Chain's Test Concludes That Nutrition Sells,” the New York Times, September 6, 2007, C3.

plucked from the aisles: TerraChoice Environmental Marketing, “The Six Sins of Greenwashing” (2007), www.terrachoice.com/Home.

CHAPTER THREE: What We Don't Know

20 percent less snow: Christoph Marty, “Regime Shift of Snow Days in Switzerland,” Geophysical Research Letters 35 (2008): L12501.

10 percent of coral reefs: Roberto Danovaro et al., “Sunscreens Cause Coral Bleaching by Promoting Viral Infections,” Environmental Health Perspectives 116 (2008): 441-447.

Harvard psychologist Dan Gilbert: Lecture at PopTech Conference, Camden, Maine, October 2007.

molecules nature can absorb: William McDonough and Michael Braun-gart, Cradle to Cradle (New York: North Point Press, 2002).

“development” can hide the extinguishing: Vikram Soni and Sanjay Parikh, “Justice for Nature,” unpublished manuscript, 2008.

CHAPTER FOUR: Ecological Intelligence

“ecological intelligence”: My exploration of ecological intelligence goes down very different paths from those taken by Ian McCallum, whose book Ecological Intelligence: Rediscovering Ourselves in the Environment (Golden, CO: Fulcrum Publishing, 2009) offers the eloquent insights of a physician, Jun-gian analyst, and poet. I had begun writing about ecological intelligence before I came upon his gem of a book.
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one-fifth that for trucking: Emissions for container shipping are rated at 52 grams of CO2 per ton of cargo per kilometer transported (for trucking, 252 grams; for shipment by train, 200 grams; and for air cargo, 570 grams). Tyler Colman and Pablo Päster, American Association of Wine Economists Working Paper no. 9, “Red, White, and ‘Green’: The Cost of Carbon in the Global Wine Trade,” October 2007.

from New Zealand: Caroline Saunders and Andrew Barber, “Comparative Energy and Greenhouse Gas Emissions of New Zealand's and the United Kingdom's Dairy Industry,” AERU Research Report no. 297, July 2007. It would be intriguing to see if environmental scientists at a British university would come to the same conclusions about lamb from New Zealand.

Long-stemmed roses: “The Good Consumer,” The Economist, January 17, 2008, economist.com.

just over the Channel: Michael Specter, “Big Foot,” The New Yorker, February 25, 2008.

the liquid is boiling hot: Scott Belcher, “Bisphenol-A Is Released from Polycarbonate Drinking Bottles and Mimics the Neurotoxic Actions of Estrogen in Developing Cerebellar Neurons,” Toxicology Letters, January 30, 2008, pp. 149-156.

our planet's natural reserves: Soni and Parikh, “Justice for Nature.”

pills in our medicine cabinets: Bethany Halford, “Side Effects,” Chemical and Engineering News, February 25, 2008, pp. 13-17.

male minnows stopped making sperm: Karen A. Kidd et al., “Collapse of a Fish Population after Exposure to a Synthetic Estrogen,” Proceedings of the National Academy of Science 104 (2007): 8897-8901. Even though the human body excretes these estrogen compounds in the form of a metabolite, in wastewater treatment plants bacteria cleave to the metabolite and re-create the original compound.

260 excess cancer cases: Dinah Koehler et al., “Rethinking Environmental Performance from a Public Health Perspective,” Journal of Industrial Ecology 9 (2005): 143-167.

terribly unsanitary conditions: Associated Press, “Probe Targets Brazilian Ethanol Company,” March 11, 2008.
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case of ecotourism: Norris, “Social Impacts.”

CHAPTER SIX: The Information Gap

lack of available information: Years after his first article proclaiming that greater information enhances efficiency, Stiglitz coauthored another claiming that there are upper limits to how readily information can be shared, so optimal efficiency remains an elusive dream. See Sanford J. Grossman and Joseph E. Stiglitz, “On the Impossibility of Information-ally Efficient Markets,” American Economic Review (June 1980): 393-408.

“information asymmetry”: Joseph Stiglitz, Globalization and Its Discontents (New York: Norton, 2002).

ignorance cripples market efficiency: The range of prices for an identical item, like a used car, represents the level of ignorance in a market, while sound information on prices and value lessens the amount of ignorance and by zeroing in on the fair market value of that car narrows the range of prices.

hampers market fairness: The insight that information matters economically allows computations of the costs of ignorance. One formula measures how our personal welfare changes simply by virtue of having sound information about a product, using contaminated foods as the case in point. The equation boils down to: If we're clueless, we might buy the tainted hot dog or cat food; if we're in the know, we'll avoid it (economists, of course, state that self-evident proposition in more nuanced and technical terms). W. Foster and R. E. Just, “Measuring Welfare Effects of Product Contamination with Consumer Uncertainty,” Journal of Environmental Economics and Management 17 (1989): 266-283.

even then the explicit labeling: David Mattingly quoted in Tom Mueller, “Slippery Business,” The New Yorker, August 13, 2007, p. 42.

bout of hyperactive frenzy: D. McCann et al., “Food additives increase hyperactivity in three-year-olds and in 8/9-year-old children in the community,” The Lancet 370 (2007): 1560-1567.

fight over label design: M.F Teisl et al., “Can Eco-Labels Tune a Market?,” Journal of Environmental Economics and Management 43 (2002): 339-359.

“green” certification programs: See, for example, the Green Seal program, www.greenseal.org.

they crave information: Teisl, “Can Eco-Labels?”

In economic theory: Archon Fong, Mary Graham, and David Weil, Full Disclosure: The Perils and Promise of Transparency (New York: Cambridge University Press, 2007).

CHAPTER SEVEN: Full Disclosure

shift from one brand: To be sure, subtle cues can also shift choices. But the consciously decided preference should be less vulnerable to change later on from subtle cues alone.

in line with your conscience: Raina Kelley “Day 31: The End my Friend,” September 21, 2007, blog.newsweek.com/blogs/freegangirl/.

“prime” the mind: See, e.g., John A. Bargh, “The Automaticity of Everyday Life,” in R. S. Wyer (ed.), Advances in Social Cognition, Vol. 10 (Hillside, NJ: Erlbaum, 1997).
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more than a million: Paul Hawken, Blessed Unrest: How the Largest Movement in the World Came into Being and Why No One Saw It Coming (New York: Viking, 2007).

court-ordered shutdown: For one activist account of the Plachimada Coca-Cola plant incident: D. Rajeev, “India: Everything Gets Worse with Coca-Cola,” Inter Press Service, August 22, 2005.

Their goal: a single standard: Ian Pearson, quoted in James Kanter, “A Low-Carbon Diet,” International Herald Tribune, June 7, 2007, p. 13.

CHAPTER NINE: Fair and Square

the Fair and Square batch: Michael J. Hiscox and Nicholas F B. Smyth, “Is There Consumer Demand for Improved Labor Standards? Evidence from Field Experiments in Social Product Labeling,” Department of Government, Harvard University, unpublished manuscript, February 2008. A similar sales bump happened when the labels were put on candles, albeit not quite so strongly.
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socks were priced the same: Monica Prasad et al., “Consumers of the World Unite: A Market-based Response to Sweatshops,” Labor Studies Journal 29 (3): 57-80.
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a quarter of shoppers: “The Good Consumer,” The Economist, January 17, 2008, www.economist.com.

would pay an extra dollar: O'Rourke, “Market Movements.”

also on the “worst” list: The ratings are at www.cosmeticsdatabase.com/browse.php?maincat=haircare, while prices were taken from Web marketing sites and retailers.

“green consumer” campaigns: J. Makower, “Whatever Happened to Green Consumers?,” Organic Consumers Association, July/August 2000, www.organicconsumers.org/Organic/greenism.cfm.

little or no discernable impact: O'Rourke, “Market Movements.”

Hannaford Brothers Company: Andrew Martin, “Store Chain's Test Concludes That Nutrition Sells,” the New York Times, September 6, 2007, C3.

billion individual purchase decisions: That estimate was in a news release from Hannaford stores on September 6, 2007.

“Compassionate Capitalism”: Stu Stein, whose student blog has disappeared (he has since graduated from Wharton), was commenting on my talk “Why Can't We All Be Good Samaritans?” at the 2007 TED conference, www.ted.com/speakers/view/id/178, in Monterey, California.
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may pose respiratory dangers: David Michaels, Doubt Is Their Product (New York: Oxford University Press, 2008).
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Skin Deep: Skin Deep Cosmetic Safety Database, www.cosmeticdatabase.com.
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RESOURCES


	www.DanielGoleman.info for Daniel Goleman's blogs and appearance schedule.


	www.morethansound.net for the audio series “Dialogues on Ecological Awareness,” Daniel Goleman in conversation with leading thinkers.


	www.goodguide.com for evaluations of health, environmental, and social impacts of products.


	www.earthster.org for ecological supply chain innovations and life-cycle evaluations.


	www.environmentalhealthnews.org for daily updates of scientific findings on health and the environment.


	www.cosmeticsdatabase.com for Skin Deep, the database of ingredients in cosmetic and personal care products.
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