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ulation, Rangelama 

The world's growing population will put added pressure on range- 
lands and the value of the services these lands provide. 

By Jerry Holechek 

onversion of rangeland to other 
uses during the last 20 years 
'has become an important man- 

agement concern. This trend is largely 
driven by rapid human population in- 
crease and a demographic shift from 
the eastern to western United States. 
The consequences could be devastat- 
ing for rangelands until they are val- 
ued for the ecosystem services they 
provide. Let's look to the future. 

In 2000 the world's human popula- 
tion reached 6.1 billion which is twice 
as many as in 1960. Presently the 
world human population is growing at 
a rate of 80 millionlyear. Although 
fertility rates have declined faster than 
expected, the world population growth 
rate is 1.3%/year compared to 1.5% in 
1990. By 2050 it is expected that 10 
billion people will inhabit the planet 
(Table 1). 

Over the past 300 years, world pop- 
ulation growth rates per year increased 

from 0.3% in 1700 to 0.6% in 1900 to 
the current rate of 1.3%. This rate of 
increase has actually exceeded the 
growth rate calculated by Thomas 
Malthus (1768-1 834) who predicted 
the world human population would 
exceed food supplies sometime be- 
tween 1850-1900 (Kleiber 1961). 
Although birth rates have fallen sub- 
stantially from six children in 1900 to 
2.2 children per female in 2000, 

human longevity has increased from 
40 years (1900) to 60-80 years (2000) 
depending on country. 

Improved healthcare, rapid increases 
in food production, and other techno- 
logical advances explain how the 
world today can support nearly four 
times more people than in 1900 at a 
much higher standard of living. 
Although various scenarios are possi- 
ble, most experts believe the world's 

Table 1. Projection of world population in millions of people and its geographical distribution. 

Year 

Area - 1950 1995 2050 2100 - 2150 
World 2524 5687 9367 10414 10806 
Africa 224 719 2046 2646 2770 
Asia 1402 3438 5443 585 1 6059 
China 555 1220 1517 1535 1596 
India 358 929 1533 1617 1669 
Europe 547 728 638 579 595 
North America 172 297 3 84 40 1 414 
Latin America and 
the Caribbean 166 477 810 889 916 
Oceania 13 28 46 49 5 1 

Sources: Mc Queen 2000; United Nations 1998. 
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human population will be between 10
and 12 billion by 2100. This will lead
to unprecedented demands on the
earth’s natural resources.

A Doomsday & Cornucopia
View

During my career in natural resource
management, I have been influenced
on human population issues primarily
by two learned scholars who might be
referred to as Dr. Doomsday (Paul
Erlich) and Dr. Cornucopia (Julian
Simon). 

In the late 1960’s when I attended
college, Dr. Erlich had recently com-
pleted his book titled “The Population
Bomb.” This book made a convincing
doomsday case that human population
growth would overwhelm food pro-
duction capability and cause severe
pollution in the last 30 years (1970-
2000) of the twentieth century. This
supposedly would cause widespread
human misery from famine, disease,
and war leading ultimately to a major
reduction in both human population
and quality of environmental support
systems (land, air, water, energ y, ge-
netic material). 

A contrasting cornucopian view es-
poused by Dr. Simon in his 1981 book
“The Ultimate Resource” became pop-
ular under the Reagan administration.
The essence of this view was that en-
vironmental problems were greatly ex-
aggerated and people (brainpower) are
the most vital resource in solving the
world’s problems. In order to unleash
this brainpower, democratic, market
oriented social political systems are
required. Basically the idea here is
that technology involving substitution,
miniaturization, recycling, molecular
engineering, and other innovations can
overcome any kind of scarcity or envi-
ronmental problem brought about by
more people. 

Generally the doomdayers have had
their training in biological or ecologi-
cal sciences while the cornucopians
have an economic or financial back-
ground. The 1970’s gave credibility to
the doomsdayers as food and energ y

prices rose sharply, famines occurred
in China and India, and the United
States experienced both economic
stagnation and high inflation.
H o w e v e r, President Ronald Reagan
implemented a set of supply side eco-
nomic policies in the 1980’s that
helped revive economic growth and
stabilized food and energy prices. The
fall of Communism in the Soviet
Union in 1990 further reinforced the
cornucopian view that human hardship
was primarily a function of unsound
social/political policies. 

It is generally accepted by ecolo-
gists and biologists that at some point
physical resources will determine the
limit of human population growth.
Estimates of world human carrying
capacity fall between 4 to 16 billion
people. These estimates do not take
into account quality of life, and they
assume equity in distribution of re-
sources. 

Presently 18% of the world’s popu-
lation (1.1 billion people) live in se-
vere poverty and life is hardly com-
fortable. The richest seven nations
(USA, Canada, Great Britain, France,
Germany, Japan, Italy) have only 10%
of the world’s population but annually
account for 40% of the consumption
of fossil fuels, forest products, and a
variety of other commodities. The
w o r l d ’s consumption rate of natural
resources has grown even faster than
the human population since 1950.
H o w e v e r, climatic change and cre-
ation of pollution in excess of the
w o r l d ’s detoxification capabilities are
of more immediate concern than re-
source exhaustion. 

The major constraints that confront
mankind worldwide over the next 50
years include food scarcity, water
scarcity, water contamination, climatic
change, air contamination, energ y
s c a r c i t y, farmland depletion and loss
of bio-diversity. 

Destruction of rain forest is a partic-
ular concern because of the critical
value of these areas in preventing cli-
matic change and extinction of plant
and animal species. About 35% of the
w o r l d ’s forests have been removed

since 1900. Extinctions of plant and
animal species are now occurring at
50 to 100 times faster than their natur-
al rate. Unsound farming practices and
overgrazing have degraded 16% of the
world’s land area. World fisheries are
a particular problem with 25% now
depleted and another 44% being over
harvested. 

The primary fear of the doomsday-
ers is that all these problems will con-
v e rge at once causing devastation of
the planet and elimination of 75% or
more of the human population. Let’s
examine the primary components of
this issue:

Water
Water will likely be the biggest con-

straint on world population growth in
the near term. It is already a major
problem in the western United States.
Water problems include depletion of
u n d e rground aquifers, contamination
of ground water, siltation of dams,
salinization of irrigation water, pro-
longed drought, and flooding. By
2025 40% of the world’s population
will likely experience water shortages
(United Nations Development
Programme 2000). Global availability
of water has dropped from 4.5 million
gallons per person in 1950 to 1.8 mil-
lion gallons in 1998. Currently 20
countries are experiencing water stress
(less than 264,200 gallons per person).

Irrigation has contributed greatly to
increases in world food production
since 1950. The amount of irrigated
land in the world nearly tripled be-
tween 1950 and 2000. However, fu-
ture increases from irrigation will be
much more limited. Various reports
show the world’s ground water is
being rapidly depleted. In the United
States, this problem is most severe in
the states of Texas, New Mexico,
Arizona, and California. However this
problem to some extent can be over-
come by appropriating water from
agriculture. That’s exactly what the
City of El Paso has done. They have
purchased ranches with underg r o u n d
aquifers near Van Horn, Dell City and



December 2001
41

other locations. Farmers and ranchers
in these areas are rightfully worried
that El Paso will suck their lands dry,
effectively ending agriculture.

Energy 
Proven world reserves of oil, gas,

and coal are officially estimated to be
43, 61, and 228 years respectively at
current consumption rates based on a
recent Cato Institute study. Probable
reserves (includes those undiscovered)
of oil, gas, and coal are officially fore-
cast to be 114, 200, and 1,884 years of
present usage. 

Unconventional fossil fuel sources
such as oil tars and shale oil might ex-
tend the day of reckoning decades or
centuries into the future if new extrac-
tion and refinement technologies can
be developed. On the negative side,
extraction is becoming a bigger prob-
lem with proven oil reserves. Between
1987 and 1999 total world energy use
increased 17%. Some experts believe
that rising world demand coupled with
depletion of readily extractable oil re-
serves will cause world scarcity by
2018. Keep in mind the proven oil re-
serves are expected to last 43 years at
current consumption rates, but world
oil demand is rapidly rising due to
global economic expansion. 

The USA now imports about 55%
of its oil due to diminishing reserves.
More fuel-efficient cars and alterna-
tive power for cars (fuel cell, electric
power) might reduce per capita fossil
fuel consumption by 25% to 50%
within 25 years. On the other hand
there could be 25% more people in the
USA, and 50% more in the world.
There is concern greater use of energy
per capita could occur particularly in
developed countries where new elec-
tronic technologies regarding the
Internet and household appliances are
being rapidly applied. Gasoline eff i-
ciency by automobiles in the USA has
actually decreased from 26 to 24 miles
per gallon in the last 5 years due to in-
creased use of sport utility vehicles.

Food
Improvements in agriculture have

increased world per capita food pro-
duction by roughly 25% since the mid
1970’s. Real food prices in most coun-
tries have fallen 10-30% over the past
20 years. This contradicts 1970
doomsday projections that food prices
would rise 100% by year 2000.
Unfortunately modern agriculture in
developed countries depends on using
increasing amounts of fossil fuels for
cultivation, harvesting, fertilizer pro-
duction, irrigation, processing and dis-
tribution. 

World grain yield increases are now
slowing down. The average annual in-
crease in world grain yield per acre
was 2.1% for the 1950 to 1990 period
compared to 1.2% for the 1990 to
2000 period. 

Another major food production con-
cern is the trend towards globalization,
specialization, and urbanization. This
is reducing food self sufficiency in
both developed and developing coun-
tries. Often the most pro d u c t i v e
farmlands are urbanized in devel-
oped countries. This not only shrinks
the agricultural land base but necessi-
tates massive food transportation and
delivery systems to keep the expand-
ing urban center supplied. If water,
farmland, and energy resources shrink
and the large urban centers continue to
expand there is concern that the USA
will lose its capability to be a larg e
grain exporter. Presently the USA
plays a key role in providing develop-
ing countries with grain and prevent-
ing worldwide scarcity when climatic
conditions are unfavorable.

Currently about 17% of the world’s
human population suffers from some
degree of undernourishment. Most of
these people are in Africa and Asia
where human population growth is
greatest. Shrinkage in water, land and
energy supplies per individual is rais-
ing deep concerns about the capability
of subsistence agriculture to meet food
needs in these regions. The problem
with conversion to industrialized agri-
culture is that it causes massive dislo-
cation of rural populations to urban

areas and is fossil fuel dependent. 
Governments in developing coun-

tries do not have the financial means
to purchase and distribute larg e
amounts of imported foods. Most of
these underdeveloped countries cur-
rently have high debt levels. It is ques-
tionable that food-exporting countries
like the USA over the next 15 years
will have the physical and financial
capability to provide free food to de-
veloping countries on a massive scale.
Future unrest over food in Asia and
Africa has the potential for serious in-
ternal political turmoil and world war
as more countries obtain nuclear and
biological weapons. 

In the USA five factors that under-
mine food security are loss of farm-
land to urbanization, depletion of
aquifers, loss of irrigation water to
u r banization, heavy reliance on fossil
fuels, and soil erosion. According to the
USDA-Natural Resources Conservation
Service, there are 382 million acres of
farmland in the USA. Since 1980 the
USA has been losing a half million
acres a year to urbanization.
Appropriation of irrigation water for
urban uses and aquifer depletion could
shrink the farmland base by 10 to 15
million acres within 20 years. The
Oglalla aquifer in the southern Great
Plains is the region where most of this
loss will occur.

Perhaps a bigger problem is incapa-
bility of USA farmland soils to pro-
duce bumper crops without massive
inputs of fertilizer, herbicides, and
pesticides. Some experts believe a
forced return to low input (reduced
use of fossil fuels) farming techniques
would reduce yields by as much as
50%. A major concern is that soil ero-
sion and continuous use of the same
crops year after year have severely de-
pleted soil nutrient and water holding
capabilities. Increasingly higher inputs
of fertilizer, irrigation, herbicides, and
pesticides are required to obtain
equivalent yields.

Climatic Change
Carbon dioxide is an unavoidable

product of burning fossil fuels. It ab-
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sorbs heat radiated from the earth’s
surface in a process known as the
greenhouse effect. Various govern-
ment reports now show that human ac-
tivities involving release of carbon
dioxide cause global warming. 

Some of the evidence of global
warming is that 14 of the hottest years
on record have occurred since 1980,
the retreat of glaciers, rising sea lev-
els, and increasing intensity of thun-
derstorms and hurricanes. Expected
changes from global warming include
rising oceans that will inundate coastal
cities displacing large human popula-
tions, a shifting of the rich farmlands
of the central USA northward to
Canada, massive mortality of forests
that lack time to adapt and accentua-
tion of hydrologic cycles causing great
seasonal extremes of temperature and
water runoff. This last impact is the
one of most immediate concern. 

Some climatologists believe that in-
creasingly sharp climatic fluctuations
caused by global warming will make
crop production much more risky and
d i fficult. This would greatly elevate
energy costs needed for home heating
and cooling. Intense droughts fol-
lowed by intense flooding may in-
creasingly occur. By 2025 some cli-
matologists predict the world’s climate
could be so erratic that world food
production could be reduced by one
half or more.

Endangered Species
World endangered species problems

can only increase in the 21s t c e n t u r y
as land use intensifies and habitats be-
come more fragmented. It will be par-
ticularly difficult to maintain many of
the large African herbivores and
predators. In the USA the Endangered
Species Act of 1973 will likely collide
with pressures for economic develop-
ment. Rising land, water, food, wood,
and energy prices in the USA could
force changes in approaches to endan-
gered species classification and pro-
tection. Hopefully these changes will
reward landowners for protection of
endangered species habitat and be ra-
tional in endangered species classifi-
cation and recovery prescriptions.

How Will Rangelands Be
Affected?

Rangeland involves about 70% of
the world’s land area and 50% of the
U S A’s land area. They play a critical
role in providing humankind with var-
ious goods and services needed for
survival (Table 2). Unfortunately
many of these services are taken for
granted by the public. Tax systems in
the USA and worldwide are actually
s o m e w h a t punitive in regard to ser-
vices provided on privately owned
rangelands. 

To adequately accommodate future
population growth and avoid environ-
mental catastrophe in the USA, the
USA will probably have to make
major changes in how it deals with
this issue. Over the next 100 years as
much as 40% of the USA’s rangeland
could be lost to other uses (Table 3).
Private rangelands are valued primari-
ly for their income from livestock and
in some cases wildlife. In New
Mexico this equates to $30 to $60 per
acre for grazing but $300 to $2000 per
acre in many areas if subdivided for
ranchettes, housing, or other uses.
Most small and medium sized ranches
in New Mexico have been losing
money since 1994. In Utah a recent
survey showed one third of the ranch-
ers on private land eventually plan to

subdivide (Peterson and Coppock 2001).
The small family ranch in Central
Oregon shown in Figure 1 is an example
of the dilemma. 

In order to save these types of oper-
ations, changes in government policies
will be needed that create greater in-
centives for conservation easements,
lower property tax rates and provide
payments to ranchers for provision of
ecosystem services. Already this ap-
proach is being applied to farmlands
through the USDA-Conservation
Reserve Program and associated pro-
grams that pay farmers to provide
buffer strips around fields and riparian
areas, to preserve wetlands, and to es-
tablish trees for windbreaks. 

On rangelands a similar approach
has been proposed by Ward (1999).
Under this approach, ranchers would
receive government payments for ap-
plication of light stocking rates that
maintain high levels of ground cover,
upgrading of riparian zones with trees
and shrubs, development of ponds that
enhance wildlife habitat, and
brush/weed control practices that in-
crease ecosystem services as well as
livestock forage. Financial incentives for
maintaining high levels of residual veg-
etation would help the Environmental
Protection Agency with its goal of re-
ducing carbon dioxide levels in the at-

Table 2. Examples of rangeland ecosystem services and goods.

Services
Maintenance of Atmospheric Quality
Control and Amelioration of Climate
Regulation of Freshwater Supplies
Origin and Maintenance of Soils (and their buffering capacity)
Detoxification and Degradation of Wastes (Pollution dilution)
Natural Control of Pathogenic and Parasitic Organisms (Pest control)
Pollination of Cultivated and Wild Plants
Purification of Air and Water
Renewal of Soil and Water Fertility
Retention and Delivery of Nutrients to Plants by Soils and Water
Genetic Resources (Improve existing and developing new domestic plants and animals)
Aesthetic, Cultural, Spiritual Renewal
Recreational Services

Goods
Foods (mammals, birds, fish, shellfish and other invertebrates, plants, fruits, nuts, spices)
Fibers (cotton, flax, hemp, wool, leather, cashmere, silk)
Fuels (botanochemicals)
Pharmaceuticals and Medicines (psychoactive drugs, codeine, diuretics, pain killers, antibiotics)
Building Materials (lumber and other woody materials, resins, glues, shellac)
Industrial Products (waxes, rubber, dyes, vegetable fats and oils)
Cooking Oils (plant and animal fats and oils)

Sources: Daily (1997) and West (1995).
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mosphere. Improving carbon sequestra-
tion capabilities of degraded lands de-
pends on increasing both living and non-
living vegetation (i.e. above and below
ground biomass).

Re-Thinking Consumer Uses
Federal, state, and local govern-

ments may have to re-think several
macro-economic policies that aff e c t
land use, water consumption, and en-
e rgy consumption. Changing the tax
system so greater emphasis is placed
on resource consumption and less on
income generation has been advocated
by many natural resource economists. 

Under this approach taxes on gaso-
line, second homes, second cars, ex-
cessive water use, and other luxuries
would be greatly increased while there
would be little or no income tax.
People that live close to their work
and used mass transportation systems
would receive tax breaks over those
commuting long distances in privately
owned vehicles. Heavy taxes would be
levied on fuel inefficient vehicles

(sport utility vehicles). Property taxes
would be more in accordance with in-
frastructure requirements for non-
farm/ranch dwellings outside of incor-
porated towns and cities. 

Although draconian, these changes
will likely be needed if projected in-
creases in human population occur
and no major breakthroughs occur that
rapidly solve impending energy, water,
food, wood, and pollution problems. 

The USA has just been through a 20
year era of relatively cheap land,
water, food, wood, and energy that has
lead to life style extravagances that
will probably be moderated . Wi t h i n
the last two years energ y, water, and
land costs have started to increase in
the USA. Food costs are likely to fol-
l o w. Fertilizer costs alone have dou-
bled in 2001 compared to 1999. This
trend will undoubtedly affect how
people use natural resources, and their
choices on human population issues.

Stabilization of human population
growth and conserving natural re-
sources to the extent possible is a ra-
tional hedge against climatic adversity
and the possibility that technology
will not always stay ahead of human
population growth. Rangelands, be-
cause they occupy large areas and are
relatively undeveloped, play a critical
role in provision of ecosystem prod-
ucts and services in nearly all parts of
the world. Vital services from range-
lands such as aquifer recharge and
breakdown, and dilution of various
human wastes are severely underval-
ued in the USA and other countries. 

New economic valuation systems
and policies are needed that encourage
conservation of rangelands based on
their capability to provide essential
ecosystem services. This will be one
of the great challenges facing range-
land managers in the 21st century.

Author is professor of Range Science,
Department of Animal and Range Sciences,
New Mexico State University, Las Cruces. This
paper was supported by the New Mexico
Agricultural Experiment Station and was part
of project 1-5-27417.
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Photo ID for page 38.
This small family cattle ranch in Oregon pro -
vides a wide variety of ecosystem services such
as wildlife, clean water, clean air and open
space to the local community. Its existence is
now threatened by low profit margins and
encroaching development.

Table 3. Some uses of rangeland that increas-
ingly reduce the amount of open space and
amount available for livestock production.

1. Ranchettes
2. Airports
3. Prisons
4. Bombing ranges
5. Waste disposal sites
6. Wind farms
7. Solar energy farms
8. Jetports
9. Parks

10. Industrial sites
11. Dams
12. Golf courses
13. Parking lots
14. Museums
15. Shooting ranges
16. High density homes
17. Government buildings
18. Powerlines
19. Railroads
20. Oil and gas lines
21. Highways and roads
22. Oil refineries
23. Sewage processing
24. Fairgrounds
25. Motor courses
26. Power plants
27. Shopping centers
28. College campuses
29. Junkyards
30. Agricultural processing plants
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