International Water Resources Association
Water International, Volume 27, Number 3, Pages 321-329, September 2002

Comparing 20" Century Trendsin U.S. and
Global Agricultural Water and Land Use

Indur M. Goklany, Member IWRA, Office of Policy Analysis, United Sates
Department of the Interior, Washington, D.C., USA

Abstract: Globally and in the United States, agriculture isthe major user not only of water
but also of land. This paper comparestrends in aggregate and per capita water and land use by
the agricultural sector in the United Sates and the world during the 20" century. It finds that
although cropland use per capita has been declining in both areas since the early 1900s,
agricultural water use per capita only began declining in the latter half of that century. That
the increases in efficiencies of agricultural water use lagged behind the increases in the effi-
ciency of cropland use is consistent with the fact that farmers (and farming communities) have
traditionally had stronger property rightsto their land than to their water. As a result, through
much of the 20" century, farmers had a greater incentive to improve the efficiency of land use
than that of water use and to substitute water for land (or irrigated land for dryland) in

producing crops.
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Introduction

Land and water are probably the two most critical
natural resourceinputsfor agriculture. Predictably, no other
human activity uses moreland and water than agriculture.
Worldwide, agriculture accountsfor 38 percent of land use,
66 percent of freshwater withdrawals, and 85 percent of
freshwater consumption (FAO, 2001; Shiklomanov, 2000).
Not surprisingly, agriculture can have a critical impact on
terrestrial and freshwater habitats, ecosystems, and bio-
logical diversity (Wilson, 1992; Goklany, 1998; 1999a;
IUCN, 2000).

It is generally recognized that conversion of land to
agricultural usesisprobably the single most important threst
to terrestrial biodiversity. According to the [IUCN (2000),
habitat |oss and degradation, to which agricultureisama-
jor contributor, affect 89 percent of all threatened birds, 83
percent of threatened mammals, and 91 percent of threat-
ened plants that the organization assessed.

Similarly, the diversions of water for agriculture and
the pollution generated by agricultural practices contribute
significantly to the threatsfacing many freshwater species
(TUCN, 2000; Wilson, 1992). Although global information
ispoor, it is estimated that about 20 percent of freshwater
species are threatened, endangered, or extinct due to a
variety of causes, including agricultural demand (IUCN,
1999).

Inthefollowing, | will compare trendsin agricultural
land and water use in the United States and worldwide

during the 20th century, and discusswhy these trends might
notrunin parallel.

U.S. Trends: 1910to 1998

Inthe U.S,, asin therest of the world, agricultureis
the predominant user of water and land. In the U.S,, it
accounts for one-third of surface water withdrawals and
two-thirdsof groundwater withdrawals(Solley et a ., 1998).
Moresignificantly, it isresponsiblefor 85 percent of con-
sumptive water use (Solley et a., 1998). With respect to
land, cropland accounts for 17 percent of the land area
outside of Alaska (which hasvery little agricultural poten-
tial), and land in farms accountsfor threetimesthat (U.S.
Bureau of the Census, 2000; U.S. Department of Agri-
culture, 20014a).

Between 1910 and 1995, the U.S. popul ation increased
by 184 percent. Despitetheincreasein food demand, crop-
land harvested declined 7 percent; on the other hand, total
water withdrawn (used) for irrigation increased by 243
percent (Figure 1) (U.S. Bureau of the Census, 1975; 2000;
Gleick, 1998; Solley et al., 1998; U.S. Department of Ag-
riculture, 2001b). Over the same period, yields per unit of
land increased substantially for many of the major crops.
For instance, corn and wheat yieldsincreased by 307 and
162 percent, respectively (U.S. Bureau of the Census,
1975; U.S. Department of Agriculture, 2000).

Figure 1 also shows that the amount of irrigated land
increased by 353 percent from 1910 to 1995. However, a
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Figurel. U.S. cropland andirrigation water use, 1910 to 1998. Sources:
USBC (1975, various years); Solley et al. (1998); Gleick (1998);
USDA (20014).

word of caution is needed regarding these datawhich are
interpolated from data provided in the periodic Censuses
of Agriculturegathered until 1997 by the Department of Com-
merce (U.S. Bureau of the Census, 1975; U.S. Department
of Agriculture, 2001b). The latest (1997) Census which,
for thefirst time, was gathered by the U.S. Department of
Agricultureshowsavery rapid increase sincetheearly 1990s
in the amount of irrigated land, but another data set col-
lected by the U.S. Geological Survey (Solley et al., 1998)
shows a much smaller increase. A comparison of the Cen-
susof Agriculture (interpol ated) estimates with the USGS's
estimates from 1960 through 1995 show that the latter’s
figures are consistently higher by 10 to 25 percent.

The contrast in U.S. trends in per-capita cropland, ir-
rigation water useand irrigated land isillustrated in Figure
2. Asnoted elsewhere, per-capitaindicators(like per-GDP
indicators) areleading indicator sin societieswhere popu-
lation (or GDP) isgrowing (Goklany, 1999b). That is, one
cannot, for such societies, expect to see a downturn in
aggregate indicators unless they are preceded by or, at
the latest, concurrent with downturnsin their correspond-
ing per-capita (or per-GDP) indicators. And, in fact, com-
paring Figures 1 and 2, we see that cropland per capita
has been declining at least since 1910, while aggregate
cropland has remained more or less stable with perhaps a
minor peak around 1930. With respect to irrigation water,
both aggregate and per-capita levels have been declining
sincearound 1980. Notably, between 1910 and 1995, crop-
land per capitadeclined by 67 percent whileirrigation water
use per capita and irrigated land per capita increased 20
and 59 percent, respectively.

Figures 1 and 2 show that between 1910 and 1950
U.S. irrigation water use grew morerapidly thanirrigated
land, but this trend was reversed in the 1950s. Currently,
irrigated land seems to be increasing at a faster rate than
irrigated water use.
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Figure 2. U.S. per capita cropland and irrigation water use, 1910 to
1998. Sources. USBC (1975, variousyears); Solley et al. (1998); Gleick
(1998); USDA (20014).

Global Trends; 1900to 1997

Figure 3, which showsglobal trendsin aggregate land
and water use and consumption by agriculture between
1900 and 1997, suggests that they are on paths similar to
that of the United States, except they are not as far along.
Thisfigureisbased on water and irrigated land datafrom
Shiklomanov (2000), popul ation datafrom McEvedy and
Jones (1978) and FAO (2000), and cropland data from
Goklany (1999a) and FAO (2000). Since the FAO’s data
for cropland began in 1961, cropland for 1960 is extrapo-
lated using 1961 and 1962 data. This figure also shows
that while cropland seems to be leveling off (Goklany,
20014), agricultural water use and consumption, and irri-
gated land area continue to increase, although much less
rapidly thanin the past. Moreover, during thisperiod, rela
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Figure 3. Global cropland and agricultural water use, 1900 to 1997.
Sources: Shiklomanov (2000); McEvedy and Jones (1978); Goklany
(1999a); FAO (2000; 2001).
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tiveto population growth, water use and consumption have
increased much more than has cropland. Between 1900
and 1995, the population increased 251 percent, cropland
increased 95 percent, and agricultural water useincreased
388 percent. Agricultural water consumption and irrigated
land area increased even faster — by 446 and 435 per-
cent, respectively. Not surprisingly, theamount of irrigated
land tracks relatively closely with agricultural water con-
sumption because the two sets of data are related and
come from the same source (i.e., Shiklomanov, 2000).

Figure 4 providesthe sameinformation, but on a per-
capitabasis, i.e., using leading indicators. Thisshowsthat
cropland per capita has been declining since around the
1930s. Between 1900 and 1995, it dropped by 44 percent.
On the other hand, per-capita agricultural water use and
consumption both peaked around 1960. Although they have
declined since then, per-capita withdrawals, per-capita
water consumption due to agriculture and per-capitairri-
gated land were higher in 1995 than in 1900 (by 39, 56,
and 52 percent , respectively).

Just as for the United States, Figures 3 and 4 shows
that global agricultural water withdrawals and consump-
tion grew morerapidly than irrigated land in thefirst four
decades of the 20" century, but this trend has since re-
versed. Since 1980, irrigated land hasincreased at afaster
rate than either agricultural water withdrawal sor consump-
tion. Between 1980 and 1995, irrigated land areaincreased
28 percent while water withdrawals and consumption in-
creased by 19 and 21 percent, respectively.

Discussion

What accounts for the large differences in the trends
for agricultural water and land use in both the U.S. and
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Figure 4. Global agricultural land and water use per capita, 1900 to
1997. Sources: Shiklomanov (2000); McEvedy and Jones (1978);
Goklany (1999a); FAO (2000; 2001).

worldwide? Why has agricultural water use increased
much more rapidly than land use? Why did increases in
the efficiency of cropland use precede those of agricul-
tural water use?

The Environmental Transition Hypothesis

The trends displayed in Figures 1 through 4 are con-
sistent with the “environmental transition hypothesis”
(Goklany, 1998; 1999b). Thishypothesisisdepicted graphi-
cally in Figure 5, where the y-axis indicates the environ-
mental impact (El) on or by a society as measured by a
particular indicator. For example, it could betheair quality
with respect to a specific pollutant. With respect to water
resources, one measure of El could betheirrigation water
withdrawn or consumed; similarly, cropland use could
serve as a measure of the human impact on the land
(Goklany, 1996). The amount of irrigated land, however,
doesnot fit neatly asameasure of El solely for either land
or water, although it might hel p explain some of thetrends
in both land and water use.

The x-axisin Figure 5 represents time, which serves
asasurrogate for technological change (Goklany, 1999Db).
In most countries of theworld, time has al so brought with
it affluence or economic development, (as measured by
the gross domestic product per capita (Maddison, 2001).
For the United States, for example, the correlation be-
tween affluence and time between 1900 and 1994 is 0.96
(Goklany, 1999b). Therefore, for most countriesthe x-axis
could just aswell be affluence.

Figure 5 shows that El first goes up, then it goes
through an “environmental transition” (ET) after which
El declines, at |east until society deems that the indicator
has been sufficiently reduced to alevel corresponding to
an environmental standard (i.e., society determinesthat it

p(P) p(T)

Environmental
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"Race to the|
Bottom"
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Environmental Impact (El) ==
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Time (or Technology or Affluence) =——

Figure 5. The Environmental Transition. Note: p(P) = period of
perception; p(T) = period of transition; NIMBY region = “not in my
back yard” region (El enters this region if benefits far exceed costs
borne by beneficiaries); C/B region = El entersthisregionif costsand
benefitshaveto be more carefully balanced. Source: Goklany (1999hb).
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isclean enough (Goklany, 1999b). Until that point, thetra-
jectory for El isshaped like aninverted-U (1U). For some
indicators (e.g., sanitation or safe water), the transitions
have historically occurred earlier in a country’s devel op-
mental history (Goklany, 1995). For others, because the
problem has yet to be addressed successfully (e.g., car-
bon emissions), a transition may not be evident, i.e., the
country may still be on the upward slope of the ET.

Inadditionto thetrends plotted in Figures 1 through 4
for cropland and irrigation water use and consumption,
historical trendsin many of thericher countries of theworld
for avariety of other environmental indicatorsalso follow
apath stylistically shown in Figure 5. Theseinclude vari-
ousair quality related indicatorsfor traditional air pollut-
ants (such as lead, sulfur dioxide, particulate matter, and
carbon monoxide (Goklany, 1999b), aswell asindicators
of water quality (e.g., dissolved oxygen levels, lead, and
DDT (Goklany, 1994; 1998; European Environment
Agency, 1998). However, datafrom devel oping countries
often showsthat their pollutionlevelsare currently increas-
ing, that is, they are on the ascendant part of the ET curve
(Goklany, 1994).

An explanation offered for an environmental transi-
tion isthat society is on a continual quest to improve its
quality of life which is determined by numerous social,
economic, and environmentd factors (Goklany, 1995; 1998;
1999Db). Theweight given to each determinant is constantly
changing with society’s precise circumstances and per-
ceptions. In the early stages of economic and technologi-
cal development, which go hand-in-hand, society placesa
higher priority upon increasing affluence than on other
determinants, even if that meanstolerating some environ-
mental deterioration becauseit providesthe meansfor ob-
taining basic needsand amenities (e.g., food, shelter, water,
and electricity) and for reducing the most significant risks
to public health and safety (e.g., malnutrition, infectious
and parasitic diseases, and child and maternal mortality).
Also, inthese early stages, society may be unaware of the
risk posed by the environmental impact represented by
El. However, as society becomes wealthier, tackles the
other, more significant problemsand, possibly, gainsmore
knowledge, reducing El automatically rises higher on its
priority list (even if El does not worsen). But because
economic activity frequently increases El, lowering El
becomes even more urgent. Thus, the perception risesthat
environmental quality needs to be upgraded as a more
important determinant of the overall quality of life. This
stage is represented in Figure 5 as the period of percep-
tion or p(P) (Goklany, 1999b).

Prior to p(P) one should not expect society to require,
or private parties to volunteer, to reduce El, although re-
ductions may occur due to secular improvementsin tech-
nology or other reasons (Goklany, 1995;1996). For example,
for SO, in the U.S.,, p(P) probably did not begin earlier
than October 1948 when an air pollution episodein Donora,
Pennsylvania, was associated with the 18 excess deaths

inapopulation of 14,000, but indoor SO, levelshad begun
toimprove before the 1940s (Goklany, 1999b). From p(P)
onward, ademocratic society will oftentranslateitsdesire
for acleaner (or improved) environment into laws, either
because improvements are not forthcoming voluntarily or
rapidly enough, or because of sheer symbolism. The
wealthier such a society, the more affordable —and more
demanding —its laws.

At the same time, with increasing affluence and the
secular march of technology, society is better able to im-
proveitsenvironmental quality. Affluence al'so makesre-
search and development targeted on cleaner technologies
more affordable, as it does the purchase and use of new
or existing-but-unused cleaner technologies, especialy if
their up-front costs are higher. Thus, El undergoes a pe-
riod of transition. Ultimately, greater affluence and tech-
nological change shouldresultinadeclinein El (Goklany,
1995; 1999b).

Notethat the timing, height, and width of an ET curve
for a specific indicator is unlikely to be the same for all
countries. In general, all else being equal, latecomers to
industrialization should have ETs occur at lower |levels of
affluence because they can learn and adapt technologies
from early industrializers. And, indeed this seems to be
the case worldwide since, by comparison with developed
countries, many of today’s developing countries have
started to address environmental issues (such as safe water
and sanitation, and lead, sulfur dioxide, and other air pol-
lutants) at much lower levels of economic development
and sometimes are actually cleaner (or better off) than
developed countrieswere at equivalent levels of economic
development (Goklany, 1995; 1999b; 20014).

Other factors can also affect the timing of an ET and
the level of affluence at which an ET occurs for a coun-
try. First, they depend on the preciseindicator used to char-
acterize El and how closely itistied to the perceived quality
of life. This helps explain why in the U.S,, for example,
thetransitionsoccurred earlier for indoor air pollution than
for outdoor air quality, and for sulfur dioxide and particu-
late matter — pollutants most directly related to killer air
pollution episodes of the 1940s and 1950s— than for less
powerful pollutants such as nitrogen oxides and ozone
(Goklany, 1999b). Similarly, we seethat worldwide, coun-
tries attack problems of the lack of safe water and poor
sanitation ahead of other forms of water pollution. Sec-
ond, the timing, height, and width also depend upon the
responsiveness of the government to the perceived needs
and desires of the general public; thus, democracies are
more likely to see earlier ETs. In addition, the political
power of the sectors contributing to El can affect the tim-
ing, height and width of the transition because that affects
stringency of laws directed at them. Fourth, ETs are af-
fected by the natural resource endowment of the country.
The period of perceptionismorelikely to be delayed for a
country with plenty of water, for instance. Finally, theheight
and width will depend on the fiscal resources and human
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capital available and devoted to bringing about the envi-
ronmental transition. The costlier or more difficult it isto
bring about atransition, the more likely that itstransition
will be delayed, the width — the period of transition —
might be wider, and the height at which the transition oc-
curs will be greater. This helps explain why developing
countriesare still on the upward slope for many pollutants
for which the richer countries have gone past their transi-
tions. It aso hel ps explain why greenhouse gas emissions,
for example, continueto rise worldwide (Goklany, 1999b).

Notably, cross-country data for some pollutants also
result in inverted-U (1U) shaped curves (called Environ-
mental Kuznets Curves, EKCs) when El is plotted against
affluence (GDP per capita). Despite the superficia re-
semblance between the ET and EKC hypotheses, the two
have significant differences. In the former, the environ-
mental indicator is plotted for one country (or political
group) at atime, and the x-axis represents time, a good
proxy for both affluence and technological development
(at least for the past two centuries; Goklany, 1999a; 1999b).
However, for the EKC, the data are generally plotted for
a set of countries, and the x-axis represents only afflu-
ence. In fact, Goklany (1999b) has shown that a set of
single-country |U-shaped ETs does not necessarily result
in an IU-shaped cross-country El verses affluence curve,
instead it could be N- or even U-shaped (Goklany, 1999b).

U.S. Situation

Figures 1 and 2 show that for the U.S., aggregate as
well as per capitairrigation water use have gone beyond
their environmental transitions (or peaks). Aggregate crop-
land iscloseto, and, perhaps, also past, thetransition while
cropland per capitaisclearly past itsenvironmental transi-
tion. These figures also indicate that although aggregate
cropland has stayed more or less static for the 20" cen-
tury, the increase in the productivity of agricultural land
use substantially exceeds the increase in water use pro-
ductivity. One possible reason as to why the decline in
cropland per capita commenced earlier than agricultural
water use per capitamight bethat land, in contrast to water,
has often been privately owned. While there are several
reasonswhy thishastraditionally been the case (e.g., water
supplies are uncertain and variable, not al its uses are
rival, and water use can result in externalities; Livingston,
1998), private property rights to land provides its owner
with powerful incentivesto maximizelong term productiv-
ity per unit of land, which will be discussed further. These
incentives are less compelling where, as is the case for
water, private property rights are either absent or unclear.

Notably, if U.S. agricultural technology and its pen-
etration been frozen at 1910 levels, i.e., if cropland per
capita stayed at 1910 levels, then in 1998 the U.S. would
have needed to harvest 951 million acres rather than the
311 million acres that were actually harvested that year.

Thiscalculationisbased onthreerelatively optimistic
assumptions. First, sufficient new cropland would be avail-

able, but thisisunlikely sincethetotal amount of potential
cropland in the U.S. is estimated to be only 647 million
acres (Goklany, 2001a, based on NRCS, 2001). Second,
the additional cropland would bejust as productive as ex-
isting cropland. Third, the productivity of existing cropland
would be maintained without any new technologies. Clearly
theincreasein land productivity averted apotential catas-
trophefor biodiversity in the U.S. One can obtain another
perspective on the amount of land saved from conversion
when one considersthat the total amount of land and habi-
tat under special protection in the U.S. was 217 million
acresin 1999. ThisincludesNationa Parks, Nationa Wild-
life Refuges, and National Wilderness Areas.

By contrast, water use per capita increased between
1910 and 1995, possibly because water use is more de-
pendent on political muscle and machinationsthan on eco-
nomics. Once access to water has been secured, in the
absence of the ability to sell excesswater or transfer it to
other users for compensation, the incentive to increase
the productivity of water used in agricultural activitiesis
limited. However, even where de facto water “rights’
arenot fully transferrable, thereisan incentiveto optimize
water use within such constraints as exist. One method of
doing thisistoimproveirrigation efficiency which, inturn,
would allow more land to be irrigated. Let’'s examine the
U.S. experience more closely.

Inthe early part of this century, farmers and the agri-
cultural sector had their way with water. However, through-
out the 20" century, the demographic and economic power
of the agricultural sector declined, while that of urban,
suburban, and environmental interests — interests with
broad overlap in membership — increased. Agriculture’s
share of national income dropped from 18.9 percent in
1899 to 1903 to 7.2 percent in 1948 to 1953 and 3.1 per-
cent in 1970 (U.S. Bureau of the Census, 1975). In 1899,
agriculture accounted for 36.9 percent of the population
engaged in production; by 1948 to 1953 that had declined
to 10.6 percent before dropping to 4.3 percent in 1970
(U.S. Bureau of the Census, 1975). Concurrently, the per-
centage of the population in rural areas declined from 60
percent in 1900 to 41 percent in 1950 and 26 percent in
1970 (U.S. Bureau of the Census, 1975). Also by 1970,
the demand for water and the costs of tapping new sources
of water had gone up for all sectors. Thus, the politicsand
economics came together to enable the urban-suburban-
environmenta groupsto often challengeagriculture’sclaims
to water. While all these challenges might not have been
fully successful, they did serve by the 1980sto reduce the
amount of water diverted as well asirrigation water use
per capita (Solley et al., 1998; Postel, 1999). One of the
adjustments made to cope with the difficulty of obtaining
additional water for agriculture is to increase irrigation
efficiency and expand the amount of land under irrigation.
Thiswould help account for the decline in the amount of
irrigation water applied per acre of land from about 2.5
acre-feet in 1980 to 2.1 acre-feet in 1995 (Solley et al.,
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1998), and explaintherapid increaseinirrigated land dur-
ing this period even asirrigation water use declined.

Global Situation

Figure 3 showsthat while aggregate cropland seems
to beleveling off, i.e., approaching an environmental tran-
sition (Goklany, 2001a), aggregate water use and consump-
tionaswell asirrigated land use continueto increase, albeit
less rapidly than previously. Moreover, except for crop-
land, they have al increased faster than population.

On a per-capita basis, however, cropland and irriga-
tion water use and consumption have all gone past their
environmental transitions. But these levels have not yet
dropped off as much as the levels for the U.S.

Despite the pressures agriculture has brought to bear
on global biological resources, similar to the situation in
the U.S,, those pressures could have been much worse
had global agricultural productivity, and thereforeyields,
beenfrozen at, say, 1961 levels. Thisisequivalent to freez-
ing technology, and its penetration, at 1961 levels. In that
case, agricultural land areawould have had to more-than-
doubleitsactual 1998 level of 12.2 billion acresto at |east
26.3 billionin order to produce as much food as was actu-
ally produced in 1998 (Goklany, 2001b). Thus, agricultural
land area would have had to increase from its current 38
percent to 82 percent of global land area (FAO, 2001g;
Goklany, 2001b). Cropland would al so have had to more-
than-double, from 3.7 to 7.9 billion acres. In effect, an
additional area the size of South America-minus-Chile
would have to be plowed under. Thusincreased land pro-
ductivity forestalled further increases in threatsto terres-
trial habitatsand biodiversity.

However, these improvements were not matched by
similar increases in efficiencies of irrigation water use.
Not surprisingly, some analysts now believethat the major
resource constraint for being able to satisfy future global
demandfor foodislikely to bewater rather than, asMalthus
and othershad traditionally thought, land (FAO, 1996; Postel
et a., 1996; Pimentel et al., 1997; Postel, 2000).

A similar rationale as was suggested for the U.S. dso
helpsexplaintheglobal lag intheincrease in water use effi-
ciency relativetotheincreasein cropland efficiency, namely,
in most areas of the world, farmers have some property
rights to their land but often not to water; nor is water
usually treated as an economic commaodity in other ways.
In fact, the tremendous increase in irrigation worldwide
over the past few centuries (L' Vovich et al., 1990; Goklany,
1998) and the U.S. (Gleick, 1998) could be viewed, at
least in part, as the substitution of often-subsidized water
for land, proving Anderson’s (1995) statement that when
water is cheaper than dirt, it will be treated that way.

Property rights include long-term tenure to land, the
right to trade, and theright to profitsfrom selling products
and improving productivity (Goklany and Sprague, 1991;
IPCC, 1991; Taylor, 1997). Farmers would not invest — a
euphemism for risk-taking —their time, money, and effort

toincrease productivity and efficiency without such rights,
which includetheir right to profit from such investments.
Property rightsalso provide an incentivefor the farmer to
engage in long term sustainabl e practices.

A good example of the beneficial effects of property
rights comes from China’s experience in improving agri-
cultural productivity in the early 1980s, and its subsequent
slowdown in improving yields (Prosterman et a., 1996).
In the early 1980s, Chinese farmers were given an albeit
imperfect measure of property rights to a portion of their
produce. The rate at which agriculture productivity in-
creased annually soared, only to decline again because
when it became clear that long term tenure was not yet
forthcoming, farmers held back further investments in
“their” plots.

Not surprisingly, Gwartney et al. (1998) find cereal
yields increasing across countries with their degree of
economic freedom, which Norton (1998) has argued,
serves as an aggregate measure for the deference given
by a country to property rights since it includes compo-
nents for the security given to property rights under law
aswell as componentswhich would diminish thoserights
indirectly through inflation or through limitations on the
freedom to trade or exchange. Norton also finds that rates
of deforestation decline with increased property rights.
These two sets of results — increased yields and lowered
deforestation — are consistent with the notion that higher
agricultural productivity leadsto greater land conservation
(Goklany and Sprague, 1991, IPCC, 1991; Goklany, 1998;
1999a).

On the other hand, the failure to develop and assign
property rights to water only encourages waste and re-
ducesincentivesto adopt existing or develop new conser-
vation, re-use, or recycling technol ogies. To make matters
worse, on the basis that water is crucial to mankind, most
societiessubsidizeitsuse, particularly in agriculture (Ander-
son, 1995; Pimentel et al., 1997). But, perversely, such
subsidies further reduce the incentive for conservation.
Predictably, water conservation technologies remain un-
der-utilized and under-researched. Yet another perverse
consequence of these subsidiesis that in many urban ar-
easin the developing world, the poor pay more for water
than do the middle and upper classes that are connected
to subsidized municipal water systems (Serageldin, 1995).
Ironically, many in these subsidized groups are happy
enough to pay larger sums for Coca Cola or Pepsi even
when they are not needed to quench their thirst.

If institutions and policiesare modified to price water,
and private entities are assigned transferrable property
rightsto water (which would encourage markets and trad-
ing in water), then it might be possible to replicate for
water the almost universal historical experiencewith land
which shows the latter’s use being made progressively
more efficient. The success of such policies has been dem-
onstrated in culturesasdiverse asthe U.S., Chile, Jordan,
India, Pakistan, and Indonesia (Anderson 1995; Rosegrant
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et al., 1995; Serageldin, 1995; Easter et a., 1998). For
example, in Chile water trading increased efficiency of
water use by 22 to 26 percent between 1976 and 1992,
effectively expanding irrigated area by that much
(Rosegrant et a., 1995). The experiencein Indiaand Pa-
kistan showsthat gainsin efficiency can be obtained even
where markets are based on informal and imperfect prop-
erty rights (Saleth, 1998; Meinzen-Dicks, 1998).

Theenvironmental benefits of property rightsarealso
evident in other arenas. For example, with respect to air
pollution, theinitial major improvementsinair quality came
in the first half of the 20" century when households and
businesses began switching from coal and wood burning
stoves and fireplacesto oil and gas, while others adopted
more efficient combustion equipment and practices
(Goklany, 1996; 1999b). By and large, homeowners and
businesses undertook these measures willingly because
they were cleaning up their own private property and were
confident that their investmentswould result in direct ben-
efitsby reducing smoke, dust, and grit to themselves, their
families, and, in the case of businesses, their employees
and customers. No less important was the fact that the
use of newer, more efficient technology reduced their fuel
costs. Thus, by virtue of the institution of property rights,
they had an economic aswell as an environmental incen-
tivefor cleaning up.

Theability of property ownersto capture the economic
benefits associated with greater efficiency also provided
much of the impetus behind the secular improvements in
technology which helped reduce emissions per GDP for
sulfur dioxide, volatile organic compounds, nitrogen oxide
pollutants, and long before any of these substances were
generally recognized to be environmental problemsor, for
that matter before the Federal government got involved in
air pollution control (Goklany 1999b). SO, was not per-
ceived to beapublic health problem until after the Donora,
Pennsylvania episodein 1948 and the L ondon episode of
December, 1952, yet SO, emissions per GDP have been
in decline sincethe early 1920s. Similarly, VOC and NO,
emissions per GNP have been dropping nationwide since
the 1930s, decades before these substances were either
implicated (inthe 1950s) as being responsible for thefor-
mation of photochemical smog or recognized (in the
late1960s and early 1970s) to be nationwide air quality
problems (Goklany 1999b). Likewise, CO, emissions per
GDP have been declining at the rate of 1.3 percent per
year for the past century and a half, long before global
warming hit the public consciousnessin the late 1980s.

Summary

Agricultural land and water useinthe U.S. and world-
wide are currently among the primary pressures on ter-
restrial and freshwater habitats, ecosystems, and
biodiversity. These pressures could be much worse but
for the increased productivity of land in agriculture over

the past century. But thisincreasein land productivity has
not been matched by asimilar increasein agricultural water
productivity. Thisleadsto one of the most interesting co-
nundrums in natural resource use, namely, why have the
spectacular decades-long increasesin agricultural produc-
tivity per unit of land in the U.S. and worldwide not been
matched by comparableincreasesin productivity per unit
of water?

If anything, it seems that water was substituted for
land in order to boost productivity. As aresult the avail-
ability of water might well become the major impediment
to resolving the dilemmainherent in satisfying global food
and fiber needs while conserving habitat and maintaining
biodiversity.

Thedifferencesinthetrendsfor agricultural land and
water use could partly be due, if not substantially due, to
thealmost universal differencesintheinstitutional arrange-
ments for the use and management of these two critical
natural resources around theworld. Establishing and con-
ferring well-defined property rights for water similar to
those for land would harness the forces unleashed by the
marketplace, including the force of human ingenuity, in
the service of agricultural water use efficiency. The re-
sulting improvements in water use efficiency might help
defuse one of the most critical natural resource challenges
looming in our future: namely how to meet human needs
for food and fiber while sparing not only enough land but
also enough water for the rest of nature.
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