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Water Footprint Estimation in Latin America 

El doble paradigma del agua como recurso finito y derecho humano tiene múltiples precedentes 
internacionales. La Declaración de Dublín sobre el Agua y el Desarrollo Sostenible, establecida 
en la Conferencia Internacional sobre el Agua y el Medio Ambiente (CIAMA) de 1992 reconoció 
el "valor social y económico [del agua] en todos sus usos competitivos" (CIAMA, 1992). El 
Primer Principio de la Declaración de Río sobre el Medio Ambiente y el Desarrollo, un breve 
documento producido por la Conferencia de las Naciones Unidas sobre el Medio Ambiente y el 
Desarrollo de 1992, establece implícitamente que los seres humanos tienen derecho a una canti-
dad segura y suficiente de agua para "una vida sana y productiva en armonía con la naturaleza". 
(Dinar, Pochat, & Albiac-Murillo, 2015). 

Más recientemente, garantizar el acceso universal al agua limpia y asequible se articuló como el 
número seis de los 17 mandatos de los Objetivos de Desarrollo Sostenible (ODS) de la ONU para 
2030. Este énfasis en el agua como un derecho humano puede caracterizar el acceso como el 
nivel mínimo para el consumo humano. Sin embargo, matices adicionales asociados con el valor 
no económico del agua, a menudo valorada por su papel en actividades culturales, religiosas y 
sociales antes que comerciales, hacen que garantizar el acceso sea un objetivo importante 
(UNESCO, 2021). 

Latin America and the Caribbean (LAC) is home to approximately one-third of the world's 
freshwater supply; however, the geographic distribution of this abundance is not aligned with 
demand, making much of the region vulnerable to water scarcity (Libra et al., 2022). This 
vulnerability is expected to increase as average global temperatures continue to rise, with the 
Intergovernmental Panel on Climate Change (IPCC) predicting increases in the frequency and 
duration of droughts, changes in rainfall patterns, and more intense storms (Castellanos et al., 
2022). 

Understanding the role of water in LAC economies is vital as climate change poses several 
severe challenges in the region, including ecosystem disruption, increased risk of food insecurity, 
amplified costs of natural disasters (both economic and human), and public health risks, all of 
which have important implications for the agricultural and water and sanitation sectors 
(Castellanos et al., 2022). Simultaneously, population projections in the region point to 
increasing demand, both directly for human consumption and indirectly through water needed 
for economic output (Baeumler et al., 2021). 

Considering the projected changes to water supply and demand, it is important to understand 
how water resources are currently used throughout economies to predict the impact of these 
changes on existing economic systems. Water footprint analyses produce this understanding by 
using environmental-extended input-output models, which capture the interdependence of 
economic activities and generate comprehensive indicators of direct and total water use 
(Hoekstra et al., 2011). By considering sectoral disaggregation, analysts gain insights into water 
flow, linkages, and the influence of water on economic output. Overall, water footprint analyses 
enable the identification of water-related risks and ine�ciencies across the economy. 

Across LAC, few comprehensive water footprint analyses consider country-generated 
environmental accounting data and linkages throughout the economy, making it di�cult to get 
an exhaustive view of water use and vulnerability within the region's economies. This technical 
note describes the methodology used to carry out water footprint analyses for three economies 
in the region – Costa Rica, Colombia, and Brazil from 2012-2017, following the approach 
proposed by Naspolini et al. (2020). While the country selection is primarily motivated by data 
availability, these countries are interesting case studies for two reasons. First, they are diverse 
regarding the geographic and economic scales, representing three distinct Latin-American 
regions (Central America, Southern Cone, and Andean regions). Second, these countries have 
experienced droughts and other adverse climate events during the analysis period, allowing for 
the observation of changes in water use related to scarcity. In 2014, 27 million people were 
a�ected by drought in Brazil (World Bank, 2021), while drought in Colombia's La Guajira 
province spurred protests (BBC, 2014) and drought in Costa Rica cost the agricultural sector an 
estimated USD 19.5 million (Echeverría, 2016).

The focus of this note is methodological, describing the data and methods used to carry out the 
water footprints analyses. The note includes a brief presentation of results, which lays the 
foundation for an upcoming working paper by the Water and Sanitation Division's Knowledge 
Team, which will analyze these results with the aim of understanding the e�ects of water scarcity 
on these economies and identifying opportunities for improving sustainable water use.

1. Introduction



Teniendo en cuenta el ODS #6 en el contexto actual de 
aumento de la disponibilidad de agua, la gestión eficaz 
de los recursos hídricos es esencial para garantizar 
sistemas de agua resilientes. Desde una perspectiva 
económica, la gestión de los recursos hídricos puede 
adoptar la forma de políticas del lado de la oferta, tales 
como la expansión de los sistemas de infraestructura 
hídrica o la incorporación de nuevas fuentes, y políticas 
del lado de la demanda, que pueden clasificarse en 
políticas no relacionadas con la fijación de precios, como 
campañas de educación e información para desalentar 
el consumo excesivo de agua, y políticas de fijación de 
precios. Las soluciones del lado de la oferta pueden 
ser costosas y requieren un horizonte a largo plazo. En 
consecuencia, las políticas del lado de la demanda han 
ganado popularidad, especialmente porque se consider-
an una solución "sin remordimientos" para abordar la 
escasez de agua, es decir, una opción que generaría 
beneficios sociales con bajos costos de capital, incluso 
en ausencia de impactos del cambio climático. (Bates, 
Kundzewicz, & Wu, 2008).

Entre las opciones del lado de la demanda, las políticas 
de precios han ido ganando popularidad desde la 
década de 1990 (Dinar et al., 2015). Los formuladores de 
políticas han llegado a ver el diseño de tarifas de agua 
como un instrumento importante para equilibrar los 
objetivos competitivos de la gestión del agua: eficiencia, 
equidad, recuperación de costos y preservación del 
medio ambiente. Dado que este complejo proceso se ve 
fuertemente afectado por múltiples factores, no existe 
una estrategia de precios que funcione en todos los 
contextos. Esta observación es especialmente relevante 
en el caso de América Latina y el Caribe (ALC), ya 
que los países de esta región pueden ser altamente 
heterogéneos en varios aspectos clave para estructurar 
las tarifas del agua.

Además de los objetivos de gestión del agua antes men-
cionados, hay otros factores que pueden desempeñar un 
papel en la determinación de precios. Este documento 
ofrece una breve discusión orientada a la investigación 
de los factores que afectan los precios del agua, como 
se identifica en la literatura de economía del agua 
(González-Gómez & García-Rubio, 2018) y el estado de 
estos factores en la región. Entendiendo que los precios 
no se fijan en el vacío, enumeramos cuatro factores que 
son particularmente sobresalientes en esta discusión: 
factores ambientales, urbanos, ideológicos y políticos, y 
de gestión e institucionales. Los dos primeros factores 
afectan la tarificación del agua debido a su impacto 
directo en el costo del suministro de agua, mientras que 
los factores ideológicos y políticos y los de gestión e 
institucionales representan fuerzas externas que afectan 
la fijación de precios, incluida la conveniencia política, 
el grado de supervisión institucional y la estructura 
de gestión. Aunque esta discusión no pretende ser 
exhaustiva, contextualiza una serie de preguntas de 
investigación para enmarcar la agenda del equipo de 
conocimiento de WSA sobre precios del agua y sanea-
miento.

1. Factores ambientales

Desde el punto de vista de la racionalidad económica, 
los factores ambientales desempeñan un papel crucial 
en la determinación de los precios del agua. La precip-
itación anual y la variabilidad estacional son variables 
clave que influyen en la disponibilidad de agua y 
contribuyen a su escasez. Esta escasez, a su vez, a 
menudo conduce a la aplicación de precios más altos 
del agua por unidad de volumen debido a la escasez 
del recurso, el aumento del costo de provisión y el 
objetivo de fomentar su uso eficiente.

2. Data and Methodology
research is national systems. The OECD provided 
detailed datasets for 66 countries, comprising OECD 
members and the G20 group, covering 1995 to 2018. 
These national IOT systems provide a comprehensive 
overview of the economic structure of individual 
countries, allowing researchers to identify production 
and consumption patterns within a nation. 

The 2021 edition of OECD'S national IOT is broken down 
into 45 economic sectors, following the International 
Standard Industrial Classification (ISIC)2 Rev 4. This level 
of detail provides a more granular understanding of the 
interdependencies between economic sectors and how 
they contribute to the overall economy and identify the 
key drivers of economic growth and productivity (OECD, 
2021).
 
Another feature of OECD'S national IOT dataset is the 
presentation of inputs combined (total table) and split 
into imports and domestic inputs tables. Discerning 
domestic and imported inputs is important when 
estimating the water footprint because accounting for 
imported products could overestimate the national 
water footprint. 

Finally, OECD'S national IOT dataset is estimated at 
current prices, e.g., the monetary values correspond to 
the years of the table's transactions. When working with 
current prices, there is an implicit price or inflation e�ect 
when comparing di�erent years. The values must be 
estimated in basic prices, e.g., all the series will be 
expressed in monetary values of a given base year, elimi-
nating the e�ect of inflation. This study normalizes all 
prices to USD 2015, using the process explained in 
Appendix B. 

The System of Environmental-Economic Accounting for 
Water (SEEA-Water) is an international statistical stan-
dard for water accounting (UN, 2012). The United 
Nations Statistical Division developed this framework to 
monitor interactions between water resources and the 
economy. SEEA-Water employs the same accounting 
framework as the System of National Accounts (SNA), 
resulting in a standardized dataset that can be coupled 
to input-output tables. This allows for estimating indica-
tors for policy assessment within the integrated water 
resources management concept, such as the water 
footprint analysis.

1 Appendix A provide a brief explanation on input-output model foundations.
2 International Standard Industrial Classification (ISIC) is a standardized system of codes and names for categorizing economic 
activities. It was first developed by the United Nations in 1948 and has been revised several times to reflect changes in the global 
economy. ISIC is currently in its fourth revision (ISIC 4), which the United Nations published in 2008.

Water footprint analyses require physical water and 
economic information, both disaggregated at the same 
sectoral level. Physical water data is then integrated into 
the economic input-output model to produce the water 
footprint estimations.

The study uses economic data from the OECD's 
input-output database and physical water data from the 
System of Environmental Accounting for Water 
published by Brazil, Colombia, and Costa Rica. The 
physical water data span di�erent periods: 2010-2020 
for Colombia, 2012-2017 for Costa Rica, and 2013-2017 
for Brazil, whereas the most recent available economic 
dataset is from 2018. Harmonization strategies were 
implemented with the environmental-extended 
input-output modeling to ensure consistency between 
the economic and physical data. 

This section outlines the data inputs used in the analysis 
for both economic sectoral tables and physical water 
accounting and the methodology used to produce the 
final water footprint estimates. It discusses methodologi-
cal assumptions, data limitations, and how irregularities 
in the data were addressed. 

The IO model is an economic tool used to analyze the 
interdependence of economic sectors within an 
economy. It provides a systematic framework to track 
the flow of goods and services among di�erent 
economic sectors and the corresponding monetary 
transactions. The model assumes that the output of one 
sector becomes an input for another sector, creating a 
circular flow of goods and services thorough the 
economy (Leontief, 1970).1

The Organization for Economic Co-operation and 
Development (OECD) has been at the forefront of 
conducting extensive research on IO datasets. These 
tables are fundamental tools for comprehending the 
interdependencies between economic sectors and the 
flow of goods and services within and across countries. 
In this context, harmonizing the sectoral aggregations of 
economic data and physical water data becomes 
essential to establish the relationship between economic 
activity and water consumption. 

The OECD's IO datasets cover various types of IOT, 
including national and multiregional systems on a global 
scale. One of the key areas of focus for the OECD's IOT 

2.1 Data

2.1.1 Input-Output tables (IOT)

2.1.2 System of Environmental and Economic 
Accounting for Water

Water Footprint Estimation in Latin America 



Statistics) covers the period from 2013 to 2017 and 
encompasses PSUTs, HETs, and ATs (IBGE, 2020).3 
Additionally, the Brazilian economic system is organized 
into six economic sectors:

The primary data sources for the CEAA are IBGE's 
structural surveys, including information such as 
municipalities' gross domestic product, municipal 
agricultural production, annual industrial products 
research, and data from the sewage national information 
system, among others. The Brazilian National Water and 
Sanitation Agency (ANA) contributes to CEAA 
estimation by providing data on water-use permissions 
and their related monitoring activities, e.g., how users 
abstract water from the environment and estimations of 
consumptive water demand4 for all economic activities. 

In the last few years, ANA has been promoting a 
formidable set of studies about water usage by 
economic activities, such as Water in Industry: use and 
technical coe�cients, Atlas Brazil: urban water supply, 
Atlas Sewage: Water basins pollution control, Manual of 
consumptive use of water in Brazil, Use of water in 
rainfed agriculture, and the Atlas of irrigation in Brazil, 
besides the annual report: Context of Water Resources 
in Brazil. These studies provide a comprehensive 
understand of the role of water resources within the 
Brazilian economy.  

Another feature of CEAA's data is the disaggregation of 
the electricity supply by the type of power generation. 
By distinguishing hydro and thermal power, it is possible 
to identify the water consumption from thermal-power 
plants and, consequently, the consumptive water use of 
the electricity sector. Hydropower plants demand 
on-stream use of water, e.g., the economic activity 
returns the volume of water required for electricity 
production to the environment.  

The IBGE and ANA produce CEAA with PSUTs in the 
format indicated by the SEEA-Water framework.5  
Following the SEEA-Water guideline, the Brazilian 
framework includes the consumptive use of water 
concept, e.g., the amount of water incorporated into 
products or consumed by households or livestock. The 
water consumption estimation is based on the di�erence 
between the total water use (abstraction from the 
environment plus the use of water from other economic 
activities) and the total water supply (water returned to 
the environment and supplied to other economic 
activities).

3 We used the most recent version available when processing data in 2023.
4 Consumptive water demand is the water volume abstracted by industries which cannot be reused, either because it has evaporated, 
transpired, been incorporated into products and crops, or consumed by man or livestock.
5 Table III.1 – Standard physical supply and use tables for water (UN, 2012).

The primary SEEA-Water set of tables are physical 
supply and use tables, hybrid and economic tables, and 
asset tables:  

Brazil, Colombia, and Costa Rica use the SEEA-Water 
approach, which is compatible to the input-output 
framework. These countries collect standardized 
information from various data sources and maintain 
relatively consistent data organization across countries 
and time, enabling a consistent methodology for 
calculating the water footprint across countries. The 
methodology considers water abstraction from the 
environment by the economy, the water flows within the 
economy, and the return flows to the environment. 
However, slight methodological di�erences exist in how 
each country constructs its PSUT, which require 
harmonization. In the following sections, we discuss the 
primary characteristics and constraints of the datasets of 
these countries.

Brazil – Environmental-Economic Accounting for Water

The Environmental-Economic Accounting for Water 
(CEAA for its Portuguese acronym) compiled by the 
IBGE (the Brazilian Institute for Geography and 

Physical supply and use tables (PSUT): describe, 
in physical units, the water flows between the 
economy and the environment (abstractions and 
returns) and the water flows within economic 
sectors (supply and use of water inside the 
economy). More specifically, the use table 
combines the information on total water use, e.g., 
the abstraction from the environment (in-stream 
and o�-stream use) and the water demanded 
from other economic sectors. Analogously, the 
supply table combines the flows that leave an 
economic sector: the one provided to another 
economic sector and the one returned to the 
environment. PSUT is the key dataset for the 
water footprint assessment since it allows the 
estimation of the sectoral direct water 
requirements.

Hybrid and economic tables (HET): combine the 
typical supply and use tables from the System of 
National Accounts with the corresponding PSUT, 
making the physical and economic data share the 
same structure. This feature allows for monitoring 
national economies' hydrological-economic 
performance and the interdependence of water 
use among economic sectors.

Asset tables (AT): establish a connection 
between the data on total water use and supply 
and the information on water stocks in the 
environment, permitting the evaluation of how the 
economic activity impacts water resources, or, 
how the availability of water resources can impact 
the economic activity. 

  •

  •

  •

1. Agriculture, Livestock, Forestry, Fishing, and 
Aquiculture

2. Heavy industries
3. Manufacturing and Construction
4. Electricity and Natural Gas
5. Water and sewage
6. Other activities

Water Footprint Estimation in Latin America 



DANE'S data o�ers an impressive level of sectoral 
granularity. The 12 economic sectors above are further 
disaggregated into 61 specific economic activities. This 
level of disaggregation is particularly relevant to this 
study as sector 4, which looks like a miscellaneous 
catch-all of diverse activities, is further broken down into 
four distinct activities:

Disaggregating water usage by economic activities is 
relevant in accurately estimating the water footprint. 
Organizing energy, water, and wastewater into distinct 
economic sectors facilitates a more precise estimation of 
water requirements for electricity production and 
provision of water and sanitation services. This level of 
disaggregation gives a more detailed and 
comprehensive understanding of water usage and aids in 
developing e�ective water management strategies.

DANE publishes a comprehensive methodological report 
illustrating the assumptions and data used in CAE-FA 
elaboration. The adaptation of SEEA-Water 
methodology to the Colombian context is specific for 
each group of economic activities (DANE, 2022). The 
methodology for the sectors studied in this note are 
summarized below:

6  We used the most recent version available when processing data in 2023.

The IBGE and ANA have published 2 batches of water 
accounts: CEAA 2013-2015 in 2018 and CEAA 2013-2017 
in 2020. The methodological changes between CEAA's 
first and second publications improved the validity of the 
data produced in 2020, making the latest version the 
most appropriate dataset to perform this study. 

Despite recent improvements in the methodological 
estimations in the 2020 CEAA data, there are still certain 
limitations. Information regarding water losses during 
abstraction and distribution is not explicit. Water lost 
due to leaks is recorded as a return flow because it 
infiltrates an aquifer and is available again for 
abstraction. In contrast, water lost due to evaporation is 
recorded as water consumption, together with water 
consumed in the water treatment process (UN, 2012).
 
As loss accounting is required to estimate the direct 
water requirements, the lack of explicit loss accounting 
requires certain assumptions on CEAA data. By 
consulting the Sewage National Information System 
(SNIS for its Portuguese acronym), it is possible to 
assume that the reported return flows of the water 
sector to the environment correspond to losses during 
abstraction and distribution, while water consumption 
refers to utilities' own consumption and evaporation. To 
maintain consistency with the water used by agriculture 
from public perimeters of irrigation (which are reported 
as supplied to agriculture by another economic sector), 
the same share of water abstraction per water return is 
applied to the water supplied to the agricultural sector. 
    
CEAA focuses on reporting its datasets under the 
SEEA-Water framework, making IBGE/ANA the only 
custodial agencies to do so. However, no methodological 
report explains the methodology adopted for each 
economic sector, which imposes some challenges when 
comparing it to the datasets from Colombia and Costa 
Rica.

Colombia – Environmental and Economic Account of 
Water Flows 
The National Administrative Department of Statistics 
(DANE for its Spanish acronym) publishes Colombia's 
water accounting data. The Environmental and 
Economic Account of Water Flows (CAE-FA for its 
Spanish acronym) data is available from 2010 to 2020 
and mainly focuses on estimating PSUTs, while HETs and 
ATs are not available (DANE, 2022).6 The data is 
disaggregated by economic activities, which include the 
following:

1. Agriculture, livestock, hunting, forestry, and 
fishing

2. Mining

3. Manufacturing

4. Electricity, steam, and AC supply; Water 
supply; Evacuation and treatment of residual 
waters, waste management and 
environmental sanitation activities

1.

2. Wholesale and retail sale; repair of motor 
vehicles and motorcycles; Transport and 
storage activities; Accommodation and food 
service activities

3. Information and communications 

4. Financial and insurance activities 

5. Real-state activities

6. Professional, scientific, and technical 
activities; Administrative and support 
activities

7. Public administration and defense; 
compulsory social security; Education; 
Human health and social work activities

8. Arts, entertainment and recreation, and other 
service activities; Activities of households as 
employers; undi�erentiated 
goods-and-services-producing activities of 
households for own use

6.

7.

8.

9.
10.

11.

12.

1. Electricity generation; Electricity 
transmission, supply and commercialization 

2. Natural gas supply; gaseous fuels supplied by 
pipelines; steam and AC supply   

3. Water collection, treatment, and supply

4. Wastewater drainage and treatment; Waste 
collection, treatment and disposal and 
environmental activities and other waste 
management activities

4.1

4.2

4.3

4.4

Agriculture, livestock, hunting, forestry, and 
fishing: The water consumption estimation for the 
sector "Agriculture, livestock, hunting, forestry, 
and fishing" (sector 1 in the abovementioned list) 

  •

1. Construction5.

Water Footprint Estimation in Latin America 



relies on a detailed bottom-up analysis based on 
the type of crops, planted area, and local water 
requirements (for agriculture) and a 
comprehensive livestock inventory.

Water and sewerage sector (economic activities 
4.2, 4.3, and 4.4): the total water abstraction for 
the water and sewerage sector is based on the 
volume of water captured by the public water 
utilities. The estimations also consider water 
utilities' own water consumption, e.g., the volume 
of water consumed during the abstraction and 
treatment process and the water losses during 
distribution. This information allows for estimating 
the potable water volumes distributed to 
households and economic sectors. The di�erence 
between the total water abstraction and the 
utilities' own consumption and losses during 
distribution is the water distributed to households 
and economic sectors.

  •

The methodology distinguishes the water consumption 
by households and services sectors (sectors 5 to 12 
mentioned above) based on the time people spend at 
home and work. The primary water consumption by 
households is estimated according to regional and 
demographic requirements. Then, a model of water 
consumption for human use by economic activity is 
created to indicate the minimum water usage by 
employees to fulfill their daily biological needs during 
working hours, considering an inverse relation between 

household water consumption and water consumption 
while at work. Additionally, each economic activity has a 
specific water usage based on the activities performed, 
and its estimation relies on the expenditure related to 
potable water consumption.

The methodological assumptions and data availability 
mentioned above suggests that CAE-FA focuses on 
estimating the total water usage of economic sectors as 
the consumptive use (except for the case of electricity 
generation, which requires only on-stream use). It 
represents the overall water requirements for sectoral 
production. While this approach cannot account for 
physical water abstraction and returns, it is still 
noteworthy as it reveals the minimum consumptive use 
of the economy. Furthermore, the presentation of losses 
explicitly enables the estimation of direct water 
requirements by economic activities.

Costa Rica – Water Account
Water accounting data for Costa Rica are published by 
the Central Bank of Costa Rica (BCCR for its Spanish 
acronym) and available from 2012-2017 (BCCR, 2021). 
The data includes PSUTs, HETs, and ATs. The tables are 
disaggregated by economic sector; however, the 
categorization does not remain constant over the study 
period (Table 1). Losses and consumptive water use by 
economic sectors and households are provided in the 
PSUT, allowing for the calculation of sectoral direct 
water requirements. 

Table 1–- Costa Rican economic sectors

2012-2016 2017

1. Agriculture, forestry, and fishing
2. Manufacturing and services
3. Water collection, treatment, and supply
4. Sewerage 
5. Hydroelectric power generation

1. Agriculture, forestry, and fishing
2. Manufacturing and construction 
3. Services 
4. Water collection, treatment, and supply 
5. Sewerage  
6. Hydroelectric power generation

Source: Authors' elaboration based on BCCR (2017; 2019; 2021).

Another noteworthy aspect of Costa Rican data pertains 
to reporting information within the Agricultural sector. 
Specifically, the water provided to agriculture through 
public irrigation systems is classified separately, 
distinguishing it from water supplied by other economic 
activities. Furthermore, corresponding losses associated 
with this specific water supply are reported 
independently from losses in the overall water sector. 
This clear distinction obviates the need for any 
assumptions concerning water losses related to the 
water supplied to public irrigation perimeters.

The BCCR has published 3 batches of water accounts: 
Water Account 2012-2015 in 2017 (BCCR, 2017), Water 
Account 2012 – 2016 in 2019 (BCCR, 2019), Water 
Account 2012 – 2017 in 2021 (BCCR, 2021). This study 
relies on the BCCR 2021 accounts with data from 
2012-2017. The SEEA-Water process in Costa Rica 
changed significantly between iterations, improving the 
methodology over time, particularly with respect to how 

input values were calculated. These improvements  were 
retroactively applied to previous years; however, in some 
cases, the improved inputs were not available, resulting 
in issues of comparability across years in the most recent 
iteration of the study (BCCR, 2021).  

One such example is data on abstractions for industrial 
sectors ("Agriculture, livestock, forestry and fishing," 
"Manufacturing and services," and "Electricity generated 
in hydroelectric plants"). Data on water abstraction for 
these industries comes from the Water Authority, which 
provides abstraction estimates based on active 
water-use permits. However, the 2016 and 2017 data 
included permits such as pending permits to reflect 
reality more accurately. This change in methodology 
caused a loss of comparability in the BCCR 2021 
estimates between the estimates for 2012-2015 and the 
estimates for 2016-2017, specifically concerning 
self-supply extractions from "Agriculture, livestock, 
forestry and fishing", "Manufacturing and services", and 
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Consumptive use: 

Root uptake

Direct water requierment:

irrigation

Loss: 

evaporation

Precipitation

Indirect use: 
Water used to 
produces inputs 
like fertilizer

Loss: Deep percolation

Loss: leakage

"Electricity generated in hydroelectric plants." It is 
important to note that this change does not a�ect the 
temporal comparability of the "Water collection, 
treatment, and supply" sector.

Another relevant change in methodology is in the 
measurement of assets. In the 2017 data, "surface water 
available" refers to water resources available in the four 
largest reservoirs in Costa Rica: Arenal, Reventazón, 
Cachí, and Pirrís. For years before 2017, this data has 
been unavailable and, as a result, is not included in 
calculations. It is important to consider how this change 
a�ects the 2017 asset tables and to keep it in mind when 
comparing information from 2017 to other years. 

Finally, data from 2012 to 2015 on treated wastewater 
were estimated assuming fixed return coe�cients from 
literature (Ballestero, 2013). The 2016 and 2017 Water 
Accounts obtained data directly from wastewater 
operators, resulting in more reliable data for accounts in 
2016 and 2017.

The data also poses challenges due to changing sectoral 
categorizations over time. Years before 2017 
categorized mining activities, manufacturing, and 
services as a unique economic sector called 
"Manufacturing and Services". In the 2017 revision of the 
Water Accounts, Services were disaggregated from this 
sector according to the methodology proposed by FAO 
for the construction of SDG 6.4.1, now being reported as 
"Manufacturing and Construction" and "Services" 
activities. This change made the data for Costa Rica 
inconsistent with the information from other countries, 
limiting the sectoral aggregation level of this study to a 
higher level. 

The accounting process also has issues in terms of 
accuracy. Regarding the electricity sector, Costa Rican 
data implies that all power generation comes from 
hydropower plants. Data from 2012-2016 used a water 
consumption coe�cient of 2% for this sector, even 
though no information on water abstraction was 
available, while data for 2017 has no information about 
water consumption for electricity generation, implying 
that the sector does not require water consumption in its 
activities. However, geothermal technology dominates 
the sector providing 61% of the electricity grid in 2012 
and 54% in 2017 (SEPSE, 2023). While geothermal 
energy is considered a renewable and environmentally 
friendly power source, its operation does involve a 
consumptive use of water due to evaporation or loss of 
water during the process. Additionally, there is a need 
for water for steam and to maintain optimal operating 
temperatures within the power plant. This water 
consumption should not be neglected.

Lastly, the sectoral consumptive use of water relies on 
estimations based on fixed coe�cients, as described in 
the PSUT. Once the consumptive coe�cient is fixed over 
time, capturing potential pattern changes in this variable 
is not possible. 

These methodological challenges and data issues 
provided some constraints for this study, limiting the 
sectoral aggregation to "Agriculture", "Water and 
sewerage" and "the rest of the economy". Nonetheless, 
the provided information allows the estimation of the 
direct water requirements and, consequently, the water 
footprint for Costa Rica's economic system.    

2.2 Methodology 
�

Water footprint estimations are more accurate when 
considering the consumptive use of water and the 
respective losses of abstraction and distribution 
networks. This is what is referred to as the direct water 
requirement (DWR), and its estimation is the first 
methodological step when estimating a country's water 
footprint. Figure 1 illustrates key concepts on water 
accounting, as consumptive use, losses, direct and 
indirect use.

Consumptive use is the portion of water incorporated 
into economic production or consumed by households 
and livestock (root uptake in Figure x). Water needs 
classified under consumptive use represent water that 
does not return to the environment after but is instead 
embodied into economic output or used to sustain life. 
As a result, changes in water availability for consumptive 
use can a�ect multiple sectors of the economy via 
forward and backward linkages. 

Considering water losses during abstraction and 
distribution is also essential when estimating water 
footprints for the water and sanitation sector and the 
agricultural sector. In these sectors, water losses due to 

2.2.1 Direct water requirements estimation 

Figure 1 - Key concepts on water accounting
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For Colombia, the methodological approach indicates 
that data described in the water use table is, in fact, the 
consumptive use of water.7 In this sense, as losses are 
explicitly presented in the PSUT, the sectoral direct 
water requirements are given by equation (3): 

For Costa Rica, the estimation of water consumption 
relies on the multiplication of water use by the 
consumption coe�cient. Since the losses are explicitly 
presented in the PSUT, the sectoral direct water 
requirements are given by equation (4). Water use refers 
to the total water abstracted by economic sectors, i.e., 
the consumptive and non-consumptive volumes. 

Estimating the direct water requirements calls for 
identification of the lines in the PSUT representing the 
volumes of water consumption and losses. As Table 2 
mentions, all countries provide such information, but 
data presentation di�ers, which implies the need for 
systematization. Data are not strictly comparable across 
countries, given the underlying di�erences in methods. 
Therefore, caution must be used when interpreting 
results.

For Brazil, the PSUT indicates the water consumption as 
the di�erence between total abstraction and total return. 
The information is straightforward in the table; however, 
the losses for water and sewage sector and for water 
distributed in public perimeters of irrigation are not 
explicitly presented. By checking the water and 
sanitation return flows and the reported losses in the 
SNIS, it is possible to assume that the return flows refer 
to the losses of the water abstraction and distribution 
network. As explained previously, the same proportion 
between the volumes returned and withdrawn by the 
water sector was applied to the volume of water 
distributed by the public perimeters of irrigation to the 
agricultural sector. So, the direct sectoral water 
requirement for agriculture is given by equation (1), 
whereas equation 2 presents the estimation for the water 
and sanitation sector. For the rest of the economy, the 

direct water requirements are equal to the water 
consumption since there is no available information for 
loss estimations.

7  As gently elucidated for us by the National Accounts Division from DANE.

Brazil Colombia

Table 2 – Main features of SEEA-Water for Brazil, Colombia, and Costa Rica

Costa Rica

Cover period

Economic sectoral 
disaggregation

Losses during abstraction 
and distribution

Consumptive use

Irrigation by public 
perimeters

Electricity generation

2013-2017  2010-2020 2012-2017

6 sectors 12 sectors also detailed in 61  
activities

5 sectors (2012-2016)
6 sectors (2017)

Explicit and estimated as the 
di�erence between water 

abstraction and return

Bottom-up estimation of 
o�-stream and on-stream 

water consumption
Estimation based on fixed 

coe�cients

Implicit. Return flows to the 
environment include the 

losses
Explicit Explicit

The water supply is explicit, 
but the losses are not.

There is no identification of 
irrigation in agricultural 

water demand

Explicit both water supply 
and losses

Distinguish hydro and 
non-hydro water use

100% hydro 
(non-consumptive use)

100% hydro 
(non-consumptive use)

Water physical unit Cubic hectometers (hm3) Cubic hectometers (hm3) Cubic hectometers (hm3)

leaks and evaporation can represent a significant 
percentage of water abstracted from the environment. 
Despite not being consumed as part of consumptive use, 
this water is not readily available for reuse and as such is 
classified as loss. When water losses are not included in 
water footprint estimations, water footprints are 
underestimated and undermine opportunities for 
improving sustainable water management. The sum of 
consumptive use and loss gives an estimate for the 
direct water requirement. 

The direct water requirements are not directly provided 
by any of the countries' data analyzed. Still, it is possible 
to estimate it, given that all the countries provide 
information on water consumption and losses – implicitly 
or explicitly – in their SEEA-Water datasets. Table 2 
summarizes the main features of SEEA-Water data for 
Brazil, Colombia, and Costa Rica. 

DWR         =Brazil 
AGRI

Water Footprint Estimation in Latin America 

Source: Authors' elaboration.

DWR             =Colombia consumptive water use + water losses

DWR             =Costa Rica (water use * consumption coef�icient) + water losses (4)

 water 
consumption

water supplied by public 
perimeters of irrigation

(2)DWR                =Brazil WASA water consumption + water returns

(1)

(3)

% losses from 
SNIS 



The aggregation level chosen for the study is determined 
by the dataset with the highest level of aggregation (or 
most restrictive), which is Costa Rica's physical water 
data. This dataset provides water usage data for four 
economic sectors across most of the time series. For 
example, the OECD IOT presents water and sewerage as 
a single sector. At the same time, the country data 
generally report physical data for water and sanitation as 
two separate sectors, requiring the aggregation of water 
and sewage physical data to make it compatible with the 
OECD's IOT. In addition, as observed in Table 2, 
Colombia and Costa Rica's data do not allow the 
isolation of the Electricity sector since these datasets do 
not provide the water consumption from the power grid.
 

2.2.2 Sectoral Aggregation

The OECD IOT tables dataset is reported for 45 
economic sectors, whereas the physical water data is 
presented aggregated for 6 economic sectors in Brazil, 
12 in Colombia, and 5 in Costa Rica. Such aggregation 
level disparities require an aggregation process to 
harmonize physical and economic data into the same 
level of sectoral aggregation.

The aggregation process consists of summing up 
sectoral data connected to each aggregation level, as 
defined in Table 3. This process is feasible because all the 
datasets follow the standardized system of codes ISIC 4. 

Aggregated sectors Acronym8

Agriculture, livestock, forestry, and fishing

Water and Sewerage

Rest of the economy - Heavy industries, manufacturing, construction, 
electricity and natural gas supply, and services

AGRI

WASA

RoE

Table 3 – Study aggregation level

Source: Authors' elaboration.

Tables 4 to 6 present how economic and physical data were aggregated according to the study aggregation definition, 
data availability, and ISIC 4 classification for each country. After harmonizing the sectoral aggregation, the physical and 
economic data are prepared for coupling with the water model to estimate the water footprints.

Table 4 – Study aggregation level for Brazil

Brazil's water dataStudy 
aggregation 

level

OECD IOT

ISIC 4� Description ISIC 4� Description

AGRI 01 to 03
Agriculture, Livestock, Forestry, Fishing, 

and Aquiculture
01, 02

03

Agriculture, hunting, forestry

Fishing and aquaculture

WASA
36 Water 36, 37, 

38, 399

Water supply; sewerage, waste 
management and remediation activities37 Sewage

RoE

05 to 09 Heavy industries

05, 06
Mining and quarrying, energy producing 

products

10 to 33, 
41 to 43 Manufacturing and Construction

07, 08 Mining and quarrying, non-energy 
producing products

9 Mining support service activities

10, 11, 12 Food products, beverages and tobacco

13, 14, 15 Textiles, textile products, leather and 
footwear

16 Wood and products of wood and cork

17, 18 Paper products and printing

19 Coke and refined petroleum products

20 Chemical and chemical products

Water Footprint Estimation in Latin America 

After estimating each country's sectoral direct water requirements, the following step lies in integrating these estimates 
with the OECD's IOTs tables to determine the water footprints. This methodological step requires coupling the water 
requirements with the economic data at the same sectoral aggregation level, as discussed in the following section. 

8 Acronyms defined by the authors for a matter of simplification.
9 Activities 38 and 39 under ISIC Rev4 are responsible for waste management, treatment, and disposal, as well as soil and water 
remediation. The original data available (physical and economic) had aggregated these activities di�erently across economic sectors. 
Nevertheless, at di�erent levels of aggregation, the size of the sector may not be substantial enough to impact the overall outcome of 
a water footprint analysis. For instance, if we consider a highly aggregated level of analysis, where there are only four economic 
activities, the waste management and remediation activities will only constitute a small percentage of each sector's economic activity 
and water use. Thus, changes in the allocation of activities 38 and 39 may not have a significant impact on the overall results of a water 
footprint analysis.



6  We used the most recent version available when processing data in 2023.

10 to 33, 
41 to 43 Manufacturing and Construction

22 Rubber and plastics products

23 Other non-metallic mineral products

24 Basic metals

25 Fabricated metal products

26
Computer, electronic and optical 

equipment

27 Electrical equipment

28 Machinery and equipment, nec

29 Motor vehicles, trailers and semi-trailers

30 Other transport equipment

31, 32, 
33

Manufacturing nec; repair and installation 
of machinery and equipment

41, 42, 
43

Construction

35 Electricity and Natural Gas 35
Electricity, gas, steam and air conditioning 

supply

38 to 39, 
45 to 47, 
49 to 55 
to 56, 58 
to 66, 68 
to 75, 77 
to 82, 84 
to 88, 90 

to 99

Other activities

45, 46, 
47

Wholesale and retail trade; repair of motor 
vehicles

Land transport and transport via pipelines

Water transport

Warehousing and support activities for 
transportation

49

50

Air transport51

52

53 Postal and courier activities

55, 56 Accommodation and food service activities

58, 59, 
60

Publishing, audiovisual and broadcasting 
activities

61 Telecommunications

62, 63 IT and other information services

64, 65,
 66 Financial and insurance activities

68 Real estate activities

69 to 75 Professional, scientific and technical activities

77 to 82 Administrative and support services

84
Public administration and defence; 

compulsory social security

85 Education

86, 87, 
88

Human health and social work activities

90, 91, 
92, 93 Arts, entertainment and recreation

94, 95, 
96 Other service activities

97, 98

Activities of households as employers; 
undi�erentiated goods- and 

services-producing activities of households 
for own use

Source: Authors' elaboration based on IBGE (2020) and OECD (2021).
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Brazil's water dataStudy 
aggregation 

level

OECD IOT

ISIC 4� Description ISIC 4� Description

RoE

21
Pharmaceuticals, medicinal chemical and 

botanical products



Table 5 – Study aggregation level for Colombia

Colombia's water dataStudy 
aggregation 

level

OECD IOT

ISIC 4� Description ISIC 4� Description

AGRI 01 to 03
Agriculture, Livestock, Forestry, Fishing, 

and Aquiculture
01, 02

03

Agriculture, hunting, forestry

Fishing and aquaculture

WASA

36 Water collection, treatment, and supply

36, 37, 
38, 39

Water supply; sewerage, waste 
management and remediation activities

37 to 39

Wastewater drainage and treatment; 
Waste collection, treatment and disposal 

and environmental activities and other 
waste management activities

38 Material recovery (recycling)

05 to 09

05, 06 Mining and quarrying, energy producing 
products

07, 08 Mining and quarrying, non-energy 
producing products

09 Mining support service activities

Food products, beverages and tobacco10, 11, 12

13, 14, 15 Textiles, textile products, leather and 
footwear

16 Wood and products of wood and cork

17, 18 Paper products and printing

19 Coke and refined petroleum products

20 Other non-metallic mineral products

21
Pharmaceuticals, medicinal chemical and 

botanical products

22 Rubber and plastics products

23 Other non-metallic mineral products

Mining

10 to 33

26
Computer, electronic and optical 

equipment

Manufacturing and Construction

27 Electrical equipment

28 Machinery and equipment, nec

29 Motor vehicles, trailers and semi-trailers

30 Other transport equipment

31, 32, 
33

Manufacturing nec; repair and installation 
of machinery and equipment

Electricity generation; Electricity 
transmission, supply and commercialization

35 Electricity, gas, steam and air conditioning 
supply

41, 42, 43 Construction

45, 46, 
47

Wholesale and retail trade; repair of motor 
vehicles

49 Land transport and transport via pipelines

50 Water transport
Wholesale and retail sale; repair of motor 
vehicles and motorcycles; Transport and 
storage activities; Accommodation and 

food service activities

35

Natural gas production; gaseous fuels 
supplied by pipelines; steam and AC supply

35

35

Construction41 to 43

45 to 47, 
49 to 53, 
55 and 

56
51 Air transport

52 Warehousing and support activities for 
transportation

53 Postal and courier activities

55, 56 Accommodation and food service activities

24 Basic metals

25 Fabricated metal products

RoE

Water Footprint Estimation in Latin America 



Costa Rica's water dataStudy 
aggregation 

level

OECD IOT

ISIC 4� Description ISIC 4� Description

AGRI
01 to 03 

and
3600-2

Agriculture, forestry and fishing
Water supply for agriculture

01, 02

03

Agriculture, hunting, forestry

Fishing and aquaculture

WASA
36, 37, 
38, 39

Water supply; sewerage, waste 
management and remediation activities

3600-1 Water collection, treatment and supply

05 to 33, 
38, 39, 

41 to 43, 
45 to 96

Manufacturing and Construction and 
Services

05, 06 Mining and quarrying, energy producing 
products

07, 08
Mining and quarrying, non-energy 

producing products

09 Mining support service activities

10, 11, 12 Food products, beverages and tobacco

16 Wood and products of wood and cork

17, 18 Paper products and printing

19 Coke and refined petroleum products

20 Chemical and chemical products

21 Pharmaceuticals, medicinal chemical and 
botanical products

22 Rubber and plastics products

23 Other non-metallic mineral products

24 Basic metals

25 Fabricated metal products

3700 Sewerage

13, 14, 15 Textiles, textile products, leather and 
footwear

58, 59, 
60

Publishing, audiovisual and broadcasting 
activities

61 Telecommunications

62 IT and other information services

64, 65, 
66

Financial and insurance activities

Information and communications58 to 63

Financial and insurance activities64 to 66

68 Real estate activitiesReal estate activities68

Professional, scientific, and technical 
activities; Administrative and support 

activities

Professional, scientific and technical 
activities

69 to 7569 to 75, 
77 to 82

Administrative and support services77 to 82

Public administration and defense; 
compulsory social security; Education; 

Human health and social work activities

84 to 88

Public administration and defense; 
compulsory social security

84

85 Education

Human health and social work activities
86, 87, 

88

Arts, entertainment and recreation, and 
other service activities; Activities of 

households as employers; undi�erentiated 
goods-and-services-producing activities of 

households for own use

90 to 98

Arts, entertainment and recreation
90, 91, 
92, 93

94, 95, 
96

Other service activities

Activities of households as employers; 
undi�erentiated goods- and 

services-producing activities of 
97, 98

RoE

Colombia's water dataStudy 
aggregation 

level

OECD IOT

ISIC 4� Description ISIC 4� Description

RoE

Source: Authors' elaboration based on DANE (2022) and OECD (2021).

Table 6 – Study aggregation level for Costa Rica
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05 to 33, 
38, 39, 

41 to 43, 
45 to 96

77 to 82 Administrative and support services

Manufacturing and Construction and 
Services

84
Public administration and defense; 

compulsory social security

85 Education

86, 87, 
88 Human health and social work activities

90, 91, 
92, 93

Arts, entertainment and recreation

94,95, 
96 Other service activities

97, 98

Activities of households as employers; 
undi�erentiated goods- and 

services-producing activities of households 
for own use

35 Electricity, gas, steam and air conditioning 
supply

Hydroelectric power generation3510

68 Real estate activities

69 to 75 Professional, scientific and technical 
activities

27 Electrical equipment

28 Machinery and equipment, nec

29 Motor vehicles, trailers and semi-trailers

30 Other transport equipment

31, 32, 
33

Manufacturing nec; repair and installation 
of machinery and equipment

41, 42, 
43

Construction

45, 46, 
47

Wholesale and retail trade; repair of motor 
vehicles

Land transport and transport via pipelines

Water transport

Warehousing and support activities for 
transportation

49

50

Air transport51

52

Postal and courier activities

Accommodation and food service activities

53

55, 56

Publishing, audiovisual and broadcasting 
activities

58, 59, 
60

IT and other information services

61

62

Telecommunications

Financial and insurance activities
64, 65, 

66

Costa Rica's water dataStudy 
aggregation 

level

OECD IOT

ISIC 4� Description ISIC 4� Description

26 Computer, electronic and optical 
equipment

RoE

Source: Authors'  elaboration based on BCCR (2021) and OECD (2021).
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2.2.3 Water-Economic model: 
environmental-extended input-output model

The IO model is a valuable tool for assessing water 
footprints (Hoekstra et al., 2011). The model allows for a 
comprehensive analysis of water consumption 
throughout the entire supply chain of a product or 
sector. Tracing the water inputs and outputs across 
various economic sectors enables researchers and 
policymakers to understand the direct and indirect 
water usage associated with economic activities, and 
e�ectively address water consumption and improve 
water use e�ciency by analyzing the water footprint of 
economic systems. 

This analysis not only helps identify sectors with high 
water consumption where measures can be 
implemented to reduce water use but also identifies 
sectors where water plays a crucial role and may be 
more susceptible in the event of droughts. When 
applied to a time series, the water footprint analysis also 
allows for trends identification and serve as a baseline 
for strategic sustainable development policies. 

The IO model establishes a method for assessing the 
water footprint by connecting water needs to economic 
activities. This process is realized through the utilization 
of data on consumptive direct water requirements, 
which helps in determining the overall water volume 
essential for various sectors' production activities. By 
integrating this data with the input-output model, the 
tracking of water flow becomes possible across the 
entire economic framework.

The consumptive direct water requirements data is 
derived from the SEEA-Water dataset, which has been 
published by Brazil, Colombia, and Costa Rica for their 
respective economies. Specifically, the direct water 
requirements are represented as a vector, where which 
of the elements represent the volume of water that each 
sector demand (agriculture, water and sewerage, and 
the rest of the economy) in its production process. 

Miller and Blair (2009) explain that the first step in 
performing the water footprint is to estimate the direct 
technical coe�cient matrix for water, as in the 
traditional IO model. The multiplication of DWR by the 
inverse of gross output defines the direct technical 
coe�cient matrix for water,   , as shows equation (5):

Where     is a diagonal matrix with the vector of DWR in 
the main diagonal, and   is a diagonal matrix with the 
vector of gross output in the main diagonal. Each 
element in   represents a linear water coe�cient that 
defines direct water requirements per dollar's output of 
the economic sector (m3 per USD). Or, in other words, 
how much water is embedded on the direct inputs that 
are required to accomplish the total sectoral output. 

Hence, the DWR vector can be expressed by the 
multiplication of the direct technical coe�cient matrix 
for water (  ) and the Leontief Inverse matrix (L), which 
expresses the total sectoral requirements to meet a 

given Final Demand (F), as expresses equation (6):

Therefore, the direct water footprints (DWF) vector is 
estimated by the multiplication of  by the direct 
technical coe�cient matrix (A) and summing up its rows 
(equation 7), representing water requirements directly 
embedded on each sector's direct inputs (or direct m3 
per USD) (Montoya, 2020). 

Analogously, the total water footprints (TWF) matrix is 
estimated by multiplying     by the Leontief inverse 
matrix (L), representing the total (direct and indirect) 
water requirements for each sector's production, i.e., 
total m3 per USD (equation 8). The indirect water 
requirements illustrate water interdependency, i.e., 
water requirements that are triggered through the 
economic system either when suppling or demanding 
inputs.

Analyzing the elements of TWF matrix illustrates the 
water interdependency within an economy, also called 
water linkages. In the context of the water footprint, 
backward and forward linkages can provide valuable 
insights into the water use patterns within an economy. 
Backward linkages are derived by analyzing TWF matrix 
by the lines (inputs) perspectives, identifying the most 
water-intensive sectors as consumers of inputs. For 
example, the food processing sector may have 
significant backward linkages to the water supply 
sector, indicating that it is a major consumer of water 
resources (equation 9). 

Similarly, forward linkages are derived by analyzing 
TWF matrix by the columns (gross outputs) perspective 
(equation 10), identifying the downstream sectors that 
depend on water-intensive sectors as suppliers of 
inputs. For instance, the agriculture sector may have 
significant forward linkages to the food processing 
sector, indicating that the second depends heavily on 
the water resources used in agriculture. By analyzing 
forward linkages, policymakers can identify the most 
vulnerable sectors to water scarcity and develop 
strategies to mitigate the impact of water shortages on 
those sectors.

The next section presents the results for sectoral direct 
water requirements and water footprint estimations. 
Specifically, it explores DWR and TWF trends and 
backward and forward linkages impact on economic 
systems. The analysis primarily focuses on the years 
2013-2017, which serve as the common time series for all 
countries. Appendix B details the results for each 
country, considering all available data.   

Ǎ

(5)

X

Ǎ 

DWR = ǍLF (6)

DWF =     Ǎ   A
i

n

i,j i,j

Ǎ 

Ǎ 
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BL =     TWF
n
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3. Results 
The results presented in this study should be interpreted 
with caution due to the di�erences in the methodology 
for producing the physical data between countries, 
which required making certain assumptions for water 
balance systematization. Despite these limitations, this 
section aims to present the water footprint analysis 
results for the water and sewage (WASA) sector and the 
agricultural (AGRI) sector in Brazil, Colombia, and Costa 
Rica. The results include direct water requirements, 
direct water footprint, and total water footprint in the 
form of backwards and forward linkages, discussing 
results through a national lens across sectors and a 
sectoral lens across countries. In doing so, these results 
provide valuable information that contributes to 
understanding water footprints in Brazil, Colombia, and 
Costa Rica. 

3.1 Direct water requirement 
The direct water requirements (DWR), measured in cubic 
hectometers (hm3), account for a given sector's 
consumptive use and losses (Figure 2). Results show 
that the DWR varies significantly in magnitude between 
the three countries; however, there are some common 
patterns. As shown in Figure 1, the agricultural sector 
has the largest DWR in each country, followed by the 
water and sewage sector, and the rest of the economy, 
respectively. 

The agricultural sector consumes the most water in all 
three countries while representing only 4-6% of overall 
gross output across countries from 2013-2017. The 
water and sewage sector represents the second most 
water-intensive sector across the three economies 
considered in the analysis, while the percentage of the 
total economic output of the water and sewage sector 
hovers around 1%. Interestingly, in terms of percentage 
of total DWR, Costa Rica's WASA sector makes up 
approximately 27%. This is significantly larger than the 
WASA DWR in Brazil (average of 2% of total over the 
study period) or Colombia (average of 3%).

By contrast, the rest of the economy (RoE) represent 
proportionally minuscule water consumption but 
produce the most economic value in all analyzed 
countries. The rest of the economy encompasses 
various economic activities, including mining, 
manufacturing, energy, and services. This sector 
consistently achieves the highest economic output 
across all three countries, from 93 to 95% on average, 
and the lowest water consumption (averaging around 
2%) is the case for the three countries analyzed. 

The expressive DWR of the AGRI and WASA sectors 
compared to sectoral gross output indicates that 
analyzing the drivers of water consumption in these 
sectors could significantly benefit water conservation 
while adapting the economic system to a water scarcity 
context. This is specially the case for Colombian and 
Costa Rican economies, which have increased DWR 
overtime. 
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Figure 2: Direct water requirements (hm3) and Sectoral economic output for each country by year (Millions USD, 2015).
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Brazil

Direct Water Requirements
330,199 hm3 AGRI: 318,993  hm3

RoE 4,495  hm3

WASA: 6,711  hm3

2013
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WASA: 6,564 hm3
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Direct Water Requirements
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WASA: 595 hm3
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Costa Rica

While the economies follow similar macro trends concerning their compositions and water consumption, there are 
significant di�erences in the magnitude and e�ciency of water use. The agricultural sector in Brazil is a massive 
consumer of water, reflecting the sector's size in terms of economic output (Figure 1). However, comparing the ratio 
of its gross output to its DWR, Colombia averages 0.25 USD/m3 over the study period while Brazil and Costa Rica 
average 0.45 and 3.31 USD/m3, respectively. 

Results also show intriguing imbalances between water use and economic output in the water and sanitation sector. 
For example, comparing Brazil and Costa Rica's WASA sectors shows that Brazil's DWR is 11 times higher, while its the 
gross output is, on average, 27 times higher than Costa Rica’s. The same comparison between Colombia and Costa 
Rica, being DWR and gross output in Colombia’s water and sewerage sector about 6 times higher than in Costa Rica. 

While Brazil's economy is much larger than Colombia’s and Costa Rica's, the fact that the DWR and economic output 
does not scale proportionally could point to di�erences in water use e�ciency or sectoral policy. For example, at an 
economy-wide perspective Colombia and Costa Rica presented an output growth by 18% and 16% between 2013 and 
2017, respectively, while the induced DWR accounted for 19% and 9.4% growth. Brazil presented a crash of 
economy-wide output by -6.8%, inducing a stable DWR by 0.78% in the same period. 

Nonetheless, some sectors had distinct growth behavior than the national average. For example, AGRI sector grew in 
all countries (1.8% in Brazil, 36% in Colombia, and 7.4% in Costa Rica), triggering an increase of AGRI DWR by 0.94%, 
20%, and 11% respectively. Regarding the WASA sector, Brazil and Colombia presented gross output growth rates by 
2.2% and 17%, respectively. While Brazil accounted for an increase of 2.3% in WASA DWR, Colombia presented a 
reduction by -2.6% in WASA DWR. On the other hand, the water and sewerage sector in Costa Rica presented a 
reduction by -21% in its output, at the same time the sectoral DWR increased by 0.28%. 

To explore the di�erences in water use across sectors, direct water requirements and gross output analyses provide a 
partial picture. Nonetheless, water footprints represent the relationship between water input and economic output by 
giving a better understanding of water consumption patterns within sectors and across countries. By considering total 
water requirements within the economic structure, direct and total water footprints highlight the water intensity of 
sectoral output and reveal the interdependent relationship between water consumption and the entire economic 
system. The following sections explore these relationships in more detail, analyzing the relationship between water 
consumption and production in each of the three economies and comparing the agricultural and the water and sewage 
sectors across countries.
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3.2 Results by Country

Water footprint indicators represent the water embod-
ied in the economic system expressed in cubic meters 
per US dollars in 2015 (m3/USD). Water footprints are 
essential for illustrating how water consumption is inter-
twined with the economic structure of each country and 
their trends over time. Water footprint indicators are 
expressed as direct and total water footprints. When the 
demand for a good or service increases by one mone-
tary unit, it triggers two e�ects on sectoral water 
requirements. The first is the initial water embodied in 
the production of direct inputs (direct water footprint). 
The second is the water embodied in the production of 
inputs which are used as inputs, i.e., transactions which 
represent the interdependency of the economic system, 
accounting for both direct and indirect embodied water 
(total water footprints). Therefore, backward and 
forward linkages are derived from the total water 
footprints to understand how water use, e�ciency, or 
production changes in one sector a�ect water use and 
production in other sectors. 

Figure 3 shows that the direct water footprints present 
distinct sectoral and country-level behavior over time. 
Of the three countries, Colombia has the highest direct 
water footprint, averaging 0.35 m3 required per USD 
output over the study period. This indicates that the 
Colombian economy is the most water intensive in 
terms of direct sectoral inputs, and likely the most 
vulnerable to water scarcity. This is supported by the 
fact that the sectors that make up the bulk of the econo-
my (RoE and Agriculture) hold the highest shares of this 
direct water footprint (~90%). Colombia is also the only 
country which did not see a reduction in direct water 
footprint from 2013 to 2017, increasing its direct water 
footprint by 0.02 m3/USD. By contrast, Brazil, which had 
a direct water footprint of 0.17 in 2013, reduced its direct 
water footprint by 0.01 m3/USD during the same period, 
while Costa Rica presented a substantial direct water 
footprint reduction, dropping from 0.11 in 2013 to 0.08 
m3/ USD in 2017.  
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Figure 3: Direct water footprint for each country by year (m3/USD, 2015).
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Total water footprints also vary across countries. These 
values, which account for water embedded in inputs and 
water use spurred by sectoral outputs throughout the 
economy can more accurately communicate the water 
intensity of these economies. Again, Colombia has the 
most water-intensive economic system, with an average 
total water footprint of 4.9 m3/ USD/year, followed by 
Brazil (2.9 m3/ USD/year) and Costa Rica (1.3 
m3/USD/year) (Figure 4). Colombia, therefore, appears 
to be the most economically vulnerable to scarcity, 
followed by Brazil, and Costa Rica. 

The risk of scarcity, however, is not equal across these 
countries. While Colombia is the most dependent on 
water resources for economic output, the country also 
has generally low risk for water scarcity, especially in the 
geographic areas with the highest economic 
productivity. While the discussion of risk is outside the 
scope of this work, it is important to consider that a high 
economic vulnerability to scarcity does not necessarily 
imply high vulnerability. 

It is also important to note that di�erences in total water 
footprint stem from each country’s economic system 
features, e.g., the participation of water-intensive 
activities in the economic system composition, sectors’ 
productive technology, and e�ciency in water usage 
across economic sectors. The water intensity within an 
economy or economic sector is determined by the role 
that water plays and the e�ciency of water use within 
the sector. In the case of the agricultural sector, which 
generally makes up the largest proportion of the total 
water footprint, the role that water plays depends 
heavily on the crops portfolio within the agricultural 
sector, specifically the ratio of a given crop’s water 
demand to its economic value-added; an agricultural 
sector comprised of water-intensive low-value products 
will have a much higher water footprint than an 
agricultural sector comprised of drought-resistant 
high-value products. Additionally, irrigated systems 
a�ect the agricultural sector’s water productivity. While 
irrigated fields require more investment, irrigation may 
be strategic by reducing the dependence of crops on 
rainfall patterns and allowing for the increase of harvests 
within a year.  
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Figure 4: Total water footprint for each country by year (m3/USD, 2015).
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Total water footprints also changed over time. From 2013 to 2017, Brazil reduced its total water footprint by 0.027 m3/ 
USD (from 2.85 m3/USD in 2013 to 2.82 m3/USD in 2017), while Colombia’s indicator decreased by 0.54 m3/ USD (from 
5.32 m3/USD to 4.78 m3/USD). Costa Rica, on the other hand, increased its total water footprint by 0.18 m3/ USD, from 
1.17 m3/USD in 2013 to 1.35 m3/USD in 2017 (Figure 4). Several events can explain such changes. For example, a country 
can become more water-intensive over time thanks to the greater participation of water-intensive sectors in the GDP 
composition, potentially also becoming more ine�cient. A country also can decrease its total water footprint by 
becoming more e�cient in water usage within economic sectors, for example, by implementing water savings policies 
or water markets. In Colombia, the fact that direct water footprint increases while total water footprint decreases over 
the same period is notable and will be addressed in future research. 

3.3 Results by Sector

Figure 5 presents an overview of each country’s direct and total water footprints (the latter represented as backward 
and forward linkages) over the years. High values for backward linkages indicate that a sector’s required inputs contain 
more embodied water. Forward linkages elucidate water footprint patterns through the supply side, e.g., how much 
water is consumed when a new unit of sectoral production is available in the economic system. As expected, Colombia 
presents the highest backward and forward linkages compared to Brazil and Costa Rica, given the magnitude of its 
direct and total water footprints. 

As expected, AGRI and WASA sectors are relevant in explaining national water footprint trends identified in all 
countries. In this sense, the following section explores the di�erences in water footprint intensity of agricultural and 
water and sewerage sectors across Brazil, Colombia, and Costa Rica, giving insights into the water intensity patterns 
among these countries by identifying trends that emerged between 2013 and 2017. Identifying trends of increasing 
water intensity in key sectors sheds light on intervention necessities when designing water-saving policies to adapt to 
contexts of scarcity. 
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Figure 5: Sectoral water footprints for each country by year (m3/USD, 2015).
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3.3.1 The Agricultural Sector – AGRI

Costa Rica has the lowest water footprint indicators for 
the agricultural sectors among the countries examined. 
From 2013 to 2017, the direct water footprints for Costa 
Rica in this sector averaged 0.03 m3/ USD, followed by 
Brazil (0.10) and Colombia (0.21) (Figure 6). These 
estimations indicate that Colombia requires 8 times 
more water than Costa Rica to generate each monetary 
unit of agricultural output, while Brazil requires 3.2 times 
more. These di�erences are likely due to di�erences in 
these countries’ agriculture portfolios, water use 
e�ciency variations, or increasing irrigation and 
diminishing rain-fed agriculture.

From 2013 to 2017, all countries experienced a reduction 
in direct water footprint. Costa Rica achieved the most 
significant decrease (20%), followed by Brazil (10%) and 
Colombia (6%). Water e�ciency improvements in the 
agricultural sector play a crucial role alongside changes 
in the structure of economic activity. For example, 
countries can reduce their direct water footprint of 
agricultural activities by implementing improved 
irrigation systems, enhancing water governance for 
integrated water resources management, or adopting 
production processes that require less water-intense 
inputs. During the study period, drought in all three 
countries often spurred these actions, positioning 
e�cient water use as an important political issue and 
prompting producers to invest in irrigation systems or 
pivot to less water-intensive or more value-added crops 
to mitigate the climate risk and increase production 
e�ciency.

Direct water footprints, however, do not tell the whole 
story. To better understand virtual water flows, it is 
essential to emphasize how e�ciently water is 
consumed within di�erent sectors and consider water 
consumption e�ciency by material and resources that 
go into supply chains. By analyzing total water footprint 
indicators, like backward and forward linkages, we can 
encompass these factors in our analysis and work 
towards e�ective water conservation. 

The relevance of considering both backward and 
forward linkages become evident through a practical 
example. In Colombia, the agricultural sector initially 
exhibits a water intensity of 0.21 hectometers of water 
per 1 USD of gross output. However, when one accounts 
for the water embedded in the direct and indirect inputs 
required to generate 1 USD of agricultural output, this 
figure escalates to 3.89 cubic meters. Looking from a 
forward linkage perspective, downstream product 
generation results in 4.11 cubic meters of embodied 
water for every USD increase in the sector's supply. This 
comparative analysis underscores the importance of 
evaluating both backward and forward linkages 
alongside direct water footprints when assessing 
sectoral water usage.

Between 2013 and 2017, forward and backward linkages 
for agriculture showed some variation in each country, 
but estimations for the beginning and end of the period 
were relatively similar, except for Colombia. Colombia 
experienced a 5% reduction in backward and a 9% 
reduction in forward linkages. In comparison, Costa Rica 
and Brazil maintained relatively stable indicators, with a 
slight increase of 0.1% and 1% for Costa Rica, 
respectively, and a decrease of 1% for Brazil for both 
indicators. The decrease in Colombia's backward and 
forward linkages might point to potential increases in 
e�ciency both upstream and downstream of the 
agricultural sector.10 These variations emphasize the 
importance of comprehensively assessing water 
consumption e�ciency throughout supply chains to 
understand conservation e�orts.

Total water footprint estimations reveal that each unit 
increase of economic output in Colombia's agricultural 
sector requires 13 times more water flow within the 
economic system than Costa Rica's. In contrast, each 
unit increase in Brazil's agricultural sector requires 7 
times more than Costa Rica's. Comparing direct water 
footprint estimations to backward and forward linkages 
for each sector, we see that linkage estimations are 
generally 10 to 25 times larger than their corresponding 
direct water footprint (~10 for Costa Rica, ~20 for 
Colombia, and ~25 for Brazil). Such relationships mean 
that the incorporation of water consumption embodied 
in inputs from other sectors or water use in other sectors 
that use agricultural outputs vastly changes the water 
footprint estimations of the agricultural sector, 
indicating that the agricultural sector demands not only 
large direct water requirements but also triggers 
significant virtual water flows within economic systems.

10 In fact, a sectoral backward linkage reduction can also occur due to industrial de-densification, meaning the loss or weakening of 
links in a production chain. For example, an increase in the import penetration in the supply chain of the agriculture sector would drop 
its backward linkage, and thus its water footprint. In any case, the pressure on water resources diminishes. Changes in imports 
penetration is not part of the scope of this study, although opens a complementary and important research avenue when designing 
development policies. 
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 Figure 6: National water footprints for AGRI by year (m3/USD, 2015).
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3.3.2 The Water and Sanitation sector - WASA

Among the countries examined, Brazil has the lowest 
water footprint indicators for the water and sewerage 
sector. From 2013 to 2017, the direct water requirements 
for Brazil averaged 0.01 m3/USD, followed by Colombia 
(0.03) and Costa Rica (0.05) (Figure 13). These results 
exhibit consistent trends in direct water requirements 
per capita across the three countries: Brazil, with 33 m3; 
Colombia, with 79 m3; and Costa Rica, with 126 m3. In 
simpler terms, Colombia requires 3 times and Costa Rica 
5 times more water to meet the water and sanitation 
sector's output, directly related to their respective 
populations' water supply. Costa Rica experiences the 
highest percentage of losses per direct water 
abstraction from the environment, averaging 40% 
yearly, which may explain the highest direct water 
footprint among countries. Brazil recorded 33% losses 
and Colombia 27% on average, suggesting that losses 
are not the only driver behind direct water footprint 
indicators. The estimations highlight the complex 
interplay among population, water supply, losses, and 
other factors11 influencing direct water footprint 
indicators. 

From 2013 to 2017, the variations observed in the direct 
water footprint indicators are expressive. Brazil shows a 
slight increase of 3% , while notable changes occurred in 
the water and sewerage sector indicators for Costa Rica 
and Colombia. Costa Rica achieved a 35% reduction in 
its direct water footprint between 2013-2014, 
potentially due to water-saving policies and investments 
in sectoral infrastructure. In contrast, Colombia faced a 
substantial increase of 179% in its direct water 
footprint during the same period. Interestingly, the 
most relevant growth also took place in 2013-2014. The 
reasons for this sharp increase in Colombia remain 
unclear. The physical data relies on information on water 
abstracted by public companies, which may have 
changed methodology throughout the process. A 
deeper assessment of the water and sewerage sector 
and the economic system in Colombia may provide 
further insights into the factors influencing these 
changes during the analyzed period, while Costa Rica’s 
expressive direct water footprint reduction might 
provide insights for other economies in the region when 
designing water saving policies for this sector in a 
context of adapting for a more water scarcity context. 

Comparing the total water footprint estimations among 
the countries analyzed, Costa Rica emerged with the 
highest values, although the indicators' behavior di�ers 
among countries (Figure 7). The average backward and 
forward linkages for Costa Rica are 0.90 and 0.91 m3/ 
USD, while for Colombia, these values are 0.83 and 0.75, 
and for Brazil, they are 0.38 and 0.35, respectively. 
These estimations provide insights into the amount of 
embodied water in each country's economic system per 

water and sewerage output unit, showing that economic 
output in the water and sewage sector of Colombia and 
Costa Rica triggers nearly 2.4 times more embodied 
water than in that of Brazil. These di�erences are likely 
due to di�erences in the sectoral water productivity, 
e.g., how much water produces an equivalent monetary 
output.

Interestingly, between 2013 and 2017, Colombia's WASA 
sectors backward and forward linkage estimations 
decreased by 11% and 15% respectively, while 
simultaneously increasing its direct water footprint by 
179%. This means that while the sector became more 
water-intensive in its activities, the entire economic 
system of Colombia became less intensive, diminishing 
the water content of the sector's supply chain. For 
example, the agricultural sector, Colombia's most 
water-intensive sector, experienced a reduction in its 
direct water requirements between 2013 and 2017 while 
growing its share of the Colombian economy, possibly 
compensating for the increased water and sewerage 
direct water footprint.

In contrast, Costa Rica's WASA sector experienced an 
increase of 22% and 21% in backward and forward 
linkages estimations between 2013 and 2017, despite a 
decrease in the direct water footprint for the water and 
sewerage sector. This implies that the sector became 
more e�cient, but its supply chain became more 
dependent on embodied water. However, this decrease 
is a result of 2013 having an exceptionally high direct 
water footprint. When analyzing direct water footprint 
between 2014-2017, there was 14% increase, aligning 
with the overall trend of the total water footprint. 

Meanwhile, the WASA sector in Brazil only experienced 
a slight variation from 2013-2017, registering an increase 
of 1% in the backward linkage estimation and a 0.2% in 
the forward linkage estimation. This indicates relatively 
stable water usage patterns during the analyzed period, 
the same tendency observed in direct water footprint 
for the sector. Estimations show that not only did the 
water and sanitation sector become more 
water-intensive, but the supply also chain had an 
increase in water requirements even though the 
di�erences are not large in magnitude, even in a period 
of water scarcity faced by the country during the period.

11 For example: investment in either modernization of water treatment equipment, expanding of sanitation services, revenue recovered 
by tari�s, among other factors.
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Figure 7: National water footprints for WASA by year (m3/USD 2015).
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4. Conclusion
This study estimated direct and total water footprints for three economies in the LAC region – Brazil, Colombia, and 
Costa Rica – with a focus on the agriculture and water and sewerage sectors due to their relevance on water 
requirements relative to other sectors. The findings o�er valuable insights into water consumption patterns across 
these economies. 

Promoting and implementing the System of Environmental and Economic Accounting for Water can contribute to a 
better understanding of water-economic dynamics in the LAC region. Additionally, it is important to focus on 
exploring possibilities of data disaggregation. By implementing these improvements, researchers can enhance their 
understanding of water consumption patterns, enabling policymakers to make well-informed decisions and ensure 
the sustainable use of water resources in the Latin America and Caribbean region.

Brazil, Colombia, and Costa Rica show many common trends with respect to water consumption 
throughout sectors; however, direct water footprint information shows that the embodied water per 
unit of gross output vary significantly between countries and sectors. Colombia experienced an 
increase of 179% in the direct water requirement for the water and sewerage sector between 2013 and 
2017. This surge warrants further investigation to determine the primary factors exerting pressure on 
Colombia's direct water requirement. Conversely, Brazil has the lowest water footprint for the water and 
sewage sector; however, it exhibited a di�erent pattern than the sector's economic output from 2013 to 
2017. The underlying causes for these trends require further research. Additionally, the water and 
sewerage sector does not appear to have been substantially a�ected despite facing droughts during 
this period, highlighting the need for an in-depth analysis of the factors at play.

The incorporation of backward and forward linkages in water footprint analysis drastically raises 
water footprints in both the agricultural and water and sewerage sectors, making their incorporation 
vital when performing similar analyses. Colombia has the most water-intensive economic system 
among the countries analyzed, translated by the highest values of backward and forward linkages. In 
Costa Rica, the water and sewerage sector demonstrated both higher direct and total water footprints 
than the agricultural sector, which is unique compared to other countries. Determining if it is necessary 
to prioritize e�ciency in water usage within the water and sewerage sector requires deeper 
investigation to understand better why the sector has a higher water footprint in Costa Rica than in 
other countries analyzed. Brazilian direct water requirements in the agricultural sector decreased over 
time. This might indicate improved e�ciency in water usage or potential impacts from the country's 
droughts. However, agriculture's total water footprint indicators did not follow the same downward 
trend, suggesting that despite agricultural activities becoming less water-intensive, the increasing 
proportion of the agricultural sector in GDP composition o�set the decrease in the direct water 
footprint, leading to an overall more water-intensive economic system. In line with this, Naspolini et al. 
(2020) emphasize the importance of considering total water footprints when formulating policies, 
particularly considering the role played by the economic structure in triggering embodied water in 
supply chains.

It is crucial to have physical water data at the most granular sectoral level to facilitate future water 
footprint analyses and subsequent areas for future research. The analyzed countries could pursue 
improvements on the available data to strengthen the water accounting in the region. For example, 
Colombia could work on providing asset tables to estimate the economic system's impact on water 
resources, while Brazil could o�er more detailed methodological reports, facilitating data comparison 
across countries. In terms of sectoral information, Colombia and Costa Rica could consider estimating 
thermal-power water consumption to allow for an accurate disaggregation of the electricity sector, thus 
gaining a deeper understanding of its water consumption patterns. Meanwhile, Costa Rica could aim to 
disaggregate service sectors for 2016-2012, as this information is currently unavailable. Including this 
data would allow for water footprint analyses with higher levels of granularity, which would have direct 
benefits for policymakers.

I.

II.

III.
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5. References

10 In fact, a sectoral backward linkage reduction can also occur due to industrial de-densification, meaning the loss or weakening of 
links in a production chain. For example, an increase in the import penetration in the supply chain of the agriculture sector would drop 
its backward linkage, and thus its water footprint. In any case, the pressure on water resources diminishes. Changes in imports 
penetration is not part of the scope of this study, although opens a complementary and important research avenue when designing 
development policies. 
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6. Appendix
A. The Input-output Model
The IO model relies on a set of n linear equations 
with n unknowns. The equations describe how each 
sector's outputs are related to other sectors' inputs. 
For example, suppose an economy has two 
economic sectors, A and B. The output of sector A 
can be used as an input in sector B, and the output 
of sector B can be used as an input in sector A. We 
can set up a system of two linear equations with two 
unknowns to model this interdependence using the 
IO model. The unknown variables would represent 
the amount of output produced by each sector. The 
solution to the system of equations provides 
information about sectoral production and the 
quantities of goods and services flowing between 
the two sectors or the total sectoral output.

In addition to interindustry transactions, goods and 
services are demanded by the final users, such as 
households, government, and exports, representing 
the amount of goods and services consumed or 
used up by these final users. In other worlds, each 
industry output can be demanded as an input to 
other industries' production or as final goods and 
services. For example, households can directly 
demand water and sanitation services, or water and 
sanitation services serve as input for economic 
activities. The model formalization is given by 
equation A.1:

The vector x represents the sectoral output, the 
matrix Z represents the interindustry transactions 
(the summation vector "i = [1, 1, …, 1]" represents the 
rows sum of matrix Z to accomplish with matrix 
notation), and the vector f represents the final 
demand (goods that are directly demanded by 
internal and external markets, e.g., households, 
government, or exports)12. All variables are recorded 
in monetary units, specifically for this study, in 
millions of US dollars (million USD 2015). The IO 
datasets commonly follow equation (A.1) for data 
organization, which serves as the starting point for 
the IO model. The Organization for Economic 
Cooperation and Development (OECD) 's IO dataset 
is an example of this approach and forms the basis 
of the IO model in this study. 

Following the IO model construction, the 
interindustry transactions can also be represented 
as a direct coe�cients matrix by relating the 
interindustry inputs to the total output, as shown in 
equation A.2. A is the direct technical coe�cients 
matrix, representing the direct sectoral 
requirements of a given sector output. 

By substituting equation 2 in 1 and doing some 
elementary algebra, it is possible to express the total 
sectoral output (x) as shown in equation (3). The 
matrix L, defined as (I – A)-1, is known as the Leontief 
inverse matrix or total requirements matrix. L 
displays each industry total  (direct and indirect) 
input technical requirements to produce one unit of 
its output. Equation A.3 also shows the direct 
relation of the total output (x) and the final demand 
(f) through matrix L. This is the IO model elementary 
equation.   

The IO model can be used to analyze the economic 
impact of changes in production or consumption, 
making it a valuable tool for policymakers and 
researchers. The total requirements matrix (L) is 
useful for analyzing the interdependencies among 
economic sectors. A higher element of L indicates a 
greater dependency on the output of other sectors 
to produce its output. More specifically, the (i, j) 
element of L, denoted as Lij, represents the 
proportion of output from sector j required to 
produce one unit of output from sector i. This 
element captures the linkages between sector i and 
sector j.

Another key feature of the IO model is its versatility. 
The model can be coupled to variables external to 
the economic system extending the analysis to 
(number of) employment, natural resources 
requirements (such as energy, water, or land), 
emissions embodied in the economy, and many 
others. The following section describes the IO model 
extension to estimate water footprints. 

B. The Deflation Process
The deflation process involves isolating the e�ects 
of domestic prices (inflation) and change in 
exchange rates when comparing economic data 
across countries and time periods, which is the case 
of OECD IOT datasets. To achieve this, it is 
necessary to perform the following steps.

The first step in the deflation process is selecting a 
base year, which serves as a reference point for 
converting current prices into fixed prices. In this 
study, the base year chosen is 2015 since it is 
applicable to all data series.  

After determining the base year, the next step is to 
choose a deflator for the domestic price e�ect. In 
this case, we adopted the Gross Domestic Product 
deflator (IMF 2023), which reflects changes in the 
overall price level of the economy over time. 
Additionally, it is necessary to account for the 

x = Zi + f (A.1)

 
A=ZX (A.2)

-1

12 In fact, the final demand can be represented as a vector or matrix depending on whether its components are presented summed 
up in a single column or disaggregated into a matrix.  

x = (I - A)   f = Lf
-1

(A.3)
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11 For example: investment in either modernization of water treatment equipment, expanding of sanitation services, revenue recovered 
by tari�s, among other factors.

variation in exchange rates used by OECD to convert the national currency units into dollars when estimating the IOT 
dataset (OECD 2021)  This step ensures that the e�ects of exchange rate fluctuations are considered. 

To perform the deflation process, we multiply each value in the input-output table for a given year by the deflators and 
exchange rate ratios calculated (Equation B.1). The first ratio term adjusts the inflation in domestic prices, while the 
second one adjusts the dollar data to account for changes in exchange rates for the period. 

By applying the deflation process, we can e�ectively adjust the IOT values for inflation and exchange rate e�ects. This 
adjustment allows for the accurate analysis of cross-country economic data over time. 
  

C.  Detailed results

IOT                      = IOT            value (base year) value (n)

  De�lator    (base year)

De�lator(n)

Exchang rate    (n)

Exchang rate (base year)

(B.1)
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