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Outline

ÅBrief history of Airborne Doppler Wind Lidars(ADWL)

ÅThe ADWL technologies used (CIRPAS, ONR, NASA/LaRCand 
ARL)

ÅADWL Projects over last 10 years
ÅTODWL (MAG1A) in KDMF research, complex terrain and C-

17 WTVs
ÅP3DWL (WTX) in TPARC (2008)
ÅDAWN in Arctic PolarWindsand ADM Cal/Val
ÅTODWL in C-17 WTVs research
Åtо5²[ ƻƴ bh!!Ωǎ bпн ŦƻǊ ƘǳǊǊƛŎŀƴŜ ŀƴŘ {![ ǊŜǎŜŀǊŎƘ

ÅPlans for 2017 and 2018
ÅFinish 2017 hurricane season
ÅLate summer 2018 Cal/Val underflightsƻŦ 9{!Ωǎ !Ŝƻƭƛǎ ǿƛƴŘ 

mission.



Space-based concepts

ÅWindsat(AF and NOAA)

ÅLAWS(Laser Atmospheric Wind Sounder)

ÅSPARCLE (Space Readiness Coherent Lidar Experiment)

ÅJEM-CDL(Japanese Coherent Doppler Lidar)

ÅGTWS(Global TroposphericWind Sounder)

ÅADM (Atmospheric Dynamics Mission)

ÅGWOS(Global Wind Observing Sounder-Hybrid)

ÅNWOS(NPOESS Wind Observing Sounder-Hybrid)



Brief history of airborne lidars
Å Ron Schwiesow, NOAA, 1976

ï Bi-static, CO2 on light aircraft observing waterspouts

Å Convair990, NASA, 1984
ï CCOPE, CO2, two wedge scanner, side looking, severe storm gust fronts, cloud top divergence, valley flows

Å DC8, NASA and NOAA, 1985 ς1990s
ï MACAWS , CO2 hurricane overflight

Å Falcon, DLR, 1994 - present
ï CO2 , ADOLAR, WIND

ï 2 um ,HRDL (NOAA)

ï 2 um   

Å B757/DC8, NASA, 2001
ï 2 um, ACLAIM, non-scanning, turbulence and vertical velocities

Å Twin Otter, ONR, 2002 - present
ï 2 um, TODWL , MBL, complex terrain

Å Navy P3, ONR, 2008 - present
ï 1.6 um, typhoon research

Å NASA/LaRC(2010 ςpresent)
Å DAWN at 2 um on DC8 and UC-12B

Å Ball Aerospace (2012)
Å .355 um, demo on WB57

Å NASA/GSFC (2013 ςpresent)
Å TwiLightat .355 um demos on ER2 and Global Hawk



Data Utility

ÅPrimary use of airborne DWL data has been diagnostic
ïSevere storm research

ïFlow in complex terrain

ïOrganized Large Eddies (OLEs)

ïMarine Boundary Layer jets

ïEvaluation of mesoscalemodels

ÅLess has been done, however, with airborne DWL data to test impact 
on NWP
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P3DWL for TPARC/TCS-08

1.6 um coherent WTX (ARL/LMCT)
10 cm bi-axis scanner (NASA)
P3 and other parts (NRL)
Analyses software (SWA/CIRPAS)



Typhoon Hagupit (0200GMT , September 22, 2008,)



Multi layer clouds
(0151 9/22) 



Deep aerosol layer capped with thin stratus
(0232 9/22)



Impact of Airborne Doppler Wind Lidar Profiles on Numerical Simulation 

of Tropical cyclones: First snapshot with Typhoon Nuri (2008)

Zhaoxia Pu and Lei Zhang,  Department of Atmospheric Sciences, University of Utah

G. David Emmitt ,  Simpson Weather Associates, Inc.

Model: Mesoscale community Weather Research and Forecasting (WRF) model

Data: Doppler wind Lidar  (DWL) profiles during T-PARC for the period of 0000UTC ï0200 

UTC 17 August 2008

Forecast Period: 48-h forecast from 0000UTC 17 August 2008 to 0000UTC 19 August 2008

Control: without  DWL data assimilated into the WRF model.

Data Assimilation: With DWL data assimilated into the WRF model

ÅAssimilation of DWL profiles eliminated 

the northern bias of the simulated storm 

track .

Data impact: Control  vs. Data assimilation 

ÅAssimilation of DWL profiles resulted in a 

stronger storm that is more close to the observed 

intensity of the storm.



DAWN 

Integration 

on DC-8, 2010
L-R: Bo Trieu, Grady Koch, Paul Petzar, Jay Yu, Jeffrey Beyon 
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PolarWinds
Campaign II 
Flight Tracks

Greenland



Mission Summary for Campaign II
(51 hours not including ferry hours)

Date Mission DC-8 Falcon Drops DAWN TWiLiTE

5/11 Iceland flow splitting with NE BL winds x 3/5 x x

5/13 TDS underflight(DLR/NASA) and Greenland CIZ (NASA)x x 5/6 x x

5/15 Upper level jet between Iceland and Scotland x x 10/12 x x

5/16 ADM cal/valover Greenlandice cap; CIZ and Kat-winds x x 8/10 x x

5/17 CALIPSO, MODIS, ASCAT underflights; CIZ;Tipjet x 8/9 x x

5/19 Upper level jet over southern Greenland; Tip jet x x 7/8 x x

5/21 Barrier jet x 7/11 x x

5/23 Katabatic flows off Greenland east coast; ADM cal/valCIZ x x 15/19 x

5/24 BaffinStrait ice edge west coast of Greenland; rolls x 11/12 x

5/25 Upper level jet south of Iceland x x 5/6 x x

CIZ (Coastal Ice Zone); Kat (Katabatic); BL (Boundary Layer)
Dropsondenumbers indicate good/total dropped
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Greenland East Coast Barrier Wind Case
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Red circles:
DAWN profiles

Yellow stars:
Dropsondes
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CPEX 2017: A Field Experiment to study 

Convective Processes in the Tropics
25 May Ɗ24 June 2017

DC-8 based in Fort Lauderdale, Florida
DAWN, APR-2, HAMSR, MTHP, Dropsondes, MASC

CPEX Science 

Objectives

1. Improve understanding of 
convective processesincluding 
cloud dynamics, downdrafts, 
cold pools and thermodynamics 
during initiation, growth, and 
dissipation 
2. Obtain a comprehensive set 
observations, especially from 
DAWN,in the vicinity of 
scattered and organized deep 
convection in all phases of the 
convective life cycle
3. Improve model 
representation of convective 
and boundary layer processes 
over the tropical oceans using a 
cloud-resolving, fully coupled 
atmosphere-ocean model
4. Improve model assimilation 
of the wind, temperature and 
humidity profiles from the wind 
lidar and dropsondesinto 
numerical weather prediction 
models

LaRCDAWN on NASA DC8 ω5!²b ƛǎ b!{!Ωǎ Ƴƻǎǘ ŎŀǇŀōƭŜ ŀƛǊōƻǊƴŜ ǿƛƴŘ-profiling lidar
ωPreviously participated in NASA GRIP (2010) and Polar Winds (2014-

15) airborne campaigns
ωLaser pulses at 2-micron wavelength and 10 Hz are eyesafeat any 

range; daytime observations not compromised by solar background
ωData may be post flight processed multiple times with various number 

of shots accumulated (horizontal resolutions), vertical resolutions, and 
wind search bandwidths for maximum information extraction
ωCPEX science flights indicate excellent vertical coverage and 

agreement with dropsondewinds (e.g. from 9.5km in plots below)

6 June 2017
DAWN (blue) vs Dropsonde(black)

Each red circle is a DAWN sounding location

10 km 10 km





Illustration of the four scales of atmospheric dynamics observed with DAWN as explained in the text.  
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Quicklook(V1) V3 processed profile

Weak signal

Information
retrieved with
Adaptive Integration



Investigating the impacts 
of LLJs and OLEs on ABL 

exchanges and transports 
using an airborne Doppler 

wind lidar
G. D. Emmitt & S. Greco, SWA

R. Foster, APL UWash

K. Godwin, KSG, LLC



Objectives

ÅExtend prior investigations (2001-2008)of LLJs and OLEs in the MBL 
and PBLs.

ÅInvestigate and characterize the presence of rolls (OLEs) at the 
boundaries of stratocumulus topped MBLs.

ÅStudy the potential impact on the development and implementation 
of the EDMF into forecast models.



Attribute Performance Metric Comments

LOS resolution (applies 

to vertical profiles of 

3D winds as well)

50 m Range resolution to hard 

targets (ground or dense 

cloud) can be better than 

10 meters.

U,V,W resolution < 10 cm/s < 5cm/s for stationary 

groundbasedoperations

Maximum range 6 -30 km Very dependent upon 

aerosols 

Time to complete full 

step stare conical scan 

for wind profiles

~ 20 sec 12 point step starewith 

.5 -2 second dwells

Sampling frequency 100 Hz Integration of several 

shots is typical to 

improve range 

performance

TODWL data description



Structure prospecting with DWL

ÅFeature prospecting uses a very shallow angle below the horizon (~ -1 
-3 degrees for a 300m flight altitude).
ÅResults in ~ 2 m vertical resolution and 50 m horizontal resolution with ~10 

meter sliding sample.

ÅIt takes ~ 40 seconds to profile 100 meters below the aircraft.



Summary of segment statistics

Flight
Segment

TODWL
Altitude

CTV 
Altitude

Heading TKE Sensible
Heat (W)

Latent 
Heat (W)

Skewness

1007
284 60 94 .19 8.55 3.43 -.40

1.92 -1.28 15.15 .90

1028
292 25 98 .04 .22 .09 -.18

.80 -12.6 -18.7 .05

1106
286 75 294 .05 3.02 1.21 -.51

1.1 -3.36 -1.19 -.17

1111
290 75 293 .24 1.98 .80 -.37

.29 -.74 .55 .22

1121
288 climbing 98 .14 -1.11 -.44 .90



Weather Research Forecast (WRF) 
Model

ω  ¢ƘǊŜŜ ƻǊ ŦƻǳǊ ƴŜǎǘŜŘ ƎǊƛŘ ŎƻƴŦƛƎǳǊŀǘƛƻƴ
- Grid 1 with 9 km res.( 540 km x 540 km domain)
- Grid 2 with 3 km res. (210 km x 210 km domain)
- Grid 3 with 1 km res. Up to 90 km x 90 km domain
- Grid 4 with 333 m res. over 35 km x 35 km domain

ω 42 terrain-following vertical levels
ω нллƳō aƻŘŜƭ ǘƻǇ
ω b!a !ƴŀƭȅǎƛǎ ǳǎŜŘ ŀǎ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴǎ



W (m/s)

WRF Domain 3 Level 27 Vertical Motion and Terrain



WRF Domain 3 Level 27 Wind Speed and Terrain







MATERHORN 2012 TODWL N-S Legs on October 9,  2012
1601 - 1641

* - Provided by Simpson Weather Associates, NRL, ONR, ARL  and ARO



* - Provided by Simpson Weather Associates, NRL, ONR, ARL  and ARO

MATERHORN 2012 TODWL E-W Legs on October 9,  2012
1646 - 1711



DAWN vs. LASE vs. APR-2 in Hurricane Earl

1

2

3

4

5

1 2 3         4            5
Top to bottom panels: 1) APR-2 radar reflectivity data, 2) LASE aerosol data looking both up and 

down; 3) DAWN SNR; 4) DAWN horizontal wind speed, and 5) DAWN horizontal wind direction

Example of DAWN data taken during GRIP on

September2, 2010 in and nearhurricaneEarl. We also

show,for comparison,LASE lidar dataandAPR-2 radar

data,approximatelytime registeredto the DAWN data.

The DC-8 repeatedly turned and attempted multiple

straightrunsover theEarlôseye in the figure. The time

axis for panels2-5 is UTC 16:15:15-22:45:30, which is

396 minutes of data and 791 DAWN scan patterns

(horizontalwind profiles). Theheightaxis is 0-10 km for

panel1, 0-18 km for panel2, and0-10 km for panels3-5.

In panel2, thewhite strip isLASEôslack of datanearthe

DC-8 altitude due to a minimum measurementrange.

CompareDAWN dataonly to LASE datathat is below

the white strip. Panel3 is a measureof DAWNôssignal

strengthcolor codedfrom 20 to 15 dB. Although the

DAWN nadir angle is 30Áto permit horizontal wind

measurements,and LASE points to nadir, panels2 & 3

agreewell in aerosoland cloud structure,and hurricane

eye profiles. Dashedcircles (L-R) show situations of

high clouds only, double cloud layers, and low clouds

only. Panel4 is DAWNôshorizontal wind speedcolor

coded from 0-25 m/s. Panel 5 is DAWNôshorizontal

wind directioncolor codedfrom 0-360Á. Redtick marks

at the bottom indicate approximateeye crossingtimes.

The plot also revealslidar signal, and therefore,wind

measurementsfrom the wall of the eye in the 1st, 2nd,

4th, and5th eyepasses. Panel5 showsrapidchangingof

wind directionaswe flew overtheeye. This is especially

evidentnearredtick-mark4. We believethecombination

of the high DC-8 flight level, high thick clouds, low

marine aerosollevels, and an attenuatinglaser burn on

the DAWN telescope secondary mirror led to the

frequentlack of DAWN measurementsbelowtheclouds.

We haveimplementedseveralmitigationstepsto prevent

further burning of the telescopemirror, and thesesteps

workedduringour third flight campaign.


