The Ecological Crises of the 21st Century

"This ever-changing world that we live in."
- Sir Paul McCartney

Suggested Readings:

· Turner, BL II, et al. 1990. The Earth as Transformed by Human Action. Cambridge University Press. 

· World Resources Institute. 1996. The Urban Environment. World Resources Institute and the Oxford University Press. 

We wish to learn:

· What is the pace of change in global environmental conditions today? 

· How does the current rate of change compare to that of a few hundred years ago? 

· What are some of the critical forcing functions of global environmental change? 

· What are some important response variables or indicators of rapid global environmental change?



1. Introduction

Humans have transformed the earth and its global environment like no other species. The second semester of "Global Change" addresses these transformations, their consequences for humankind, and some of the steps that should be taken to try to reduce the size of our "human footprint" on the planet. We humans also have transformed ourselves, of course. The advent of modern Homo sapiens several 10's of thousands of years ago was followed by the transition from hunting and gathering to farming and herding societies, beginning some 13,000 years ago (link, previous lecture). Later, as a consequence of this agrarian revolution which led to stability of food supply, food surpluses and to stockpiling of food, there arose at different times in different parts of the globe the first city-states, with rulers, bureaucracies, and writing. Technology and culture became increasing complex and sophisticated. For the purposes of this course we shall leapfrog to the year 1650, and examine the past 350 years as a unique period in the human transformation of the earth. Prior to this time, human societies outstripped their resource supply and damaged the land, but at the local and regional scale (for example, Easter Island). Our impact at the global scale was less evident. 

To illustrate the increasing pace of global change, we will examine the rate of change of a number of important variables. For each variable, change caused by humans is defined to be 0% for 10,000 years ago (we assume no effects of humans prior to that time). We define the 100% value to be the state reached in 1985. Then we estimate the dates of successive quartiles (25%, 50%, 75%) of change (see figure). 
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	Figure 1:


It is remarkable that many important variables reached 25% of their value only after 1900. Attaining the second quartile of change is almost exclusively a twentieth-century event (except for forest depletions and vertebrate extinctions). Most of these variables underwent virtually all of their change in my lifetime. Nitrogen releases have shot from the 25% quartile to present values in your lifetime. The industrial revolution, beginning about 1650, and the advanced industrial transformations – science, medicine, technology, information – of the twentieth century have resulted in an unprecedented rate of global environmental change. 

Forcing Functions and Response Variables

The changes that we are discussing are complex and intertwined. Attempts to untangle these interconnections often make use of terms such as "forcing function", "response variables", and "constraints" or "mitigating forces". 

A forcing function is one perceived to be a cause of (responsible for, driver of) other changes. Population, technological capacity, and sociocultural organization are good examples of forcing functions. Examples of response variables include the variables just examined by quartiles of change. Constraints can be environmental, such as local availability of water or episodes of droughts extending over decades or longer; and sociocultural, such as societal openness to particular innovations, conflicts with neighboring peoples, and virtually any aspect of the organization of societies. 

It is important to remember that separation of cause and effect (which is what we imply with forcing functions and response variables) is difficult due to the complex inter-relationships affecting global environmental change. Indeed, some would argue this is simply an artificial construct. Does population growth drive technological innovation in food production? Or has this technological innovation permitted population growth? If we are careful to recognizesuch complications, and apply these terms within a specific problem context, they can be useful. 

For the remainder of lecture, we will briefly examine some of the most important drivers and response variables of the changing global environment. Most of these topics we will return to in depth, in individual lectures. Today we will try to provide a road map of topics to come, and by looking at a number of variables try to form some perspective on the inter-connections. 



2. Population

Population is viewed by many as the driver of global environmental change. We will examine this topic in depth in future lectures (link to next four lectures). Human population has grown enormously over the past few hundred years (see figure). Even if the rate of growth is constant, the number of people added over each year or time interval increases as the population becomes larger. This is a characteristic of exponential growth (link to next lecture). Only by slowing the rate of population growth, until eventually the growth rate is zero, can population be stabilized. 

Population growth rate, often expressed as per capita (per individual) or per cent (per 100 individuals), is an important variable influencing population growth. In the 1960's, an average world growth rate of 2.1% per year, perhaps the highest the world average has ever reached, caused great alarm. Today that rate is 1.5% and falling. 

Table 1: World population as of selected dates (approximate)

	10,000 BP
	5 million

	1650
	500 million

	1850
	1 billion

	1950
	2.5 billion

	2000
	6 billion

	2050
	8-12 billion (est)


An examination of global patterns in population serves as a useful reminder that global averages, as important as they are, tell only a fraction of the story. Consider the world pattern in population density (see figure) and population growth rate (see figure). Regional and local patterns are extremely important. 

Human population has many direct and indirect effects on other variables. Two that are very directly connected are urbanization and disease. 

The world's population is quickly becoming urbanized as people migrate from rural to urban areas, in search of a better life and better future for their children. In 1950, < 30% of the world's population lived in cities, by 2025 that figure is expected to exceed 60%. This figure shows the ~20 cities whose populations will exceed 10 million by the year 2000. Commonly the rate of migration into cities far exceeds the development of infrastructure, such as supply of potable water and removal of sewage; and uncontrolled growth causes massive congestion, air pollution and other problems. Such is the pull of perceived opportunity, however, that urban growth continues unchecked. At present, North America, Europe and Latin America are about 70% urban. Both Asia and Africa are expected to be about 54% urban by 2025. 

Disease spreads more readily under crowded conditions, where sanitation is lacking or overwhelmed by urban growth, and where individual health faces additional challenges from an inadequate food supply, air pollution,etc. Infectious and parasitic diseases account for about 1/3 of the world's annual deaths. They are responsible for only about 1% of the deaths in developed countries, but > 40% of the deaths in developing countries. Some of the most important are old enemies – diarrheal diseases, tuberculosis, malaria , cholera . Others are emerging or re-emerging, and show a clear association with population growth and environmental change. Examples include the new flu strain that led to the wholesale slaughter of all of the poultry of Hong Kong in December 1997, the Ebola virus outbreak in Zaire in 1995, the hantavirus, and cholera, among others. AIDS, which likely originated in primates and crossed over into humans, is thought to have accelerated its spread via the movement of infected people from rural to urban areas. 



3. Water Resources

Since antiquity, irrigation, drainage, and impoundment have been the three types of water control having a major impact on landscapes and water flows. Since the dawn of irrigated agriculture at least 5000 years ago, controlling water to grow crops has been the primary motivation for human alteration of freshwater supplies. Today, principal demands for fresh water are for irrigation, household and municipal water use, and industrial uses. Most supplies come from surface runoff, although mining of "fossil water" from underground aquifers is an important source in some areas. The pattern of water withdrawal over the past 300 years shows the dramatic increases in this century (see figure). 
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	Figure 3:


Consumptive water use refers to water that is not returned to streams after use. For the most part, this is water that enters the atmospheric pool of water via evaporation (from reservoirs in arid areas) and from plant transpiration (especially from "thirsty" crops such as cotton and alfalfa). Irrigated agriculture is responsible for most consumptive water use, and decreases surface run-off. An extreme example is the Colorado River, which has most of its water diverted to irrigated agriculture, so that in a normal year, no water at all reaches the river’s mouth. 

A great deal of water use is non-consumptive, which means that the water is returned to surface runoff. Usually that water is contaminated however, whether used for agriculture, domestic consumption, or industry. 

Some believe that fresh water will be a critical limiting resource for many regions in the near future. By the middle of the next century, it is estimated that 18% of the world's population could live in countries with water shortages. 

Harvestable fish, an important source of protein for humans, and aquatic biodiversity, are also threatened. Fish make up 16% of animal protein consumed by humans, and some 950 million people depend on fish as their primary source of protein. As of 1993, the FAO estimated in 1993 that >2/3rds of the world's fish stocks were being fished at or beyond their level of maximum productivity. Catch per unit effort, which grew during most of this century, has been declining for the past 1-2 decades. 

· It has only recently been recognized how seriously marine biodiversity is at risk. It was thought that the vastness of the oceans might not prevent over-fishing, but at least would prevent outright extinction. Now we are less sure. Coastal ecosystems are one of the richest locations of marine biodiversity. Some 34% of world's coasts are at high potential risk of degradation, 17% are at moderate risk. Economic uses of marine resources include fish for human consumption, animal feed, fertilizer, clothing, jewelry, additives in foods, cosmetics and household products



4. Land 

Transformation of the landscape is one of the most obvious manifestation of global environmental change. From 1700 to 1985, world forests are estimated to have declined by 19% and grasslands by 8%, while agriculture has shown a 466% increase relativeto 1700 levels. These transformations are broadly similar throughout the world, although the timing of the change, and the distribution of land uses in 1700, are very different between, say, China and Latin America (see figure). As we shall see, transformation of the land, largely into intensely cultivated agriculture but also into marginal lands, waste lands, and urban areas, can be viewed as a major driver of other global environmental changes, including loss of species and degradation of ecosystems. Population growth and need for greater food production are obvious drivers of landscape change. 
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	Figure 4:


Agricultural Productivity

Population growth means that more food is needed simply to maintain the current food supply per person. Because few areas of unused arable land exist, the best land has long been cultivated. In addition, arable land is lost every year to urban growth. As a result the amount of land available per person is declining. The area of grainland per person shrank from 0.23 ha to 0.12 ha between 1950 and 1995. Thus, only increasing yields can meet the needs of a growing population. 

Due to improved agricultural technology, including the Green Revolution, agricultural yields have increased markedly in recent decades. Between 1961 and 1991, yields of maize, rice, and wheat doubled in developing countries. Over the past four decades, world grain production has increased roughly threefold, and so has even increased slightly on a per capita basis. Area harvested has declined but fertilizer use has risen sharply, resulting in dramatic gains in yield per hectare (see figure). Extending this "green revolution" into the future, and to present-day Africa, are challenges to be met. 

Again, a regional analysis points to differing rates and differing predicaments. Remarkably, over the past several decades Asia's food production has been able to keep pace with population growth, whereas Africa has fallen behind. Sub-Saharan Africa and East Asia are most likely to have food shortage problems. The number of undernourished people in sub-Saharan Africa could rise to 300 million (from approximately 175 million now) by the year 2010. 

Terrestrial Biodiversity

The transformation of wildlands to farmlands has set in motion a series of forces that are exacting an enormous toll on the earth’s biological diversity. Deforestation and habitat loss, pesticides and fertilizers, soil erosion – these are some principal environmental consequences of land transformation. Today, rates of extinction today are in line with the rates during the mass extinctions of the fossil record. It is estimated that 3/4th of the world’s bird species are declining, and 1/4th of the 4,600 species of mammals are threatened with extinction. Projections into the 21st century suggest that 66% of plant species and 69% of Amazon birds will be lost. The best guess is that extinction rates over the past few centuries should reach 25% by the year 2000. 

These calculations are affected by whether one chooses to focus on well-known groups, such as terrestrial vertebrates, or chooses to extrapolate to the unknown number of species, which greatly exceeds the known number. Extinction of terrestrial vertebrates, largely by over-hunting, was one of the trends initiated earliest among those we examined in our quartiles of change figure. Extinction of global biodiversity, with its very large component of unknown insects, microbes, and other groups, is a recent and rapidly accelerating consequence of global habitat destruction (see figure). 



5. Energy Use

Carbon emission, due mainly to combustion of fuels and thus an indicator of industrialization, reached its first quartile just before 1800 (see figure), and continues to expand at an alarming rate. The developed nations are the most industrial nations, and account for most fossil fuel use (see figure). Over the last 150 years, our major energy sources have changed from wood and water to coal to oil and gas (see figure). These are all non-renewable resources, and will likely be depleted within a few hundred years. 

Energy use imperfectly mirrors per capita gross domestic product (see figure). Note that Japan produces less CO2 relative to its GDP (but Japan imports energy supplies, making efficiency very important, and imports finished materials such as steel, so some energy-consuming processes are done elsewhere). China produces a lot of CO2 relative to its GDP, but China is industrializing rapidly, and has huge supplies of dirty coal. 

Developed countries account for 2/3rds of the world’s energy consumption. Most of the energy used in developed countries (37%) is for industrial purposes, while 35% goes to heating and lighting buildings. The remaining 28% is used for transportation, mostly highway vehicles. One U.S. citizen uses 280X more energy in a year than 1 Ethiopian person. Further dramatic changes in energy consumption will surely occur because: 

· Developing countries will industrialize, accelerating energy use. 

· World attention to controlling CO2 emissions likely will grow. 

· Non-renewable energy resources will become more costly, and eventually be exhausted. 

· Renewable energy sources (solar, geothermal, wind) and seemingly inexhaustible energy sources (nuclear energy) will continue to gain a share of the market.

Increases in efficiency and transitions to other energy sources appear to be very safe predictions for the future. 



6. The Atmosphere (CO2, ozone layer, pollution)

Changes to the global atmosphere have captured world attention like virtually no other facet of global environmental change. The atmosphere truly links us all and affects us all. Atmospheric change illustrates how the cumulative effects of human activities can have very serious consequences for many people, and how individual actions are inadequate to deal with these changes. Few are unaware of the risks of climate change due to rising atmospheric CO2 (link to fall lecture), the risks of exposure to ultraviolet (UVB) radiation brought about by aerosol coolants devastating the ozone layer (link to fall lecture), or of the direct human health risks of living in our most congested urban areas. 

Growing energy use results in cumulative CO2 emissions to the atmosphere, which as we now know with confidence, have brought about a steady rise in atmospheric CO2 from its pre-industrial value of 280 ppm, to its present-day value of 360 ppm. An atmospheric concentration double the pre-industrial value – ca. 560 ppm – now seems certain by mid- to late 21st Century. We expect significant warming, as well as more difficult to forecast changes in precipitation, with complex effects on virtually every aspect of our lives. There will be winners and losers, and we have only a dim understanding now of the full range of consequences. 



7. Summary

We live in an exciting time – the world and its environment are experiencing a period of dramatic and rapid change rarely matched in human history. There is no question that we need to view many of these changes with alarm, and assess how best to prevent, manage, or cope. In the final several weeks of this course we will turn our attention to solutions, and we hope to motivate you to continue to be an active and informed participant in the on-going drama of a changing planet earth. 

Transparencies - Ecological crises 

1. quartiles of change of key variables – Turner et al. 1990 

2. human population growth – j-shaped over history 

3. population density – color transparency 

4. population growth rate – color transparency 

5. Megacities, 2000 

6. Urbanization (only b&w hard copy – look for transp 

7. Chronology of water consumption L’Vovich fig 14.16) 

8. Land cover, 1700 and 1980 

9. Grain production stet of the world ’97 

10. Species extinction estimates of tropical closed-canopy forests 

11. Cumulative emissions of CO2 from fossil fuels 

12. Per capita gross domestic product 

13. Patterns of energy use (check miller book) 
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