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Outline

1. Overview of GOES-R Convective Initiation (Cl) algorithm, with
respect to forecaster feedback.

2. Recent algorithm improvements: Better performance over the
GOES-West domain, and through the use of GOES-R Cloud
Properties.

3. Data assimilation research involving the NOAA Rapid Update
(RAP) and High Resolution Rapid Refresh (HRRR) models, and
enhanced CI forecasts in these models.
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GOES-R Convective Initiation Flowchart

Monitor Cumulus Cloud Development

Satellite |«
Detection Radar

>
< >

Detection
[Time] .

| Forecast without satellite

| Forecast with satellite

Make Cloud Mask Produce MAMVs

\ /

Track “Cloud Objects”
from ‘T1’ to ‘T2’ (Similar
to “Cb-TRAM”
Zinner et al. 2008)

\

Determine CI forecast for each
tracked Cloud Object using 6

spectral/temporal differencing E>
tests (aka: “Interest Fields”)

CI Definition: 1st 235 dBZ echo at ground, or at —10 °C altitude



Presenter
Presentation Notes
Highlight steps
From Satellite image->
Clud Mask /AMVS ->
Object tracking->
CI imagery ->
Verification by Radar imagery


Logistical Regression
Approach

Test1: Test2: Test3: 6Tss1t ?): v Testb: 1;-633160 v
10.7 ym T, 10.7 ym Tg 6.5-10.7 13.3-10.7 um T,

_ AN
Time Trend um Tg Time Trend HM Tg Time Trend

Logistic
Regression:

Newton-Raphson
Method

| TEST1 | TEST2 | TEST3 | TEST5 | TEST6_

Standardized 0.469 -0.504 -0.122 0.803 -0.309

coefficients
UAH/Mecikalski



Indicators being sampled in Cl Nowcasting

SATCAST: Environmental (RAP Model)
0 10.7 pm Ty o Surface and most unstable
0 15 min 10.7 um Trends convective available potential
0 6.7-10.7 um T difference & 15-min e (APl
trend o Surface and most stable convective
0 13.3-10.7 um Ty difference & 15-min Irmsiem ()
trend o Surface and best lifted index (LI)
o Convective cloud mask at t1 and t2 o Lifted Condensation Level (LCL)
o Convective cloud mask change (i.e., o Level of Free Convection (LFC)
cumulus to towering cumulus, o Convective Condensation Level
cumulus staying cumulus, etc.) (CCL)
0 Object size at t1 and t2 o0 Bulk Wind Shear and Low Level
o Change in object size for t1 and t2 Wind Shear
o Geographical locations 0 Height of Freezing Level
(latitude/longitude)
o Solar time

Use a >10,000 event database

UAH/Mecikalski



Logistic Regression Probabilistic Cl Nowcasts:
Satellite & NWP

[EEE <29 G0 0 B0 IEB I B0 -0
ngcyective Initiation Probability (%)

—> Snow Contamination

2200 UTC L Ty
07/10/2013 N b
Copyright UAHuntsville 2013
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DWD version of Cl Nowcasting
Operational Interest Fields

Deutscher Wetterdienst E
Wetter und Klima aus einer Hand N\ d

1. 15-minute cooling rate in IR10.8 between time 3 and time2
(between -50 °C and -7.5 °C)

2. 30-minute cooling rate in IR10.8 between time 3 and time 1
(< 15-min cooling)

3. IR10.8 temperature at time 3 In Preparation for GOES—-R

(between 253 K and 273 K)

4. Temperature difference WV6.2 - WV7.3 at time 3
(between -6 °C and -15 °C)

— Mecikalski et al. (2010a,b)

5. Temperature difference WV6.2 — IR10.8 at time 3 — Siewert et al. (2011)
(between 0 °C and -20 °C) — Mecikalski et al. (2013)

6. Temperature difference IR8.7 — IR10.8 at time 3
(between -3 °C and -10 °C)

7. 15-minute trend of IR8.7 — IR10.8 between time 3 and time 2
(between 0.4 °C and 10 °C)

8. 15-minute trend of tri-channel difference™ between time 3 and time 2
(between 0.5 °C and 10 °C)

9. 15-minute trend of WV6.2 — WV7.3 between time 3 and time 2
(between 0.2 °C and 10 °C)

10. 30-minute trend of WV6.2 — WV7.3 between time 3 and time 1
(between 0.6 °C and 10 °C)

(*):“tri-channel difference” is the temperature difference
(IR8.7-1R10.8) — (IR10.8-1R12.0)

HERZ Summer School

courtesy
Pierre Fritzsche
DWD



Around Noon: Rapidly Growing CumuluS  peutscher Wetterdienst E
MSG HRV + Cl-Produkt (pre-operational) Wetterund Kiima aus einer Hand g

Jun 21 2012
Do 11:00 UTC

- ,' * 10 12 W ;
Satelitendaten Do 21,06,12 11,00 UTC NOWCASTING NWCSAF Europa/Atiantik - O % RNGTANE 28
Satelitendaten Do 21.06.12 11.00 UTC METEOSAT Afrika/Eurcpa - HRY { Eiy

EUMETSAT — 05.07.2012 Folie: H.J.Koppert




GOES-R ClI AWIPS Display & Products

GOES-R CI plus WRF model and radar output combined to make a “Cl
probability product”. NWS Melbourne, FL USA

1.6 km WRF-ARW Composite Radar Reflectivity and 10 Meter Winds (knots) 1 km WRF—-NMM Composite Radar Reflectivity and 10 Meter Winds (knots) =/\gllx
154521 3AUGZ013 15:45Z213AUG2013 WamGen |

GOES Visible Tue 20:30Z 06-Aug-1

Frames: |1 Time:[20:07 Z 07-Aug-13

UAH/Mecikalski



@ Cl Forecast Example

FAA Corridor Integrated Weather System

adar Precipitation, Time 0

60 Minute Forecast (Original

Regions of Aviation-impacting Weather

Valid: 18 July 2012 at 1630 UTC

UAH/Mecikalski 12



@ Cl Forecast Example

FAA Corridor Integrated Weather System

adar Precipitation, Time 0

60 Minute Forecast (Random Forest)

Regions of Aviation-impacting Weather

Valid: 18 July 2012 at 1630 UTC

UAH/Mecikalski 13



Outline

2. Recent algorithm improvements: Better performance over the
GOES-West domain, and through the use of GOES-R Cloud

Properties.

3. Data assimilation research involving the NOAA Rapid Update
(RAP) and High Resolution Rapid Refresh (HRRR) models, and
enhanced CI forecasts in these models.

_ _ Satellite Science Week 2014
UAH/Mecikalski Madison, Wisconsin, 11 March 2014
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Study: Detecting Cl Beneath Cirrus Clouds

Mecikalski et al. (2013) — Insights into detecting the “Cl beneath cirrus” problem

Goal: Evaluate the parameters of visible optical depth (VOD), liquid water path
(LWP), as related to cloud effective pressure, for cumulus growing beneath cirrus.
Result: When VOD is <15, infrared fields can be used similar to in clear sky conditions to

nowcast CI.

UAH/Mecikalski



Use of GOES Cloud Properties

Initial 7 01-10 11-20 21-30 41-50 >50
Events: 89 63 37 11 33
Reflectance (p) 0.38 0.62 0.73 0.79 0.89
Tg 261.6 244.3 232.8 239.0 232.1
Emissivity (€) = 0.011 1.001 1.002 1.001 1.003
Cloud water path (CWP) 0.07 0.23 0.53 0.78 1.75
Optical depth (1) 5.0 14.2 24.3 44.0 89.7
Effective radius 19.5 26.9 34.7 29.9 30.8
Cloud top height (C,) 6.7 9.9 11.5 11.0 11.1
5.9 8.5 10.1 9.6 9.8
4.7 5.1 5.7 4.7 4.3
30-mintrend p = (.30 0.19 0.11 0.15 —0.02
30-min trend € 0.508 —0.024 —0.004 0.000 —0.002
30-mintrend 1 = 34.9 47.8 52.8 55.4 0.4
30-min trend CWP 0.69 1.02 1.23 1.24 0.17
30-min trend C, 3.1 1.1 0.7 1.2 1.1
30-min trend Ty —19.6 —12.1 —4.9 —10.4 —7.7
29 May 2011

Mecikalski et al. (2013)

» The goal is to detect
convective initiation is less
than optimal situations, as
shown to the right.

UAH/Mecikalski

2145 UTC

 Cloud properties are
useful if the optical
depth of higher clouds
(cirrus) are less than
~20, and especially if
<10.

 Time trends of cloud
properties are
valuable for detecting
convective cloud
growth (purple
highlighted region).



Derived Cloud Properties

W)
|

by Er . ' Cloud Emis&iaty. |
l i E AT
\Liquid Water Path " .. e

e s CLAVR-x generated cloud properties, for

GOES-R. Done at the University of
Wisconsin—Madison, CIMSS.

Walther and Heidinger (2012)
Walther et al. (2011)

Ty O Partiole Effective Bagi
http://cimss.ssec.wisc.edu/clavr/google earth _main.html

UAH/Mecikalski 19



Detecting Cl Beneath Thin Cirrus

Determine locations of “thin” cirrus from cloud mask and optical depth properties

# Thin cirrus fromBerendes et al. (2008) ) mask Girrus with optical"depth <30 (cyan), >30 (red)

-

) .

> Use results
et al. (2011,[§
pixel optical

> f1>20,,,.8
object, and
continues (

UAH/Mecikalski



Detecting Cl Beneath Thin Cirrus

| E&HP‘M-!!E

Initial T 01-10 11-20 21-30 MBO06_Cl Harris_LI
EVE“ ts 89 63 3? 0842372013 20:16:00 UTC
p 0.38 062 073 n/a <0.11
30-min p trend 030 019 011 n/a —0.04° C| detection
Tg 261.6 2443 2328 <273 <273 : : ’
30-min Tg trend ~ —19.6 —121 —49 <—4 <_12b with objects
T39—107 um 201 220 242 n/a <17 § thatare of a.
Tes_107 ym —259 —-129 —65 —35to 30 size appropriate
—10 for convective

T133— 107 um —148 —77 —43 —:lzg to >-—13 clouds.
30-min Tz9_107ym 4.9 2.7 2.7 n/a >3

trend
30-min Tes_107m  12.5 47 1.7 >6° >10°

trend
30-min T133_ 107 um 7.3 2.4 1.1 >6° >8P

trend

=

2002 UTC 2013/08/23

21
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3. Data assimilation research involving the NOAA Rapid Update
(RAP) and High Resolution Rapid Refresh (HRRR) models, and
enhanced CI forecasts in these models.

Goals:

(1) Incorporate a satellite-estimated “Cl signal” into the initial
condition/analysis with the hope that convective storm develop and evolve
In the model at the correct location, and at the correct time.

(2) Form an optimal procedure for translating a “cloud growth” signal to a
latent heating profile, that the NWP model subsequently adjusts to (in
terms of mass and momentum).

Use only GOES infrared fields.

_ _ Satellite Science Week 2014
UAH/Mecikalski Madison, Wisconsin, 11 March 2014
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U.S. Department of Commerce | National Oceanic & Atmospheric Administration | NOAA Research

* Hourly Updated NWP Models

Refresh (RAP) e N7 AV . 7 A VA =\
(mesoscale)
Replaced RUC ., [\g | oo
at NCEP 05/01/12 | ’
WRF, GSI, RUC features
20°N 30°N
20°N
. | . 1 10°N
High-Resolution , |
Rapid Refresh | ”
Experimental 3km

nest inside RAP, 10°S
hourly 15-h fcst 135°W 120°W 105°W 90°W 75°W 60°W




” Rapid Refresh
" Hourly Update Cycle

Partial cycle atmospheric fields —
introduce GFS information 2x/day
Cycle hydrometeors

Fully cycle all land-sfc fields
(soil temp, moisture, snow)

11 12 13 (UTC)

Rawinsonde (T,V,RH)
Profiler — NOAA Network (V)

Profiler — 915 MHz (V, Tv)

120

21

25

Radar — VAD (V)
Radar reflectivity - CONUS

Lightning (proxy reflectivity)

125
1km

NLDN, GLD360

Aircraft (V,T)
Aircraft - WVSS (RH)

Surface/METAR
(T,Td,V,ps,cloud, vis, wx)

Buoys/ships (V, ps)
Mesonet (T, Td, V, ps)
GOES AMVs (V)
AMSU/HIRS/MHS radiances

GOES cloud-top press/temp

GPS — Precipitable water
WindSat scatterometer

Nacelle/Tower/Sodar

2-15K
0-800

2200- 2500

200-400
flagged
2000- 4000

Used

13km
260
2-10K
20/100/10




RAP Digital Filter-based technique for
assimilating atmospheric convection /
precipitation indicators

=» Radar reflectivity =» Lightning
=>» Satellite cloud-top cooling rate (Cl)

® Diabatic digital filter initialization used in 13 km resolution RAP
to control noise for hourly cycling

® Involves time averaging of model states from backward and
forward model integrations

® For assimilation, replace model temperature tendencies with
those derived from observations

(radar reflectivity, lightning, satellite cooling)

UAH/Mecikalski



6'_.‘? RAP Digital Filter Assimilation

Digital filter-based assimilation
Initializes ongoing / developing
convection / precipitation regions

-20 min -10 min

Use for following obs types:

= Radar reflectivity
= Lightning
=>» Satellite cloud-top cooling rate

Initial +10 min + 20 min

Global Systems Division Assimilation and Modeling Branch

Ko, A Earth System Research Laboratory

# SCIENCE, SERVICE & STEWARDSHIP

Backwards integration,
- No physics

Forward integration,full
physics with obs-based

latent heating I |nitial fields with improved

| balance, storm-scale circulation

——

RAP / HRRR model forecast

26



Diabatic Digital Filter Initialization (DDFI)

1. Translate GOES cloud-top 3. In RAP model form a 4. DDFI is applied to a short time series
cooling signature into latent 3D circulation that then generated by model integration of the initial
heating rates. preserves convective data. The model is integrated diabatically

feature forward, and then adiabatically backward,
2. Heating rate should be forming a centered time series, X 4(n).

proportional to updraft

strength, consistent with 5. The filtered model state time series, X,

then initializes the forecast.

cumulus convection Huang and Lynch (1993) )
Weygandt et al. (2008) X = Z h(—n)Xq (n)
Smirnova et al. (2009) n=—n

STORMS GROW, RESOLVED IN
RAP AT 13 KM RESOLUTION, OR
AT 3 KM RESOLUTION IN HRRR

ASSIGN LATENT HEATING
DIABATIC DIGITAL FILTER INITIALIZATION

W
-
3D CIRCULATION
. . . ) )
Assimilation Cycle Forecast Start ~1-2+ hours

UAH/Mecikalski



Assimilation of GOES-R CI cloud-top cooling rates

Cloud-top cooling rate helpful for initializing
developing convection in GSD RAP retro tests

cooling rates (K /15 min)

UAH/Mecikalski 29



AN T"’ ITH i
P ES-R_CI

" Obs
1 Reflect

First test case

Assimilation of GOES
cloud-top cooling rates
provides more realistic
short-range forecast of
convective initiation and
development




Assimilation Update: 23 January 2014

Run 3 assimilation cycles, a control run without the data for
five days, a run using the data with a lower bound cloud top
cooling rate of -3 C for the same 5 days, and a shorter one

day using a cooling rate of -5 C.

Comparing Radar Verification

 |n general, the runs with the cloud top cooling rates verify
better than the control run.
e Using -3 results in a bit more noise than the run with -5, using -5

cuts down on the false alarm rates, especially in the O and 1h
forecasts. The false alarms in the 3h forecasts hurts both the -3

and -5 C runs compared to control.

e Theruns using -3 verify better at 3 and 6 h, especially at the
lower dBZs.

31



1h forecast 20 dBz from 17z, valid
18z, 8 July 12

-5 CTCR

Bias: 1.3925 o ' Bias: 0.7894
CSl: 0.1355 CSl: 0.1603
POD: 0.2854 POD: 0.2473
FAR: 0.7950 FAR: 0.6868
Obs Coverage: 0.0600 Obs Coverage: 0.0600




3h forecast 20 dBz from 15z, valid
18z, 8 July 12

-5 CTCR

Bias: 1.4638 Bias: 1.2711
CSl: 0.1086 CSl: 0.1094
POD: 0.2413 POD: 0.2240
FAR: 0.8351 FAR: 0.8238
Obs Coverage: 0.0600 Obs Coverage: 0.0600




CTCR

CSl at 15, 20, 25, 30, 35, 40, 45 dBz

3 h forecast

1 h forecast

CNTL -3 —9 CNTL -3 —5

0.158 0.143 0.166 0.131 0.128 0.129
0.152 0.135 0.160 0.109 0.108 0.109
0.129 0.116 0.144 0.089 0.088 0.085
0.087 0.084 0.105 0.058 0.057 0.056
0.007 0.008 0.011 0.003 0.010 0.007
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

K/15 min

Equitable Threat Score at 15, 20, 25, 30, 35, 40, 45 dBz

CTCR

CNTL -3 —9 CNTL -3 —9
0.1149 0.0941 0.1293 0.0851 0.0779 0.0825
0.1206 0.0998 0.1337 0.0/759 0.0719 0.0749
0.1071 0.0915 0.1269 0.0665 0.0631 0.0613
0.0/755 0.0717 0.0969 0.0471 0.0446 0.0437
0.0061 0.0066 0.0102 0.0022 0.0084 0.0052
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

K/15 min



RAP/HRRR assimilation GOES-CI
Ongoing work
®* Examine strength of assumed heating rate

* Plan experiments with direct heating in 3 km
resolution HRRR (utilizing HRRR radar
assimilation approach)

- Likely better scale match to GOES-CI data

UAH/Mecikalski



Development Plans: 2014-2017

« Continue to use and explore the incorporation of various cloud

properties in GOES-R CI, and maintain as a stand-alone product:

— Cloud optical depth and emissivity for enhanced nighttime CI detection.

— Draw cloud properties into logistic regression (or random forest decision tree) framework
(complete two science papers on this subject).

— Include reflectance and other cloud-top glaciation indicators. Evaluate use of effective radius
toward estimating future storm intensity.

— Evolve more into lightning nowcasting/decision support.

« RAP/HRRR data assimilation
— Assist CIRA/NOAA ESRL to properly use more of GOES-R CI fields/probabilities.

— Formulate improved function for representing latent heating profile that uses both CI probabilities
and other IR fields (beyond just the 10.7 um trend), across a depth and more appropriately within
DDFI framework.

— Weight data across 3- and 13-km domains by CI probabilities.

In 2014-2015...
— Continue to obtain NWS forecaster feedback, and respond to suggestions
— Leverage NASA SPoRT & GOES-R collaboration and infrastructure
— Work within NOAA Testbed framework as GOES-R CI moves to operations
— Evaluate improvements to RAP/HRRR model forecasts within User community

— Develop science paper (Gravelle et al.) around combining ~4 GOES-R products for
assessing pre-storm situational awareness.

_ _ Satellite Science Week 2014
UAH/Mecikalski Madison, Wisconsin, 11 March 2014 38
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