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Research on the Statistical Characteristics of Radar Heavy
Precipitation Data in Wavelet Domain and Its Relationship with
Environmental Parameters

Yang Chunsheng', Kou Leilei"?, Jiang Yinfeng', Chen Yao!, Mao Ying!, Wang Zhenhui'*?

!School of Atmospheric Physics, Nanjing University of Information Science and Technology,
Nanjing 210044, China
2Collaborative Innovation Center for Meteorological Disaster Warning and Assessment, Nanjing
University of Information Science and Technology, Nanjing 210044, China

Abstract In order to obtain the best estimation of heavy precipitation, a priori model based on the
multi-scale statistical characteristics of radar heavy precipitation data is very important. Based on
the data of 180 independent precipitation events of Nanjing S-band Doppler weather radar from
2013 to 2016, this paper conducts wavelet decomposition to study the non-Gaussian edge
distribution characteristics of the wavelet coefficients in the wavelet domain of the heavy
precipitation radar echoes and the fractal characteristics between scales. And based on the prior
statistical characteristics of heavy precipitation, a corresponding mathematical model was
established. The research results show that for radar echoes with different precipitation structures
presenting different shapes, their fractal parameters are not very different, and the directivity is not
obvious, the wavelet coefficients of heavy precipitation can be uniformly modeled. Non-Gaussian
features within intrascale can be represented by generalized Gaussian distribution, and fractal
features between scales can be represented by exponential form. In order to further explain the
relationship between the statistical characteristics of the heavy precipitation in the wavelet domain
and the physical parameters of precipitation, the relationship between the fractal parameters of
wavelet coefficients in the wavelet domain of heavy precipitation and environmental parameters is
discussed. It is found that the correlation coefficient between the convective available potential
energy and the fractal parameters in the environmental parameters (Tg :first-order horizontal
direction) is 0.5535, and the correlation coefficient between the precipitation per hour and the fractal
parameters (T,:the mean of the second-order wavelet coefficients and fractal parameters in each
direction) is 0.3848, while the correlations between other environmental parameters and fractal
parameters is lower than 0.28. The statistical characteristics of heavy precipitation in the wavelet
domain and the prior information with environmental parameters can be used for parametric
modeling of heavy precipitation data. It has important reference value for subsequent applications
such as optimal estimation of heavy precipitation, data assimilation, data downscaling, and multi-
source data fusion.

Keywords: Heavy precipitation, Radar echoes, Wavelet domain, Statistical characteristics,

Environmental parameters
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P IR A3R) 1 23 B AR 1 A R B SR AR M S5 R AIE (Perica and Foufoula-Georgiou, 1996;
Wainwright and Simoncelli, 2000) , — % H A EGIE/ N iR f5 5 I H e —
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— SRR, R R R . MREAE DS K T I G RAE, AN AR
i GEAR 1 Z1) 1) B 34 s P K Bl (1 2 RIE St it 4548 (Kou et al., 2020) . Huang
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FINAALI T AL RGOS SR 2L E X TE R, AN 7 A A —
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Venugopal et al., 2006; Mandapaka etal., 2010)
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F#/Kfh & (Ebtehajetal., 2012, 2013b) o A F /N AR 3 RO B8 R RE 7 v R AE 50
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(Ebtehaj and Foufoula-Georgiou, 2011a) .

XF 2015 4F 6 3 30 H st X — R B b (B 1a) , Helpk &
ANTE TR IS AURAGTT A 100 km A SRV SRR AR B, T BRI E A R 2 155 131
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Fig.1 Radar reflectivity image of the precipitation case in Nanjing at 00:16 UTC 30 June 2015 (a), wavelet
coefficients for horizontal (b) sub-band of the reflectivity image in (a), and the probability statistical distributions
of the horizontal sub-band wavelet coefficients normalized by the standard deviation(c: P, d: Log(P)), at one level
of decomposition. The wavelet coefficient probability distribution(Hist) in the wavelet domain of the radar heavy
precipitation reflectance image is heavier tail than Gaussian distribution (Gaussian). The solid line in (d) is the

fitted generalized Gaussian distribution.
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wavelet coefficients obtained from the decomposition of heavy precipitation field
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Fig.3 Comparison of the probability statistical distributions(P) of the horizontal sub-band coefficients normalized
by the standard deviation after first-order decomposition of strong convection (a) and weak convection (b). The
wavelet coefficient probability distribution (Hist) in the wavelet domain of the radar heavy precipitation
reflectance image is heavier tail than Gaussian distribution (Gaussian). The solid line is the fitted generalized

Gaussian distribution (Fit GG)
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Fig.4 Heavy convective precipitation field of monolithic (20:15:00 UTC 15 July 2014, a) and massive (13:01:00

UTC 24 July 2014, b) echo, and the scaling law of the first (¢) and second (d) monents of the wavelet coefficients
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at 13:01 (24 July 2014, UTC) in figure (c) (d)
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Table.1 The range of fractal parameters for different types of radar echoes
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H V D H V D
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)

Table.2 Correlation coefficients of wavelet coefficient fractal parameters in various directions and various

environmental parameters

T1 T2
H Vv D T1 H V D 7

CAPE 0.5535 0.4291 0.3964 0.4990 0.4437 0.3423 0.2395 0.4115
PRE 0.3136 0.2576 0.3388 0.3336 0.3466 0.2843 0.2973 0.3848
CIN 0.2013 0.2443 0.1553 0.2202 0.1484 0.2667 0.0374 0.1790
Wind  -0.0499  -0.0247  0.0441  -0.0079 20.0591  -0.0396  0.1369  0.0338
K 0.1359 -0.0033 -0.1046 0.0004 0.0548 -0.0262 -0.1302 -0.0594
TT 0.2221 0.2121 -0.0560 0.1307 0.2171 0.2602 -0.1930 0.0820

*7E CAPE: XA #(fLHE, PRE: Total precipitation, CIN: XJi#l#lEE, Wind: 3R 10m & Ki#E, K
K%, TT: Bf8%
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