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1.0 PROLOGUE
1.1 FUNCTI ONAL DESCRI PTI ON

The PRECI Pl TATI ON PRODUCTS [ 021] creates Hydroneteorol ogical products from
hourly and scan-to-scan accunul ati ons generated by the PRECI Pl TATI ON
ACCUMULATI ON [ 019] al gorithm and adjusted by the current BIAS conmputed by the
PREC!I Pl TATI ON ADJUSTMENT [020] algorithmif FLAG (apply BIAS) is set.

Digital, graphical, and al phanuneric products are generated. The digita
product is an hourly running total or clock hour accumul ati on mapped to a
1/40th Limted Fine Mesh (LFM rectangul ar (approximately 4 kmby 4 km grid.
The graphical products are (1) an hourly running total or clock hour

accunul ation, (2) a three hour total accunul ation generated on the cl ock hour
and (3) a stormtotal accumulation. The graphical products are all displayed
at a resolution of 2 kiloneters by 1 degree.. The al phanuneric Suppl enent a
Precipitation Data product is displayed in ASCI1 format. The graphical and
al phanuneric products are designed primarily for display at the Principle User
Processor (PUP), while the digital product is designed for use on externa
conput er systens. (Qther products pertaining to the Precipitation Processing
Series (PPS), including the Digital Hybrid Scan Reflectivity product, the
Digital Storm Total Rainfall Accunulation product, and the User Sel ectable
Preci pitation Accunul ati on product, are described in additional documents,

i ncluding the RPE Associated PUP I CD and the Product Specification ICD.)

The hourly running totals or clock hour totals on the 1/40th LFMgrid are
obt ai ned by determ ning the nean of all adjusted ACCUMULATI ON SCAN ( Hourly)
sanpl e vol unes whose pol ar coordinate centers fall within each 1/40th LFMgrid
box. At the far ranges where no sanple volune centers fall inside a box, the
sanpl e vol une val ue at the sanple volunme whose center is closest to the center
of the grid box becones the value at the grid box. Annotations are
automatically added to identify the product and to provide information rel ated
to how the data used to generate this product were processed.

The hourly running totals or clock hour totals on the 2 kmby 1 degree grid
are scaled to 16 levels for use as a display and annotations are added
automatically to produce the PRODUCT (Hourly Precipitation).

The three clock hour totals are conputed hourly by sunm ng the avail able

i ndi vi dual clock hour totals for the past three hours. At |east two of the
three hours of data must be avail abl e and m ssing periods shoul d be not ed.
The data are then scaled to 16 accunul ation levels for use as a display, and
annot ati ons are added automatically to produce the PRODUCT (Three Hour

Preci pitation).

The stormtotal (total precipitation since the |ast one hour break in
significant precipitation) is generated whenever certain scan-to-scan
accunul ati on paraneters are exceeded. It is then updated using each
ACCUMULATI ON SCAN ( Scan-to- Scan) received until being reset after a one hour
break in significant precipitation. |If FLAG (apply BIAS) is set, the
ACCUMULATI ON SCAN ( Scan-to- Scan) are adjusted using the conputed BIAS. The
data is then scaled to 16 levels for use as a display and annotations are
added automatically to produce the PRODUCT (Storm Total Precipitation).

1.2 SCOURCE

The PRECI Pl TATI ON PRODUCTS al gorithm was devel oped by the Radar Hydrol ogy

G oup of the National Wather Service's Hydrol ogic Research Laboratory. This
algorithmis based on experiences gained through the use of real-tine rainfal
estimation fromthe D RADEX system the GATE project, and other experinental
projects as well as an in-depth analysis of ways wi th which weather radar data
could be better used for hydroneteorol ogi cal purposes.
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1.3 PROCESSI NG ENVI RONVENT

The ARRAY PRODUCT (Digital Precipitation) on the 1/40th LFM grid provides
hourly running total or clock hour total precipitation accunulation estinmates
in adgital array format to support hydromneteorol ogi cal requirenents for
nunerical use of precipitation data in conputers external to the NEXRAD RPG
This format is not conpatible with PUP displays. In addition to the
precipitation array data, an extensive set of annotations (IDENTIFIER

| NFORVATI ON and SUPPLEMENTAL DATA) will be included automatically as part of
this product. This information is intended for use in higher |evel
(regional/national) processing to identify certain characteristics about the
data up to that point in the processing stream It will be used as part of
the information for acconplishing nore discrimnating quality control
functions at the higher |evel of processing.

The Limted Fine Mesh (LFM grid is a rectangular grid commonly used by the
Nati onal Weat her Service which is based on a pol ar stereographic projection
An LFM grid box represents an area whose size and shape varies with latitude.
Therefore the size and shape of the grid boxes will vary slightly over the
area covered by the radar and even nore fromradar to radar (3.5 to 4.5 km
over the contermnous U S. for the 1/40th LFMgrid. The 1/40th LFM grid boxes
used here are defined to have 1/40th LFM grid points as their centers and a
mesh [ ength of 4.7625 kmat 60° N latitude. The information required to
generate the grid for each site are the |latitude and | ongitude of the radar
the mesh length at 60° N latitude (the standard |atitude), and the standard

| ongi tude (105° W).

In order to cover the radar unbrella out to 230 kmeven at the |ower [atitudes
of the conterm nous United States, a 131 by 131 array of 1/40th LFM grid boxes
will be required. This array will always be 131 by 131 regardl ess of the
latitude of the site. This grid should be positioned in such a way that the
radar site falls within the grid box (66,66). The ARRAY PRODUCT (Digita

Preci pitation) nust be conpacted (e.g., elimnation of all 0 rows, run length
encodi ng of rows) to reduce storage and especially comruni cati ons | oadi ngs.
Conmpaction nmust be done in such a way that the source 131 by 131 array can be
reconstructed with the use of nom nal conputer resources. The 1/4th LFM area
averaged precipitation rate data (8 coded precipitation rate |evels) for each
scan used to generate the ARRAY PRODUCT (Digital Precipitation) will be
automatically included as part of the annotations (SUPPLEMENTAL DATA) to the
ARRAY PRODUCT (Digital Precipitation). The values for the 13 by 13 1/4th LFM
grid were conputed by the PRECI PI TATI ON RATE [018] al gorithm These nust be
conpacted subject to the constraints specified above.

The PRODUCT (Three Hour Precipitation) uses the PRECH Pl TATI ON TOTALs (Hourly)
for the last three clock hours. 1In order to provide these products on a
consi stent basis, the nethod used to save the PRECH Pl TATI ON TOTALs (Hourly)
must be safe, even fromtenporary system shutdowns and restarts

The PRODUCT (Storm Total Precipitation) uses the previous set of PRECI Pl TATI ON

TOTAL (Stornm). Again, the nmethod used to save these data nust be safe, even
fromtenporary shutdowns and restarts.
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2.0 | NPUTS

2.1 | DENTI FI CATI ON

FLAG (apply BIAS) = A set or cleared flag indicating whether the
bi as shoul d be appli ed.
Current BIAS = The current BIAS generated by the PRECI Pl TATI ON
ADJUSTMENT [ 020] al gorithm
ACCUMULATI ON Scan = The hourly radar precipitation accunul ati on SCAN
(Hourly) (Hourly) data for an hourly running period or

cl ock hour on a 1 degree by 2 kil oneter polar
grid from1 to 230 kil oneters. A precision of
at least 1 mm and a dynamic range of at least O
to 1600 mm are required. Includes the beginning
TI ME (Accumul ati on) and ending TI ME

(Accunul ati on).

ACCUMULATI ON SCAN = The total scan-to-scan accunul ation data on a 1

( Scan-t o- Scan) degree by 2 kilonmeter polar grid from1l to 230
kil ometers for the period fromthe previous tine
to the current time. A precision of at |east
0.1 mmand a dynam c range of at least 0 to 400
mm are required. Includes the previous average
TIME (Scan) and current average TIME (Scan).

CATEGORY( Preci pi tation)

The precipitation category currently in effect.

CATEGORY MEANI NG

0 No precipitation detected during the past hour
1 significant precipitation detected during the past hour
2 Li ght precipitation detected during the past hour
TI ME (St anp) = The tine at which the Precipitation Detection

support function was |ast executed. A precision
of at least 1/1200 hour is required.

PRECI PI TATI ON STATUS = An al phanuneric nmessage whi ch includes the radar
MESSAGE I D, TIME(Stanp), current radar status, current
operational node, current scan strategy,
TI ME(Last Precipitation Detected),
CATEGORY( Preci pitation), nunber of gages in data
base, and tine since | ast update to the gage

data base
TIME (Last Precipitation = The tine at which the Precipitation Detection
Det ect ed) Function | ast detected precipitation. A

preci sion of at |east 1/1200 hour is required.

FLAG (Zero Scan-to- Scan) = A set or cleared flag indicating, if set, that
all current ACCUMULATI ON SCAN(scan-t o- Scan)
val ues can be assuned to be equal to
ACCUMULATI ON (Zero Interpol ated).

FLAG (Zero Hourly = A set or cleared flag indicating, if set, that
Accurul ati on) all current ACCUMULATI ON SCAN (Hourly) val ues
can be assuned to be zero

BOX (1/40th LFM Gi d) = Rectangul ar grid box centered on 1/40th LFMgrid
points. At 60 degrees N the nmesh length is
4.7625 km Specifies the scan's sanple vol unes
whose centers fall within each grid box. If
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none, the sanple vol une whose center is closest
to the center of the grid box is specified.
Gid boxes whose centers are nore than 230 km
fromthe radar are not assigned any sanple

vol unes.

RATE (1/4th LFM G'i d Box) Area-average rate (8 |l evel coded value) in eachn
each 1/4 LFMgrid square. A 13 by 13 grid of
val ues for each RATE SCAN used in constructing

the hourly accumnul ati ons.

FLAG (No Hourly = A set or cleared flag indicating, if set, that

Accurul ati on) no hourly accumul ati ons were conputed for the
hour ending at the current ending TlIME
(Accunul ati on).

SUPPLEMENTAL DATA = A set of varied data, determ ned during the
execution of the precipitation processing series
al gorithnms, which will be included as part of an
al phanuneric, PUP-displ ayabl e product. Elenents
of the data will also be included as annotations
to the other precipitation products.

| DENTI FI ER | NFORVATI ON

Consi sts of annotations such as the radar I.D.
product nane, time (beginning and endi ng), date
and mssing period tinmes. The tinmes nust be in
hours and m nutes GMI' (G eenwi ch Mean Ti ne).

GAGE REPORTs (Accurmul at or)

Reported val ues of accunulation in mmat each
gage and tinme of occurrence (to the nearest 1/60
hour) .

GAGE REPORTs (I ncrenental)

Reported val ues of incremental accumulation in
mm increnment duration (hours to the nearest
1/60 hour) and tinme of occurrence (to the
nearest 1/60 hour).

GAGE- RADAR SET = Set of associated pairs of hourly radar and
hourly rain gage accunul ati ons.

2.2 ACQU SITION
FLAG (apply BIAS) is a unit adaptation paraneter.
Current BIAS is obtained fromthe PRECI Pl TATI ON ADJUSTMENT [ 020] al gorithm

The followi ng are obtained fromthe PRECI Pl TATI ON ACCUMJLATI ON [ 019]
al gorithm

ACCUMULATI ON SCAN ( Scan-t o- Scan) endi ng Tl ME (Accunul ati on)
ACCUMULATI ON SCAN (Hourly)

FLAG (Zero Hourly Accumul ati on)

FLAG (Zero Scan-t o- Scan)

FLAG (No Hourly Accumul ati on)

BOX (1/40th LFM Gid) is a unit adaptation paraneter file which is
automatically generated given the latitude and | ongitude of the site, mesh
length at 60° N (4.7625 km), and the reference | ongitude (105° W.

SUPPLEMENTAL DATA are assenbled fromother algorithns within the precipitation
processi ng system
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| DENTI FI ER | NFORVATI ON are obtained froma unit adaptation paraneter file,
assenbl ed fromother algorithnms within the precipitation processing system
(e.g. PRECI PI TATI ON PREPROCESSI NG [ 017]), and obtained from system status and
calibration files.

TIME (Stanp), PRECIPI TATI ON STATUS MESSAGE, CATEGORY (Precipitation), and TIME
(Last Precipitation Detected) are obtained fromthe Precipitation Detection
support function.

RATEs (1/4 LFM G'id Box) are obtained fromthe PRECH Pl TATI ON RATE [ 018]
al gorithm

GAGE REPORTs (Accumul ator) and GAGE REPORTs (Increnental) are obtained from
the Rain Gage Database mnaintai ned by the Gage Data Acqui sition support
al gorithm

GAGE- RADAR SET is obtained fromthe PRECI Pl TATI ON ADJUSTMENT [ 020] al gorithm
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3.0 PROCEDURE

3.1 ALGCRI THM

BEG N ALGORI THM ( PRECI PI TATI ON PRODUCTYS)

1.0

I'F (FLAG (No Hourly Accumul ati on) not set)
THEN
I'F (FLAG (Zero Hourly Accunul ation) set)
THEN Set all ARRAY TOTALs (Digital Precipitation) to zero
ELSE
DO FOR ALL (BOX (1/40th LFM Gid))
COWPUTE (ARRAY TOTAL (Digital Precipitation) el enents)
END DO
END | F
Conbi ne ARRAY TOTAL (Digital Precipitation) and the RATEs (1/4 LFM
grid Box) with the appropriate SUPPLEMENTAL DATA and | DENTI FI ER
| NFORVATI ON t o produce the ARRAY PRODUCT (Digital Precipitation)
VWRI TE (ARRAY PRODUCT (Digital Precipitation))
I'F (FLAG (Zero Hourly Accunul ation) set)
THEN Set all PREC PI TATION TOTALs (Hourly) to zero.
ELSE
COWUTE (PRECI PI TATI ON TOTAL (Hourly))
END | F
END | F

I'F Cock hour occurred since the previous average TlIME (Scan) and before
or at the current average TIME (Scan) AND PRECI Pl TATI ON
TOTALs(Hourly) exist for at least 2 of the last 3 cl ock hours)

THEN
COWUTE (PRECI PI TATI ON TOTAL (Three Hour))

END | F

IF (CATEGORY(Precipitation) indicates precipitation has occurred during
t he past 1 hour)

THEN
I F (FLAG (Zero Scan-to-Scan) not set)
THEN
COWUTE (PRECI PI TATI ON TOTAL (Storm)
END | F
ELSE

Set all PRECI PI TATION TOTAL (Stornm) values to zero
END | F

Conbi ne SUPPLEMENTAL DATA, | DENTI FI ER | NFORVATI ON, GAGE_RADAR SET
i nformati on and GAGE REPORTs to produce the displayabl e, al phanuneric
PRODUCT ( Suppl enental Precipitation Data)

END ALGORI THM ( PRECI PI TATI ON PRODUCTS)

3.2 COWPUTATI ON

3.2.1

Bcur

ASS

NOTATI ON

= Current BIAS generated by the PRECI Pl TATI ON ADJUSTMENT [ 020]
al gorithm

= ACCUMJLATI ON SCAN ( Scan-to-Scan), the total scan-to-scan
accunul ation data on a 1 degree by 2 kil oneter polar grid
from1 to 230 kilonmeters for the period fromthe previous
time to the current tine. A precision of at least 0.1 mm
and a dynam c range of at least 0 to 400 nmare required.
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ASH =

FNA =

FZS =

PTHadj] =

PT3 =

SuP =

PSTcur =

PSTpre =

I ncl udes the previous average TIME (Scan) and current
average TI ME (Scan).

ACCUMULATI ON SCAN (Hourly), the hourly radar precipitation
accunul ation data for an hourly running period or clock hour
on a 1 degree by 2 kilonmeter polar grid from1 to 230
kilometers. A precision of at least 0.1 mmand a dynamc
range of at least O to 1600 nmare required. Includes the
begi nning TI ME (Accunul ation) and ending TI M

(Accunul ati on).

FLAG (Zero Hourly Accumul ation), a set or cleared flag
indicating, if set, that all current ACCUMULATI ON
SCAN( Hour |l y) val ues can be assumed to be equal to zero.

FLAG (Zero Scan-To-Scan), a set or cleared flag indicating,
if set, that all current ACCUMILATI ON SCAN ( Scan-t o- Scan)
val ues can be assuned to be equal to zero.

PRECI PI TATI ON TOTAL (Hourly) adjusted, the adjusted hourly
precipitation total. |If FLAG (apply BIAS) not set, the
adjusted hourly total is set equal to the ACCUMJLATI ON SCAN
(Hourly).

PRECI PI TATI ON TOTAL (Three Hour), the three hour
precipitation total.

SUPPLEMENTAL DATA, a set of data which will be included as
annotations to the four precipitation products.

| DENTI FI ER | NFORVATI ON, consi sts of annotations such as the
radar |1.D., product nane, tine (beginning and ending), date
and m ssing period tinmes. The tines nust be in hours and
m nutes GVI (G eenwi ch Mean Tine).

ARRAY PRODUCT (Digital Precipitation), the hourly running
total or clock hour total on a 1/40th LFM Gid out to 230 km
in a 256 data level (8 bit) format. Product includes
appropriate suppl ement data.

Current PRECI PI TATION TOTAL (Storn), the current storm
precipitation total, in mm A precision of at least 0.1 nm
and dynam c range of at least 0 to 1600 mm are required.

Previ ous PRECI Pl TATI ON TOTAL (Storm), the precipitation
total conputed previously, in mm Precise to 0.1 mm

Note: Precision will be units specified unless otherw se stated.

3.2.2 SYMBOLI C FORMULAS

COWPUTE ( ARRAY PRODUCT (Digital Precipitation))

IE (FLAG (apply BIAS) set THEN
APDP = (Sumof N (ASH * Bcur) / N

ELSE

APDP =

ENDI F

where sumis over

(Sumof N ASH) / N

N ACCUMULATI ON SCAN (Hourly) sanple vol unmes specified for a

particular BOX (1/40th LFM Gid). Values of N may range fromO to 360
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dependi ng on the |ocation, size, and shape of the BOX (1/40th LFM Gid). When
N = 0, APDP = 0.

COWPUTE ( PRECI PI TATI ON TOTAL (Hourly) adj usted)
For each ASH
IF (FLAG (apply BIAS) set) THEN
PTHadj = ASH * Bcur
ELSE
PTHad] = ASH
END | F
then use PTHadj to build PRECI Pl TATI ON TOTAL (Scal ed Hourly) product.

Note. Reference Federal Meteorol ogi cal Handbook, Nunber 11, Part C, Appendi X
A for all product data |evels.

COVPUTE ( PRECI Pl TATI ON TOTAL (Three Hour))

IE (FLAG (apply BIAS) set THEN
PT3 = (Sum of N (ASH * Bcur)
ELSE
PT3 = (Sum of N ASH)
ENDI F

where sumis over all N available clock hour PRECH Pl TATI ON TOTALs (Hourly)
fromthe last three clock hours with ACCUMILATI ON SCAN (Hourly) val ues greater
t han zero.

COWPUTE ( PRECI PI TATI ON TOTAL (Storm)

IF (FLAG (apply BIAS) set) THEN
PSTcur = PSTpre + (ASS * Bcur)

ELSE
PSTcur = PSTpre + ASS
ENDI F
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QUTPUTS

4.1 | DENTI FI CATI ON

DATA ARRAY- -

0 The ARRAY PRODUCT (Digital Precipitation) providing, in conpressed form
the hourly running total or clock hour total on a 131 by 131 1/40th LFM
grid is output fromthis algorithm The appropriate SUPPLEMENTAL DATA
are: total nunber of isolated sanple volunes, total nunber of replaced
and interpolated outliers (reflectivity factor), nean percent area
reduction and nmean bi-scan ratio of all scans during the accumnul ation
peri od, the nunber of bad scans during the accumnul ati on period, the
area-averaged precipitation rate in each 1/4 LFMgrid box for each scan
during the accunul ation period, the nunber of interpolated outliers
(hourly accunul ations), the FLAG (apply Bias), the conputed bias
estimate and its estimation error variance.

GRAPHI CAL- -

0 The PRODUCT (Hourly Precipitation) gives the hourly runni ng total or
cl ock hour total out to 230 kmin a 16 | evel display conpatible fornmat.
The appropriate SUPPLEMENTAL DATA are: radar bias estimate, the error
variance of bias estimate and the FLAG (apply Bias).

0 The PRODUCT (Three Hour Precipitation) gives the 3-hour total over the
past 3 clock hours out to 230 kmin a 16 |evel display conpatible
format. The appropriate SUPPLEMENTAL DATA are: the values of the three
conput ed bi ases and the three error variances, and the FLAG (apply
Bi as) .

0 The PRODUCT (Storm Total Precipitation) depicts the total accumul ations

since the last one hour break in significant precipitation out to 230 km
in a 16 level display conmpatible format. The appropriate SUPPLEMENTAL
DATA are: the nean of bias estimates applied since the storm began and
the nmean estimation error variance occurring during the storm

ALPHANUMERI C- -

(o]

The PRODUCT (Suppl enental Precipitation Data) provides, in display-
conpati bl e, al phanunmeric format, the foll ow ng SUPPLEMENTAL DATA
paranmeters for the current vol une scan: nunber of isolated sanple

vol unmes, nunber of replaced and interpolated outliers (reflectivity
factor), nunber of interpolated outliers (hourly accunul ation), percent
area reduction, bi-scan ratio, flag (bad scan), m ssing period indicator
(with beginning and ending tinmes if mssing period present), conputed
bias estimate and its error variance, and flag (apply bias).

It al so provi des GAGE- RADAR SET information, including the nunber of
gage-radar pairs and, for each pair, the gage ID, its azimuth and range
(fromthe radar), the hourly gage accunul ation estimate and matchi ng
radar accunul ation estimate (in inches, to nearest .01"), and an

i ndicator as to whether the pair used in the BIAS determ nation

Furthernore, the product provides data fromthe RAIN GAGE DATABASE

i ncluding the present nunmber of reporting gages, the date & tine of |ast
data base update, the ID, latitude, |ongitude, azinmuth, range, gage type
(accunul ator or increnmental) and nunber of reports for each gage and,

for each report, the tinmestanp, value (in inches, to nearest .01"), and,
for increnental -type gages, the duration (in mnutes).

4.2 DI STRI BUTI ON
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Rainfall estimates fromthis algorithmw |l be distributed to user sites and
used as input to subjective and objective hydroneteorol ogi cal forecast
procedures for flash-flood watches and warni ngs, river stage nonitoring, and
wat er managenent information applications. Products derived by this algorithm
will be distributed as foll ows:

The ARRAY PRODUCT (Digital Precipitation) will be transmitted
automatically, once per hour (possibly as often as tw ce per hour), to
the River Forecast Centers (RFCs) and as required to the Wat her
Forecast O fice (WGs) for input into conputer based hydronet eor ol ogi cal
nodels. Distribution will be directly fromthe Radar Product GCenerator
(RPG and fromthe Principal User External System (PUES) port at the
Princi pal User Processor (PUP).

G aphi cal Display Products (PRODUCT (Hourly Precipitation), PRODUCT
(Three Hour Precipitation), PRODUCT (Storm Total Precipitation)), as
wel I as Al phanureric D splay Product (PRODUCT (Suppl enent al
Precipitation Data)) - Distributed to WBFGs and RFCs t hrough the PUP.
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5.0

| NFERENCES
5.1 LIM TATI ONS

This al gorithm does not provide sufficient intelligence required to distil
and integrate heavy precipitation information into a flash flood alert map

5.2 FUTURE DEVELOPMENTS

The addition of the capability to generate a flash flood alert map will be an
i mportant enhancenment to consider for the future.

Al so, current plans are to devel op, based on the SUPPLEMENTAL DATA, | DENTI FI ER
| NFORMVATI ON, and possi bly other data processing/quality information, a one or
two digit quality status code which would al ways be di splayed with the
graphi cal products. This code would provide the viewer with inportant

i nformati on on the processing and quality of the data.
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