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Ecological Footprint is currently the most comprehensive tool to measure 
anthropogenic impact on the planet. Based on officially disclosed publicly 
available data annually published by the UN agencies, it is both reliable 
and replicable. Therefore WWF-Russia has committed to use Footprint and 
biocapacity as the indicators to measure progress of its Green Economy 
workstream under its recently adopted 2018-2022 conservation strategy. 

The present publication is based on the nowcasting principles, when the 
country-level UN data from the previous year (the most current 2018 National 
Footprint Accounts are based on the 2015 data) are supplemented by the most 
up-to-date statistics published by national statistics offices. This method 
helped to significantly decrease the time lag between the year of publication 
and the reporting period, which is essential if we are to use Ecological 
Footprint to measure an organization’s or nations’ progress in the reduction of 
human impact on nature. 

Ecological Footprint has proved to be an indispensable umbrella concept for 
consumer engagement, and we have widely employed it in many of our Earth 
Hour and Earth Overshoot Day campaigns. We also believe that Ecological 
Footprint could – and should – be embraced by the business sector and we aim 
to use it as one of the key instruments for WWF-Russia’s ambitious corporate 
stewardship agenda.

The results demonstrate that Russia remains one of the major global 
biocapacity donor nations, but the future of our natural capital is not secured: 
biological resources are renewable, but not infinite. Carbon, by far the largest 
component of the country’s sizable Footprint, seems to be the primary reason 
for Russia’s high per capita anthropogenic impact. If the country manages to 
harness the best available energy efficiency technologies, renewable energy 
production and ultimately decouples economic growth from liquidating its 
mineral and biological wealth, it will be able to secure a solid position among 
the world’s leading economic powers. 

We believe that Russia has a lot of potential to build a non-liquidating 
knowledge economy based on preserving and increasing its natural and 
human capital, and commit to work with all the relevant stakeholders – the 
government, business and society – to make this happen. 

Pavel Boev
Chief Program Officer

Footprint and Sustainable Lifestyles
WWF-Russia

FOREwORD  
FROm ThE EDITOR



4  |  Russia’s Biocapacity and Ecological Footprint: Nowcasting and Forecasting  from the National Footprint Accounts

©
 D

M
ITR

y C
h

IS
TO

P
R

U
D

O
v

 / W
W

F-R
U

S
S

IA

DEFINITIONS  
AND mEThODOLOGY 



Russia’s Biocapacity and Ecological Footprint: Nowcasting and Forecasting  from the National Footprint Accounts   |  5

BIOCAPACITY
Biological capacity represents a region’s biologically productive land and sea 
area available to provide ecosystem services for human use.  These services 
include providing food and timber, hosting human infrastructure, and 
absorbing waste such as carbon dioxide emissions from fossil fuel.

ECOLOGICAL FOOTPRINT
A measure of the area of biologically productive land and water an individual, 
population, or activity requires to produce all the resources it consumes and 
to sequester its waste. Because of data limitations, the main form of waste 
included in the National Footprint Accounts is carbon dioxide from burning 
fossil fuels. Both Ecological Footprint and biocapacity results are expressed 
in a globally comparable, standardized unit called a global hectare (gha) — 
a hectare of biologically productive land or sea area with world average 
bioproductivity in a given year.

ECOLOGICAL DEFICIT AND RESERVE
The difference between the Ecological Footprint and the biocapacity of 
a region or country. An ecological deficit occurs when the Footprint of 
a population exceeds the biocapacity of the area available to that population. 
An ecological reserve occurs when the available biocapacity of an area 
exceeds the Footprint of that area’s population.

ECOLOGICAL OVERShOOT
When a population’s demands on an ecosystem exceed the capacity of that 
ecosystem to regenerate the resources demanded. Overshoot results in 
ecological assets being diminished and carbon waste accumulating in the 
atmosphere. 

DEFINITIONS
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hUmAN 
CONSUmPTION 

IS COmPARED 
TO NATURE’S 
PRODUCTION

The Ecological Footprint 
measures people’s use 

of cropland, forests, 
grazing land and fishing 

grounds for providing 
resources and absorbing 

waste (carbon dioxide 
from fossil fuel burning). 

Biocapacity measures 
how much biologically 

productive area is 
available to regenerate 

these resources and 
services.

CARBON
CO2 emissions associated with use of fossil 
fuels, electricity and energy intensive 
commodities, converted into biologically 
productive areas (such as forest land) 
necessary for their sequestration.

GRAZING LAND
The area of grasslands used to raise livestock 
for meat, diary, hide and wool products. It 
includes all grasslands used to provide feed for 
animals, including cultivated pastures, wild 
grasslands and prairies.

FOREST PRODUCTS
The area of forests required to support the 
annual harvest of fuel wood, pulp and timber 
products.

FIShING GROUNDS
The area of marine and inland waters required 
to support annual catches of aquatic species 
(fish and seafood).

CROPLAND
The area required to grow all crop products 
required for human consumption (food and 
fiber) and for livestock feeds, fish meals, oil 
crops and rubber.

BUILT-UP LAND
The area of land covered by human 
infrastructure such as roads, housing, 
industrial structures and reservoirs for 
hydroelectric power generation.

Ecological Footprint
Productive area needed for regenerating  
resources and absorbing waste like CO2

Biocapacity
Productive area available for regenerating  

resources and absorbing waste like CO2 
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A country’s Ecological Footprint of consumption is derived by tracking how 
much biologically productive area it takes to absorb a population’s waste1 
and to generate all the resources it consumes. Consumption is estimated by 
adding imports to domestic production, while subtracting exports (see box 
above). 

All commodities carry with them an embedded amount of bioproductive land 
and sea area necessary to produce them and sequester the associated waste; 
international trade flows can thus be seen as flows of embedded Ecological 
Footprint.

1   The only “waste stream” included in the national and regional assessments is carbon dioxide 
waste from fossil fuel burning. In theory, the Ecological Footprint measures all human-generated 
waste materials that exert pressure on the Earth’s regenerative capacity. But in practice the 
inclusion of more waste streams is limited by data constraints.

EFC EFP EFI EFE= + ( )

 

 

Ecological Footprint of Consumption

The Ecological Footprint of 
consumption indicates the 
consumption of biocapacity by a 
country’s inhabitants.
In order to assess the total 
domestic demand for resources 
and ecological services of a 
population, we use the Ecological 
Footprint of consumption (EFC). 
EFC accounts for both the 
export of national resources 
and ecological services for 
use in other countries, and 
the import of resources and 
ecological services for domestic 
consumption.
EFc is most amenable to change 
by individuals through changes in 
their consumption behavior.

Ecological Footprint of Production Net Ecological Footprint of Trade

The Ecological Footprint of production 
indicates the consumption of biocapacity 
resulting from production processes 
within a given geographic area, such as 
a country or region.
It is the sum of all the bioproductive 
areas within a country necessary 
for supporting the actual harvest 
of primary products (cropland, 
grazing land, forestland and fishing 
grounds), the country’s built-up area 
(roads, factories, cities), and the 
area needed to absorb all fossil fuel 
carbon emissions generated within the 
country.
This measure mirrors the gross 
domestic product (GDP), which 
represents the sum of the values of all 
goods and services produced within a 
country’s borders.

The Ecological Footprint of imports 
and exports indicate the use of 
biocapacity within international 
trade.
Embedded in trade between 
countries is a use of biocapacity, 
the net Ecological Footprint of 
trade (the Ecological Footprint 
of imports minus the Ecological 
Footprint of exports). If the 
Ecological Footprint embodied 
in exports is higher than that of 
imports, then a country is a net 
exporter of renewable resources 
and ecological services.
Conversely, a country whose 
Footprint of imports is higher than 
that embodied in exports depends 
on the renewable resources and 
ecological services generated by 
ecological assets from outside its 
geographical boundaries.

Figure 1. Tracking 
production, 
consumption and 
net trade with the 
Ecological Footprint: 
The Ecological 
Footprint associated 
with each country’s 
total consumption 
is calculated by 
summing the Footprint 
of its imports and 
its production, and 
subtracting the Footprint 
of its exports. This means 
that the resource use and 
emissions associated 
with producing a car 
that is manufactured 
in Russia, but sold and 
used in China, will 
contribute to China’s 
rather than Russia’s 
Ecological Footprint of 
consumption.

-
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GLOBAL hECTARES
Both the Ecological Footprint and biocapacity figures are expressed in global 
hectares (gha) — hectares of productive area with world average biological 
productivity in a given year. This expression standardizes the hectares and 
makes them globally comparable. Actual areas of different land use types (in 
hectares) are converted into their global hectare equivalents by using yield and 
equivalence factors. Yield factors are used to account for differences between 
countries in productivity of a given land type. Equivalence factors allow us 
to compare between land types by weighting their respective productiveness. 
(Please refer to Appendix 1 for information on the methodology.)

Global hectares therefore adjust physical hectares to account for their 
productivity. For example, a hectare of fertile cropland would convert to more 
global hectares than a hectare of grazing land, because cropland is able to 
generate and renew more biological activity than typical grazing land. Another 
way to look at it is that a larger physical area of grazing land would be needed 
to provide the same biocapacity as a particular physical area of cropland.

Using global hectares allows us to understand consumption from a comparable 
global perspective. It means that 1 ton of wheat consumed in Russia has the 
same Footprint as 1 ton of wheat consumed in the United States. However, 
the value of a global hectare can vary from year to year due to changes in 
productivity of the world’s surfaces.

Using global hectares as a unit to measure biocapacity may seem complex, but 
it is similar to using a standardized monetary unit in the course of financial 
accounting, such as the ruble or euro.

If a hectare of, for example, cropland 
is twice as productive as a world 
average biologically productive 
hectare, then it is classified as 2 gha.

If a hectare of, for example, grazing 
land is half as productive as a world 
average biologically productive 
hectare, then it is classified as 0.5 gha.
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INTRODUCTION
This document first describes the methodology for NFA nowcasting and 
forecasting to obtain the most up-to-date Ecological Footprint and biocapacity 
values for the years 2015-2020 for the Russian Federation, and then 
summarizes the results. Forecasting and nowcasting are techniques that allow 
us to estimate current and future National Footprint Accounts results. These 
techniques are used because there is a three- to four-year time lag between 
available input data sets for the National Footprint Accounts and the current 
year (i.e., 2014 is the latest data year for NFA 2018 Edition). The methodology 
described here applies to both nowcasted results, which estimate results up to 
the current year (2015 to 2018), and forecasted results, which estimate future 
results (2019 and 2020).

SUmmARY OF NFA DATA SOURCES  
AND OUTPUTS

The 2018 Edition of the National Footprint Accounts used more than 
30 million raw data points from over 20 data sources to produce accounts for 
over 200 countries and the world. The primary data sources are: UN FAOstat, 
UN FISHstat, UN Comtrade, and International Energy Agency’s CO2 emissions 
from the combustion of fossil fuels (see Lin et al. 2018, Borucke et al. 2013 for 
full documentation of specific data sources and data subsets).

Source data are input into an Excel workbook template, which is the 
calculation engine that quantifies the Ecological Footprint and biocapacity 
of countries and the world. The same template is used for all countries and 
all years, generating a series of results specific to unique country-years (e.g. 
Russian Federation, 2014). The workbook template produces NFA calculations 
that are transparent and reproducible.
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NOwCASTING AND FORECASTING 
mEThODOLOGY

As a general consideration, reported country data 
should be used over estimated data wherever 
possible. In cases where an incomplete but majority 
subset of reported data extends beyond the latest-
available NFA data year, Global Footprint Network 

researchers apply a naïve model to estimate missing values at the product/
commodity level.  At the same time, using the most recent national data helps  
to decrease the time lag between the year of publication and the reporting 
period, which is essential for the practical application of the Footprint data in 
territorial development planning. 

Current UN data sources report data up to the year 2014 and partial data 
in 2015. Results labelled “NFA 2018” contain the updated datasets and 
incorporate reported 2015 data from UN sources and Russian 2016-2017 
statistics as a factor to estimate results.

To estimate the Ecological Footprint and 
biocapacity of land-use components (cropland, 
grazing land, forests, fishing grounds, built-up 
land, and carbon) beyond the latest year of source 
data, Global Footprint Network researchers use an 

ensemble time-series forecasting model that was tested across all countries 
(see model selection documentation for additional details). This method 
applies an equally-weighted ensemble forecast for each land type, consisting of 
non-seasonal exponential smoothing (ETS) and an auto-regressive integrated 
moving average (ARIMA) with GDP per capita (in fixed USD) as an external 
regressor.

For non-carbon Footprint components, the ensemble model is applied to the 
per capita Ecological Footprint of consumption (EF). For the carbon Footprint 
component, Global Footprint Network researchers model the Footprint of 
production (EFp) and Footprint of trade components separately because 
reported data of CO2 production is generally more current than other datasets, 
including trade. In the case where CO2 emissions data is the dataset available 
to estimate carbon Footprint, the carbon Footprint of production is first scaled 
according to the annual change in CO2 production emissions to the latest year 
of reported data, then the ensemble model is applied.

COmmODITY-LEVEL 
FORECASTING

FORECASTING  
EACh LAND TYPE
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To estimate biocapacity land type components, Global Footprint Network 
researchers perform a linear regression of biocapacity per capita on the latest 
10 years of data, including the dataset assembled for nowcasting. They then 
use the fitted slope to estimate the annual change, beginning with the latest 
available year.

For both carbon and non-carbon land-use component Footprint forecasts, 
associated confidence intervals are calculated by drawing confidence intervals 
from individual model forecasts and combining them as the root of a weighted 
sum of squares. The weights in this calculation are the square of the maximum 
likelihood estimates associated with each model. For biocapacity estimates, 
Global Footprint Network researchers use linear model forecasts to establish 
confidence intervals.



12  |  Russia’s Biocapacity and Ecological Footprint: Nowcasting and Forecasting  from the National Footprint Accounts

RESULTS

©
 D

M
ITR

y C
h

IS
TO

P
R

U
D

O
v

 / W
W

F-R
U

S
S

IA



Russia’s Biocapacity and Ecological Footprint: Nowcasting and Forecasting  from the National Footprint Accounts   |  13

COmPARING NFA 2017 TO NFA 2018
The two NFA Editions for the data year 2013 indicate a lower per capita 
Ecological Footprint by approximately 1.7%, and a decrease in per capita 
biocapacity by 1.2% (Table 1). Changes in input data and methodology would 
account for these differences (see Lin et al. 2018 for details on data and 
methodology changes between the two editions).

In the NFA 2018 Edition, from 2013 to 2014 there was a decrease in per capita 
Ecological Footprint (-0.9%) and an increase in per capita biocapacity (1.2%) 
(Table 1).

Dataset NFA 2017 NFA 2018 NFA 2018

Data year 2013 2013 2014

Per capita Ecological 
Footprint 5.72 5.62 5.57

Per capita biocapacity 6.89 6.80 6.89

Total Ecological Footprint 820,211,113 807,677,080 801,893,166 

Total biocapacity 987,133,347 977,025,375 991,880,239

Biocapacity Reserve 20% 21% 24%

Table 1. NFA 2017 Edition and NFA 2018 Edition results for the Russian Federation

ChANGE OVER TImE:  
NOwCAST AND FORECAST RESULTS

The total Ecological Footprint of the Russian Federation increased from 
2014 to 2017 (0.8%) and is forecasted to increase by 2.8% from 2014 to 
2020 (Table 2). The overall increase during this period is primarily driven 
by increases in forest product footprint and carbon footprint. Despite an 
overall increase in Ecological Footprint over this period, the cropland, fishing 
grounds, and built-up land footprints decreased. Similar trends are observed 
for per capita Ecological Footprint values, with the notable exception of a 
decrease in per capita carbon footprint from 2014 to 2017 (-0.3%) (Table 3). 
This reflects the slight increase in the population of the Russian Federation 
(2.1%) over that same time period
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2014 2017 2020 % Change  
(2014-2017)

% Change  
(2014-2020)

Cropland  133,177,224  126,749,477  126,650,140 -4.8% -4.9%

Grazing Land  21,105,999  21,337,648  21,282,742 1.1% 0.8%

Forest Product  98,482,575  102,336,352  106,359,464 3.9% 8.0%

Fishing Ground  28,537,665  28,310,382  28,323,031 -0.8% -0.8%

Built-Up Land  5,358,397  5,076,521  5,114,644 -5.3% -4.5%

Carbon Footprint  515,231,306  524,567,058  536,433,020 1.8% 4.1%

Total 801,893,166  808,377,437  824,163,040 0.8% 2.8%

Table 2. Total Ecological Footprint of the Russian Federation, calculated from the NFA 2018 Edition
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2014 2017 2020 % Change  
(2014-2017)

% Change  
(2014-2020)

Cropland 0.92 0.86 0.86 -6.8% -6.6%

Grazing Land 0.15 0.15 0.15 -1.0% -1.0%

Forest Product 0.68 0.70 0.73 1.7% 6.1%

Fishing Ground 0.20 0.19 0.19 -2.9% -2.5%

Built-Up Land 0.04 0.03 0.03 -7.2% -6.2%

Carbon Footprint 3.58 3.57 3.66 -0.3% 2.3%

Total 5.57 5.50 5.62 -1.3% 1.0%

‡ “% Change” values in this table are calculated prior to rounding, and may not be consistent with the rounded Ecological Footprint 
per capita values presented here.

Table 3. Per capita Ecological Footprint‡, calculated from the NFA 2018 Edition
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2014 2017 2020 % Change  
(2014-2017)

% Change  
(2014-2020)

Cropland  139,642,758  144,830,682  146,552,589 3.7% 4.9%

Grazing Land  49,656,548  50,947,680  51,010,083 2.6% 2.7%

Forest Product  624,952,173  636,473,526  632,561,702 1.8% 1.2%

Fishing Ground  172,262,629  175,989,835  175,459,380 2.2% 1.9%

Built-Up Land  5,366,131  5,567,357  5,635,381 3.7% 5.0%

Total  991,880,239 1,013,809,079 1,011,219,135 2.2% 1.9%

Table 4. Total biocapacity, calculated from the NFA 2018 Edition

Total biocapacity increased across all land types from 2014 to 2020 (Table 4). 
However, this increase is tempered by the fact that per capita biocapacity 
increased less than total biocapacity across all land types except forest land, 
where per capita biocapacity decreased (Table 5). 
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2014 2017 2020 % Change  
(2014-2017)

% Change  
(2014-2020)

Cropland 0.97 0.98 1.00 1.5% 3.1%

Grazing Land 0.34 0.35 0.35 0.4% 0.9%

Forest Product 4.34 4.33 4.31 -0.3% -0.6%

Fishing Ground 1.20 1.20 1.20 0.0% 0.0%

Built-Up Land 0.04 0.04 0.04 1.6% 3.2%

Total 6.89 6.89 6.90 0.1% 0.1%

‡ “% Change” values in this table are calculated prior to rounding, and may not be consistent with the rounded biocapacity per 
capita values presented here. 

Table 5.  Per capita biocapacity‡, calculated from the NFA 2018 Edition

Together, the trends in both biocapacity and Ecological Footprint suggest that 
the availability and demand for forest land biocapacity is an important area 
of focus. The two footprint categories that are projected to increase, forest 
product footprint and carbon footprint, both require forest land biocapacity, 
which, on a per capita basis, is the only biocapacity category that is decreasing. 
Forest land is also the largest source of biocapacity for the Russian Federation.
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In 2017, Russia’s Ecological Footprint and biocapacity 
were for the first time calculated not only on the basis 
of United Nations (UN) data, but also using the most 

up-to-date Russian national statistics. In particular, we relied on the national data 
on forested areas, land area under all types of agricultural land, GDP data, and 
several other data points. The nowcasting made it possible to significantly reduce 
the time lag between the publication year and the reporting period, which, when 
using only UN data, could be up to 3-4 years. 

The Russian Federation is currently one of the 
World's most biocapacity-rich nations. As of 
2017, Russia had 986,000,000 global hectares of 

biocapacity and ranked number four globally after Brazil, China and the United 
States. Russia is also among the few countries whose biocapacity reserves are 
projected to remain stable, unlike, for example, Brazil with its vast but declining 
natural capital.

Though the overall outlook is generally positive, some of the individual 
components of Russia’s vast biocapacity are at risk. Thus, the forests biocapacity 
is expected to go down by 0.6% by 2020, while at the same time the forest 
products Footprint is predicted to increase by at least 6.1%, which indicates 
an increasing pressure on Russia’s vulnerable boreal forest ecosystems. 
With considerable share of the commercial logging concentrated in Russia’s 
biodiversity hotspots, including the Far East and Western Caucasus, this trend 
could also indicate risks for local flora and fauna. Furthermore, the projected 
3.1% increase in cropland biocapacity may only be possible because of the 
reduction of forests, which is already happening in the Russian Far East where 
natural vegetation is currently being destroyed to give way to commercial soy 
plantations. To mitigate potential risks for Russia’s forest ecosystems, it seems 
advisable to pay more attention to forest conservation and restoration projects 
in the WWF priority eco-regions, with a particular focus on intact forest 
landscapes (IFLs) and high conservation value forests (HCVFs).

The total Ecological Footprint of the Russian 
Federation in 2017 made up 799,000,000 global 
hectares, while per capita values reached 5.57 gha. 

This is almost three times more than the globally sustainable level of 1.7 gha. 
The average per capita Ecological Footprint in Russia is the highest among 
the BRICS countries; it is 51% higher than in China, 64% higher than in South 

INTERPRETING ThE NOwCASTING RESULTS

USING NATIONAL DATA 

BIOCAPACITY TRENDS 

FOOTPRINT TRENDS 
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Africa, 80% higher than in Brazil, and 406% higher than in India. It is also 
11% higher than in Germany and 13% than in Switzerland. Nevertheless, it 
is 34% lower than in the United States, and almost three times less than that 
of Qatar. This is an alarming trend, because Footprint basically represents 
what is consumed with a country, and Russia’s per capita GDP is significantly 
lower – not higher – than Germany’s or Switzerland’s.

The nowcasting results demonstrate a generally stable state of Russia’s 
renewable biological resources. The country’s Ecological Footprint has 
even slightly decreased compared to the 2014 results, which may mean that 
Russia’s ecological reserves are likely to remain stable even if we see some 
per capita Footprint increase in 2018-2020 (an ecological reserve occurs 
when the available biocapacity of an area exceeds the Footprint of that area’s 
population).

However, given Russia’s significant success in 
import substitution (which should have resulted in 
a considerable decline of the transportation-related 

carbon footprint), a far a greater decline in the average per capita Footprint 
was to be expected in 2014-2017. Why the expected Footprint decline did not 
materialize is debatable, and there may be a number of underlying reasons. 
However, one of the most obvious explanations is the disappointingly low 
energy efficiency of Russia’s economy. Thus according to the International 
Energy Agency (IEA), the energy intensity of the country’s GDP is almost 
4 times higher than that of the United States, Japan and the EU average, 
and even 20-30% higher than for Brazil, India and China. Largely carbon-
based energy production combined with old and inefficient transmission and 
distribution infrastructure seem to have eaten up the potential decrease of the 
transportation-related carbon component of Russia’s Footprint resulting from 
substituting imported products by domestic production. 

Thus, if the existing significant potential for reducing the energy intensity of 
Russia's GDP through the introduction of the best available technologies and 
increasing the share of renewable energy sources is realized, we could see not 
only stabilization, but also a gradual reduction of both total and per capita the 
Ecological Footprint of the Russian Federation already in the medium term.

CAN wE DO BETTER?
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Ecological Footprint 

Ecological Footprint and biocapacity accounting answers a simple research 
question: How much do people demand from biologically productive surfaces 
(Ecological Footprint) compared to how much can the planet (or a country’s 
productive surfaces) regenerate (biocapacity)?

Economic activities fundamentally depend on ecological assets and their 
capacity for provisioning primary resources and life-supporting ecological 
services. Managing an economy’s resource dependence is becoming a central 
issue for decision-makers, particularly planners and economists. Adequate 
access to ecological assets is a necessary condition for economic success and 
lasting development gains.

Global Footprint Network uses United Nations (U.N.) data sets to calculate the 
Ecological Footprint and biocapacity of nations. The calculations are based 
on over 15,000 data points per country and year. Data points are individual 
numbers that describe resource production and use within a country, such as 
tonnes of apples harvested, or hectares of forest land. Further, the Footprint 
can be disaggregated into components. Because of limited data availability, 
National Footprint Accounts probably underestimate biocapacity deficits.

The Ecological Footprint, in its most basic form, is calculated using the 
following equation: 

 EF = D/Y   Equation 1

Where D is the annual demand of a product and Y is the annual yield of the 
same product (Borucke et al, 2013). Yield is expressed in global hectares. In 
practice, global hectares are estimated with the help of two factors: the yield 
factors, which compare national average yield per hectare to world average 
yield in the same land category; and the equivalence factors, which capture the 
relative productivity among the various land and sea area types. 

APPENDIx 1: mEThODOLOGY

Ecological Footprint demand types Biocapacity areas

Crop Cropland

Grazing Products Grazing Land

Fish Footprint Fishing Grounds

Carbon Footprint
Forest

Forest Products

Built-up Land Built-up Land

Table 1:  
Major categories in 
Ecological Footprint 
and biocapacity 
accounting. 

The forest biocapacity 
serves two competing 
uses: absorbing CO2 for 
the carbon Footprint and 
providing forest products 
such as timbre and 
firewood. 
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Taking into account these factors, the formula of the Ecological Footprint 
becomes:

 

 EF = (P/YN)*YF*EQF    Equation 2

Where P is the amount of a product harvested or waste emitted (equal to 
D above), YN is the national average yield for P, and YF and EQF are the 
respective yield factors and equivalence factors for the country and land use 
type in question. The yield factor is the ratio of national-to-world-average 
yields, which is calculated as the annual availability of usable products and 
varies by country and year. Equivalence factors translate the supply of or 
demand for an area of a specific land use type (e.g., world-average cropland 
or grazing land) into units of world-average biologically productive area 
expressed in global hectares. These factors can vary by land use type and year. 

Biocapacity 

The calculation of a country’s biocapacity begins with the total amount of 
bioproductive land and sea available in that country. “Bioproductive” refers to 
areas of land and water that support significant photosynthetic activity and 
accumulation of biomass. Barren areas of low or dispersed productivity are not 
included. This is not to say that places such as the Sahara Desert, Antarctica, 
or the alpine environments of various countries do not support life; simply that 
their production is too widespread to be directly harvestable and is negligible 
in quantity. 

Biocapacity is an aggregate measure of the amount of area available, weighted 
by the productivity of that area. It represents the ability of a biosphere to 
produce crops, livestock (grazing land), timber products (forest) and seafood 
(fishing grounds); as well as the biosphere’s ability to sequester CO2 in forests. 
It also measures how much of this regenerative capacity is occupied by 
infrastructure (built-up land). In short, it measures the ability of the available 
terrestrial and aquatic areas to provide ecological services. A country’s 
biocapacity for any land use type is calculated as: 

 BC = A*YF *EQF     Equation 3

Where BC is biocapacity, A is the available area of a given land use type, and 
YF and EQF are the yield factors and equivalence factors, respectively, for the 
land use type in question in that country. 
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Tracking the Ecological Footprint of Trade

The National Footprint Accounts

The Ecological Footprint is an environmental accounting tool introduced 
by Mathis Wackernagel and William Rees in the early 1990s (Rees, 1992; 
Wackernagel and Rees, 1996; Wackernagel et al., 2002). It calculates human 
demand on the Earth’s renewable resources, and the capacity of the Earth to 
provide those resources (biocapacity). The biologically productive land and sea 
areas that generate the renewable resources and ecological services that humans 
demand include: cropland for the provision of plant-based food and fiber products; 
grazing land and cropland for animal products; fishing grounds (marine and 
inland) for fish products; forests for timber and other forest products; uptake land 
to sequester waste (CO2, primarily from fossil fuel burning); and space for shelter 
and other urban infrastructure (Galli et al., 2014). 

While the Ecological Footprint can be calculated at various levels, national 
calculations called the National Footprint Accounts (NFA) are done each 
year by Global Footprint Network for over 200 countries (including Russia) 
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Ecological Footprint of Consumption

The Ecological Footprint of 
consumption indicates the 
consumption of biocapacity by a 
country’s inhabitants.
In order to assess the total 
domestic demand for resources 
and ecological services of a 
population, we use the Ecological 
Footprint of consumption (EFC). 
EFC accounts for both the 
export of national resources 
and ecological services for 
use in other countries, and 
the import of resources and 
ecological services for domestic 
consumption.
EFc is most amenable to change 
by individuals through changes in 
their consumption behavior.

Ecological Footprint of Production Net Ecological Footprint of Trade

The Ecological Footprint of production 
indicates the consumption of biocapacity 
resulting from production processes 
within a given geographic area, such as 
a country or region.
It is the sum of all the bioproductive 
areas within a country necessary 
for supporting the actual harvest 
of primary products (cropland, 
grazing land, forestland and fishing 
grounds), the country’s built-up area 
(roads, factories, cities), and the 
area needed to absorb all fossil fuel 
carbon emissions generated within the 
country.
This measure mirrors the gross 
domestic product (GDP), which 
represents the sum of the values of all 
goods and services produced within a 
country’s borders.

The Ecological Footprint of imports 
and exports indicate the use of 
biocapacity within international 
trade.
Embedded in trade between 
countries is a use of biocapacity, 
the net Ecological Footprint of 
trade (the Ecological Footprint 
of imports minus the Ecological 
Footprint of exports). If the 
Ecological Footprint embodied 
in exports is higher than that of 
imports, then a country is a net 
exporter of renewable resources 
and ecological services.
Conversely, a country whose 
Footprint of imports is higher than 
that embodied in exports depends 
on the renewable resources and 
ecological services generated by 
ecological assets from outside its 
geographical boundaries.

-
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using data over a period of five decades, 1961 to 2012 (Bastianoni et al., 2013; 
Kitzes et al., 2009). The time coverage of NFA data is determined by the 
data availability of the primary data sources from which the NFA is built. 
For example, The Food and Agriculture Organization of the United Nations 
Statistics Division (FAOstat) reports agricultural production and trade data 
beginning in the year 1961. 

Global Footprint Network not only updates its data on a regular basis, but 
also improves its methodology and incorporates better data where available. 
Global Footprint Network estimates that the absolute precision may be 
within 10 per cent to 20 per cent. However, the assessments of overall trends 
are more robust – this means the relative position of a country for one year 
compared to previous years within one edition is typically more robust. In 
this respect, the data shows unequivocally that humanity’s demand on nature 
is at an unsustainable level — one year is no longer enough to regenerate 
humanity’s annual demand on the planet, even using conservative data sets 
that underestimate the gap between how much humans use compared to what 
nature can renew.

The 2016 edition of the National Footprint Accounts includes 21 improvements 
over the 2015 edition, including some better data points. The most influential 
improvement is the new calculation of the world’s Average Forest Carbon 
Sequestration (AFCS) — which is the long-term capacity for one hectare of 
world-average forest ecosystem to sequester carbon dioxide. Including new 
data sources and accounting for multiple forest categories, global wildfires, 
and forest ecosystem emissions from soil and harvested wood products, 
forests were found to provide less net-sequestration of carbon than previously 
calculated. As a result, the updated calculation has revealed that the global 
carbon Footprint is 16 per cent higher than previously calculated, with a 
consequent 8 per cent increase in the global Ecological Footprint.

Interpreting Ecological Footprint Results

The Ecological Footprint addresses one key question: How much of the 
biosphere’s regenerative capacity (or biocapacity) for natural resources and 
ecological services do human activities demand? The Ecological Footprint 
framework is thus most useful to account for 1) the magnitude of humanity’s 
biophysical metabolism and 2) the competing demand such metabolism places 
on the Earth’s ecosystems. 

As reported in Galli et al., (2015), a country’s Ecological Footprint of 
consumption is determined by three main factors: the average consumption 
patterns of each resident, how resource intensive this consumption is, and the 
population of the country. Conversely, a country’s biocapacity is determined by 
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two factors: the areas of biologically productive land and water available, and 
their biological productivity levels (Galli et al., 2012a; Niccolucci et al., 2011). 
A country’s Ecological Footprint and biocapacity represent two sides of an 
ecological balance sheet: if a country’s consumption of natural resources and 
services is greater than the capacity of its ecosystems to supply them, it creates 
a situation of ecological deficit in the same way that a situation of financial 
budget deficit occurs when spending is greater than revenue (Monfreda et al., 
2004). 

During the last decade, the Ecological Footprint has helped reopen the 
sustainability debate (e.g., Wiedmann and Barrett, 2010) by communicating 
the scale of humanity’s overuse of Earth’s natural resources and ecosystem 
services in simple and powerful terms. However, as a biophysical 
measure, Footprint accounts cannot be used to evaluate the social and 
economic dimensions of sustainability. The Ecological Footprint should be 
complemented with other indicators and tools to arrive at comprehensive 
sustainability assessments. Moreover, even within the environmental pillar 
of sustainability, National Footprint Accounts are not able to quantify human 
environmental damage or pollution, nor indicate the intensity with which 
a biologically productive area is being used or whether current resource 
management practices can be sustained. Biocapacity and Ecological Footprint 
accounts document the supply and demand of natural resources and services 
based on historical datasets. Persistent or harmful environmental practices, 
which reduce the ability of our ecosystems to provide these natural resources 
and services, are reflected in biocapacity accounts only during the time period 
which reduction in productivity has occurred and is recorded – not before (Lin 
et al., 2015a). 

Historically, human economies have increased the biocapacity of their existing 
environment by investing in practices such as fertilizer-use and technology 
improvements, some of which come at a high Footprint cost. The use of 
fossil fuels, for example, has enabled societies to improve their economic 
and resource situations. However, the resulting anthropogenic emission of 
CO2 at rates faster than our ecosystems can sequester has led to damaging 
levels of CO2 accumulation in our atmosphere. It is very difficult to determine 
the balance between additional biocapacity gained relative to the additional 
Ecological Footprint cost. 

Nevertheless, current Footprint accounts tell us that humanity’s annual 
demand has overshot the earth’s ability to supply natural resources and 
services and can be interpreted as a proxy for the minimum magnitude 
of human demand on nature. These accounts also show that the impact of 
current policies to promote sustainable use of resources is insufficient to 
address resource limitations and trends highlighted by Ecological Footprint 
accounts (Goldfinger et al., 2014; Lin et al., 2015b).
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Data Quality Scores 

The National Footprint Accounts use internationally available data from 
multiple datasets for all countries for each year dating back to 1961. Data 
are reported by country statistical offices to the United Nations Food 
and Agriculture Organization (FAO) without margins of error. (Similarly, 
standard data in financial accounting are not given with margins of error 
in measurement.) In some cases, data may be limited, unavailable, or may 
contain apparent errors. Because of this, reported data can only be analyzed 
statistically and compared to an expected distribution. 

At the most detailed level (raw data reported by countries), primary data 
aggregators such as FAO apply statistical methods to determine and clean 
potential outliers, or points that are considered statistically unlikely given a 
sample of similar values. The specific statistical methodology is not provided 
to the public. Global Footprint Network applies a conservative multi-pass 
statistical analysis to trade data to assess how far a specific data point may 
vary from a normal range of expected values in terms of monetary value per 
unit weight, taking into consideration specific commodities, specific country 
income groupings, and change over time. 

At the aggregate level, our algorithm also considers high inter-annual 
variation or spikes/dips in resource consumption. These data are flagged and 
investigated, and when not accompanied by major known changes within a 
country (such as major recession, war, or redefinition of borders/population) 
these data are flagged as unlikely. The specific methodology for this analysis is 
confidential to Global Footprint Network.

As more detailed data becomes available from new/existing sources and 
country reporting improves, so do the statistical approaches. The research 
team at Global Footprint Network actively engages with a community of 
scientists from data providing organizations (Eg. FAO, GTAP, Sea Around Us) 
in order to analyze and integrate each dataset appropriately.

While the National Footprint Accounts include some data error improvement 
and estimation of missing data, results for countries and/or years are 
inevitably of variable reliability. As part of the completion of an Edition, 
researchers assess a level of confidence in the final results for each country, as 

follows: 
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Quality 
Score Criterion for NFA qualification

6 • No component of biocapacity or Ecological Footprint has been determined to be 
unreliable or unlikely for any year.

5

• No component of biocapacity or Ecological Footprint has been determined to be 
unreliable or unlikely for the latest data year. 
• Some individual components of the Ecological Footprint or biocapacity have results 
that have been determined to be unreliable or unlikely, but not in the latest data year. 
• The total Ecological Footprint and biocapacity results are not impacted significantly 
by the unlikely or unreliable component values. 

4

• No component of biocapacity or Ecological Footprint has been determined to be 
unreliable or unlikely for the year prior to the latest data year. 
• Some individual components of the Ecological Footprint or biocapacity have results 
that have been determined to be unreliable or unlikely, including the latest data year. 
• Total Ecological Footprint and biocapacity values may be impacted by the unlikely 
or unreliable component values in the most recent data year.

3 B

• No component of biocapacity or Ecological Footprint has been determined to be 
unreliable or unlikely for the latest data year. 
• Some individual components of the Ecological Footprint or biocapacity have many 
results that have been determined to be very unreliable or very unlikely, but not for 
the latest data year.
• The total Ecological Footprint and biocapacity results may be impacted by the 
unlikely or unreliable values, but not so much that the totals are unusable. 

3 T

• Some individual components of the Ecological Footprint or biocapacity have many 
results that have been determined to be very unreliable or very unlikely, including the 
latest year. 
• The total Ecological Footprint and biocapacity results may be impacted by the 
unlikely or unreliable values, but not so much that the totals are unusable. 

3 L

• No component of biocapacity or Ecological Footprint has been determined to be 
unreliable or unlikely for the latest data year. 
• Some individual components of the Ecological Footprint or biocapacity have many 
results that have been determined to be very unreliable or very unlikely, but not for 
the latest data year. 
• The total Ecological Footprint and biocapacity results are significantly impacted by 
the unlikely or unreliable values, making them unusable. 

2

• Some individual components of the Ecological Footprint or biocapacity have many 
results that have been determined to be very unreliable or very unlikely, including the 
latest year. 
• The latest year's total Ecological Footprint and biocapacity results may be impacted 
by the unlikely or unreliable values, but not so much that the totals are unusable. 
• Total Ecological Footprint and biocapacity results for years prior to the latest data 
year are significantly impacted by the unlikely or unreliable values, making them 
unusable.

1

• Some individual components of the Ecological Footprint or biocapacity have many 
results that have been determined to be very unreliable or very unlikely, including the 
latest year. 
• The total Ecological Footprint and biocapacity results - including those of the latest 
year - are significantly impacted by the unlikely or unreliable values, making them 
unusable.  
• The unlikely or unreliable values have most likely not impacted the creditor/debtor 
status, however.

0

• Some or all individual components of the Ecological Footprint or biocapacity have 
many results that have been determined to be very unreliable or very unlikely, 
including the latest year. 
• The total Ecological Footprint and biocapacity results - including those of the latest 
year - are significantly impacted by the unlikely or unreliable values, making them 
unusable.  
• The unlikely or unreliable values have most likely impacted the creditor/debtor 
status.

Table 2:  
Data Quality 
Scores for National 
Footprint Accounts 

The data quality score for the National Footprint Accounts of Russia is 6. 
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Methodology:  
Multi-Regional Input-Output Footprint Accounts (MRIO-FA)

In order to track the contribution of economic activity to demands on the 
biosphere, data and analytical methods are needed to identify demands and 
allocate them to the various economic activities. 

For this report, we use Global Trade Analysis Project (GTAP)-based 
Environmentally-Extended Multi Regional Input Output analysis (EE-MRIO). 
The multi-regional feature is needed because modern economies are deeply 
embedded in import and export flows. It is environmentally extended, because 
standard Input-Output models track financial flows. By extending them, we 
overlay these financial flows with the associated resources. 

GTAP is one of the most comprehensive global models available, and the 
strongest one for analysis that includes biological resources. Even though 
the model is limited to 57 sectors, many of them are within the agricultural 
or forestry domain, making it particularly suitable for Ecological Footprint 
related analyses. With 57 sector types and 140 regions, GTAP provides an 
input-output table of 7,980 unique sectors, all of which are inter-related 
through direct or indirect monetary flows.

For the environmental extension, we use Ecological Footprint. This 
information is derived from the Global Footprint Network’s National Footprint 
Accounts, 2016 edition. We call this combination of GTAP’s MRIO and 
Global Footprint Network’s National Footprint Accounts MRIO-FA (standing 
for MRIO Footprint Accounts). We use our MRIO-FA model to generate 
the Footprint intensities associated with economic sectors and consumer 
spending. The MRIO-FA model uses financial data on purchases between 
sectors of the economy and purchases by final consumers as a proxy for flows 
of embodied resources.

EE-MRIO analysis allows for analyzing trade from two distinct perspectives, 
which are referred to in the MRIO-FA model as “direct trade” and “origin-
destination.” Direct trade captures the Footprint embodied in an actual 
transaction, where a sector sells goods or services to another sector or to a 
final consumer. Origin-destination trade captures the connection between 
where Footprint was originally generated and where that Footprint was finally 
consumed.

For example, if the cotton growing industry in Brazil sells raw cotton to the 
textile manufacturing industry in Vietnam, the embodied cropland Footprint 
in the cotton would be counted as a direct export to Vietnam. The Vietnam 
textile industry then uses that cotton to produce cotton fabric, which it 
could sell to the clothing manufacturing sector in Vietnam. Since the fabric 
stays within Vietnam, this sale is not counted as trade, though it does carry 
embodied cropland Footprint from the cotton as well as embodied carbon 
Footprint from emissions generated in the manufacturing process. The 
clothing sector in Vietnam then turns the cotton fabric into clothing, which 
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it could export to retail clothing stores in Russia. This direct export to the 
retail sector in Russia would carry embodied cropland Footprint as well as 
carbon Footprint from the entire manufacturing process. When the final 
consumer, a shopper at the store in Russia, purchases the clothing, they are 
consuming the entire Footprint of this long chain, from the cropland in Brazil, 
to the emissions from the manufacturing sectors in Vietnam, the emissions 
from transporting the goods, and the energy use of the retail stores in Russia. 
All along the way, Footprint was imported and exported again, while more 
Footprint was being generated by the activities of each sector.

Direct trade occurs each time a product crosses borders, and the Footprint of 
that trade captures the entire embodied resource use of that product. Direct 
trade analysis would show Brazil exporting cropland Footprint to Vietnam, 
and Vietnam exporting both cropland and carbon Footprint to Russia. 

Origin-destination analysis, however, would show the situation differently. 
Origin-destination would show Brazil ‘exporting’ cropland Footprint to the 
final consumer in Russia, and Vietnam ‘exporting’ carbon Footprint to the 
final consumer. 

Methodology: Consumption Land Use Matrix (CLUM)

The CLUM indicates the Ecological Footprint associated with purchases in 
major consumption categories. A CLUM is unique to the economic system of 
a country, and can often highlight surprising findings that reveal important 
underlying features of a nation’s consumption and its impact on ecological 
systems.

CLUMs are also used as reference points. The National CLUM describes 
consumption pattern at the national level. By using data that compares 
national average consumption in various categories with local consumption, 
an estimate of a local CLUM can be calculated. This approach is used for 
estimating the consumption Footprint of sub-national populations, for 
example cities or states. (See description below.)

The most common way to generate CLUMs is to use environmentally-extended 
input-output (IO) models – tying consumption also to expenditure categories. 
See the Methodology: Multi-Regional Input-Output Footprint Accounts 
(MRIO-FA) section for more discussion on environmentally extended input-
output analysis. 

Within the CLUM, there are two broad classifications:

1. Areas that are under direct short-term influence by households, such as 
direct consumption under the broad categories of food, shelter, personal 
transportation, goods, and services.

2. Areas that are under long-term or indirect influence by households, such as 
capital investment and infrastructure and government expenditure.
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In the MRIO-FA model, capital investment and infrastructure comes from 
investment by firms (e.g., new factories and machinery). Government 
consumption relates to the ongoing consumption associated with the functions 
of the government, some of which might directly and materially benefit 
households.

Within the areas of direct short-term influence, the top level row categories 
are: food, housing, mobility (or personal transportation), goods, and services. 
Each top-level category is further broken down into sub-categories given by 
Classification of Individual Consumption According to Purpose (COICOP) 
classifications established by the United Nations.

Two categories of particular interest are “Electricity, gas and other fuels” under 
Housing, and “Operation of personal transport equipment” under Mobility. 
These categories include direct emissions from households due to fossil fuel 
combustion (e.g., gasoline for transportation and natural gas for heating) 
which are not passed through the input-output analysis.

The columns list each land use type and the total, therefore each cell refers 
to the Ecological Footprint on a certain land use type resulting from final 
purchases falling under each consumption category. For example, the grazing 
land Footprint associated with food purchases is 0.04 gha per person.
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