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National 
Centre for 
Monitoring 
and Early 
Warnings of 
Natural 
Disasters 

• Monitors more than 1000 municipalities in Brazil and releases alerts to 
local civil defence authorities.

• Maintains a large network of sensors throughout Brazil: weather stations, 
river level gauges and meteorological radars. 

• Develops research in meteorology, hydrology, geology, sociology and 
drought. Monitors drought conditions over the Brazilian Northeast region 
(NEB), the most vulnerable and poor in the country. 

• The bulletins of drought conditions from CEMADEN are used by the federal 
government to assess which municipalities can benefit from financial 
support or crop insurance. 



Source: https://earthobservatory.nasa.gov/features/DroughtFacts



How to measure meteorological 
drought?

Total rainfall (mm)

Rainfall anomaly 
(mm)

Rainfall anomaly (%)

Standardized Precipitation 
Index (SPI)



Droughts in space and time

Source: https://theconversation.com/flash-droughts-can-dry-out-soil-in-weeks-new-research-shows-what-they-look-like-in-australia-161286 



Drought propagation

Fonte: van Loon, A. F., Ploum, S. W., Parajka, J., Fleig, A. K., Garnier, E., Laaha, G., & van Lanen, H. A. J. (2015). Hydrological drought types in cold climates: quantitative 
analysis of causing factors and qualitative survey of impacts. Hydrology and Earth System Sciences, 19(4), 1993–2016. https://doi.org/10.5194/hess-19-1993-2015



Monitoring since 2013

Attendance to the demands and actions 
of the federal government

Identification of municipalities 
affected by drought to support the 
Ministry of Agrarian Development's 
Crop Guarantee program

Support for National Water Agency 
(ANA) crisis rooms for southern, 
northern, northeastern regions, 
basins and biomes

Drought monitoring at Cemaden: past and 
present



Agricultural drought monitoring

Soil moisture (satellite)

GRACE  

CHIRPS, 
Merge (CPTEC)

Integrated Drought Index
(municipality level and raster)

Water stress in plants (satellite)

NDVI, VHI
Vegetation 

Health

Surface temperature

NOAA
TERRA
AQUA

VHI
VSWI

SPI - Standardized Precipitation Index

Precipitation (in situ + satellite)



Standardized Precipitation Index (SPI)

Status of the monthly 
accumulated rainfall

Above average (positive)

Below average (negative)

Requires long series of rain (30 
years)

• Calculated in windows of 1 to 
12 months, or more



Soil moisture at root depth (1 m)
GRACE Satellite (NASA)
Spatial resolution of 25 km
• Available every 7 days

Root Zone Soil Moisture



Vegetation Health Index (VHI)

Measures humidity and 
temperature conditions of 
vegetation
Values below 40 indicate water 
stress
NOAA satellites
Spatial resolution of 4 km
• Available every 7 days



Integrated Drought Index

Diagnostics of average 
drought conditions

Rainfall, soil moisture and 
vegetation health with the 
same weight

Quantification of drought 
intensity
• Updated monthly/biweekly

Rainfall 
anomaly

Soil 
moisture

Vegetation 
healthIIS processing steps:

- Spatial uniformization
- Conversion to drought classes
- Calculation by municipalities
- Preparation of maps and reports
- Updating online platforms



Rainfall 40% below  the mean

October/23

INTEGRATED DROUGHT INDEX SCENARIOS - 
NOVEMBER/2023Rainfall 40% above   the mean



Fonte: Estimativa a partir dos 
dados do Cadastro Ambiental 
Rural para minifúndios, 
pequenas e médias 
propriedades e IIS-3,, 
Desenvolvimento e 
Processamento (CEMADEN). 

PASTURES AND FARMS 
AFFECTED BY DROUGHT

Assessment of 
drought impacts in 
rural properties using 
a database of farm 
locations



DROUGHT RISK MONITORING AND 
FORECASTING

SEVERIDADE RISCO 
SECA

Fonte: SPI (CPTEC/INPE), VHI 
(NOAA), AUS (SMAP/NASA), 
Desenvolvimento e Processamento 
do Risco (CEMADEN). 

Drought risk depends on 
the intensity of the 

physical drought event and 
the interactions between 

the vulnerabilities and 
capabilities of the exposed 

systems.

INVESTIGACIÓN Y MONITOREI



Drought propagation

Agricultural drought: 
Evolution from negative 
rainfall anomalies to soil 
water deficits and impacts 
on vegetation health

Fonte: van Loon, A. F., Ploum, S. W., Parajka, J., Fleig, A. K., Garnier, E., Laaha, G., & van Lanen, H. A. J. (2015). Hydrological drought types in cold climates: quantitative 
analysis of causing factors and qualitative survey of impacts. Hydrology and Earth System Sciences, 19(4), 1993–2016. https://doi.org/10.5194/hess-19-1993-2015

How to measure 
drought propagation?



Example of 
implementing a 

drought propagation 
index



Implementation of the Drought Conditions 
Propagation Index
Available data:

• SPI1, SPI3 (current and previous month), monthly, 4 km 
resolution

• Soil moisture (GRACE/NASA satellite), weekly, 25 km res.
• Vegetation Health Index (NOAA), weekly, 4 km res.



Propagation of Drought Conditions



Future steps: flux towers, flash droughts
• Installation of flux towers in the 

semiarid region

• Real-time measurements of 
evapotranspiration, air 
temperature, soil moisture, 
precipitation

• Assessment of trends and flash 
droughts

• Composite drought events 
(rainfall and temperature)

• How do the rainfall and 
temperature anomaly are 
related in time? (cross-
wavelet)



Drought monitoring at Cemaden: past, present 
and future
Past and present

Monitoring since 2013

Attendance to the demands and actions of the 
federal government

Identification of municipalities affected by 
drought to support the Ministry of Agrarian 
Development's Crop Guarantee program

Support for National Water Agency (ANA) crisis 
rooms for southern, northern, northeastern 
regions, basins and biomes

Future
 - Integration of sub-seasonal forecasts
 - Identifying patterns using AI

 - Testing of new indices: Aggregate Water 

Resources Index (IARA)



Obrigado!
Contact: marcelo.zeri@cemaden.gov.br
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