
An Updated Rain-Type Classification for Rain Rate Estimation and Identifying Shallow Convectiona

S.W. Powell1, R.A. Houze, Jr.2, S. R. Brodzik2, B. Dolan1, P. Hein1, S. A. Rutledge1, W. Xu1, and E. J. Thompson3

S. Powell was supported by a NOAA Climate and Global Change Postdoctoral Fellowship, sponsored by UCAR’s Cooperative Programs for the Advancement of Earth System Science. S. Rutledge and group were supported by NSF grant AGS-1442095. R. Houze and group were supported by NFS grant AGS-1355567 and NASA grant 
NNX16AD75G. E. Thompson was supported by a Science and Engineering Enrichment and Development Fellowship from the Applied Physics Laboratory at the University of Washington.       
1Colorado State University     2University of Washington     3Applied Physics Laboratory, University of Washington     aPowell et al. (2016), JTECH, 523-538.     bThompson, E.J., et al. (2015), JAS, 4091-4125.     cSteiner, M. et al. (1995), JAM, 1978-2007.

1. Introduction

- In 2011, the DYNAMO field campaign was executed in the equatorial 
Indian Ocean to investigate, in part, the cloud population during the on-
set of Madden-Julian Oscillation events. Multiple radar platforms were 
used. A major effort is now underway at Univ. of Miami, Univ. of Wash-
ington, Texas A&M, Colorado St. Univ, and NCAR to centralize the radar 
and other data into a single, user-friendly “legacy” dataset.

- On this poster we focus on one of the more difficult aspects of preparing 
such a dataset: estimation of rainfall totals using the radar data and pro-
viding uncertainty bounds on those estimates.

2. Classifying Rain-Type (Convective/Stratiform) 

- One of the most important steps of estimating rainfall is accurately determining whether radar echoes represent convective or stratiform precipitation. Thompson et al (2015)b deter-
mined separate Z-R, Z-ZDR-R, KDP-R, and KDP-ZDR-R relationships for precipitaiton during DYNAMO using disdrometer and dual-polarimetric radar data. 

- Older rain-type classifications (like Steiner et al. 1995c and later variations) suffer a few problems:
 1. Echoes surrounding isolated convective cores are often classified as stratiform.
 2. They require a full 3D volume to distinguish between deep and shallow convection.
 3. Since they operate on an interpolated reflectivity field at 2.5km, they miss embedded shallow convection.

- New algorithm can be applied to interpolated reflectiivity field or data at a constant elevation angle. Also new categories are implemented:
 1. Mixed/uncertain: Describes echoes surrounding intense convective cores. Whether such echoes are convective or stratiform is often ambiguous.
 2. Isolated convective core/fringe: Applied to small echo objects that are not parts of large mesoscale systems. Isolated convective core echoes are those that exceed a threshold re-
flectivity that is increased as a function of echo object size. Fringe echoes surround the core echoes. 

Above: Examples of shallow convection that are 
missed by Steiner et al. (1995) at 2.5 km altitude.

Right: Top row: Steiner et al algorithm run on 
reflectivity at 2.5 km during a convectively sup-
pressed period. Bottom row: New algorithm run 
on 0.5º elevation sweep, including isolated convec-
tive categories. Flow chart outlining algorithm

Vertical profiles of vertical velocity and latent heating in 
each rain-type category using the (top row) new algo-
rithm and (bottom row) Steiner et al algorithm. Obvious-
ly, much shallow convection is included in Steiner’s strat-
iform category.
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3. Determining how to estimate rain using dual-polarimetric data

Step 1: Use Z-R relationship for all precipitation (not separated by con-
vective or stratiform) to make initial guess of rainfall. 

Step 2: For small rain rate, go directly to a Z-R relationship. For moder-
ate rain rates, check ZDR. If ZDR is large, use ZDR-R relationship. If not, use 
Z-R. For extremely large rain rates, evaluate KDP and ZDR. If KDP and ZDR 
are large, use KDP-ZDR-R. If only KDP is large, use KDP-R.
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Step 3: For Z-R relationships, use “convective” relationship for convective 
and isolated convective core categories from rain-type classification. Use 
“stratiform” relationship for stratiform and isolated convective fringe cat-
gories. Use combined relationship for mixed region echoes. 

Right: CFADs of 
ZDR for each cate-
gory during DY-
NAMO. Justifica-
tion for Step 3.

a) “Best” Estimate b) 2.5 km re�ectivity

c) Lowest likely precipitation d) Largest likely precipitaiton

4. Expressing uncertainty in rain estimates

To properly express uncertainty, two primary 
contributors to uncertainty in rainfall estimates 
must be accounted for:
 a) Instrumentation error
 b) Spread in Z-R, etc. relationships

New DYNAMO dataset will include three rain 
rate estimates, a “best” estimate, and lower and 
upper bounds representing the 95% confidence 
interval of each estimate. 

Left figure: Example of 2.5 km reflectivity with 
rainfall estimates. At a single point in time and 
space, very large uncertainty in the rain rate ex-
ists!

Middle-top figure (with arrow pointing to it): 
PDF of rainfall rates at an example location.
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“Maximum” An instrument error of 0.5 dB, for example, in 
reflectivity, will cause the PDF to be skewed 
slightly toward positive values. This means that 
using only the “best-estimate” rain rates to de-
termine rainfall over long time periods will re-
sult in underestimating rainfall!

A PDF can be constructed easily at each data 
point. If we sample from the PDF at each data 
point in a volume many times (say 1000), then 
the total rain volume over large space and/or 
time can be estimated very accurately if the 
rain-type classification is good.

Left: Updated time se-
ries of estimated rainfall 
by rain-type category 
from DYNAMO S-Pol-
Ka. 

- Uncertainty has been 
applied to all data 
points.

- But this represents 
an estimate of rainfall 
based on reflectivity at 
2.5 km!


