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Abstract  
Trying to achieve ecological sustainability has slowly become public policy 

in many developed countries and developing countries, but the progress of the past 

three decades has not brought sustainability into the mainstream, into the public 
consciousness. One reason is that the story is too big to tell (Hák et al., 2018). The 

need for indicators that can reduce complex analyses and data to a single value is 

greater than ever, being necessary for management and essential for public 
education. In this paper we explored two indicators for Romania’s food 

consumption profile: Minimum Arable Land and the Global Footprint Network’s 

Ecological Footprint of Consumption. Results from FAO’s 1961-2013 statistical 
dataset revealed an overall trend of increased consumption, but a stable average 

footprint for both indicators. We also found a persistent trend of replacing plant 

based calories and proteins with animal based calories and proteins. 
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INTRODUCTION 

 

The concept of resource 

footprints has gained traction 

within the past 30 years (Galil et 

al., 2012), after data technology 

has provided greater access, 

quantity and quality, allowing 

researchers to create better global 

models and access global results. 

The resulting ecologic indicators 

we call “footprints” measure, with 

considerable precision, the average 

use of natural resources and 

services of regions, nations and 

people. This new type of 

information about the relationship 

between humans and the 

environment provides tools for 

managers by the quantification of 

very complex processes, in order 

to facilitate important national and 

international goals such as the 

UN’s “Sustainable Development 

Goals” (Wackernagel et al., 2017). 

And while conservationists look at 

the whole spectrum of services and 
resources, the scope of this paper 
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is narrower: the sustainability of 

food security. Minimum Arable 

Land is a footprint that measures 

the average impact of food 

consumption on the use of arable 

land – how many hectares are 

needed to feed one person on a 

specific level of food energy 

intake. In our earlier paper (Rotar 

and Sangeorzan, 2018) we looked 

into the global situation for this 

indicator and observed that the 

ability of Minimum Arable Land 

to handle increasingly energy 

intensive diets was based strongly 

on the continuous increases in 

yields for grain. However, this 

trend of yield increases, for many 

reasons, is unsustainable (Ray et 

al., 2013).  Furthermore, the trend 

of middle-income countries 

adopting new diets that have a 

larger footprint due to the higher 

consumption of meat and dairy 

raised on feed (Hilborn et al., 

2018, Blasi et al., 2016; 

Springmann et al., 2018; Peters et 

al., 2016; Shepon et al., 2018) 

makes the importance of finding 

accurate and credible projections 

even greater. The sustainability of 

food security is important to 

everyone directly, which may help 

highlight the importance of these 

issues to the general public. To 

provide more context for the 

results, we compared footprint 

sizes with the Ecologic Footprint 

of Consumption indicator for 

Romania.

 
MATERIAL AND METHOD  

 

A “footprint” that 

represents the minimum amount of 

arable land  required to supply a 

level of caloric intake of a 

population for a certain year while 

taking into account the origin of 

the calories, whether they’re from 

primary sources (plants) or 

secondary sources (plant fed farm 

animals), was used to explore 

Romania’s Minimum Arable Land 

(MAL). The basic methodology 

was described by Puia and Soran 

in “Agroecosystems and human 

food supply” (1981) and we 

extended the methodology and 

scope in Sangeorzan and Rotar 

(2018). This paper explores the 

evolution of food supply, arable 

land and MAL for Romania 

between 1961 and 2013, based on 

data collected by FAO and made 

available by FAOSTAT (F. A. O., 

2018).  

The Ecological Footprint 

indicator (EF), constructed by the 

Global Footprint Network (GFN) 

and available as the “National 

Footprint Accounts” (NFA, 2018), 

provides a dataset of footprint 

indicators that represent the 

consumer demand on sectors of 

primary biological production 

(biocapacity).  

This methodology is 

described in detail by Borucke et 

al. (2013) and further described in 

“The Guidebook” (Lin et al., 
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2018), both data and methods 

being refined yearly. 

To compare MAL with EF, 

the Ecological Footprint of 

Consumption (EFC) indicator, the 

area required to support a defined 

population’s consumption 

(Borucke et al., 2013; Glossary, 

2018). To better match the 

agricultural scope of the 

investigation, MAL values were 

compared with the sum of 

cropland EFC and grazed 

grassland EFC, the two aspects 

that correspond to the arable land 

parameter (FAOSTAT). These 

sub-indicators, along with the 

forestry EFC and the total EFC, 

were also analysed separately for 

Romania (figure 5).

 
RESULTS AND DISCUSSION 

 

Average caloric intake, in 

kcal/cap/day (figure 1), has grown 

inconsistently over the first 

decades, but more steadily after 

the beginning of the 1990s. Peak 

intake was recorded in 2006 (3430 

kcal) while the lowest record is 

also the first (2832 kcal). Similar 

years of low-intake were 1970 

(2863 kcal) and 1992 (2835 kcal). 

The biggest change across the 

entire time period was +21.12%, 

with a range of 598 kcal and a SD 

of 175 kcal. Average energy intake 

sourced from plants (Plant based 

kcal/cap/day), making up the 

majority of used energy, remained 

stable across the period, but with a 

major decrease in the middle 

decades, from the end of the 1970s 

up to the beginning of the 2000s, a 

30 year period in which plant 

based energy intake remained 

under 2500 kcal/cap/day. The 

lowest intake was recorded in 

1992 (2120 kcal), while the peak 

intake was recorded in 2013 (2569 

kcal). The biggest change across 

the entire time period was 

+18.65%, with a range of 449 kcal 

and a SD of 119 kcal. Average 

energy intake from animals 

showed a consistently increasing 

trend over the entire period, with a 

minimum of 404 kcal recorded in 

1963 and a maximum of 904 

recorded in 2008. The year 1989 

marked one of the outlying lows in 

the trend, with 640 kcal, while 

1990 jumped one SD to 796 kcal. 

The biggest change across the 

entire period was +117.37%, with 

a range of 500 kcal and a SD of 

133.8 kcal.  

Protein supply (figure 2), 

measured in g/cap/day, follows 

similar patterns to average energy 

intake. Total protein intake  

increased overall, but with some 

drops in the 1960s and 1980s. The 

lowest average intake on record 

was registered in 1970 (84.3 g), 

while the peak was recorded in 

2008 (110.6 g). A middle low was 

recorded in 1992 (85.3 g). The 

range for the recorded period was 

26.3 g with the biggest change 

being 30.03%, and with a SD of 
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7.4 g. Plant based protein supply is 

marked by a steady decrease from 

1961 (63.7 g), with 1963 being the 

peak (63.98 g) and steadily 

decreasing until 1991 where it hit 

the lowest record (44.4 g), after 

which a slow increase followed, 

without reaching 60 g again. The 

range was 19.57 g or with the 

biggest change being 30.72%, and 

with a SD of 4.8 g. Animal based 

protein supply had a stable and 

continuous growth, with a 

minimum in 1963 (22.7 g) and a 

maximum in 2008 (55.9 g), 

passing plant based protein intake. 

The range for the entire period was 

33.1 g, which was greater than the 

minimum, producing a maximum 

change of 139%, and with a SD of 

9.2 g.  

Arable land and minimum 

arable land (figure 3) are both 

measured in hectares per capita. 

For the recorded period, 1961-

2013, arable land per capita was 

fell almost continuously from the 

beginning of the records (0.559 

ha) to the end (0.423 ha), with a 

sudden drop in 1989 marking the 

lowest record (0.405 ha). The peak 

value was recorded in 1962 (0.561 

ha). The range was 0.156 ha, with 

the biggest change being 27.93%, 

and with a SD of 0.045 ha. 

Minimum Arable Land shows a 

more unstable evolution, with 

stability and larger values between 

1961 and 1981, followed by an 

oscillatory trend with growing 

amplitudes. The peak value was 

recorded in 2007 (0.526 ha), while 

the lowest value was recorded in 

2004 (0.202 ha). The range was 

0.324 ha, with a SD of 0.057 ha , 

and with the biggest change being 

91.62%,  but showing little 

average change over time (R2 

0.017). 

Minimum Arable Land and 

GFN’s Ecological Footprint for 

Consumption, focused on 

agriculture and grassland use, are 

both measured in hectares per 

capita (figure 4). The evolution of 

the GFN EFC indicator within the 

recorded period for Romania 

shows an average stability marked 

by large fluctuations and 

oscillations. The lowest value was 

recorded in 2007 (0.636 ha), while 

the peak value was recorded in 

2004 (1.346 ha). The range was 

0.710 ha, with the biggest change 

being 84.45%. 

The Global Footprint 

Network’s Ecological Footprint of 

Consumption breaks down the 

data into several indicators (figure 

5). We report the ones relevant to 

the agricultural sector. For the 

recorded period, the average EFC 

(in ha/cap) for cropland was 0.793 

ha, followed by forestland with 

0.349 ha, grassland with 0.068 ha. 

The total’s average, which 

included the footprint for built-up 

land, fisheries and carbon, was 

2.799 ha. The minimum cropland 

footprint was recorded in 2007 

(0.568 ha) and the peak was 

recorded in 2004 (1.273 ha), the 

greatest change being 99.82%, 

with a SD of 0.155 ha. The 
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minimum forestland footprint was 

recorded in 1993 (0.254 ha) and 

the peak was recorded in 1984 

(0.638 ha), the greatest change 

being 73.17%, with a SD of 0.112 

ha.  

The minimum grassland 

footprint was recorded in 2012 

(0.062 ha) and the peak was 

recorded in 1990 (0.174 ha), the 

greatest change being 83.96%, 

with a SD of 0.026 ha.  

The minimum total 

footprint was recorded in 2000 

(2.411 ha) and the peak was 

recorded in 1988 (4.892 ha), the 

greatest change being 100.66%, 

with a SD of 0.804 ha.
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Fig. 1. Romania's protein supply in grams per capita. Breakdown of protein 

supply based on origin 

 
Fig. 2. Arable Land vs Minimum Arable Land. A comparison between 

Romania's arable land and minimum arable land (ha/cap) 
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Romania’s ecological 

footprints have changed 

significantly from in the period 

between 1961 and 2013, reflecting 

changes in consumption patterns, 

population and land use. The 

results for the energy intake 

(kcal/cap/day) show a consistent 

increase over time, but also 

highlight a more dramatic period 

 
Fig. 4. Indicator comparison: Global Footprint Network Ecological Footprint of 

Consumption vs Minimum Arable Land 

 
Fig. 3.  Global Footprint Network - Ecological Footprint indicators for Romania: 

cropland, forestland, grassland and total 
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of lower intake, of inadequate or 

poor nutrition, in the 2 decades 

leading up to dramatic political 

and social changes of 1989-1992 

in Romania. It’s important to also 

note that growth energy intake was 

based led by animal based 

calories, while plant based intake 

remained stable. The economic 

shift after 1992 is reflected by the 

growth occurring since then, while 

the 2007-2008 financial crisis 

marks the peak intake for the 

entire period. Protein intake 

follows a similar trend, but more 

intense, with the same peak period 

marking a gentle end to the end of 

a trend of replacing plant proteins 

with animal proteins. The peak 

year is also an out-lier because it’s 

the only time within the record 

when animal based protein intake 

was larger than plant based protein 

intake. 

Arable land in relation to 

MAL followed the global trend of 

decreases, but at different speeds. 

While arable land per capita was 

steadily decreasing in Romania, 

despite the drop in population, 

Minimum arable  land decreased 

much slower, reflecting the lower 

yields of agriculture in Romania. 

The Minimum Arable Land 

indicator fluctuated more and 

more, a direct result of the 

instability of yields from year to 

year. The peak record represents a 

period meat based food intake was 

highest (calories, proteins), but 

yields were poor, leading to 

dramatically unsustainable level 

relative to arable land per capita: 

just 350 m2 under the peak arable 

land value and 1111 m2 above that 

year’s arable land per capita. This 

plant to animal protein shift was a 

trend for developing or middle-

income countries, while the trend 

for developed or high-income 

countries was to have stopped 

increasing, what could be called 

“peak meat & dairy” (Rotar and 

Sangeorzan, 2018). 

The correlation between 

Minimum Arable Land the 

Ecological Footprint of 

Consumption (modified for 

agriculture) shows that both 

indicators are sensitive to the 

important changes in diet resource 

intensity and work as 2 sides of the 

same coin. While the indicators  

chart opposite directions, that’s the 

result of how yield is factored: for 

Minimum Arable Land, a bigger 

yield means a smaller footprint, as 

it means a unit of land can feed 

more people. For the WFN’s EFC, 

a bigger yield means more 

biocapacity is used, thereby 

increasing the footprint. A direct 

comparison is therefore unsuitable, 

as they mean different things. 

MAL is more sensitive to diet 

energy intensity and measures 

itself in “arable land hectares”, 

describing a characteristic of the 

average lifestyle of people of a 

country, of the final consumers, 

while the EFC is also sensitive to 

agricultural intensity and measures 

itself in “global hectares of 

biocapacity”, but describes the 
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larger food supply economic chain 

of a country.  

When managing food 

security issues, both could be used 

to more precisely narrow the 

interval of projections, from one 

side marking human-oriented 

sustainability and from the other 

side marking ecological-oriented 

sustainability.
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