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•	 Latin	America	may	well	be	water	rich,	but	economic	and	urban	growth	from	the	last	
two decades has polluted freshwater resources of many countries.

•	 Several	factors	such	as	population	growth,	rapid	urbanization,	water	contamination	
and pollution, and increased water demands due to increased economic growth are 
putting considerable pressure on available water resources. Decoupling economic 
growth from water use is at the core of innovation strategies for sustainable 
consumption and production and ultimately for resource efficiency.

•	 In	LAC,	as	in	other	regions	of	the	world,	agriculture	is	the	main	user	of	freshwater.	
Within this sector about 90% of the water consumption is based on green water  – 
rainwater stored in the soil as soil moisture.

•	 The	greatest	opportunity	for	improvement	in	water	productivity	and	efficiency	is	in	
rain-fed agriculture through enhanced and known management practices. 

•	 In	general,	 irrigation	efficiency	of	 the	existing	systems	in	LAC	countries	is	medium	
to low; the average irrigation efficiency for the region is reported at 39%, varying 
between 30 and 40%, whereas the world average is 56%.

•	 Urban	 water	 use	 in	 LAC	 also	 shows	 low	 technical	 water	 efficiency	 relative	 to	
developed countries; on average, water conveyance efficiency is reported to be 
59%. 

•	 Water	efficiency	in	the	electricity	sector	also	shows	significant	room	for	improvement.

•	 Thus	LAC	countries	must	improve	water	use	efficiencies	in	order	to	increase	water	
and food security as well as protect aquatic ecosystems. LAC countries must consider 
water policy changes that provide adequate incentives to use water resources 
efficiently and ultimately achieve a more sustainable use of water in all sectors.

Latin America and the Caribbean (LAC) is graced with an abundance of fresh water, 
holding 31% of the world’s freshwater resources (UNEP, 2010). However, several factors 
such as population growth, rapid urbanization, water contamination and pollution, and 
increased water demands due to increased economic growth are putting considerable 
pressure on available water resources.

Highlights

Introduction10.1
Rationale for water ef f iciency in Latin America and 
the Caribbean
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Some developed countries (e.g. USA) and developing countries (e.g. India and China) 
have high water consumption rates per unit of GDP, i.e. a high water intensity ratio. 
Other developed countries (e.g. Singapore, Switzerland, Norway) and many developing 
countries have a low water consumption rate per unit of GDP (e.g. Uruguay) (Figure 
10.1).

These examples suggest that relative decoupling of economic growth from water use 
is already happening in some countries. However, these assessments do not take into 
account the increases in burden shifting through virtual water flows (Gilmont, 2013). For 
example, OECD countries may have achieved the ‘decoupling’ by shifting water intensive 
production activities towards non-OECD countries (Figure 10.1). Decoupling should be 

Available empirical evidence suggests a dubious relationship between the rates of 
water consumption and GDP growth in many countries (Figure 10.1).
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Figure 10.1 The relation between the blue water footprint of production (upper) and 
consumption (lower) and the level of economic development. Source: own elaboration based on 
data from Mekonnen and Hoekstra (2011) and World Bank (2013).
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assessed for Latin America and the Caribbean in light of the evidence that it is a net virtual 
water exporting region.

Empirical case studies of selected countries confirm that decoupling of economic 
growth from water uses and water pollution is not an automatic by-product of growth in 
national incomes but requires dedicated policies on improving water efficiency and water 
productivity at the required temporal and spatial scales. 

Decoupling of economic growth from water use is critical for food security in LAC as 
water resource restrictions is one of the most important barriers to food production. The 
increase in irrigation activities has contributed to the substantial growth in agricultural 
production, enabling humanity to feed its growing population. However, more efficient 
use of green water (rainwater stored in the soil as soil moisture) and blue water (surface 
water and groundwater) has been stressed as one of the most important factors to achieve 
greater agricultural productivity (Pasha, 2002; Molden et al., 2003; Rosegrant et al., 
2003).  

Although improved methods and technologies have produced efficiency gains in all 
economic sectors, in some regions the need and potential exists for further improvements 
to ensure food security for a growing world population while minimizing the impacts on 
ecosystems and their goods and services.

Yet, the region is moving towards meeting the Millennium Development Goals 
(MDGs),but poor farming practices, unregulated human activity (or poorly implemented or 
-monitored existing regulations), including industrial development and urban poverty, have 
negatively affected LAC’s water resources (UNEP, 2013). Additionally, given the region’s 
rate of population growth, rapid urbanization and current patterns of water use, sustaining 
an adequate water supply for future generations is an increasingly important issue. There 
are many opportunities to enhance water efficiency and management in the region. 

This chapter reviews the efficiency of water resources use in LAC. For this purpose, 
first of all, it provides the concepts and definitions together with the drivers for water 
efficiency. Second, it analyses the efficiency of water resources use in Latin America, 
looking at the water users in different sectors: urban and industry, agriculture, energy 
and the environment. Finally, it provides a summary of challenges and opportunities for 
enhanced water efficiency and management across the region.

Achieving an efficient use of natural resources and other factors of production is a 
common goal of many current policies towards sustainability. Efficiency can be defined 
in general terms as the ratio between a desired output and an input, that is, the quantity 
of resource consumed in the process. Improving efficiency means creating more value 
with less resource consumption. However, depending on the scale and the disciplinary 
approach, the formulation of this indicator and the possibility of increasing it, imply different 
approaches (Jollands, 2006). Particularly in the case of water, three main interpretations 
for efficiency are usually recognized: technical efficiency, water productivity and economic 
or allocation efficiency (GWP, 2006).

Definit ions and approaches10.1.2
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Theoretically speaking, the scarcer a resource becomes, the more likely it is that tech-
nologies will be adopted to save this resource. Empirical studies demonstrate that the 
scarcity of water resources is an important driver of water-saving technology adoption 
(see e.g. Schuck et al., 2005). However, water-saving technology adoption will increase 
in response to augmented water shortage only if users perceive that adoption will lead to 
water savings or generate other benefits.

In agriculture, the most important determinant of technology adoption is ultimately the 
farmer’s perception of the incremental benefits and costs to his own farm income (Sharma 

•	Technical	efficiency	considers	the	rate	of	physical	application	of	water	to	its	desired	
purpose. This factor can be defined for all the water uses in every sector. In agriculture, 
the value depends mainly on the technique (e.g. surface, drip irrigation) but also on the 
management system such as the mode of application of water linked to this technique 
(turns, on demand) and other factors (maintainability) allowing for the correct use of 
technology. Thus, factors other than the change of technique can lead to efficiency 
improvement.

•	Water	productivity	is	defined	as	the	ratio	between	an	output	linked	to	a	use	and	a	
water volume input. It provides a description of how well water resources are made 
productive (i.e. generating value) in their different uses.  

•	Economic	or	allocation	efficiency	deals	with	the	objective	of	allocating	the	resource	
in order to maximize the net social benefits for society. It represents a general criterion 
characterizing the distribution of water between users (not a technical ratio attached to 
a specific use) (Wichelns, 2002). Possibilities to improve efficiency are linked to the 
economic instruments and governance arrangements, such as water markets, water 
rights reallocation, or the virtual water trade, leading to a higher benefit from the use 
of the available resources.
A comprehensive assessment of the relationship between green water (rainwater 

stored in the soil as soil moisture), blue water (surface water and groundwater) and grey 
water (volume of freshwater polluted) and economic efficiency should also consider the 
efficiency of the use of other resources, such as financial capital, labour or energy, in 
obtaining water services. Indeed, not only obtaining more benefit per unit of water is 
important but also more water per unit of other resources (GWP, 2006). For instance, this 
is also relevant in the debate on the efficiency between private and public sectors (Pierce, 
2012).   

It is also important to remember that these definitions are only valid within the broader 
economic context and other social objectives in order for efficiency not to be considered 
the final objective (Adger et al., 2003). For the most part, a higher efficiency does not 
mean that total consumption will be reduced as other incentives may govern resource 
use. Moreover, efficiency can make a resource cheaper, or increase its availability, 
incentivizing new uses (Pfeiffer and Lin, 2010; Dumont et al., 2013). 

Determinants of  the adoption of  water conser vation 
technologies

10.1.3
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and Sharma, 2004; Blanke et al., 2007). Hence farm-level perceptions of the water-
saving properties and the impacts on income of each water-saving technology are critical 
determinants of the successful adoption of water conservation technologies.

Perry et al. (2009) state that farmers invest in improved irrigation technology for a 
variety of reasons, including increased income, risk aversion/food security, convenience 
and reduced costs. Varying prices for market goods, land, labour, water, electricity, 
energy, inputs, technology and soil management change farmers’ perceptions on the 
value of water relative to these inputs. The farmers respond to market rules searching for 
the highest return per unit of land or water, depending on the relative scarcity of both 
resources (Ali and Talukder, 2008). 

Studies demonstrate that public, government-supported extension of water-saving tech-
nologies has a positive effect on adoption of water conservation technologies (Schuck 
et al., 2005). Generally speaking, government policies promote the adoption of water-
saving to incentivize water users to increase their technical and economic efficiency 
(Sharma and Sharma, 2004; Blanke et al., 2007).

Dagnino and Ward (2012) found that water conservation subsidies that promote a 
change from surface to drip irrigation can increase the demand for water despite the 
absence of new depletable supplies. Findings show that where water rights exist, water 
rights administrators will need to safeguard against increased depletion of the water 
source with increased subsidies that reward reduced water applications. There is a need 
for good water accounting as discussed by Molden et al. (2010), to take into account 
these environmental impacts of the adoption of water conservation technologies.

The methodology follows the different approaches to efficiency as presented in the intro-
duction: technical efficiency, water productivity, economic efficiency and efficiency in the 
provision of water. 

Technical efficiency considers the rate of physical application of water to its desired 
purpose (eq. 1). Therefore, it is a percentage indicating how well a technique or mode 
of distribution delivers water. 

Thus, the technical efficiency (eff) can be defined as:

water delivered for the intented use
water withdrawals

eff=
(1)

Methodology and data for evaluating water use 
efficiency and its socio-economic implications 

10.2

Methodology and data to evaluate technical  ef f iciency10.2.1

Specif ic  uses/local  scale 10.2.1.1
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The principal consequence of not identifying the potential reusability of return flows is that 
an increase in efficiency (first definition) may lead to downstream users being deprived 
from resources they were receiving. Other unintended effects should also be taken into 
account. For instance, switching from surface irrigation to sprinkler or drip irrigation implies 
that farmers will potentially have greater flexibility in their water use (on demand instead 
of turns), allowing the improvement of yields or growing crops that are more sensitive to 
water shortage (Dumont et al., 2013). This will increase water productivity but also water 
consumption. 

The traditional approach of technical efficiency applied at the catchment or river 
basin level implies the consideration of the ratio between water consumption (total 
evapotranspiration, ET) and the basin’s total resources. For a closed basin (i.e. where all 
the resources are allocated) this ratio is close to 100%. This result has sometimes been 
interpreted as efficiency and cannot be improved in this situation. However, this refers to 
technical efficiency and not economic efficiency (see section 10.2.3). In a closed basin, 
therefore, there exists the possibility of improving the total value of water use, even though 
100% technical efficiency is achieved.

water delivered for the intended use
total evaporated water

eff=
(2)

This expression is valid for all water uses. For instance, in the urban sector, efficiency 
of water delivery characterizes how much water is lost during its distribution to the final 
user. However, a priori this ratio must be considered as a partial indicator only. Particularly 
low efficiencies calculated according to this indicator do not mean that excess water is 
wasted or lost as return flows can generate value once they go back to the river basin. 

A more detailed characterization of water use and reuse potentialities can be obtained 
based on the quantification of fractions (Perry, 2007). Water use is divided into: 

•	Consumed	fraction	(evaporation	and	transpiration)	comprising	beneficial	consump-
tion (water evaporated or transpired for the intended purpose) and non-beneficial 
consumption (water evaporated or transpired for purposes other than the intended 
use); 

•	Non-consumed	 fraction,	 comprising	 the	 recoverable	 fraction	 (water	 that	 can	be	
captured and reused) and non-recoverable fraction (water that is lost to further use).

This allows for the differentiation between uses that remove the water from further 
use (evaporation, transpiration, flows to sinks) and those uses that have little quantitative 
impact on water availability (e.g. navigation, most domestic uses).

An alternative expression of efficiency could be the ratio between water delivered for 
the intended use and total water evaporated (eq. 2). It is particularly meaningful in the 
case of irrigation, as it would indicate the distribution between evaporation and plant 
transpiration.

At the basin scale10.2.1.2
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Water productivity (WP), defined as WP = product/water consumed [mass/volume] (i.e. 
the inverse of the sum of the green and blue water footprint), is used at plant, field and 
farm scale. Many times total withdrawal is considered in the expression of WP. It should 
be observed, however, that this would lead to technical efficiency ratios (as described in 
the previous section). 

Looking at the biophysical level first, WP is an efficiency parameter of the crop produc-
tion process, where water (as well as other inputs) is subject to a transformation process of 
crop or biomass production, owned and managed by the farmer. We define green water 
productivity WPgreen=yield/ETgreen as the water productivity in rain-fed agriculture. For irri-
gated agriculture, blue water productivity is the difference between total water productivity 
and green water productivity (WPblue=WPtotal-WPgreen).

In the industrial sector, water use efficiency is commonly determined as the ratio of 
production and water withdrawal. Here we use consumption in the denominator, not 
withdrawal.

The notion of WP can also be applied in a wider sense, by attributing different values 
to the numerator. This is commonly done in water valuation approaches, where economic 
attributes can be given in monetary terms (e.g. US$), social attributes (e.g. jobs, food 
security), or environmental attributes (e.g. carbon sequestration, biodiversity). 

Pollution is not formally included in water efficiency or productivity measures, yet 
polluted water may reduce yield and hence enters the equation for crop WP indirectly. 
However, it ought not to be neglected, especially when considering urban environments, 
industry and other sectors. In the end, water pollution is also a form of water use that 
subtracts from other uses (e.g. due to pollution of return flows or salinization). It is therefore 
worth pursuing efficiency increases in those areas, which means: lowering the pollution 
per unit of production.

Indeed, at this scale allocative efficiency considers re-allocating and co-managing water 
among uses by re-allocating water from lower value to higher value uses within and 
between sectors, thereby mitigating adverse impacts (Wichelns, 2002; Molden et al., 
2003). At the same time environmental flow requirements need to be identified and 
managed (Richter et al., 2011). The total amount of water allocated in a river basin needs 
to be based on the maximum sustainable water footprint level of that basin (Hoekstra, 
2013). 

Value can be expressed in monetary terms (e.g. $/litre), food calorie terms (e.g. kcal/
litre), energy terms (e.g. MJ/litre). Evaluation of water productivity should be carried out 

Methodology and data to evaluate water productivit y 
of  specif ic  uses

Economic ef f iciency: characterizing the allocation of 
water resources at  the basin scale or amongst  other 
geographical  areas

10.2.2

10.2.3
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both in a physical sense (more crop per drop), and in an economic sense (more value per 
drop), in order to obtain the greatest benefit. 

Economic water productivity (as defined in the previous section) provides a tool to attri-
bute value and productivity to all water uses and users within a hydrological domain, and 
not only those pertaining to irrigated agriculture. When based on hydrological accounting 
of actual water consumption, a value (whether economic, social, ecological or agro-
nomic) can be attributed to all water uses and reuses, including those that tend to be left 
unaccounted for in irrigation efficiency approaches as ‘wasted fractions’ non-utilized by 
irrigation (van Halsema and Vincent, 2012).

The water available within a catchment or river basin for allocation purposes is deter-
mined by the water balance equation: 

where P is precipitation, ET is evapotranspiration, (evaporation, E and transpiration T), D 
is drainage and ΔS is the change in soil moisture. In order to assess whether or not a new 
technology that is available to farmers is beneficial to society, one needs to calculate net 
social returns instead of net private returns. The two concepts are identical, except that net 
social returns value all inputs and outputs at social prices, not market prices. Social prices 
are identical to market prices when well-functioning markets exist. When well-functioning 
markets do not exist, as is almost always the case with water, then one must attach a 
social value to water, which is defined as the value of the water in the best alternative use 
(at the margin) (Barker et al., 2003).

P=ET+R+D±ΔS (3)

According to UN data for the year 2011, 78% of the population in the LAC region is 
concentrated in cities and this figure is increasing. Indeed it is expected to reach 86% by 
2050. This trend carries with it the difficult task of satisfying the needs of existing mega-
cities and balancing the environmental impacts that derive from them such as increased 
direct and indirect water consumption. Efficiency increases in the use of water in this 
context represents a way of limiting water stress and thus reducing the impacts of popula-
tion growth and urbanization. 

In LAC, technical efficiency in urban water supply is rather low. In Brazil, 37.57% 
of the water is lost (ANA, 2013). In Nicaragua, this figure reaches 25% in urban areas 
(GWP, 2011), and in the case of Colombia it was 20.5% in 2004 (ICC, 2007). The 
Inter-American Development Bank reported that 56% and 60% of the water was either lost 
or irregularly consumed in the water sector in Ecuador and Venezuela respectively (CAF, 
2013). Approximately 36% of the water is lost in Mexico (Aguilar and Castro, 2010). 

Technical efficiency in the use of water resources 
in Latin America from the production perspective

10.3

Urban and industrial  uses10.3.1
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The Americas Association of water regulators surveyed water utilities in 2011. They 
obtained responses from twenty-three utilities in seven countries. On average, water 
conveyance efficiency is reported to be 58.81%, but ranges from 30.88% in Paraíba to 
92.5% in Ceará, both states of Brazil. However, only ten out of twenty-three companies 
reported any data. 

Nonetheless these figures do not reflect the complete picture. The quality of the services 
needs to be improved (CEPAL, 2010), not only the quality of the service as such (pressure, 
hours of service, reliance) but also the quality of the water for consumption (GWP, 2011).

Many problems for urban water management are rooted outside the urban scope. 
A recent report (GWP, 2011) mentions that unsustainable land management (soil and 
forest management), as well as industrial and agricultural pollution affect urban water 
availability and quality. Solutions for water provision and degradation are more feasible 
if a more systemic view of water resources, considering ecosystem services, is taken, 
which would require the adoption of integrated water management (GWP, 2012). Under 
this framework, water planners link basin level water management to the cities’ water 
management and also consider the combined management of surface and groundwater 
resources (GWP, 2012). 

In LAC, as in many other regions of the world, agriculture is the main user of freshwater. 
However, the large and growing proportion of the population living in urban areas as 
well as the increased water demand from a growing industry and mining sector in LAC, in 
addition to reduced water supplies due to increased water pollution and climate change 
will put considerable pressure for continued transfers of water away from agriculture.

Trends in individual country’s economies in LAC, the contribution and importance of 
agriculture to each of these national economies, trends in agricultural exports and the share 
of people employed in agriculture are all important factors underlying the development 
of irrigation and other water uses in the region. Since LAC’s GDP growth for 2012 is 
projected to be 3.2% and 4.0% in 2013, compared to 1.6% and 2.2% in the OECD 
countries (see Chapter 4) and given that the decoupling of economic growth from water 
uses and water pollution is not yet generalized in the LAC region, increasing water 
efficiency in agriculture is a major challenge.  However, there has been a decrease in the 
investment in irrigation in LAC in the last years (Molden, 1997; CAWMA, 2007; Ringler 
et al., 2010).

Focusing on South America and the Caribbean, the total irrigated area is around 18.6 
millions of hectares; corresponding to only 7% of the world’s total estimated irrigated area 
(CAWMA, 2007). Brazil has 3.5 million irrigated hectares, followed by Chile, Argentina 
and Bolivia. In general, irrigation in South American countries has been inefficient; a 
major weakness is the failure to provide adequately for the operation and maintenance 
of irrigation systems once construction or installation is completed (Garces-Restrepo et al., 
2007).

Agricultural  use 10.3.2
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Thus, in general irrigation efficiency of the existing systems in LAC countries falls below 
expectations. However, some efficient irrigation systems exist in the region, such as the 
case of banana production in Ecuador and fruit and vineyards in Chile (Ringler et al., 
2010). With few exceptions, agricultural water use in general has been inefficient in LAC 
due to the predominance of traditional surface irrigation technologies; FAO (2003) reports 
that 95.6% of irrigated lands in LAC are surface irrigated; 2.7% use sprinklers and just 
1.7% use localized irrigation (drip and micro-sprinkler). These percentages indicate that 
there is considerable potential to increase water productivity in the region by switching to 
more efficient water application methods (de Oliveira et al., 2009).

In the LAC region, the levels of technical irrigation efficiency are medium to low, in 
the range between 30% and 40% (Figure 10.2). In its country database, FAO (2013) 
includes average irrigation efficiencies for LAC countries (referred to as water requirement 
ratios) ranging from 18% (Costa Rica) up to 48%, 51% and 65% (Brazil, Paraguay and 
Puerto Rico respectively). The average for the region is reported at 39%, whereas the 
world average is 56%. Field estimates in various irrigation projects in Brazil, for example, 
resulted in average actual and potential water application efficiencies of 40 % and 60%, 
respectively, for conventional and improved irrigation systems (Ringler et al., 2010). The 
introduction of efficient irrigation systems in Chile during the past fifteen years has led to a 
significant increase in the proportion of irrigated land with efficient irrigation technology; 
at present, 30% of Chile’s total irrigated surface is equipped with efficient irrigation 
technologies such as drip and sprinkler systems. This trend has led to an overall irrigation 
efficiency of 58% in the last ten years. Brazil shows progress towards a better application 
of water with 59% of irrigated lands being under surface irrigation, 35% with sprinkler 
irrigation, and 6% with localized irrigation; here water scarcity and farm characteristics 
have encouraged the use of more efficient irrigation methods. Thus, in order to ensure 
water and food security in LAC, there is a need to improve water efficiency, both in humid 
and arid regions.

Figure 10.2  Global irrigation efficiencies, year 2000. Source: UNEP (2012).Figure 10.2  Global irrigation efficiencies, year 2000. Source: UNEP (2012).
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In a comprehensive evaluation of 144 projects that adopted sustainable agricultural 
technologies and practices, including several studies in LAC, Pretty et al. (2006) 
demonstrate that the greatest opportunity for improvement in water productivity, i.e. 
marketable yield divided by crop water consumption, is in rain-fed agriculture. Water-
related risks due to high rainfall variability can successfully be reduced by improved 
farm management, thereby avoiding low productivity or crop failure. Adequate measures 
include (supple-mental) irrigation, soil, and nutrient and crop management. 

However, inadequate agricultural water use in LAC is salinizing, waterlogging, and 
eroding agricultural lands and polluting water for agricultural use. Most salinization 
problems originate from the inefficient use of water. Argentina and Chile have about 35% 
of their irrigated lands affected by salinity whereas 30%, equivalent to 250,000ha, of the 
coastal region of Peru under irrigation is also impacted by this problem. In Brazil 40% of 
the irrigated land in the northeast is affected by salinity as a result of improper irrigation 
(Ringler et al., 2010).

In the LAC region as a whole, the largest water user is the agricultural sector, amounting 
to 99% of the green and blue water consumption and 46% of the nitrogen-related pollu-
tion (Figure 10.3). Urban water supply represents as much as 0.5% of the total water 
consumed and 37% of the total nitrogen pollution. Meanwhile the industrial sector repre-
sents just 0.1% of the total water consumed and 17% of the total nitrogen pollution.

Figures 10.4 and 10.5 show the water footprint for domestic water supply and for indus-
trial production for several countries of the LAC region. These values are inversely related 
to water productivity as was defined in section 10.2.2.
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Figure 10.3  The annual water footprint of national production in LAC (in million cubic metres, 
Mm3), average for the period 1996–2005. Source: Mekonnen and Hoekstra (2011)
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The water footprint of domestic water supply is determined by the grey water footprint; 
the grey footprint represents close to 88% of LAC’s total water footprint for domestic water 
supply. Mexico has the highest value for its grey water footprint of domestic water supply 
and sanitation, followed by Brazil, Colombia, Venezuela and Argentina, in decreasing 
order. These five countries represent approximately 80% of LAC’s domestic water supply 
grey water footprint. On the other hand, Chile has one of the lowest grey water footprints 
for domestic water supply for the southern sub-region. This is a reflection of the significant 
increase in the coverage of water treatment in the past decade, which has changed from 
10% in 1990 to 80% in 2010.

Chile and Peru have the lowest blue water footprints for domestic water supply, 
accounting for 6% of LAC’s total domestic supply blue water footprint. In contrast, Brazil 
and Mexico have the highest blue water footprints; theirs being eight times that of Chile 
and Peru.  
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Figure 10.4  Annual water footprint of domestic water supply (in million cubic metres, Mm3), 
average for the period 1996–2005. Source: Mekonnen and Hoekstra (2011)

Figure 10.5  Annual water footprint of industrial production (in million cubic metres, Mm3), 
average for the period 1996–2005. Source: Mekonnen and Hoekstra (2011)
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As was the case with the domestic water supply water footprint, the industrial produc-
tion water footprint is mainly composed of the grey water footprint. The industrial produc-
tion grey water footprint accounts for over 90% of its total water footprint. However, it is 
important to note that the industrial grey water footprint is less than half the value of the 
domestic water supply grey footprint. Brazil is by far the country with the highest industrial 
production grey water footprint. Mexico, the country with the second highest grey water 
footprint related to industrial production has a grey water footprint 65% lower than that 
of Brazil. Chile and Peru have the lowest figures, while Argentina has a medium-level 
industrial production grey footprint. 

Mexico and Brazil also have the highest industrial production blue water footprint, 
thus these countries have the lowest industrial water productivities. The highest blue water 
productivities for industrial production are found in Colombia, Ecuador, and Venezuela; 
their industrial blue water footprints range from 20 to 45Mm3/yr. Medium industrial blue 
water productivity countries are Argentina, Chile, and Peru, with industrial blue water 
footprints from 102 to 158Mm3/yr. 

It is evident from Figure 10.6 that the LAC region relies extensively on rain-fed produc-
tion systems, as the green water footprint is the most important component of the total 
crop production water footprint in LAC. Crop production in Argentina and Brazil has the 
highest crop production water footprint (Figure 10.6) whilst Mexico has a crop water 
footprint close to the average for the rest of LAC. 

Mexico and Brazil have the highest blue water footprint for crop production, ranging 
from 9,000 to 14,000Mm3/yr. Medium-range crop production blue water productivities 
can be found in Peru, Argentina, Chile and Colombia; the average blue water footprint 
of these countries ranges between 2,500 and 4,000Mm3/yr. 
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Figure 10.6  Total water footprint of agricultural crop production for the LAC region (average 
1996–2005). Source: Mekonnen and Hoekstra (2011).
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As in the case of crop production, the most significant component of livestock’s water 
footprint in LAC is the green water footprint (Figure 10.7). Brazil stands out as the country 
with the highest water footprint of LAC countries although livestock’s blue water footprint 
only represents 4% of the total water footprint in this country.

The relationship between water and energy is mainly characterized by hydropower gene-
ration. The main hydropower producing countries in the world belong to the OECD and 
are responsible for 42% of the entire hydroelectric output. Asian countries are responsible 
for 26%, where China is the main contributor. LAC has a hydropower production share 
of 20%, mostly contributed by Brazil, which produces almost 12% of the world’s total. In 
Brazil, 75% of the electric power is provided by hydropower.

Hydropower generation is generally associated with a reservoir, which accumulates 
water in order to maintain a regular flow regime. The evaporation rates in these reservoirs 
drive water losses in watersheds with hydroelectric dams or reservoirs. This factor gives 
hydropower dams a consumptive profile in terms of water use, an important fact which is 
in general overlooked in national or regional water plans.

An interesting indicator of water efficiency in the case of hydropower reservoirs is the 
ratio between the amount of water evaporated and the capacity for electricity generation. 
Mekonnen and Hoekstra (2011), exploring this indicator, have presented a preliminary 
study on hydroelectricity water efficiency. The authors used an evaporation database of 
thirty-five hydropower reservoirs throughout the world, eight of them in Brazil. The authors’ 
results indicate that hydropower’s blue water footprint averages from 140 and 244L/
kWh for potential capacity and real charges, respectively. 

In Brazil there are more than a hundred hydropower reservoirs with nominal capacities 
over 30MW. Sousa and Reid (2010) presented a blue water footprint assessment of the 
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Figure 10.7  Water footprint of livestock production (Mm3/yr), period 1996–2005. Source: 
Mekonnen and Hoekstra (2011).
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main Brazilian hydropower reservoirs, based on their estimated evaporation rates. They 
have found values ranging from 0.47 to 399.84L/kWh, for sixty-six studied reservoirs. 
The average blue water footprint was 35.46 L/kWh. The results are not directly compa-
rable to Mekonnen and Hoekstra’s range due to methodological differences with respect 
to real evaporation estimates. For the case of Chile, the average blue water footprint of 
hydroelectric reservoirs was 45L/kWh.

A similar study conducted by Torcellini et al. (2003) has estimated an average blue 
water footprint of 68L/kWh for the US’s hydropower reservoirs. Blue water footprints of 
hydropower reservoirs are generally much higher than those of other energy sources. For 
example, Torcellini’s values for hydropower reservoirs are thirty times higher than those 
found for thermoelectric plants.

As mentioned in section 10.4, in the LAC region as a whole, the largest water user is 
the agricultural sector, accounting for 99% of the green and blue water consumption 
and 46% of the nitrogen-related pollution (Figure 10.3), while it accounts for between 1 
and 23% of the total Gross Domestic Product (GDP) and employs from 1 to 36% of the 
economically active population. Urban water supply represents as much as 0.5% of the 
total water consumed and 37% of the total nitrogen pollution. Meanwhile the industrial 
sector represents just 0.1% of the total water consumed and 17% of the total nitrogen 
pollution, while it contributes from 15 to 68% to the GDP that it generates and employs 
from 13 to 32% of the economically active population. 

Economic efficiency of water use for the industrial sector in LAC is on average US$ 
155/m3 (see Figure 10.8). Agriculture’s water efficiency in LAC is significantly lower, with 
an average value of US$ 5/m3.  
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Figure 10.8  Economic water productivity (US$/m3) in agriculture and industry in LAC coun-
tries (2011). Source: Mekonnen and Hoekstra (2011).
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As Figure 10.9 indicates, Colombia, Venezuela, and Uruguay are LAC countries with 
the highest economic water efficiencies in the industrial sector. These countries present 
economic water efficiencies from US$ 280/m3 to US$ 300/m3.  

As pointed out previously, agriculture is the productive sector with the lowest economic 
water efficiency, with values between US$ 0.15/m3 and US$ 35/m3 (see Figure 10.10). 
The highest economic water efficiencies can be found in Venezuela and Uruguay. All 
other LAC countries have low economic water efficiencies for their agricultural sectors 
which are all less than US$ 1/m3.

Paraguay, Mexico, Chile and Peru show medium figures for the economic water efficiency 
indicator for their industrial sector (US$ 140/m3 to US$ 155/m3). The countries with the 
lowest economic water efficiency in their industrial sectors are Ecuador, Argentina, and 
Brazil, with an economic efficiency indicator which varies between US$ 27/m3and US$ 
80/m3.
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Figure 10.9  Economic water efficiency of industrial production for the LAC region (average 
1996-2005) (US$/m3). Source: Mekonnen and Hoekstra (2011).

Figure 10.10  Economic water efficiency of agricultural production for the LAC region 
(average 1996–2005) (US$/m3). Source: Mekonnen and Hoekstra (2011).
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[Adapted from Eugenio Gómez Reyes  ‘Inventario de recursos hídricos e implicaciones de la 
modernización del riego’ in LA-Mexico (2012)]

With reference to the environment, environmental efficiency is defined as the ratio of the 
minimum feasible use of an environmentally detrimental input to the observed use of said 
input, given the technology and the observed levels of outputs and conventional inputs 
(Reinhard et al., 2002). Whilst resilience is defined as the ability of a system to withstand 
perturbations or shocks (Gunderson and Light, 2006). In the case of water ecosystems, 
these perturbations could come from droughts or floods for example, or could be related 
to changes in water availability and water quality. Thus, improved efficiency in water 
use in an economic sector such as agriculture or urban water demand could increase 
the occurrence of environmental impacts in other ways (Box 10.1). However, it could 
also improve water availability in terms of both the quantity and the quality of the water. 
For example, the modernization of irrigation infrastructures is likely to increase energy 
demand, which in turn could increase water requirements to produce this energy. Thus, 
it is important to consider these environmental effects when projects that increase water 
efficiency are evaluated. The current challenge is to improve water efficiency whilst main-
taining environmental sustainability (Ulanowicz et al., 2009).

Modernization of irrigation is widely viewed as a water-conservation strategy by 
policy makers who wish to increase water availability for human consumption and the 
environment. However, the adoption of more efficient irrigation technologies has not 
always achieved this desired result. There may be a rebound effect; water efficiency 
means the same production can be delivered with less water, but in fact more can be 
produced with the same amount of water. Furthermore, irrigation modernization reduces 
return flows, decreasing available water resources downstream. Additionally, reducing 
return flows leads to less leaching of pollutants; however, water available to absorb 
the contamination is also reduced. Ward and Pulido-Velázquez (2008) developed an 
integrated basin-scale analysis in the Upper Río Grande basin of North America (New 
Mexico) in order to study the effects of several water conservation policies on irrigation 
use and on water saved. They observed that incentive-based water conservation tools 
promote a change in the crop mix with more productive and water-intensive crops 
thus increasing the net farm income but also increasing the total water depleted. 
Subsequently, the adoption of water conservation technologies leads, in several cases, 
to an expansion of irrigated acreage (Pfeiffer and Lin, 2010).

Environmental impacts of increased water 
efficiency 

10.6

Box 10.1 Environmental  implications of irrigation 
modernization
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The LAC region is fortunate enough to be endowed with an abundance of freshwater, 
possessing 31% of the world’s freshwater resources (UNEP, 2010). This has contributed 
to the general perception that water is an abundant resource that is always available. 
This culture of abundance combined with a low educational level of farmers has resulted 
in the inefficient use of water. Moreover, several factors such as population growth, 
rapid urbanization, and increased water demands due to increased economic growth 
are putting considerable pressure on available water resources. Decoupling economic 
growth from water use is at the core of innovation strategies for sustainable consumption, 
production and ultimately resource efficiency.

In LAC, as in other regions of the world, agriculture is the main user of freshwater 
and more than 90% of the water consumed by this sector is green water. The greatest 
opportunity for an improvement in water productivity and efficiency is in rain-fed agriculture 
through enhanced and known water management practices. In general, irrigation 
efficiency of the existing systems in LAC countries also falls below expectations, due to 

As such Li and Yang (2011), conclude that a system’s network must maintain a balance 
be-tween two essential but complementary attributes: efficiency and resilience. This is 
demonstrated in the current renewed interest of environmental water flows. In general 
it is an ‘abstract water use’ representing water quantities that ought to be maintained 
in streams and underground in order to sustain the system’s functionality. According to 
Holling and Meffe (1997) the pathology of natural resource management arises when 
the range of natural variation in a system is reduced thereby producing resilience losses. 
In short, the balance to be struck be-tween the efficiency in the system (performance) and 
its resilience (reserve capacity) means en-suring more resource efficient systems: which use 
less land, water and inputs in order to pro-duce more food sustainably, while at the same 
time maintaining resilience to changes and shocks.  Thus, this section introduces a certain 
note of caution in the pursuit of efficiency. 

During the last few decades, several irrigation programmes have been developed by 
Mexico’s government in an attempt to improve water efficiency in irrigated agriculture. 
These water conservation programmes have often been developed without considering 
important factors in decision-making such as an integrated basin-scale analysis. Despite 
the large financial resources allocated in these projects, the main objective of water 
saving has not been achieved. Similarly, an analysis of Chile’s agricultural census data 
of 1997 and 2007 indicates that irrigation efficiencies have increased significantly 
reaching 58% in 2007. However, during the same period, agriculture’s water footprint 
increased. Thus it can be seen that policies focused on reducing water application do 
not necessarily always lead to water conservation.

Conclusions and recommendations10.7
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the predominance of traditional surface irrigation technologies. In this region, irrigation 
effi-ciency ranges between 30 and 40% with the average reported at 39%; whereas 
the world average is 56%. These percentages indicate that there is a great potential of 
increasing water productivity in the region by switching to more efficient water application 
methods. However, future increases in irrigation efficiency in LAC countries must minimize 
unwanted consequences such as salinization, waterlogging, and increases in total water 
consumption (rebound effect).

Urban water use in LAC also has low technical water efficiency figures relative to 
developed countries; on average, water conveyance efficiency is reported to be 
58.81%. Therefore increasing water demands due to a growing population and rapid 
urbanization requires increased technical efficiencies in the urban sector. There is also 
room for improvement with regard to the water efficiency in the electric sector.

Thus LAC countries must improve their water use efficiencies by addressing the 
following three major challenges (UNEP, 2011; 2013). First, the development of a water 
accounting system that considers the environment. This is essential in order to achieve the 
goals of increased water efficiency in a sustainable manner. That is, minimizing undesired 
environmental impacts such as salinization, decreased water availability for downstream 
users and increased total water consumption. Second, the implementation of transparent 
and comprehensive accounting systems will serve as an incentive to adopt best water 
management practices in agriculture so as to reduce environmental impacts. Third, the 
development of effective coordination mechanisms between authorities from different 
sectors and policies, at both national and river basin level, could ensure that their policies 
and objectives are mutually consistent and do not undermine each other. 

In addition, appropriate policy instruments must be considered that provide adequate 
incentives to use water resources efficiently and ultimately achieve a more sustainable 
use of water in all sectors. This means that water users must consider water as a valuable 
resource; that is, water should be considered an economic good, as was originally 
recognized at the Dublin conference on Water and the Environment (ICWE, 1996). There 
are several policy instruments available that internalize the value of water resources when 
making water-use decisions; examples of these are water tariffs, water pricing, and water 
rights markets, among others. Chapter 13 gives an in-depth analysis of the use of these 
policy instruments in LAC countries.
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