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Overview

• Importance of and Requirements for Rainfall Monitoring
• Approaches 

– Ground-based gauge observations
– Gauge-calibrated satellite-based estimates

• The TAMSAT method for rainfall estimation and operational 
products

• Skill and Reliability
– Validation: operational and case studies
– Inter-comparisons with other rainfall products

• Applications
– Drought monitoring
– Weather Index-based Insurance: drought and flood
– Hydrology and land surface modelling



Importance

• Rainfall affects a wide range of human activities: 

– Agriculture: anticipate yield shortfalls, select crop variety according to 
season start and length, determine irrigation needs, predict likely 
harvest, advise commodity trading, forecast crop prices

– Famine early warning: anticipate famine (drought during the wet 
season � crop failure �famine) and assist national governments and 
international aid organisations in meeting food provision needs 

– Hydrology: predict river flows, plan hydropower generation, mitigate 
against floods, plan water harvesting activities, anticipate shortfalls in 
the availability of fresh water, estimate ground-water recharge

– Soil erosion, sedimentation, crusting: heavy rainfall (along with poor 
soil quality, lack of vegetation cover, and topography) can cause 
erosion, reservoir sedimentation, and soil crusting

– Pest and disease monitoring: anticipate pest (locust) and disease 
(malaria, dengue fever) outbreaks and ID outbreak areas �help reduce 
time and effort for pest and disease control through focusing on
outbreak areas when outbreaks are likely to occur



Requirements

• Either too little or too much rainfall can be a problem 
� monitoring rainfall occurrence and amount

• What is too little or too much rainfall? 
� need both real-time information and a long-term record

• However, rainfall is difficult to measure:  
– Intermittent variable
– High spatial and temporal variability, and
– Inadequate density of ground-based observations from rain 

gauges for spatially contiguous rainfall monitoring 
• Rainfall estimates need to be: 

– Comparable (internally consistent) over space and time, 
– Reliable (skillful/robust) spatially and temporally, 
– Available in real time and over the long term, and 
– Accessible at low cost 



Approaches

• Ground-based gauge observations: 19th century to present
• Ground-based weather radar: invented in 19th Century, in 

operational use since 1940s, virtually non-existent in Africa
• Satellite-based observations: 

– Vanguard (1959) ~9 days 
– TIROS (1960) ~78 days 
– Geostationary:

ATS (1960), SMS (1970s), GOES (1970s), Meteosat (1980s)
– (Near) Polar-orbiting: 

NOAA (1970s), TRMM (1997), QuikSCAT (1999), Metop-A (2006)
– Most recent �GPM constellation, launched Feb 2014, orbits at 

approx. 407 km distance (designed to succeed TRMM)



Approaches 2

• Ground-based gauge observations



Approaches 3

• Gauge-calibrated satellite-based products



The TAMSAT Method

• Atmospheric T decreases with height in the troposphere, depending 
on weather and air moisture content

• Lower T, lower IR emissions and vice versa 
�IR can help to estimate cloud top T

• Storm clouds are cold, -40°to -80°C; cirrus clouds  are also very cold
lower, stratiform or inactive cumulus clouds’ T = 0-20°C 
� IR can ID storm (cold) clouds though confused with cirrus



The TAMSAT Method 2

• Data input: Meteosat TIR (10.8 µm) imagery
• Calculate Cold Cloud Duration (CCD) that is the length of time cloud 

top is colder than threshold temperature Tt for each pixel
• Estimate rain amount as Rainfall [mm] = a0 + a1 CCD [hrs] 

with Tt, a0, a1 calibrated against historical gauge observations 
• Calibration parameters vary in space (regions) & time (months)



The TAMSAT Method 3
• Rainfall is mainly from convective storm clouds
• Clouds (above a certain height) with tops colder than Tt are raining
• Cloud top height Ht can be identified by its T in the IR imagery 
• Rainfall amount can be calculated from CCD as compared with 

ground-based observations from rain gauges through linear 
regression



The TAMSAT Method 4



The TAMSAT Method 5
Calibration zones: e.g. May



The TAMSAT Method 6

• Number of gauge records for a monthly varying, climatology-
based calibration (TAMSAT Nt-monthly)* as compared with time-
varying gauge input (e.g. GPCC Nt)
(*) TAMSAT’s calibrations vary monthly but not interannually



The TAMSAT Rainfall Products
Dissemination channels: 
-TAMSAT’s web site: http://www.met.reading.ac.uk/~tamsat/data/ *all products, including daily 
-GEONETCast data broadcasting: http://navigator.eumetsat.int/discovery/Start/Explore/Quick.do



The TAMSAT Rainfall Products 2

• NEW: Daily Rainfall Estimates
Users’ Guide to the TAMSAT Daily Rainfall Estimates is available at: 
http://www.met.reading.ac.uk/~tamsat/cgi-bin/data/rfe.cgi



Skill and Reliability

• Operational validation: comparison of the 10-daily TAMSAT 
rainfall estimates with independent GTS gauge data (i.e. data 
that have not been used in calibrating the rainfall estimation 
algorithm)
– Pixel-to-point comparison (rainfall over a pixel compared with 

rainfall at a point within the pixel’s footprint)
– Systematic overview of performance in near-real time
– Provides a comprehensive set of skill measures
– Covers the time period from Jan 2011 to present

Detailed Guide to validation reports is available at:
http://www.met.reading.ac.uk/~tamsat/data/rfe_val.html





Skill and Reliability 2

• Inter-comparison: TAMSAT & ERA-interim 10-daily rainfall 
climatology (2000-2007) at 0.25°lat-lon grid



Skill and Reliability 3

• Inter-comparison: TAMSAT & other rainfall products (GPCP, 
CMAP, ARC2, CRU, GPCC FDR, PREC/L), [Maidment, 2014]



Applications

• Drought monitoring – e.g. JRC Drought Bulletin, Namibia



Applications 2

• …and flood monitoring – e.g. floods in Namibia, March 2014



Applications 3

• Weather Index-based Insurance (WII): development of 
diagnostics for drought and flood insurance, Ghana



Applications 4



Applications 5



Applications 6



Applications 7

• Hydrology and land surface process modelling: JULES in the 
Volta River Basin with meteorological forcing from station data 
disaggregated from daily to hourly temporal resolution and 
using TRMM 3B42 rainfall 



Applications 8

• Ouahigouya
• Ouagadougou
• Navrongo
• Tamale



Applications 9



Applications 10



Visualization/Data Analysis 
tools
• SPIRITS (JRC)
• ILWIS Open (University of Twente)
• TAMSAT Data Visualizer – to be released in Summer 2014

http://www.met.rdg.ac.uk/~tamsat/cgi-bin/time_series/time_series.cgi



Visualization/Data Analysis tools 2



Visualization/Data Analysis tools 3



Thank You! 

e.tarnavsky@reading.ac.uk


