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Motivation and Background Info

 Motivation behind improved rainfall estimates.

» Past studies

Relations between polarimetric variables and rain
amounts.

o Simulated drop size distributions (DSD)

Compare different rain rate (R) and liguid water
content (M) measurements.

e Simulation

e Errors
o Comparison with rain gauges

Conclusions



VietvVation:

+ Why do we need
Improved accuracy. Iin
rainfall estimation?

e Safety: Flooding (high
rainfall rates).

e |Improved initialization
of hydrological models.

= Agriculture: Highlight
areas where crop
shortfalls or flooding Is
likely.




Howiis Rain EaliNVieasuredy?

¢+ Rain gages:
e Useful, but only serve as Isolated point
measurements.

e Gauge measurements are ofiten
assumed to represent the average
rainfall rate over large areas.

¢ Therefore, It Is necessary to identify.
alternative rainfall measurement
technigues.



Hoewis Raimr EaliNVieastredy

+» WSR-88D:

= Several studies have attempted to construct correlations
between the reflectivity factor (Z) and rainfall rate (R).

= Useful for rainfall estimates over large areas, for long
periods of time.

= Generally useless for hydrologic preblems requiring goeod
temporal and spatial reselution.

Rain Rate vs Radar Radar Reflectivity

¢ TRMM-LBA
B WSR-88D default
WSR-88D Tropical

z = 300R** . —— Pow er (TRMM-LBA)

7 = 286.95R e Pow er (WSR-88D
default)

Pow er (WSR-88D
Tropical)

100000 150000 200000 250000

6_3
z(mmm)




Vietvation

s WSR-86D:

Default: Z = 300R*-4
Tropical: Z = 250R*2

¢+ Jameson (1991): One of the consistently
worse parameters (largest ¢ where ¢ Is
standard deviation) for estimating nearly
Instantaneous, point rainfall rates
appears to be the reflectivity factoer (2)

¢+ How can Polarimetric variables assist
IN precipitation estimation?



BACKEGeURG

¢ Polarimetric variables are not
ImMmune to errors.

e iethods Invelving radar reflectivity
require knowledge of absoelute powers of
radar system; therefore they are prone
to calibration Issues

e Although Kdp Is Independent of radar
calibrations It enly has superior
accuracy at high rain rates.



Errers; In Radar RamialFEstimates

¢ Variations of drop size distributions
(DSD).
e The uncertainty In the median drop
diameter D, IS the main source off DSD
Induced errors In R(Kyp)-

Solution: Find a factor that could
compensate for the effects of the variations
of D, such that R(Kyp) IS independent of
DSDs.



¢ Jameson (1991): Mass-weighted
mean axis ratio Is such a fiactor,
which can be measured with Z5-

e Given axis ratio (a/b) use results from
Pruppacher and Beard (1970) to find D:



¢+ Using best-fit relation Jameson (1991) developed the follewing
rain rate relation:

where R: rain rate in millimeters per hour
Kpop: Specific differential phase in degrees per kilometer
Z, Z,: Horizontal and vertical radar reflectivity, respectively (mmém:=)

Strength of relation can be measured by a nermalized
correlation coefficient between the distributions X(D) and
R(D) over drop size D (where X represents radar parameter
and R Is rain rate). The smaller the correlation coefficient,
the less X and R are related



¢ In order to Incorporate Z, Into thelr
rain rate equation, Ryzhkov and
Zrnic (1995) suggest a pewer-law,
relation of the same form, I.e.



» Gamma Distribution:

¢ First step In finding the
desired power-law relation
Involved simulations of:
DSD variations using a

gamma distribution:
+ Where Ny: Concentration parameter

8 w: Shape parameter
A: Slope parameter

D: equivelume drop diameter (max
= 8 mm)
D,: median drop diameter

2
+ DSDs were determined by , _1<, <4, 0.5<D,(mm)<2.5,
varying the parameters
within the following
Intervals:

Ulbrich, 1983



Where D: Mass equivalent drop diameter (cm)
pw: density of water
N(D)dD: concentration of drops in size interval D to D+dD
v(D): terminal fall speed in still air (cm/s)



¢ Calculations of Kyp, Zpr, R, and liguid
water content (M) were made using a
wavelength ofi 10.97cm (Wavelength' of
NSSL’s polarimetric radar)

¢+ Using a standard nonlinear regression
technique, a best fit relation for R(Kqyp,
Zpr) and M(Kgp, Zpp) Was obtained:

¢ R(mm/hr) M(g/em3) Ky (deg/km)
Zpr(dB)



¢ 64% of simulated DSDs
corresponded to light
precipitation (R<20
mm/hr).

+ K,p too small at these rain

rates to be measured
accurately.

¢+ Typical standard error of
Kop IS aprox ¥z deg/km.
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¢ Discarding DSDs corresponding to
rain rates lower than 20 mm/ar
Improves estimates off moderate and
heavy rain at the expense of
degrading the bias of light precip.

¢ However, at an operational
standpoint, higher rain rates are of
greater importance.



ComparsenieirdiFerentiRiZneNV
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¢ ¢

- — . ; TaBLE 2. Standard deviations of rainwater content for estimators
TaABLE 1. Standard deviations of rain rates for estimators AR,

; o : o AM1, AM2, AM3 given by Egs. (10a)=(10c) and AM4 given by
ARZ, AR3 mven by Egs. (9a)-(9%c) and AR4 given by Eq. (7). Eq. (8.

Stamdard Standard
deviation of Intervals of rain rate {(mm h™') deviation of

Intervals of rainwater content (g m™)
the estimate

thie estimator

fmm h™") 1030 30-50 &0-100 100200 (g m™)

AR . | 5. .
ARZ K . : 1.2 AM2Z 038 0.43

1-2 2-3 3-4

AMI 076 0.96
AR3 . g ) 16.3

. AM3 (.46 (.60
AR4 . A 16 il

AM4 .23 0.25

R1 from Z=200R16 m; (I\ljze% in WER-38ZE>) -
R2, R3 (Schidananda and Zrnic 1987) ’ (Doviak and Zrnic )



Veasurement enersimpacion
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o Errors due to DSD and measurement errors.

TABLE 3. Standard deviations of rain-rate estimates caused by DSD (AR ep) variations, radar measurement error AR; for 2-km averaging
in range, and AR, for 4-km averaging in range; ARV are totals contributed by bath DSD variations and measurement errors.

Estimator Rain rate ; AR, AR, AR ARy
type {mm h™") | =) ) {mm h™') {mam h™") immh™

R A2y, £} 30
&0
100

9.3 138 9.7
| 8.6 274 19.2
310 457 32.1

it 1.9 6.2
4.8 16.9 2.9
iR 17.7 14.1

R (Kps) Jﬂ

R (Kpe, Zpe) ;é :ﬂ g;

33 138 6.0

b b= L B0 LA 22 D
TR - SN =T -

Standard error of Z is a function of:

1) Spectrum width

2) Correlation coefficient (p,,,(0)) R(Kpp,Zpg) still exhibit the best

3) Number of sample pairs performance provided K,,,Zy are

4) Signal to noise ratio smoothed over a 4km range (16 gates).



CompanseWitiiN2IRICEANGES

¢+ 9 June 1993, sguall'line passed over
Washita River basin (42 rain gauges
In a 603 km?# area)

¢ Total rain accumulations at location
of gauges computed from lowest
scan of 0.4 deg



CompanseWitiiN2IRICEANGES

¢ Statistical noise In Z, was reduced' by
averaging 4 successive range gates aleng
radiall (—1km). Moere needed for Ky and
Zoeh

¢ Shifted radar rain field with respect to rain
gauges.

¢+ Hail was present; therefore reflectivity
values larger than 53 dBZ were truncated
to 53 dBZ (as in WSR-88D precip
algorithm).



Rodar rain accumulation {mm)
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Fici. 4. Scattergram of cumulative rminfall obtained from R{Zy, Z£,)
and the ram gauges.

Reasons for bad performance:
1) Hail contamination (3 gauges removed)
2) Presence of melting hail aloft

-ice cores - drops larger than expected
-Large Zdr - underestimate R
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TansLE 4. The rms diffcrences between radar rainfall estimators
and rain gapges. All values 1n parentheses refer 1o estimates that

exclude three locations where hail contamination was evident.

Algonthm

rms
difference
for 2-h
total
{mm}

s
porecntags
differemnce

%)

Zy = 20088

R = 684 »x 1073253802080

R = 4065055

H - ﬁﬂﬁ%}”[l — :EHrE'}-.:I_l'J]-I}.ﬂ!I
R = 5T 4K Zea™

R = 52.0K8007- 040

£.0 (7.6)
17.4 (8.7)
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6.4 {4.7)
6.0 (4.5)
6.4 {4.5)

33.3(31.3)
651 (38.3)
3B (27.6)
239 (18.2)
24 1 (18.7)
2R.0(22.1)




Conclusions

¢ By varying parameters of a gamma
DSD, calculations were made relating
both rain rate and liguid water
content to Ky, and! Z

¢+ Simulations show: a relation R(Kge,
Z5n) produces a standard error: of
rain rate that Is 2-3 times smaller
than R(Z,,Z,) for
precipitation.



Conclusions continued

¢ Based on these simulations R and I\/I
estimators that use Kys and Zy. are,
theory, virtually mdependent oF‘} DSD
variations.

¢ In field comparison of these estimators
with rain gauges reveals that the acecuracy.
decreases due to measurement errors.
Errors can be reduced with spatial
smoothing ofi Ky, and Zy, however, bias
errors in Zyy still exist.

¢ All Kyp estimators out perform traditional
rainfall measurements.
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