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Introduction

Accurate Quantitative Precipitation Estimates (QPE) are needed for a wide variety 
of functions in meteorology, hydrology, and related areas of study. 

Long-term, large-scale 
precipitation records 

Water resource 
management

Short-term, fine-scale 
measurements 

Accurate prediction of 
flash flooding

Improving precipitation forecasts 
(through Numerical Weather 

Prediction (NWP) models)

Accurate QPE



Rainfall Measurement from Space

Passive sensor

GCOM-W 

AMSR2 

instrument 

Active sensor

Radar; Radio Detection And Ranging

Precipitation Radar (PR)

TRMM/PR, GPM/DPR

A remote sensing system that relies on the 

emission of natural levels of radiation from 

the target.

A remote sensing system that transmit its 

own electromagnetic energy, then measures 

the properties of the returned radiation.

Global Satellite 

Mapping of 

Precipitation 

(GSMaP)



Examples of QPE requirements in the National Weather Service (NWS)

Introduction

Data Type Requirement

Rain gauge

Real-time, hourly precipitation data for a minimum of 50 all-season gauges for each radar umbrella.

HADS bulletins containing hourly precipitation data from various gauge networks, including GOES DCP and CADAS.

SHEF-encoded bulletins containing precipitation totals for the 24-h periods ending 0000 and 1200 UTC.

Radar

Stage I 1- and 3-h and storm total precipitation on a 2-km by 1-degree grid, updated every volume scan.

Near real-time, hourly Stage I (PPS), II and III (RFC), and IV (NCEP) precipitation estimates incorporating rain gauge, radar, and 

satellite data.

HRAP-gridded 6- and 24-h Stage III post-analyses for the 0000 and 1200 UTC cycles.

Satellite

Current (manual):  Graphics of half-hour QPE everyhour and storm total every 3 hours for individual events; text bulletins every 3 

hours.

Future (automated):  Nationwide gridded half-hour QPE every half hour; storm total every 3 hours; text products every 2 hours

Source: U.S. DEPARTMENT OF COMMERCE NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION, NATIONAL WEATHER SERVICE, OFFICE OF SYSTEMS 
DEVELOPMENT TECHNIQUES DEVELOPMENT LABORATORY



Weather Radar

Weather radar, also called weather 
surveillance radar (WSR) and Doppler 
weather radar, is a type of radar used 
to locate precipitation, calculate its 
motion, and estimate its type 
rain, snow, hail and so on. Weather 
radars are mostly pulse-Doppler 
radars, capable of detecting the 
motion of rain droplets in addition to 
the intensity of the precipitation. Both 
types of data can be analyzed to 
determine the structure of storms and 
their potential to cause severe 
weather.



The location of the colored 
radar echoes indicate where 
precipitation occur and the 
different colors indicate the 
different intensity of the 
precipitation through the 
color code. The areas of red 
and pink indicate strong 
precipitation that are 
occasionally severe 
thunderstorms. 

Radar Detection

Krabi Radar site



Radar Network in Thailand



Problems in Measuring Precipitation via Radar

Wilson and Brandes (1979) classify these errors into three main categories:  

1. Variations in the Z-R relationship, 

2. Changes in the precipitation field between the bottom of the radar field and 
ground level:  As the height of the radar beam increases, the difference in 
precipitation rate between the radar scan level and the ground becomes greater--
in fact, at far ranges the radar beam often overshoots precipitation areas entirely 
(Kitchen and Jackson 1993; Smith et al. 1997).

3. Anomalous propagation:  when large vertical gradients of temperature and/or 
water vapor are present, the beam may be refracted more than usual by the 
atmosphere.  This is referred to as Anomalous Propagation (AP) of the beam.  If the 
refracted beam strikes the ground as a result, false precipitation echoes are 
produced (Hunter 1996)



Variations in the Z-R relationship

1. The Z-R relationship that is used to estimate precipitation rates from radar is also 
based on spherical, liquid hydrometeors, which again are often not what is 
observed. A number of authors have found rather consistent Z-R relationships 
that could be applied to snow situations (Collier and Larke 1978, Fujiyoshi et al. 
1990)

2. The Z-R relationship assumes that the hydrometeors are uniformly distributed in 
space.  If rain occurs in only part of the area covered by the beam, the energy 
return is assumed to be from the whole area and the maximum intensity of the 
precipitation is underestimated as a result.  This effect becomes more 
pronounced with distance from the radar as the width of the beam increases 
(Hunter 1996).

3. The use of the same Z-R relationship for every radar assumes that all radars have 
the same calibration.  



Z-R relationship Rain Type References

Z = 250R1.2 Topical rain Rosenfeld et al. (1993)

Z = 140R1.5 Drizzle Joss et al. (1970)

Z = 250R1.5 Widespread rain Joss et al. (1970)

Z = 500R1.5 Thunderstorm rain Joss et al. (1970)

Z = 200R1.6 Stratiform rain Marshall and Palmer (1948)

Z = 31R1.71 Orographic rain Blanchard (1953)

Rain Type / Z-R relationship



240 km. Active Radius of
Phitsanulok radar station

194 Rain gauges over 
the study area 

Rain Gauge 
Buffer 1 km

Z-R Matching by Buffer Technique

Phitsanulok radar station

Z-R relationship for Phitsanulok radar station
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Z-R relationship Analysis

Obtained equation:  Z= 1.55R2.515

Parameter b

1. Using Radar information of Phitsanulok
Radar station during rainy season 2010

2. using the sensitivity technique  to improve 
equation of Z = aRb

Using Marshall & Palmer equation 



Rain Blocked from Radar View

Height 0.6-1.5 km.

Height 0.7-1.7 km.

Height of mountain effect to the radar measurement

Radar can not detect rain behind the mountain where cloud is 
lower than 2.0 km  and at the
direction of 330-135 degree of Phitsanulok radar station

Gate no.120

Angle 330-135 degree 



The weather satellite is a type of satellite that is primarily used to monitor the 
weather and climate of the Earth. Satellites can be polar orbiting, or 
geostationary. The  rate of precipitation is estimated from the characteristics of 
clouds in infrared and visible satellite images. 

Weather Satellite

•Satellite

Advantages: 
• Cost:  Some of the imagery from satellites is available effectively free of 
charge. 
• Real-time images:  Data from geostationary satellites are generally 
available in near real-time; often within 15 to 30 minutes. 
• Area coverage:  Because they orbit high above the Earth, satellites can 
send back information covering a very large area.  
Disadvantages : 
• Reliability:  Because many of the environmental factors are sensed 
indirectly, estimates may not be always reliable or usable in all 
circumstances and may require the interpretation of a skilled operator. 
• Calibration:  Satellite estimates need calibration/validation against 
ground-based data.  Thus the use of satellite imagery does not do away 
with the need for field measurements. 

Source: IRI Technical Report 10-04 Introduction to Remote Sensing for Monitoring Rainfall, Temperature,Vegetation
and Water Bodies, International Research Institute for Climate and Society Earth Institute at Columbia University 



By S.Tonjan, Numerical Weather Prediction Sub-Bureau, Weather Forecast Bureau, TMD

Example Satellite detected the Tropical Storm “Haima” 24-25 June 2011

Satellite & WRF



Product (organization) Hori. res. Temp. res. Data 

latency

Data source and  

major characteristics

TRMM TMPA 

3B43/3B42/3B42RT

(NASA/GSFC)

http://trmm.gsfc.nasa.gov/

0.25 deg 1-month

(3B43)

1-month Combine passive microwave sensors (radiometer /sounder) 

& IR estimated rainfall. Direct use of monthly rain gauge. 

0.25 deg 3-hr

(3B42)

1-month Combine passive microwave sensors (radiometer /sounder) 

& IR estimated rainfall, indirect use of monthly rain gauge. 

0.25 deg 3-hr

(3B42RT)

10-hr Real-time version of 3B42. Not use rain gauge data.

GSMaP MWR/MVK/NRT

(JST, JAXA, NICT, etc.)
http://sharaku.eorc.jaxa.jp/G

SMaP/index.htm

0.25 deg 1-/24-hr

(MWR)

Not in real-

time

Merging microwave radiometer rainfall using PR indirect 

information. Not use rain gauge data.

0.1 deg 1-hr

(MVK)

2-3 days Combine MWR and whose features are transported via 

spatial propagation information by IR, combinational use of 

Kalman filtering approach. Not use rain gauge data.

0.1 deg 1-hr

(NRT)

4-hr Real-time version of MVK. Using forward propagation only. 

Not use rain gauge data.

Source: T. Kubota, Earth Observation Research Center (EORC), Japan Aerospace Exploration Agency (JAXA)

presented at Kyoto University, 30th August 2011 

Major satellite precipitation product

http://sharaku.eorc.jaxa.jp/GSMaP/index.htm


Major satellite precipitation product

Product (organization) Hori. 

res.

Temp. res. Data 

latency

Data source and major characteristics

CMORPH/QMORPH

(NOAA/CPC)

http://www.cpc.ncep.noaa.gov/

products/janowiak/

cmorph_description.html

~8 km 3-hr 

(CMORPH)

18-hr Merging passive microwave sensors (radiometer/sounder) 

estimated rainfall & whose features are transported via spatial 

propagation information by IR. Not use rain gauge data.  

0.5 deg 3-hr

(CMORPH)

~8 km/

0.25 

deg

30-min

(QMORPH)

3-hr Real-time version of CMORPH. Using forward propagation 

only. Not use rain gauge data.

PERSIANN

(UCI/HyDIS)
http://hydis8.eng.uci.edu/

persiann/

0.25 

deg

1-hr 2-day Calibration and training IR estimated rainfall using microwave 

sensor (radiometer & sounder) rainfall. Not use rain gauge 

data.

NRL Blended (NRL)
http://www.nrlmry.navy.mil/

sat-bin/rain.cgi

0.25/0.

1 deg

3-hr 3-hr

(image only)

Blending IR estimated rainfall and passive microwave sensors. 

Not use rain gauge data.

Hydro-Estimator

(NOAA/NESDIS)
http://www.orbit.nesdis.noaa.gov/smc

d/emb/ff/auto.html

4~6 km 30-min~

3-hr

10-min

(local)

Regional IR estimated rainfall calibrated by numerical weather 

prediction and ground-based radars.

Source: T. Kubota, Earth Observation Research Center (EORC), Japan Aerospace Exploration Agency (JAXA)

presented at Kyoto University, 30th August 2011 



TRMM Product 

http://pmm.nasa.gov/TRMM

Regional TRMM based Rainfall

Global TRMM based Rainfall

http://pmm.nasa.gov/TRMM/flood-and-landslide-monitoring
http://pmm.nasa.gov/TRMM/rain-averages-and-anomolies
http://pmm.nasa.gov/TRMM/TRMM-based-climatology
http://pmm.nasa.gov/TRMM/quicklooks-at-TRMM-orbits


• Matching TRMM rainfall with 
Gauge rainfall using weighting 
area technique. 

• Analyze for the relationships 
between daily TRMM rainfall and 
daily gauge rainfall

Comparing TRMM rainfall with ground observed data 

TRMM  grid

RG194 rain gauges over active radius of 
Phitsanulok radar station



Parameter TRMM RG
Mean 10.36 10.89
Standard Deviation 14.01 15.42
Skewness 2.51 3.08
Minimum 0.06 0.50
Maximum 168.12 347.50
Number of Data 59,343 59,343

Comparing TRMM Daily rainfall with ground observed data.



Comparing TRMM 3-hourly rainfall with ground observed data.

Parameter TRMM Rainguage
Mean 5.16 2.01
Standard Deviation 8.13 6.01
Skewness 4.00 6.19
Minimum 0.03 0.50
Maximum 138.15 281.00
Number of Data 273607 273607



Satellite and NWP on Google earth

Radar Meteorology

Active Low Pressure 22-31 March 2011

By S.Tonjan, Numerical Weather Prediction Sub-Bureau, Weather Forecast Bureau, TMD



 Improve the accuracy of both long-term and short-term weather forecasts
 Improve water resource management in river control and irrigation systems for agriculture

Core Satellite (JAXA, NASA)
Dual-frequency precipitation radar (DPR)

GPM Microwave Imager (GMI) 

• Precipitation with high precision 

• Discrimination between rain and snow

• Adjustment of data from constellation 

satellites

Constellation Satellites 

(International Partners)
Microwave radiometers

Microwave sounders

• Global precipitation every 3 hours

(will launch in 2014) (launch around 2014)

Global Precipitation Measurement (GPM)

• The Global Precipitation Measurement 
(GPM) is an expanded mission of the 
Tropical Rainfall Measuring Mission 
(TRMM)

Core Satellite
TRMM Era GPM Era

Constellation 

Satellites

Source: T. Kubota, Earth Observation Research Center (EORC), Japan Aerospace Exploration Agency (JAXA)

presented at Kyoto University, 30th August 2011 
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Conclusion

Rain Gage Measurement

Satellite Estimate

Radar Estimate
Forecaster Analysis

1. Rain gauges directly measure precipitation 
amount but are subject to systematic errors and 
generally do not provide accurate spatial 
representation of precipitation fields .

2. Radar provides observations at high spatial and 
temporal resolution, but does not directly 
measure precipitation.  Imperfections in the Z-R 
relationship, beam elevation changes, and other 
factors compromise the accuracy of radar-based 
estimates.  

3. Satellite data provide wider spatial coverage 
than radar. Satellite-measured irradiances are 
even less directly related to precipitation rate 
than radar reflectivities.  Furthermore, 
navigation errors can displace precipitation 
areas by a significant distance. 

Gridded Precipitation 
Estimate



Moreover, the  global flood monitoring system can be developed by integrating satellite 
rainfall into a hydrologic model to estimate potential flooding conditions in near real-time, 
considering stream flow, water routing and existing river networks.

Conclusion

The enhanced measurement and sampling capabilities of weather satellite provide many advanced 
science contributions and societal benefits:

• Improved knowledge of the Earth’s water cycle and its link to climate change
• New insights into storm structures and large-scale atmospheric processes
• New insights into precipitation microphysics
• Advanced understanding of climate sensitivity and feedback processes
• Extended capabilities in monitoring and predicting hurricanes and other extreme weather events
• Improved forecasting abilities for natural hazards, including floods, droughts and landslides.
• Enhanced numerical prediction skills
• Improved agricultural crop forecasting and monitoring of freshwater resources
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