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Multi-Sensor Precipitation
Reanalysis (MPR)

Objective: develop historicall precipitation dataset
specifically applicable to climate investigations

Datasets of fundamental Impoertance to nUMEerous
Investigations including drought studies, fleod
management, water supply, and hydrelegic design

Rainfall estimates used in reanalysis derived throeugh the
Multi-sensor Precipitation Estimatien (MPE) algerithm

Success of product dependent en Input ofi high resoeluition
datasets and performance of algoxnithm

Reduction ofi potential brases within Input data and
effective re-tuning of algerithm are key to success

Nelson et al., 2006




Multi-sensor Precipitation
Estimation (MPE)

Used since 2002 for the Multi-sensor Precipitation Est.

. f (preliminary)
development of high resolution 8 AM EDT June 24, 2006 to
precipitation estimates derived 8 AMEDT June 29, 2006
from gauge corrected NEXRAD Y
radar data

MPE is currently used te verify
rain ferecasts and te provide real-
time gauge coerrected
precipitation estimates to
initialize ferecast medels at 10
minuite intenvals

Specifically designedi to eliminate
potential biases,inherent in radar
and rain gauge data
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Effferts of reanalysis will be re-
tuning parameters of the MPE
algerithm for better perfermance
in long term climate analysis

Nelson et al., 2006




MPR Data Sources

Radar data:

High resolution radar
reflectance data (NEXRAD)
frem 158fsites

Digital Precipitation Array/.
(DPA):
Hourly running total of

NEXRAD radar precipitation
estimates

Gauge data

Hydrologic Autemated Data
System (HADS):
NWS supported system

providing real-time data
acquisition and distribution

Location of gauge and radar sensors within study site

Nelson et al., 2006




Next Generation Weather Radar
(NEXRAD)

COMPLETED WSR-88D INSTALLATIONS
___WITHIN THE CONTIGUOUS U.S.

158 sites in Continental U.S.
active for over 10 years

Known by designation: WSR-88D
(Weather Survelillance Radar 88
Doppler)

Collects radar reflectivity
estimates in order torcompute
rainfall ferecasts

Produces radar-derived rainfall
products for National \Weather

Service available at 10 minute

Intervals

Provides high resolution gridded
4Ax4 km per-pixel precipitation
estimates at hourly intervals
Spanning a 10 year period

Nelson et al.,‘.2.006_
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Doppler Radar System

Radar ceverage firom off MPR study, site ever North and Seuth
Carelina with a circular range of 230 km in diameter

TThe gray everlap region has radar coverage from the KRAX,
KIMHX and KLTX radar systems

Due to the importance ofi product verification and the
Identification of Input data bias data from everlap region has
pbeen used In developing the MPR product

Nelson et al., 2006




NEXRAD Projection Issues

Radar sensors collect data
radially’ and are therefore
referenced ina polar coordinate
system

Data gridi consists of 250 mile
radius circle sliced into pieces
measuring 1 degree of arc and 2
km in radius length

Pixels closer to sensor are smaller
(higher resolution) while pixels
furthest away have a lower
reselution and may intreduce bias

National mosaics of radar returns I";:"""“""--:-i;-J.
IS createdias a raster gridiand

which covers continentall USiin 4 = T A
e G (& Example of radar projection in polar
coordinate system

(Tenenbaum, 2008)

Nelson et al., 2006




Radar Bilases

Geophysical factors such as
beam blockage and bright
pPand contamination
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Non—precipitati ng Example of beam blockage caused by Wété:r
reﬂeCtiVity resulti ng from tower northwest of radar station

birds, insects, and aircraft

Range dependence and
hardware limitations

Birds and Planes can cause a false radar return
Nelson et al., 2006 )




Radar Derived DPA Bias

Warm Season
Accumulation

. High :1500
b Low 1100

Biases of DPA product difficult to observe on daily basis but seasonally
more apparent

Left image shows bias caused by band contamination observed at the
KRAX radar station

Right image indicates bias caused by beam blockage from KGSPP

radar located in Greer, SC.
Nelson et al., 2006




Distance Related Bias
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Probability of detection of mean rainfall as a function of range
from four radars in study region.

Bias is introduced in precipitation estimates when recorded
beyond 170 km

Nelson et al., 2006




Non-Precipitating
Reflectivity Bias

Data shews numerous Instances Where ene radar reports rain while
others due not

Bias due to nen-precipitating reflectivity suchas Insects or birds
Which cause abnoermal radar returns

Each non-precipitating returns introduces a strong and grewing bias
In long term climate studies

Nelson et al., 2006 12




Gauge Data

= —

HADS '

Hydrometeorological Automated Data System

National Weather Service’s
(NWS) eperates over 10,000
gauges In continental U.S.

HADS provides real-time
data acguisition, processing,
and distribution; products

Typical HADS
rain gauge

Transmit Interval S0 oy
of reporting sites

180 Minutes
240 Minutes

360 Minutes

-

Over 14,200 data poeints In above Image represent

HADS sensors incorporated in MPE algorithm
(www.weather.goev)

Nelson et al., 2006




Importance of
Gauge Corrected Radar Data

Eauga cormrected radar QFE anah.rsla ending 12 UTC 08/28/08

Integrating rain gauge
data inte MPE algoerithm
dramatically iImproves
reseluition ofi radar
estimates

Numerous investigations
have shown It IS crucial to
Input high guality: rain
gauge data 1 the MPE
algerithm (e.g. Steiner et
all;, 1999).

Auithoers off this paper put

extensive efforts into

verifying the high guality

of the IHAD data Comparison of gauge corrected rainfall estimates (above)
with non-corrected radar data (below).

Nelson et al., 2006




MPR Product
Technical Requirements

Effective parameter tuning
for MPE algorithm will
reguire extensive
sensitivity analysis prior to
proeduct eutput

Validation eff MPR Preduct
will be crucialtas users will
reguire accurate per-
pixel/per heur measure of
uncertainty values

Data erganization, sterage,
and management willf lbe
diffficult when product
Integrated in the CONUS
hourly ramfall estimates

GigaBytes
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Gauge (per year) DPA (per radarfyear) Product (per product/year)

MPE Products developed for the study: site required
almost two GB' of storage space per product year

Nelson et al., 2006




MPR Conclusions

Study developed methods to create
a highi reselution: historical
precipitation dataset suitable: fier
climate applications

The MPE algeritim has dramatically.
Impreved precipitation estimates
threughi the Integration of gauge
colrected! radar data andl the
reduction off petential data biases

EuUrther reducing Input data lbiases
and effective tuning MRE algorithm
crucialifor suceess

The gridded dataset will provide 10
years of hourly rainfall estimates; at
a 4x4 kmi per pixel reselution highly
valuable te numereus Investigations

MPR product showing four years of precipitation
estimates within study site

Nelson et al., 2006
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