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Part 1: Satellite Based Rainfall  
Estimation Over Africa

• The need for rainfall information
• Approaches to rainfall measurement/estimation
• The basic principles of satellite rainfall estimation



• Climate services (i.e. drought and 
flood monitoring)

• Forcing data for models (e.g. crop, 
hydrological, pests) 

• Input into forecasts
• Weather-based index insurance

The importance of rainfall information

Monitoring Research

• Assessing long-term rainfall 
variability and trends

• Improving understanding of the 
water cycle

• Validating model outputs
• Forcing data for impact models 



Requirements of rainfall monitoring

Reliable and skillful estimates 
(in both space and time)

Requirements of 
rainfall monitoring

Sufficient resolution 
(in both space and time)

Available in near real-time 
with a long-term record

Easily accessible

Estimates of error

Must assess requirements for their intended applica tion 
(e.g. can the data capture dry spell lengths accurately?)

Consider methodology used to create dataset (e.g. is 
gauge information used and how?)

Is the level of skill acceptable for the applicatio n? Often 
this is a trade off between features of dataset (e.g. 
resolution, temporal coverage, latency, etc..)

Each user needs to 
decide if a rainfall 
dataset is suitable 

for their application



Approaches to rainfall measurement and estimation

Rain gauges
19th century to 

present

Ground-based 
weather radar

In operational use 
since 1940s, very 
few in operational 
use across Africa

Satellite-based 
observations

Available since 1960s, but 
reliable & widespread 
observations did not 

commence until late 1970s





Rain gauge information is inadequate for most parts  of 
Africa

WMO World 
Weather Watch in 

2003

African network is 
8 times lower than 

WMO 
recommended 

level

Washington et al., 2006

A low network density and infrequent reporting rates presents a serious 
challenge in monitoring rainfall events across Africa



Question!

If you take all the rain gauges in the world and put them 
next to each other, what surface area would they cover?



Unlike a rain gauge that directly measures rainfall at a precise point 
on the ground, inferences about rainfall using satellite information is 
based entirely on measuring the thermal emission of 
electromagnetic (EM) radiation from clouds and rain  drops

Many algorithms have been developed over the years, some simple, 
others considerably complex, which convert this information to rainfall 
estimates 

Satellite information is crucial in the absence 
of adequate gauge information



Satellite information is crucial in the absence 
of adequate gauge information

Datasets vary depending on:
� type of satellite data used
� estimation algorithm 
� if (and how) gauge information is used
� temporal and spatial coverage/resolution 

Performance between datasets can vary significantly 
and usage often depends on the requirements of the 
application



ADVANTAGES DISADVANTAGES

Comparability Rainfall amounts can be
compared over space and time, provided a
consistent approach is used for rainfall
retrieval.

Reliability The approach for rainfall retrieval is
indirect and thus, rainfall estimates may not be
equally reliable in all cases and over all areas;
hence, reliability is contingent on the
interpretation of a skilled specialist.

Long-term observations Satellites have now
been in orbit for around 30 years.

Calibration Rely on calibration against ground-
based observation for calibration of rainfall
estimation algorithms and thus, satellite
approaches still require incorporation of
observations from rain gauges.

Real time availability Imagery are available in
near-real time, within an hour of acquisition.

Reliable area estimates Images cover large
areas and represent aerial rainfall better than
gauge observations.

Cost Imagery from a wide range of satellite-
borne instruments are now available to national
meteorological agencies (NMA) and other non-
profit users free of charge.

There are many advantages of using satellite estima tes



Rainfall estimates are derived from thermal infra-r ed (TIR) 
and microwave (MW) retrievals

• Most precipitation estimates are based on passive sensing in the 
thermal infra-red (TIR) and microwave (MW) range of the EM 
spectrum. The energy measured by the sensor is related to the 
properties (i.e. temperature) of the emitting surface

• TIR techniques based on cloud top temperature

• MW techniques based on the radiation emitted or attenuated by 
hydrometeors (i.e. rain drops, ice crystal)

• Using TIR and MW imagery, many satellite-based rainfall datasets have 
been created yielding estimates for Africa
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Important for rainfall 
estimation



TIR: cloud top temperature identifies 
storm clouds, but temperature only 

loosely related to rainfall

MW: can sense presence of ice 
crystals/rain drops, but issues with 

land surface signal interference

Colder 
with 

height



Despite the advantages of using satellite information to derive rainfall 
estimates, because satellite-based estimates use indirect methods (i.e. 
remote sensing) to assess rainfall, they are subject to errors

Typical problems over Africa include:
• underestimation high intensity rainfall events (common to TIR 

methods)
• overestimation light rainfall events
• missing rain from warm cloud-top systems

Assessing the skill using a trusted, independent reference is crucial to 
determine if the satellite rainfall product is suitable for your purpose

More on this later!

How skilful are satellite estimates?



Part 1: Satellite based rainfall estimation over Africa
Summary

• Rainfall information is crucial in many sectors, particularly the 
agricultural and finance sectors

• In the absence of adequate rain gauge coverage, satellite-derived 
rainfall estimates are essential

• Estimates are based on thermal infra-red (TIR), microwave (MW), or 
both, and sometimes combined with gauge measurements

• Assessing the skill of the satellite estimates is an essential step prior 
to using the data operationally



Part 2: Satellite Rainfall Products for   
Africa

• Dataset characteristics
• Available datasets



Many gridded rainfall datasets exist

A range of rainfall datasets now exist (which is a problem for users in
deciding what dataset(s) is ‘best’ for them)

The datasets differ according to their characteristics

General Characteristics

Input data (in situ, remotely sensed data, or both)

Estimation algorithm - the procedure used to convert the input data into    
rainfall estimates

Spatial and temporal coverage

Spatial and temporal resolution

Latency

Despite similar (or identical) data inputs, differences in estimation 
algorithms can result in large discrepancies in skill



Available satellite-based rainfall datasets

IPWG Database: http://www.isac.cnr.it/~ipwg/data/datasets.html



• The Global Precipitation 
Measurement (GPM) mission 
is an international network of 
satellites that provide the next-
generation global observations 
of rain and snow.

• GPM builds on TRMM’s legacy

• Data (IMERG*):
� available from March 2014
� 30 min, 0.1 deg
� “near real-time” (6 hours)
� “late/final” (2.5 months)

� Useful for verification, but short 
time-series precludes it’s use for 
climate monitoring *Integrated Multi-satellitE Retrievals for GPM



Available satellite-based rainfall datasets 
suitable for long-term rainfall monitoring

Only a few datasets satisfy the needs for rainfall monitoring



Gridded rain gauge datasets exist, but are unsuitab le 
for rainfall monitoring

• Often based on few gauge measurements
• Point-based gauge data needs to be spatially interpolated – hence, away

from a gauge the interpolated grid value will have a much greater uncertainty
than grids containing gauges

• Data is coarse (spatially and temporally) and latency can be several months



Part 2: Satellite rainfall products for Africa
Summary

• Many satellite rainfall products exist for Africa

• These datasets vary depending on their data inputs , estimation 
approach , spatial and temporal resolution , start date and latency

• The available gauge datasets are not suitable for rainfall monitoring



Part 3: TAMSAT

• The TAMSAT rainfall estimation algorithm
• TAMSAT calibration and products



• TAMSAT stands for Tropical Applications of
Meteorology using SATellite and ground-based
observations.

• The TAMSAT group are part of the Department of
Meteorology, University of Reading (UK).

• We have been providing locally calibrated ,
operational satellite-based rainfall estimates for
Africa since the 1980s.

• Estimates used in a wide range of applications, in
particular drought monitoring

TAMSAT



The TAMSAT rainfall estimation approach is 
based on Meteosat Thermal Infra-Red imagery 
to identify precipitating cumulonimbus clouds 
(deep convection)

TAMSAT Estimation Method



• Atmospheric temperature decreases with height in the troposphere
• Lower temperature, therefore lower TIR emissions

� TIR imagery can determine cloud top temperature
• Storm clouds are cold, -40° to -80°C; cirrus clouds are also very cold

lower, stratiform or inactive cumulus clouds are warmer (0-20°C) 
� TIR can detect (cold) storm clouds, although cirrus  is a problem

TAMSAT Estimation Method



TAMSAT rainfall estimates are based on two inputs:
• Meteosat thermal infrared imagery (10.8 µm) , used to create cold cloud 

duration (CCD) maps, where CCD is defined as “the total duration the cloud 
top temperature is colder than a prescribed temperature threshold (Tt)”

• Rain gauges , used to calibrate the CCD

Main assumptions

Case A: Clouds with tops colder than the
optimum temperature threshold (Tt) are
assumed to be raining

Case B : Clouds with tops warmer than Tt
are assumed not to be raining

• Rainfall is assumed to be a linear function of CCD:   Rain=a0 + a1*CCD

• Using historical data, Tt, a0 and a1 are all estimated during the calibration process

TAMSAT Estimation Method



TAMSAT Estimation Method: 
CCD identifies likely rainy areas and amount



RADAR

Link between convective rainfall and IR satellite i magery
Example: 12th Nov 2016 over South Africa

Courtesy of Dr Will Keat



RADAR

-75 ̊C!!!

SEVIRI TIR 
image

Link between convective rainfall and IR satellite i magery
Example: 12th Nov 2016 over South Africa

Courtesy of Dr Will Keat



TAMSAT Estimation Method



Summary
• Africa-wide estimates at 4 km resolution 
• 1983 to present (2-day latency)
• Available from www.tamsat.org.uk (also available on the IRI Data Library, 

EUMETCast and FEWS Net early warning explorer )

Products

Daily Estimates Dekadal Estimates

Monthly Estimates

Seasonal Estimates

(disaggregated, based 
on daily CCD)

(aggregated)

Primary product

Derived products

Pentadal Estimates

TAMSAT Operational products (Version 3.0)



Example of TAMSAT operational products
March 2019 (daily to monthly estimates with anomalies) 
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In the latest version (TAMSAT Version 3, available since Jan 2017 ), the 
TAMSAT algorithm has been significantly modified to correct for: 

• spatial artefacts arising from the use of “rectangular calibration 
zones” in previous versions

• a dry bias (~20 %) arising from optimising the algorithm for drought 
monitoring

TAMSAT Version 3.0

‘Point’ T t values Interpolated T t values

Calibration parameters 
are now derived at a 
point where sufficient 
gauges exist and 
interpolated to all land 
points.



TAMSAT skill for Africa:
V3 seasonal climatologies are similar to GPCC (gauge product)



TAMSAT skill for Africa:
Annual time-series is consistent with other products

Annual rainfall time-series (Africa-wide mean)



TAMSAT v3 CHIRPS v2 GPCC v7 

TAMSAT skill for Africa:
Annual climatology is consistent with other products

Annual rainfall climatology (1983-2014)



TAMSAT Applications:
Flood monitoring – e.g. floods in Namibia, March 2014



TAMSAT Applications:
Drought monitoring – e.g. drought in Zambia, January 2018



Historic payouts for a drought insurance scheme for Lundazi (Zambia): 
gauge data (red) and TAMSAT (blue; various spatial scales)

TAMSAT Applications:
Weather Index-based Insurance (WII): development of 
diagnostics for drought and flood insurance



On going developments with TAMSAT

TAMSAT v3.1
• Updated calibration 
• All missing days filled (a temporally complete dataset from 1983-

present)
• Available within the next month

TAMSAT-gauge merged product
• Incorporate contemporaneous gauge information to improve 

rainfall intensities
• Expect an Africa-wide beta product in early 2020

Tool for agricultural early warning (TAMSAT-ALERT)
• An operational system providing early warning of meteorological 

risk to agriculture
• Email tamsat@reading.ac.uk for further details!



Characteristic TAMSAT

Inputs TIR satellite imagery, rain gauges

Method Cold cloud duration (CCD) fields, calibrated using 
gauges

Spatial Resolution 4km

Spatial Coverage Africa

Temporal Resolution Daily, 5-day, 10-day, monthly, seasonal

Start date Jan 1983

Latency 2 days

Strengths • Longevity (+34 years)
• Temporally consistent
• Simple, intuitive method
• Good for drought monitoring, famine early warning, 

index insurance

Weaknesses • Underestimates intense rainfall events
• Can miss warm rain events (coastal/orographic)
• Persistent high level cirrus leads to overestimation 

Part 3: TAMSAT
Summary 



Part 4: Skill and reliability

• The need to assess rainfall products
• Examples



Skill and reliability of rainfall estimates need to  be assessed within the 
context of the users’ application

Each user should ensure that they have the appropriate dataset for their 
application. Considerations are:

• spatial and temporal resolution
• latency 
• length of historical record

Since satellite-based estimates use indirect methods (i.e. remote sensing) to 
assess rainfall occurrence and amount, they are subject to errors

Assessing the skill (or validation) is crucial to determine if the satellite rainfall 
product is suitable for your purpose

Validation should be done using an independent reference, i.e. gauge data for 
rainfall, or other relevant proxies pertinent to the application (e.g. yield data) 

Skill and reliability 
Choice of dataset depends on users’ application



Satellite skill versus representativity:
Required skill must be balanced by how representative the 
aggregated estimate is 

Skill (in this case RMSE; units mm) of a satellite rainfall dataset aggregated over 
increasing spatial scales (blue line) and the representativity (expressed in terms of 
RMSE) of the aggregated estimate relative to the original pixel scale (5 km2) estimate 
(red line). 

RMSE
Low skill

High skill

Low 
representativity

High 
representativity



Skill as a function of time-step:
Averaging in time and/or space typically improves skill
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Example 1 : 
An early warning 
system for flood 
detection

Requirement : 
Correct intensity at 
the right spatial 
scale

[Left: TAMSAT daily  
data spatially 
aggregated over 
Uganda]



Example 2 : A monitoring system 
for drought detection (i.e. ability to 
detect below average rainfall) 

Requirement : A stable climatology 
→ hence a long-term record

[Right: TAMSAT anomaly for 
January 2018 with respect to the 
1983-2012 average] 

Skill as a function of ability to detect low rainfa ll:
Methods must be able to differentiate between no/low and high 
rainfall amounts



Example 3 : 
Assessment of long-
term rainfall trends

Requirement : Long-
term and temporally 
consistent records

[Left: Inter-comparison 
of TAMSAT (black line) 
& other rainfall 
products (GPCP, 
CMAP, ARC2, CRU, 
GPCC FDR, PREC/L)]

Skill as a function of ‘temporal homogeneity’ of re cord:
Not all long-term satellite datasets are temporally consistent



Annual rainfall trends 1983-2010
Gauge Satellite-gauge

CRU GPCC PREC/L ARC2

CHIRPS CMAP GPCP TARCAT

Skill as a function of ‘temporal homogeneity’ of re cord:
Not all long-term satellite datasets are temporally consistent



Part 4: Skill and reliability 
Summary

• Each of the possible candidate rainfall datasets needs to be checked to see if 
the dataset properties meet the requirements of the users’ application.

• While one dataset may be suitable for one application, it is not necessarily 
suitable for another application. 

• TAMSAT itself is suitable for rainfall monitoring as it provides:
� a long-term record (36+ years) so provides a reliable climatology
� a temporally consistent record
� estimates in near-real time (2 day latency)
� high spatial and temporal resolution
� skillful estimates 



Recap

• Satellite-based rainfall estimates are essential across Africa in the absence of 
adequate rain gauge information (Part 1)

• Various satellite-based datasets exist for Africa, each with their own qualities, 
although only a handful fulfill the requirements for rainfall monitoring (Part 2)

• TAMSAT’s method of rainfall estimation is relatively simple and is well suited for 
applications such as drought monitoring and long-term trend analysis (Part 3)

• Most regions of Africa are well suited for the TAMSAT algorithm and results show 
it is able to capture rainfall variability very well, demonstrating it’s suitability for 
rainfall monitoring (Part 3)

• Suitability of a satellite rainfall dataset depends on the application in question 
(Part 4)

@tamsat_Reading

www.tamsat.org.uk



Part 5: TAMSAT data extraction tool







Time-step selection:
• daily
• pentadal
• dekadal
• monthly
• seasonal



Spatial domain 
selection:
rectangular domain or 
country boundary



Example:
Area-average monthly 
rainfall Kenya from 
Jan 1983-March 2019



1. Submit job

2. Click link in email (big jobs may take a while) 

3. Download data

(1)

(2)

(3)




