Storm-scale pseudo-GLM lightning assimilation and
explicit lightning forecast implemented within the WRF-
ARW model
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1) Lightning Assimilation Projects:

Two methods of lightning data assimilation are
Implemented:

1. Using lightning (time/location) to force convection initiation by
nudging in water vapor where lightning is observed but
convection is absent in the model. Forcing is maintained for 10s
of minutes to achieve a model response to sustain the storms.
(See Fierro et al. 2012, Mon. Wea. Rev.) Using ENTLN total
lightning as stand-in for GLM.

2. Ensemble Kalman Filter to modulate convection (e.g.,
strengthen or weaken) in the ensemble members. Ensemble
covariances provide adjustments to all state variables (e.g.,
temperature, water vapor, winds, liquid water and ice particles).
Pseudo Geostationary Lightning Mapper (p-GLM) data (derived
from LMA) are assimilated on 1-3 minute intervals.



Lightning assimiation nudging function

Water vapor mixing Q, within the 0° Cto -20° C layer was increased as a
function of 9-km gridded flash rates N:_., (X) and simulated graupel mass mixing
ratio Q, and saturation vapor mixing ratio Q. Increasing Q, at constant

temperature T increases buoyancy (virtual potential temperature 6,) and
ultimately generates an updratft.

Q =AQ.. +BQ. tanh(CX) [1 - tanh(DQS)]

-Only applied whenever
simulated RH < A*Qsat and
simulated Qg < 3 g/kg.

-A controls minimum RH
threshold (here 81%).

-B and C control the slope
(how fast to saturate)

-D affects how much water
vapor (Qv) is added at a
given value of graupel
mixing ratio (QQ).

water saturation (%)
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29 June 2012 Derecho Event

Comparison of 3-km resolution forecasts at 22 UTC: No Assimilation (Control, 14 UTC
starting time), 3D-var assim. of radar data (10-minute cycling, 14-16UTC), and
lightning (ENTLN system) assimilation (14-16 UTC).
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Real-time implementation into WRF-NSSL 4-km CONUS runs

A quasi_operationa| system Model CI PI"Ob (%) within R=25 mlles
has been set up as a |
parallel forecast to the daily
NSSL convection-allowing
forecasts (4-km horizontal
grid spacing), initialized at
00 UTC. Lightning data
(ENTLN) are assimilated for
the first two hours (0-2 UTC)
of forecast to nudge in deep
convection.

Here again is the 2012
Derecho event in terms of
convection initiation (Cl)
probability. The lightning

SPC Day 1 Out[ool- and Prelim. Reports Valld

assimilation spins up the 2000 UTE 067272012 o 1200 UTC 06302012
ongoing severe convection A, L
(arrow) that fails to emerge
from the Initial condition
alone in the control case.
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Real-time runs should generate sufficient warm-season data for evaluation of forecast benefit.




Ensemble Kalman Filter (EnKF) Assimilation

EnKF offers a means to an observation to adjust all state variables via
covariances with a corresponding simulated observation (here, lightning
flash extent rates) from the ensemble members. It cannot generate
convection by itself, but can modulate convection forced by other means
or help to suppress spurious deep convection.
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Figure: Observing Systems Simulation Experiment (OSSE): Example of a single lightning
assimilation cycle damping a spurious storm cell in an ensemble member. Reduced
updraft (vectors) and graupel mass (black contours) and radar reflectivity
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Presentation Notes
First, some boring, I mean, background stuff....


Pseudo-GLM EnKF Assimilation

P-GLM flash extent density observations were
generated from Lightning Mapping Array
(LMA) data, using a flash separation algorithm
(MacGorman et al 2008) to specify individual
flashes.

Various linear relationships between graupel
mass and flash rate, graupel echo volume and
flash rate, and non-inductive charging and
flash rate were tested. Good results for strong
and weak convection tests were found with
the relationship:

FED = (0.017)*(graupel volume)

Here, graupel volume is the sum of grid cells
with graupel mixing ratio > 0.5 g/kg in a 16-km
box centered on the p-GLM pixel.

Ensemble has 40 members at 1-km horizontal
resolution. Comparison assimilation tests with
radar radial velocity were also performed.
Cloud model is COMMAS with NSSL 2-moment
microphysics.
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Example of pseudo-GLM Flash extent
density (FED) derived from Oklahoma LMA for
8 May 2003 tornadic supercell storm.



P-GLM EnKF: 8 May 2003 Supercell

Low-level analysis of radar reflectivity around the time of the
first tornado (Moore/Oklahoma City, OK EF4 tornadic storm)
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Some broadening of the storms is expected from the 8-km resolution of the pseudo-GLM
data. Excessive coverage of high-reflectivity regions is not unexpected, but also is rather
good for a simple linear lightning observation operator.



8 May 2003: 1 minute pGLM data assimilation

vs. radar radial velocity assimilation

Radar reflectivity error statistics
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Probability of Vorticity > 0.01
100 T T T T

Ensemble probability of Vorticity >
0.01 stat 1.25 km AGL from 2200
UTC to 2300 UTC, assimilating 1
minute pGLM data with graupel
volume observation operator.
Tornado track is given by thin black
outline near center of plot.
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WDSS-II 0-2 km rotation track
derived from KTLX radial velocity
data from 2200 UTC to 2300 UTC.
Tornado track given by green
outline near center of plot.

(From Yussouf et al. 2013)
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[I-WRF-ARW explicit charging/discharge model

Compute net space charge on all 6 hydrometeor species + “ion
charge” (charge left over from, e.g., complete evaporation, etc.).

e Elliptic solver for the Electric field in 3-D (MPI Multigrid Poisson
solver)--handles terrain.

«2-D discharge based on Ziegler and McGorman (1994) with
removal of charge being a function of hydrometeor surface area
and local E magnitude. Recently successfully upgraded to 3-D
MacGorman et al. (2001) discharge scheme with screening layer
param from Ziegler et al. (1991). Lightning is hybridized IC/CG to
reduce net charge in local region.

*The 2-D lightning model is overall computationally efficient and
Inexpensive (accounts for ~ 10-13% of CPU increase).

*While being arguably more realistic, 3-D lightning code is still
guite CPU expensive (~ 300% CPU Iincrease)




Hurricane Isaac (2012) Forecast
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Hurricane Isaac (2012)— 3D discharge code

87W 86W
Positive 5 dBZ
== [Negative °C, -10°C, -20°C Isotherms
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Hurricane Isaac (2012) ctd

Simulated hourly lightning metrics
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Summary:

* Lightning effectively identifies deep convection and is useful for forcing convection in the early hours of
a forecast. Sustained nudging of water vapor forms updrafts and allows storms to develop in a
balanced manner within the model. For simple convection initiation, it is more efficient, e.g., than 3D-
VAR radar analysis.

» Spring 2013 forecasts using lightning nudging await evaluation (e.g., 24-hour rainfall)

 The Ensemble Kalman Filter method can modulate convection (e.g., strengthen or weaken) and help
suppress spurious storms using lightning, radar, or other data. It requires an ensemble, which is
computationally expensive, but eliminates the need to develop direct algorithmic adjustments of state
variables (updraft, moisture, temperature, etc.) or complex 4D-var adjoint models.

» Ongoing work focusing on establishing physics-based total lightning predictors for hurricane intensity
prediction (for NWP or statistical models such as SHIPS) based on explicit 3D lightning simulations.
Planning very high resolution (~500 m) simulations to be conducted on massively parallel machines
(e.g., Kraken XT-5).
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15 April 2012 — 2D Bulk discharge code (dx= 3-km)

-WRF model able to
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15 April 2012 - ctd | Electrical variables

\ -

100W 99.6W 99.2W 98.8W 98.4W 98W 100W 99.6W 99.2W 38.8W 98.4W
30 dBZ > 5 dBZ Y (Latitude) 5 dBZ
—— Qg (g/kg) LWC=0.5 g/m3 0°C, -10°C and -20°C isotherms

Non inductive/inductive charging rate in pC/(m3*s) Total net space charge density (pC/m3)

| () | (d)

7 i A
100W 99.6W 99.2W 98.8W 98.4W 8w 100w 98.8W 98.4W 8w

Inductive charging >5gpz | Y (Latitude) - 0°C,-10°Cand -20°C
B —

— 1T "IN l
-10 -5 -1 1 10 50 100 -1000 -500 -250 -100 -* : 100 250 500 1000




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Ensemble Kalman Filter (EnKF) Assimilation 
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

