
Agricultural Stress Index 

System (ASIS)

Monitoring agriculture drought with Remote Sensing 
data

Global Near Real Time cropland and grassland Agricultural Stress Index



“Drought, a complex and slowly encroaching natural hazard with significant and pervasive 
socio-economic and environmental impacts, is known to cause more deaths and displace 
more people than any other natural disaster.” UNCCD

Drought, as defined by the United Nations Convention to Combat Desertification 

(UNCCD)  means the naturally occurring phenomenon that exists when 
precipitation has been significantly below normal recorded levels, causing 

serious hydrological imbalances that adversely affect land resource production 
systems; 

DROUGHT



� Drought is a slow-onset hazard. When livelihoods fail to recover full resilience after a drought, 

a subsequent event, even if less severe, can push them more quickly into a situation of acute 

humanitarian need. 

� It can occur in any region, not only in arid and semi-arid zones

� It has important implications for its impacts on agriculture, food security and the ecosystems.

� Drought intensity: refers to the degree of the precipitation shortfall and/or the severity of 

impacts associated with the shortfall.

� Duration: Droughts usually require a minimum of two to three months to become established 

but then can continue for months or years.

DROUGHT FEATURES



DROUGHT DIMENSIONS

� Meteorological drought is related to the climate 

variability and precipitation deficiency threshold 

over a predetermined period of time.

� Agricultural drought is the availability of soil 

water to support crop and forage growth from 

the departure of normal precipitation over a 

specified period of time.

� Hydrological drought is normally defined by the 

departure of surface and subsurface water 

supplies from some average condition at various 

points in time.

� Socio-economic drought reflects the relationship 

between the supply and demand for some 

commodity or economic good, such as water, 

livestock forage, hydroelectric power, etc., that 

are dependent on precipitation. 
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METEOROLOGICAL DROUGHT

Evaporation, 

transpiration

Temp, wind, 

humidity, cloud 

cover, sun, etc.

Infiltration, runoff, 

ground water 

recharge,

Precipitation 

(amount, intensity, 

timing)

AGRICULTURAL DROUGHT

Soil water

Plant water stress, biomass and yield

HYDROLOGICAL DROUGHT

Streamflow, inflow to reservoirs, lakes, 

ponds, wetlands, wildlife habitat, etc.



The ASI or Agricultural Stress Index represents 

the percentage of the “cropped or grassland 

areas” within each “administrative region”, 

which are affected by “drought”, as derived 

from “EO-observations” and defined over the 

course of the “growing season”.

Definition of ASIS

http://www.fao.org/giews/earthobservation/



Methodological approach 

RED NIR

Water stress



In global ASIS Weight w is fixed at 0.5 so VCI and TCI contribute equally

Vegetation Health Index



Methodological flowchart





Earth Observation data

ASIS is  based on imagery from the Advanced Very High Resolution Radiometer (AVHRR) sensor.

AVHRR is built on the National Oceanic and Atmospheric Administration (NOAA) and 

Meteorological Operational Satellite (METOP) satellites.

The Advanced very-high-resolution radiometer (AVHRR) measure the reflectance in 5 spectral 

bands (AVHRR/3 has a sixth additional band), three solar channels in the visible-near infrared 
region and three thermal infrared channels. 



MetOP AVHRR

MetOp is a series of three polar orbiting meteorological satellites developed by the European Space 

Agency (ESA) and operated by the European Organization for the Exploitation of Meteorological 
Satellites (EUMETSAT).

3 satellites have been launched:
• MetOp-A - Launched 19 October 2006

• MetOp-B - Launched 17 September 2012
• MetOp-C - Launched 17 November 2018

AVHRR on MetOp provides global imagery twice a day, at 1 km resolution (at nadir), in the 

visible and infrared bands of the electromagnetic spectrum.

MetOp data are shared as decadal (S10) composites 

derived by the Flemish Institute for Technological 
Research (VITO) from the Earth Observation (EO) system 

METOP-AVHRR (1 km resolution, since March 2007) and 
freely available via the portal metops10.vito.be/.



In order to extend the time series retrospectively, similar AVHRR composites, derived from subsequent NOAA 
platforms, were acquired for the years 1984 to 2012 from the portal of NOAA-STAR.

In contrast to METOP, these NOAA-composites have a weekly frequency and a coarser resolution of 16 
km. The METOP-S10 series (starting in March 2007) is extended retrospectively (January 1984) by 
converting the NOAA-STAR composites (weekly, 16 km) to the METOP standards (dekadal, 1 km).

In both cases (METOP, NOAA) only the composite layers of NDVI (Near-infrared and red bands) and BT4 
were downloaded, because these are needed for computation of the later anomaly indicators.

NOAA AVHRR



Global phenology maps

Maps, indicating the number of growing seasons and their start and end dates, were derived 
from a multi-annual image set of SPOT-Vegetation (1999–2011).

In addition, a similar time series of dekadal NDVI composites of SPOT-Vegetation
(VGT) was downloaded for the years 1999–2011 from vito-eodata.be/ and compiled to
global mosaics, spatially congruent with the METOP imagery (1 km resolution). This VGTNDVI
series was used to define pixel-based phenologies.  (starting and ending of growing season).

The essential derivates are images with the start (SOS1, SOS2) and the end (EOS1, EOS2) of 
one or two observed seasons. The current ASIS thus assumes that the phenologies are ‘fixed’, 
based on the LTA-values, and not adapted per year.



The time series of NDVI and BT4 are affected by noise in two ways. First, they contain many missing 

values related to clouds and snow, as shown by the preprocessing cloud/snow detection 
algorithms and stored in the ‘status mask’ images which are combined with each composite. 

Second, many apparently good observations which have passed
the tests are, de facto, still affected (partly or completely) by clouds or snow. In the temporal pixel 
profiles these mostly appear as abrupt local minima.

This procedure replace suspect values with more plausible ones by means of dedicated 

interpolation procedures.

SMOOTHING AND CLEANING DATA



Based on this time series of dekadal, 1 km composites covering the years 1984 to 2011, 
three types of image are derived separately for both variables (NDVI, BT4):

1) Per dekad long-term statistics (LTS) with the mean (LTA), minimum and maximum
1984 to 2011 of NDVI and BT4

2) NDVI and BT4 anomalies derived from the comparison of the actual scene with the 
LTS

3) VCI and TCI combined into the VHI.

The underlying theory is the following: the lower the observed VCI (relatively low 
vegetation) and the higher the TCI (relatively warm weather), the lower the VHI.

OUTPUTS



Temporal integration

This involves the computation of images with the mean value of VHI (µVHI) averaged over all dekads
between the start and end of the season (SOSs to EOSs, s = 1,2)

Two modalities are available:

• Dekadal mean VHI over the growing season (for 

early warning detection)
• Annual mean VHI over the growing season (to 

understand the evolution of drought over the long-
period. 

The first is used in the NRT mode, where the growing 

season progress and also the dekades between SOS 
and the actual dekad are accounted. 



This picture illustrates the temporal integration for the annual VHI profile for a single season
pixel. In this fictitious example, VHI and its averaged value (µVHI,y,s,t) gradually
reduce to dekads 21–23, possibly due to persistent drought stress. Subsequently conditions
improve (increase in VHI) and µVHI,y,s,t partially recovers. At the end of the green
season – the entire period [SOS–EOS] is covered by µVHI,y,s,t – which now gives an overall
evaluation of the growing season. This value is assigned to the yearly µVHI,y,s.

Temporal integration



ASI is computed as the percentage of crop or 
grassland pixels (following the above-mentioned 
AFIs) within each administrative region with µVHI

below a certain threshold (currently set to 35%), and 
repeated for both seasons (s = 1,2). Thus, in 
contrast to previous indicators, ASI is an index that 
works per region and not per pixel.

Spatial integration



% CROPLAND AFFECTED BY DROUGHT FROM the start to the season to 1 dek April

http://www.fao.org/giews/earthobservation/asis/index_1.jsp?lang=en



DROUGHT INTENSITY

http://www.fao.org/giews/earthobservation/asis/index_1.jsp?lang=en



Country-Level ASIS

Based on the general methodological principles of ASIS at the global level, FAO has 

developed a tool to help countries monitor agricultural drought more accurately, by allowing 
the analysis parameters to be adapted to each country’s specific agricultural conditions.

Country-level ASIS brings together in a single index the three dimensions that characterize a 

drought event

• INTENSITY – Different values of VHI are classified due to their intensity
• TEMPORAL and SPATIAL (similarly to global ASIS).



Country-Level ASIS

This tool differs from the global ASIS in the following ways:

• The VHI<35 threshold used in the global ASIS is adjusted and modified in the country-
level version, with thresholds being identified for each crop based on production 
statistics;

• User-defined land use and administrative units;
• The tool enables the user to calculate, midway through the crop cycle, the 

probability that a specific pixel will be classified as drought-affected at the end of the 
cycle;

• The country-level ASIS uses crop coefficients (kc) to better model water sensitivity for 
each phenological stage of cultivation; 

• the values of the Agricultural Stress Index (ASI) can be used as independent variables 
to predict agricultural crop yields by multiple regression. 



Calibration of VHI thresholds

Agricultural statistics must be obtained at the lowest possible subnational level (province,

district, municipality, borough, etc.). The data required concern production, yields and 
planted

areas, with historical series spanning ten years of reliable records. 

Subsequently, a regression analysis will be performed between crop yields and the vegetation 
and temperature indices VCI and TCI. The results of this regression analysis produce the values 

“a” and “b” of Equation 1:

The values obtained will be applied as the first calibration for calculating the VHI through Equation 2:





The country-level ASIS uses crop coefficients (kc) to better model water sensitivity for each 

phenological stage of cultivation.

Ideally, kc should be defined for each combination of crop, administrative division and land 
use.

Weights are assigned for each period in the range of 0.5 – 125.0

Example of table with no distinction between Regions (region_Id = 0 and different kc for crops and period.

Crop coefficients



DATA REQUIRED FOR CL-ASIS

• Land use
• Administrative division (or any other spatial boundary – e.g. water basins, villages, etc..)

• Crop phenology (by decade 1 to 36) – this can also specified by a combination of administrative divisions and land uses.
Start of growing season (SOS)

Maximum growth date (MOS)
End of growing season (EOS)



JAVA Toolbox

Manual 1 – Data preparation

http://www.fao.org/3/ca2242es/CA2242ES.pdf

Manual 2 – Javatoolbox manual

http://www.fao.org/3/ca2247es/CA2247ES.pdf

When implementing a national 
ASIS a java toolbox allows to 

operate and generate results.



Institutional implementation of country-level ASIS 

To establish the tool at country level, it is recommended to create an inter-institutional group 

including staff from the Ministry of Agriculture, the Meteorological Institute, the Ministry of the 
Environment and other potential users

FAO will provide technical assistance to calibrate the tool, training people in the use of 

country-level ASIS and for the interpretation of the different vegetation indexes. During the 
training process the inter-institutional group will be given the historical archive (1984-to the 

present). Every 10-day FAO will supply new satellite images through the file transfer protocol 

(FTP). 

The country must have a computer with a 4TB hard drive as minimum and it should be just 

dedicated to monitoring agricultural drought. The only software requirement is to have Java. 

An advantage of country-level ASIS is that it analyses satellite data and generates early 
warning maps automatically


