
Environmental Indicators: 
Water Consumption (SUSI)

UNITS
Unitless, 
km3 total annual irrigation water/ km3 sustainable 
annual water consumption (renewable blue water 
availability)

SUSI(USA, 2016) - 0.81

DATA SOURCE
*adopted from water scarcity (WS) index in Mekonnen and Hoekstra, 2016
Rosa, L., Rulli, M.C., Davis, K.F., Chiarelli, D.D., Passera, C., and D’Odorico, P. (2018). Closing the yield gap while ensuring water sustainability. Environ. Res. Lett. 
13, 104002. 23. 
Rosa, L., Chiarelli, D.D., Tu, C., Rulli, M.C., and D’Odorico, P. (2019). Global unsustainable virtual water flows in agricultural trade. Environ. Res. Lett. 14, 114001.
Mekonnen, M.M., and Hoekstra, Y.A. (2016). Four Billion People Experience Water Scarcity. Science Advances 2:e1500323, 1–7.

DEFINITION
Sustainability of Irrigation Water Consumption (SUSI) – the 
ratio of a country’s annual water consumption for irrigation 
(TIco,yr, units: km3) over the water locally available for 
irrigation practices (TSco,yr, units: km3; based on renewable 
blue water availability).

DATA BASIS
The irrigation volume TI was determined for the years 2000 and 2015 on the basis 
of model calculations. To estimate TI for the remaining years, the change in the 
area equipped for irrigation is taken into account. TS's estimates for the year 2000 
were established and assumed to be constant.

CALCULATION

CAVEATS
Advantage: considers water availability w/out affecting environmental flows & 
depleting freshwater stocks
Caveat: assessed on gridded level (5 arc minute), spatial heterogeneity lost on a 
national scale

THRESHOLDS*
Green: SUSI <=1 
Yellow: 1 < SUSI < 2 
Red: SUSI >=2

PERIOD
1996-2016



Environmental Indicators: 
Nitrogen Surplus (Nsur)

UNITS
Units: kg N/ha/year

DATA SOURCE
*based on Springmann et al., 2018 & applying risk factors from De Vries et al., 2013
Zhang, X., Davidson, E.A., Mauzerall, D.L., Searchinger, T.D., Dumas, P., and Shen, Y. (2015). Managing nitrogen for sustainable development. Nature 528, 51.
Springmann, M., Clark, M., Mason-D’Croz, D., Wiebe, K., Bodirsky, B.L., Lassaletta, L., de Vries, W., Vermeulen, S.J., Herrero, M., and Carlson, K.M. (2018). Options 
for keeping the food system within environmental limits. Nature 562, 519.
De Vries, W., Kros, J., Kroeze, C., and Seitzinger, S.P. (2013). Assessing planetary and regional nitrogen boundaries related to food security and adverse 
environmental impacts. Current Opinion in Environmental Sustainability 5, 392–402.

DEFINITION
Nitrogen surplus (Nsur) contributes to 
numerous environmental impacts, such as 
eutrophication and emissions of ammonia 
(health) and nitrous oxide (climate). Surplus 
is the sum of the of individual crop surpluses 
(N inputscr,yr – N yieldscr,yr ) per harvested 
area. 

DATA BASIS
Data on mineral fertilizer application for individual crops come from the 
International Fertilizer Association. Production volume and harvest areas are 
based on figures from the Food and Agriculture Organization (FAO) of the United 
Nations (UN). Nitrogen uptake was calculated from crop-specific production 
volumes and nitrogen concentrations.

CALCULATION

THRESHOLDS*
Green: Nsur <=52 
Yellow: 52 < Nsur < 69 
Red: Nsur >=69

PERIOD
1961-2015

Nsur(USA, 2015) - 56.1 

N surplus = N inputs(fertilization + manure + atm. deposition + bio. fixation) – N crop harvest

CAVEATS
Advantage: direct linkage with farmers’ management 
practices
Caveat: national scale estimates may underestimate 
effects of Nsur on specific regional water bodies



Environmental Indicators: 
Phosphorous Surplus (Psur)

UNITS
Kg P/ha/yr

Psur (USA, 2014) – 0.00

DATA SOURCE
* Based on Springmann et al., 2018
Zou, T., Zhang, X., and Davidson, E.A. (2020). Improving phosphorus use efficiency in cropland to address phosphorus challenges by 2050 (Earth and Space Science Open Archive)
Springmann, M., Clark, M., Mason-D’Croz, D., Wiebe, K., Bodirsky, B.L., Lassaletta, L., de Vries, W., Vermeulen, S.J., Herrero, M., and Carlson, K.M. (2018). Options for keeping the 
food system within environmental limits. Nature 562, 519.
FAO (2018). FAOSTAT statistics database.

DEFINITION
Phosphorous surplus (Psur) contributes to numerous 
environmental impacts, such as eutrophication of water 
bodies. Surplus is the sum of the of individual crop 
surpluses (P inputscr,yr – P outputcr,yr ) per harvested area. 
Inputs include applied fertilizer and manure while output 
is the amount of P in harvested crops

DATA BASIS
Psur is the P surplus for crop types, cr, and year, yr. It was reported by Zou et al.. 
Harvested area is reported by FAOSTAT.

CALCULATION

CAVEATS
Advantage: 1) it can be quantified on a national 
scale; 2) it can be easily understood by different 
stakeholders; 3) it can be compared with the 
global threshold set for P surplus 
Caveat: makes assumptions about the fraction 
of P surplus that is retained in soils

THRESHOLDS*
Green: Psur <=3.5
Yellow: 3.5 < Psur < 6.9 
Red: Psur >=6.9

PERIOD
1961-2014

P surplus = P inputs(fertilizer + manure) – P crop harvest



Environmental Indicators: 
Land Cover Change (LCC)

UNITS
Ha-deforested/ha-cropland-area/yr

LCC(USA, 2015) - 1.31e-04

DATA SOURCE
* Based on Springmann et al., 2018
Global Forest Watch
Curtis, P.G., Slay, C.M., Harris, N.L., Tyukavina, A., and Hansen, M.C. (2018). Classifying drivers of global forest loss 1111, 1108–1111.
Springmann, M., Clark, M., Mason-D’Croz, D., Wiebe, K., Bodirsky, B.L., Lassaletta, L., de Vries, W., Vermeulen, S.J., Herrero, M., and Carlson, K.M. (2018). Options for keeping the 
food system within environmental limits. Nature 562, 519.

DEFINITION
Deforestation due to agriculture reduces biodiversity, and 
adversely affects hydrologic and biogeochemical cycles. 
Hence, the impacts of land use and loss of biodiversity due 
to agricultural activities is evaluated with Land Cover 
Change (LCC).

DATA BASIS
The conversion of forest areas into both temporary (shifting crops) and permanent 
arable land was determined by remote sensing data for the years 2001-2015. The 
agricultural area (arable land and grassland) is based on figures from the Food 
and Agriculture Organization (FAO) of the United Nations (UN).

CALCULATION
The deforestation rate is determined by the annual tree 
cover loss due to shifting agriculture  SA and 
commodity-driven deforestation CD divided by cropland 
area, obtained from FAOSTAT representing land area for 
crop cultivation.

THRESHOLDS*
Green: LCC <=0
Yellow: 0 < LCC < 0.0053 
Red: LCC >= 0.0053

PERIOD
2001-2015



Environmental Indicators: 
Greenhouse Gas Emissions (GHG)

UNITS
ton CO2eq/ha

GHG(USA, 2016) - 0.89

DATA SOURCE
* Based on Springmann et al., 2018
FAO (2018). FAOSTAT Statistics Database
Springmann, M., Clark, M., Mason-D’Croz, D., Wiebe, K., Bodirsky, B.L., Lassaletta, L., de Vries, W., Vermeulen, S.J., Herrero, M., and Carlson, K.M. (2018). Options for keeping the 
food system within environmental limits. Nature 562, 519.

DEFINITION
total greenhouse gas emission from agriculture activities 
per harvested area (greenhouse gas)

DATA BASIS
Both the total emissions of N2O and CH4 and the agricultural area (arable land 
and grassland) are based on figures from the Food and Agriculture Organization 
(FAO) of the United Nations (UN).

CALCULATION

THRESHOLDS*
Green: GHG <=0.86
Yellow: 0.86 < GHG < 1.08 
Red: GHG >=1.08

PERIOD
1961-2016



Environmental Indicators: 
Soil Erosion (SER)

UNITS
ton/ha

SER(USA, 2016) - 3.70

DATA SOURCE
*USDA recommendation in Stefano et al. (2016)
Borrelli, P., Robinson, D.A., Fleischer, L.R., Lugato, E., Ballabio, C., Alewell, C., Meusburger, K., Modugno, S., Schutt, B., Ferro, V., et al. € (2017). An assessment of the global impact of 
21st century land use change on soil erosion. Nat. Commun. 8. https://doi.org/10.1038/ s41467-017-02142-7
Stefano, C., Ferro, V. 2016. Establishing Soil Loss Tolerance: An Overview. Journal of Agricultural Engineering

DEFINITION
Soil erosion of arable land leads to loss of soil fertility as 
well as inputs of sediment and nutrients into adjacent 
ecosystems and waters. The extent of erosion depends 
on numerous factors, such as land cover, crops grown, 
slope and field cultivation measures. 

DATA BASIS
Spatially differentiated estimates of soil erosion of arable land were published in a 
study by the EU Joint Research Centre for the years 2001 and 2012. These 
include the above factors based on statistics as well as socio-economic variables. 
Between the years, the values were scaled linearly, before and after constancy 
was assumed.

CALCULATION

CAVEATS
Advantage: provides info on subnational soil 
erosion potential
Caveat: limited temporal dynamics (only 
considers two years; 2001 & 2012)

THRESHOLDS*
Green: SER <= 1
Yellow: 1 < SER < 5 
Red: SER >= 5

PERIOD
1990-2016



Economic Indicators: 
Labor Productivity (AGDP)

UNITS
2011 US$ PPP

AGDP(USA, 2016) - 85464 

DATA SOURCE
*thresholds are based on the 25 percentile and 75th percentile of all available country data across all available years
World Bank (2018). World Development Indicators

DEFINITION
Agricultural labor productivity. AGDP, is measured as the 
GDP from agriculture per agricultural worker. We use 
AGDP as a proxy for labor productivity and reflection of the 
efficiency of the labor used. 

DATA BASIS
The indicator was taken directly from a World Bank database. To compensate for 
currency fluctuations and other economic effects, gross domestic product is 
calculated on the basis of the purchasing power parity of 2011 [USD].

CALCULATION

CAVEATS
Advantage: transparent measure of the ability of a 
worker to generate income and a livelihood 
Caveat: does not include informal labor and effective 
labor hours and, like many aggregate measures from 
national accounts, is subject to measurement error 
and biases

THRESHOLDS*
Green: AGDP >= 7,946
Yellow: 460 < AGDP < 7,946
Red: AGDP <= 460 
PERIOD
1997-2016

 



Economic Indicators: 
Finance Access (A2F)

UNITS
score

A2F (USA, 2016) - 100 

DATA SOURCE
EIU (2018). Global Food Security Index. The Economist Intelligence Unit. https://foodsecurityindex.eiu.com/.

DEFINITION
Capital investment is an important element in agricultural 
production. Access to finance (access to finance; A2F) can 
increase the means of agricultural production, enable 
long-term investments and thus maintain and improve 
agricultural productivity.  Since there is no systematic 
collection of data on credit availability for agriculture, this 
data is based on a score.

DATA BASIS
Data were compiled by EIUs for representative countries and evaluated on the 
basis of expert knowledge. Since data are not available for all countries, all 
countries have been divided into five groups globally.

CALCULATION
The availability of funding for farmers is determined by the 
Economist Intelligence Unit (EIU) on the basis of grades 
ranging from 0=no access to 4=comprehensive access. The 
grade was converted into percent (grade 4=100%).

CAVEATS
Advantage: 
Caveat: countries only classified into five groups; 
it is only available for the period of 2012-2016

THRESHOLDS
Green: A2F >= 100
Yellow: 25 < A2F < 100
Red: A2F <= 25 

PERIOD
2012-2014



Economic Indicators: 
Price Volatility (PVOL)

UNITS
unitless

PVOL (USA, 2016) – 0.16 

DATA SOURCE
*thresholds are based on the 25 percentile and 75th percentile of all available country data across all available years
FAO (2018). FAOSTAT Statistics Database

DEFINITION
Harvest prices are essential for the incomes of arable 
farmers and animal breeders who use plants as animal 
feed. Crop price volatility (crop price volatility; PVOL) is 
therefore an economic risk factor. It is calculated here 
from the sum of the standard deviation (σ) of monthly 
prices in relation to their annual average (μ) for each 
crop species (c), weighted according to their share of the 
total production volume.

DATA BASIS
Monthly producer prices for 212 products are published by the Food and 
Agriculture Organization (FAO) of the United Nations (UN). 

CALCULATION

CAVEATS
Advantage: 
Caveat: data is only available for the period of 2010-2016. previous years could be 
important indicators

THRESHOLDS*
Green: PVOL <= 0.10
Yellow: 0.23 > PVOL > 0.10 
Red: PVOL >= 0.23 

PERIOD
2010-2016



Economic Indicators: 
Government Support (AEXP)

UNITS
2011 US$ PPP

AEXP (USA, 2015) - 9599

DATA SOURCE
*thresholds are based on the 25 percentile and 75th percentile of all available country data across all available years
IFPRI (2015). Statistics on Public Expenditures for Economic Development (SPEED).
FAO (2018). FAOSTAT Statistics Database
Beltran-Pen˜ a, A., Rosa, L., and D’Odorico, P. (2020). Global food self-sufficiency in the 21st century under sustainable intensification of agriculture. Environ. Res. 
Lett. 15, 095004.

DEFINITION
Government agricultural expenditure (agricultural 
expenditure; AEXP) are used to create incentives and 
stabilise the agricultural sector. They include all transfers 
of money from the public sector to stabilise the 
agricultural market, increase farmers' incomes, reduce 
risks, improve farmers' training, etc. Public agricultural 
expenditure [USD] is put in relation to the number of 
workers in agriculture. 

DATA BASIS
The number of agricultural workers is based on data from the World Bank. Public 
spending on agriculture comes from data from the FAO and the International Food 
Policy Research Institute. To compensate for currency fluctuations and other 
economic effects, gross domestic product is calculated on the basis of the 
purchasing power parity of 2011 [USD].

CALCULATION

CAVEATS
Advantage: 
Caveat:

THRESHOLDS*
Green: AEXP >= 2,405
Yellow: 2,405 > AEXP > 25 
Red: AEXP <= 25 

PERIOD
1997-2015

 



Economic Indicators: 
Trade Openness (TROP)

UNITS
percentage

TROP (USA, 2016) - 71.7 

DATA SOURCE
*thresholds are based on the 25 percentile and 75th percentile of all available country data across all available years
U.N. Comtrade (2019). UN Comtrade Database
World Bank (2018). World Development Indicators.

DEFINITION
Market access (trade openness; TROP) indicates the 
possibility of access of agricultural products for entry into 
the world market, which implies the profitability potential of 
agriculture in international markets. Market access usually 
refers to the revenues that farmers generate in global 
markets. It is calculated here as an agricultural export 
value in relation to agricultural GDP [%].

DATA BASIS
The agricultural export value is based on the UN's Comtrade database, which 
takes into account comprehensive trade flows and also includes processed foods. 
Agricultural GDP was taken from the World Bank's World Development Indicators.

CALCULATION

CAVEATS
Advantage: measures a country’s actual values 
gained from the global market with respect to its 
agricultural GDP
Caveat: does not consider the fact that farmers in 
some resource-scarce and population-intensive 
countries (e.g., Japan and Korea) mainly obtain their 
revenues from domestic markets.

THRESHOLDS*
Green: TROP >= 71%
Yellow: 17% < TROP < 71%
Red: TROP <= 17%

PERIOD
1997-2016



Economic Indicators: 
Food Loss (FLP)

UNITS
percentage

FLP (Turkey, 2016) - 0.80

DATA SOURCE
*thresholds are based on the 25 percentile and 75th percentile of all available country data across all available years
EIU (2018). Global Food Security Index (The Economist Intelligence Unit). https://foodsecurityindex.eiu.com/.

DEFINITION
Reduction in food losses (food loss; FLS) can increase 
producer profits and contribute to food security. Since 
the indicators used here focus on the production side, 
losses from the retail trade are not taken into account. 
The indicator reflects the losses as a share [%] of the 
harvest weight.

DATA BASIS
Production data come from the Food and Agriculture Organization (FAO) of the 
United Nations (UN). These are aggregated into product groups. 

CALCULATION
The indicator is based on estimates by the Economist 
Intelligence Unit for 113 countries. Individual foods are 
grouped into product categories and combined with 
loss rates from the literature.

CAVEATS
Advantage: 
Caveat: high-quality data is only available for 113 countries over the period of 
2012-2016.

THRESHOLDS*
Green: FLP <= 2.2%
Yellow: 2.2% < FLP < 6.6% 
Red: FLP >= 6.6% 

PERIOD
2012-2016



CALCULATION
We first calculated the annual domestic production per 
capita of each commodity, Ci, in each country: 

Social Indicators: 
Crop Diversity (H index)

UNITS
counts

H index(USA, 2016) - 69

DATA SOURCE
*thresholds are based on the 25 percentile and 75th percentile of all available country data across all available years
Seekell, D., Carr, J., Dell’Angelo, J., D’Odorico, P., Fader, M., Gephart, J., Kummu, M., Magliocca, N., Porkka, M., and Puma, M. (2017). Resilience in the global food 
system. Environ. Res. Lett. 12, 025010.
FAO (2018). FAOSTAT Statistics Database

DESCRIPTION
Crop production diversity (crop production diversity; H 
index) represents a resilience factor against yield 
losses. 

DATA BASIS
Quantification based on production statistics for >150 crops from the Food and 
Agriculture Organization (FAO) of the United Nations (UN).

CAVEATS
Advantage: Crop diversity H index has been 
published as a resilience indicator 
Caveat: It only includes crops that can provide 
sufficient calories to consumers

THRESHOLDS*
Green: H index >= 48
Yellow: 48 > H index > 22 
Red: H index <= 22 

PERIOD
1961-2016

where Ki is the total kcal produced by each commodity in a given year, and Pi is 
the population

We then calculated the h-index as the largest rank for which the rank is equal or 
less than the corresponding Ci. In other words, an h-index of 20 indicates that a 
country has 20 commodities that produce at least 20 kcal per capita.



Social Indicators: 
Food Affordability(RSE)

UNITS
percentage

RSE (USA, 2011) – 91.8

DATA SOURCE
*thresholds set are based on expert opinions. If households in the bottom 20th percentile can fully cover food expenses, this is considered sustainable.
World Bank (2018). World Development Indicators. http://iresearch. worldbank.org/PovcalNet/index.htm
https://www.wider.unu.edu/project/wiid-world-income-inequality-database.

DEFINITION
Food affordability; RSE) is a resilience factor of food 
security. It reflects the resilience of the lowest 20th 
percentile of a country's households in income to 
short-term changes in food prices. The indicator is 
calculated from the average income per person of the 
bottom 20% of households compared to the food 
expenditure of the same per person [%].

DATA BASIS
Average income by percentile is based on World Bank calculations. The food 
expenditure of the bottom 20th percentile was calculated from the Food Price 
Index of the Food and Agriculture Organization (FAO) of the United Nations (UN).

CALCULATION

CAVEATS
Advantage: reflects resilience of food system 
from consumption side
Caveat: lowest 20% income households are not 
necessarily all farmers’ households

THRESHOLDS*
Green: RSE >= 100%
Yellow: 30% < RSE < 100% 
Red: RSE <= 30% 

PERIOD
1992-2011

 



CALCULATION
The calculation is carried out by the Food and Agriculture 
Organization (FAO) of the UN. It is based on estimates of 
the number of people without adequate access to food 
through household surveys, statistics on food availability 
and the total population.

Social Indicators: 
Under-nourishment (UDN)

UNITS
percentage

UDN (USA, 2016) – 2.5

DATA SOURCE
*
FAO (2018). FAOSTAT statistics database

DESCRIPTION
Malnutrition (prevalence of undernourishment; UDN) 
indicates the proportion of the population [%] whose 
habitual food consumption is not sufficient to provide 
the energy needed to maintain a normal active and 
healthy life.

DATA BASIS
Data are based on household surveys, statistics on food 
consumption and the nutritional value of individual foods 
as well as population figures. 

CAVEATS
Advantage: 
Caveat:

THRESHOLDS*
Green: UDN <= 0
Yellow: 0 < UDN < 7.5 
Red: UDN >= 7.5 

PERIOD
2000-2016



CALCULATION
The indicator is calculated by the World Bank from 14 
variables, each of which quantifies the ratio of women to 
men, such as literacy, filling of management positions, 
access to the labor market or life expectancy.

Social Indicators: 
Gender Gap Score (GGG)

UNITS
percentage

GGG (USA, 2016) – 72.2

DATA SOURCE
*The maximum value is 100%, in this case women have at least the same access as men in all areas. The thresholds of 70% and 80% selected here are based on 
the distribution of current gender gap scores.
World Economic Forum (2018). The Global Gender Gap Report 2018 (World Economic Forum).

DEFINITION
The Global Gender Gap Score (GGG) has no specific 
agricultural component but quantifies relative 
differences [%] between women and men in four key 
areas: health, education, business and politics. 

DATA BASIS
Most of the underlying data comes from publicly accessible databases of 
organizations such as the ILO, WHO and other UN institutions. 

CAVEATS
Advantage: 
Caveat: not specific for gender gap in 
population involved in agricultural production; 
SAM assumes the gender gap in agricultural 
sector is similar to the general conditions for a 
country

THRESHOLDS*
Green: GGG >= 80%
Yellow: 70% < GGG < 80% 
Red: GGG <= 70% 

PERIOD
2006-2016



Social Indicators: 
Rural Poverty (RPV)

UNITS
percentage

DATA SOURCE
Sachs, J., Schmidt-Traub, G., Kroll, C., Lafortune, G., and Fuller, G. (2019). Sustainable development report 2019. Bertelsmann Stiftung and Sustainable 
Development Solutions Network (SDSN): New York, NY, USA.

DEFINITION
Rural poverty ratio (RPV) is defined as the percentage 
of rural population with income under the poverty lines. 

DATA BASIS
rural poverty ratio is based on the thresholds of the 
indicator “poverty headcount ratio at $1.90/day” identified 
by Sustainable Development Report 2019 (Sustainable 
Development Report 2019: Table 10, SDG1)

CAVEATS
Advantage: Rural poverty is an important 
aspect to show farmers’ wellbeing.
Caveat: Rural poverty is not equivalent to 
farmers’ poverty, and it only includes data for 
developing countries. Rural areas in 
developing countries are primarily residence 
areas for farmers, which are not true in 
developed countries.

THRESHOLDS*
Green: RPV <= 2%
Yellow: 2% < RPV < 13% 
Red: RPV >= 13% 

PERIOD
No Data NARPV(USA) – NA



Social Indicators: 
Land Rights (LRS)

UNITS
score

LRS (USA) – NA

DATA SOURCE
Wily, L.A., Tagliarino, T., Harvard Law and International Development Society (LIDS), Vidal, A., Salcedo-La Vina, C., Ibrahim, S., and Almeida, B. 
(2016). Indicators of the Legal Security of Indigenous and Community Lands.

CAVEATS
Advantage: 
Caveat: 

THRESHOLDS*
Green: LRS =< 2
Yellow: 2 < LRS < 3 
Red: RS >= 3 

PERIOD
No Data

DEFINITION
Security of land tenure fosters long-term stewardship of 
the land & agricultural practices giving farmers confidence 
to invest towards land improvements, thereby, contributing 
to sustainability, higher productivity, & income. 

CALCULATION
LRS measures legal security of community lands based on 
10 indicators. It ranges from 1-4: 1 indicates the law 
provides full legal protection; 2 recognizes the law has 
made significant progress but does not provide full 
protection; 3 implies partial legal protection but with limited 
progress; and 4 indicates absence of legal protections.
DATA BASIS
The data is collected by LandMark for 95 countries based on a review of national 
laws, which means that the implementation of these laws is not considered.

NA


