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Motivation

= Need for accurate Quantitative
Precipitation Estimation (QPE).

= Radar and Rain Gauges have
some form of QPE

- Gauges: Most accurate technique
but point measurement.

- Radar: Good spatial and temporal
coverage but an indirect
measurement, problems in complex
terrain.

= New QPE techniques are being
developed using satellite and
lightning data, or composites of a
combination of methods.
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N
Background

= A number of authors have shown
a strong correlation between
lightning and convective rainfall.

= Rain gauge and radar-derived
precipitation are used for
correlation with occurrences of

cloud to ground (cg) lightning
flashes.

= Once this linear relationship is -\
determined, the lightning flash rate J&ES
IS used to estimate precipitation.

= Current studies show that the
precipitation rate per flash varies

depending on geographic region
and convective environment.
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Data and Spatial Domain

« NCEP Stage |V Precipitation Data,
August 2005

=« NLDN Lightning Data

« Spatial Domain Southern Arizona:
«Lat -111.445 -109.731

sLon 30.9141 32.4566
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Lightning- Precipitation Estimation

The estimation is made through a simple mathematical inversion between
lightning counts and the observed precipitation

al srecpitation

Individual storm precipitation - { s amacorne

A Lagged preciphation dwting CG ‘laates

volume vs. the total number T

am = = =Precipitation during C G flahes

of CG flashes in 9 Florida
thunderstorms

(using 3 methods)
~ 2x10% m3/flash
(Gungle and Krider, 2006).

Pmclpitstion Vialsses i= 14 * mt)
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_.J Rainfall Correlation in the Tucson Basin

Daily F'as:rg’i:“‘ vs. Ave Daily rainfall estimate obtained by
.+ 1™, averaging measurements from 24
. ': »* | . 2 Pima County gauges contained in
RIS o the Tucson Basin analysis domain
< 0’“’ . 10 %
* 2
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Methodology

Precip and Lightning | 748 strokes
Q7 AUG 02:00 Hrs

T4 1112

THW 1108l 11080 11040 11028 1108 100.8W
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*"In ST4 precipitation
data we count and grid
the lightning strikes
iIndicated by black dots
per time period.

»But for small grids, Is
this the best idea?

Note that the maximum

precipitation and the maximum
strikes are not coolocated
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Preliminary Lightning Gridding

» Instead of CG lightning counts we
use a gaussian distribution that
represents the probability that the
source of precipitation is located at
the same horizontal position as the
striking point. o

= The counts matrix is convolved in
integrated accumulated gaussian
probabilities
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Can this approach enhance Stage IV radar
and gauge derived precipitation?

Precip and Lightning | 370 strokes
08 AUG 02:00 Hrs

Gaussian Itg Probability & Itg Events | grd _zize =0.5Km SD=2.5Km
- W = 0
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A better approach to the
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Comparison Between Lightning Counts and Gaussian

precipitation relationship

ST4—vPrecEOp and Ltg Events | 373 flashes
8 AUG 08:00UTC
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Lightning Grided | 373 strokes
08 AUG 08:00 Hrs
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Gaussian — Precipitation Correlation

ST4—Precip and Ltg Events | 373 flashes
08 AUG 08:00UTC Integrated Gaussian It? Probability
08 AUG 0B:00UTC

August 8
8:00 hrS TR 1MW NOHW 1106w 1Gaw 0w 110W 109,80
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08 AUG DB:00UTC Scatter Plot
08 08 2005
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y=p1*x+p2 | e |
L linear

9
gl Coefficients: i
7
6

M, mm

p1=0.3375 R
= 71 p2=0.10902 .
£ |R=0.7936 |
= [ ]
8
| i
2 z l
() 1 -~ Il |
20 25

Integrated Gaussian Probability

g UNIVERSIDAD DE SONORA THE UNIVERSITY OF ARIZONA.




) INO . _ _
UNIVERSIDAD. DE SONORA THE UNIVERSITY OF ARIZONA.



ST4-Precip and Ltg Events | 21 flashes
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ST4—Precip and Ltg Events | 914 flashes Itgprecip émm) Itgprecip émm
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ST4—Precip and Ltg Events | 83 flashes Itgprecip émm) Itgprecip émm)
08 AUG 11:00UTC 08 AUG 11:00UTC 08 AUG 11:00UTC

e 3244
50 50 50
40 40 40
0 M 0 32.m 0
8 1M 8 azw 16
14 14 14
12 12 12
o MmN = 3.8 o
10 10 10
B B B
] NN . ] b 1K1 ]
31,84 S 4 3184 4 1.8 *
& \‘-H.\_\_\_\__ it 0 Y W 1 I B N | S 3 & e b = 3
na 1 na 1 N 1
0.5 0.5 0.5
Iw . \ |,' o Iw \ |,' 3N \ |,' o
¥ ¥ ¥
11149 1112w 111w 110,64 1108w 1104w 110w 1ow 109, B 11149 1112w 111w 110,69 1108w 11049 1oaw 1ow 104,59 1114% iaw 111w 110.6% 1106w 11049 1oaw 110w 109,59
ST4—Precip and Ltg Events | 25 flashes Itgprecip LSmrr'-) Itgprecip LSmm)
03 AUG 12:00UTC 08 AUG 12:00UTC 08 AUG 12:00 UTC
2N 3244
50 50 50
a0 . 40 40
30 a2m 30 3204 30
25 25 25
16 3 16 231 1%
4 4 14
12 12 12
BN pIE
10 10 10
-] -] -]
] NN ] INBN ]
5 5 5
e 4 4 4
314N S 314N 314N
[t 3 3 3
N 1 N 1 N 1
[+X-) [+X-) [+X-)
BN Ak 3 Ak 3 ok
R L] 1ML 1w 110, 0. 1106w 104w 1o 110w 1000w iAW M 1w 110 110ew 14w 1o 110w 1000w 1w 110w 10ew 14w 1o 110w 1000w

UNIVERSIDAD DE SONORA THE UNIVERSITY OF ARIZONA.

"Bl baber de mis Kijos havd mf Gramdeza”




Correlation time Series

I I
—@— Discrte Counts
—@  Gaussian Integrated

Overall the

: o.%/ Correlation fall
8 when stratiform
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Conclusions

=The results show for some cases that the
correlation improve

*The gaussian convoluted matrix can cover
more spatial grids than the discrete mode,
this may implies better QPE coverage by
lightning — precipitation relationship.

*Therefore lightning precipitation estimation
can be used as a complement of the current
composite precipitation products.
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Future Work

*[ ook for a higher time resolution data and test correlation
for varying time and spatial resolution and find the optimal
resolution for QPE.

=Test a new statistical distribution and for some other
meteorological cases.
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