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Abstract 

Wind profiles are essential for operational weather forecasting on all scales and at all latitudes. 

However, tropospheric winds are the number one unmet measurement objective for improving weather 

forecasts. In recent years, ground-based and airborne Doppler wind lidar (DWL) wind profiles have been 

used in field programs and various applications to obtain the necessary wind measurements. These 

measurements offer the opportunity to examine the impact of wind profiles on numerical weather 

prediction (NWP) . In addition, satellite-based DWL missions are also being planned. Observing System 

Simulation Experiments (OSSEs ) have been conducted to evaluate the impact of future space-based 

satellite global wind measurements on NWP. While many previous studies have emphasized global NWP 

systems, in this chapter we provide an overview and summary of recent studies with both data 

assimilation and OSSEs to demonstrate the value of DWL wind measurements in improving severe 

weather system forecasts in regional NWP, especially for systems with large societal impacts due to the 

damage they may cause (e.g., high-impact weather systems). Specifically, we give an overview of 

previous studies that have examined the impacts of ground-based and airborne DWL on the numerical 

predictions of mesoscale convective systems and hurricanes. The regional OSSE concept is introduced. 

Recent results with regional OSSEs using the mesoscale community Weather Research and Forecasting 

(WRF ) model and the NCEP Hurricane WRF (HWRF) model are presented. The potential configuration 

(e.g., resolution vs. accuracy) for future satellite-based DWL is evaluated. It is found that fairly good 

forecast impacts can be obtained from high-resolution observations with larger errors compared with 

accurate observations at a coarser resolution. Finally, the relative impact of ocean-surface wind 

measurements and 3-dimensional profiles is compared. The advantages of 3-D wind measurements are 

evident. 

References 

Atlas R, Kalnay E, Baker WE, Susskind J, Reuter D, Halem M (1985) Simulation studies of the impact of 

future observing systems on weather prediction. In: Proceedings of 7th AMS conference on numerical 

weather prediction, 17–20 (1985) Montreal. Quebec, Canada 

Atlas R (1997) Atmospheric observations and experiments to assess their usefulness in data assimilation. 

J Meteor Soc Japan 75:111–130 

Atlas R, Emmitt GD (2008) Review of observing system simulation experiments to evaluate the potential 

impact of lidar winds on numerical weather prediction. ILRC24 2:726–729. ISBN: 978-0-615-21489-4 



Atlas R, Emmitt GD, Terry J, Brin E, Ardizzone J, Jusem JC, Bungato D (2003) Recent observing system 

simulation experiments at the NASA DAO. AMS preprint volume for the seventh symposium on 

integrated observing system, 9–13 Feb 2003, Long Beach, CA 

Atlas R, Hoffman RH, Ma Z, Emmitt GD, Wood SA, Greco S, Tucker S, Bucci L, Annane B, Murillo S (2015a) 

Observing system simulation experiments (OSSEs) to evaluate the potential impact of an optical 

autocovariance wind lidar (OAWL) on numerical weather prediction. J Atmos Ocean Technol 32:1593–

1613 

Atlas R, Bucci L, Annane B, Hoffman R, Murillo S (2015b) Observing system simulation experiments to 

assess the potential impact of new observing systems on hurricane forecasting. Marine Technol Soc J 

49:140–148 

Atlas R, Tallapragada V, Gopalakrishnan S (2015c) Advances in tropical cyclone intensity forecasts. 

Marine Technol Soc J 49:149–160 

Barker DM, Huang W, Guo Y-R, Bourgeois AJ, Xiao Q (2004) A Three-dimensional variational (3DVAR) 

data assimilation system for use with MM5: implementation and initial results. Mon Weather Rev 

132:897–914 

Baker WE, Coauthors (1995) Lidar-measured winds from space: a key component for weather and 

climate prediction. Bull Am Meteor Soc 76:869–888 

Baker WE, Atlas R, Cardinali C, Clement A, Emmitt GD, Gentry BM, Hardesty RM, Michael EK, Kavaya J, 

Langland R, Ma Z, Masutani M, McCarty W, Pierce RB, Pu Z, Riishojgaard LP, Ryan J, Tucker A, 

Weissmann M, Yoe JG (2014) Lidar-measured wind profiles: the missing link in the global observing 

system. Bull Am Meteor Soc 95:543–564 

Demoz B, Flamant C, Weckwerth T, Whiteman D, Evans K, Fabry F, Girolamo PD, Miller D, Geerts B, 

Brown W, Schwemmer G, Gentry B, Feltz W, Wang Z (2006) The dryline on 22 May 2002 during 

IHOP_2002: convective scale measurements at the profiling site. Mon Weather Rev 134:294–310 

Emmitt GD, Pu Z, Godwin K, Greco S (2011) Airborne Doppler Wind lidar data impacts on tropical 

cyclone track and intensity forecasting: the data processing, interpretation and assimilation. In: 15th 

symposium on integrated observing and assimilation systems for the atmosphere, oceans and land 

surface (IOAS-AOLS). 91st AMS annual meeting, 23–27 Jan 2011, Seattle, WA 

Gentry BM, Chen H, Li SX (2000) Wind measurements with 355-nm molecular Doppler lidar. Opt Lett 

25:1231–1233 

Gentry BM, Chen H (2003) Tropospheric wind measurements obtained with the Goddard Lidar 

Observatory for Winds (GLOW): validation and performance.. In: Singh UN (ed) Lidar remote sensing for 

industry and environment monitoring II. International Society for Optical Engineering, SPIE Proceedings, 

vol 4484, pp 74–81 

Gentry B, McGill M, Schwemmer G, Hardesty M, Brewer A, Wilkerson T, Atlas R, Sirota M, Lindemann S, 

Hovis F (2010) The Tropospheric Wind Lidar Technology Experiment (TWiLiTE): status and future plans. 

Presented at the working group on space-based lidar winds, 24–26 Aug 2010, Bar Harbor, ME 



Huang XY et al (2009) Four-dimensional variational data assimilation for WRF: formulation and 

preliminary results. Mon Weather Rev 137:299–314 

Kalnay E, Liu J (2007) Adaptive observation strategies for lidar observations. In: AMS symposium on 

integrated observing systems, 13–17 Jan 2007, San Antonio, TX (also see similar presentation at 

http://space.hsv.usra.edu/LWG/index.html) 

Liu Q, Lord S, Tallapragada V (2011) Vortex initialization of the atmospheric model in HWRF. Hurricane 

Tutorial, Development Testbed Center. NCAR, Boulder, CO. 

http://www.dtcenter.org/HurrWRF/users/docs/presentations/tutorial2011/Lecture_2001_HWRF_Vorte

x.pdf 

Masutani M, Woollen JS, Lord SJ, Kleespies TJ, Emmitt GD, Sun H, Wood SA, Greco S, Terry J, Treadon R, 

Campana KA (2006) Observing system simulation at NCEP, NCEP office Note 451 

Masutani M, Coauthors (2010) Observing system simulation experiments at the National Centers for 

Environmental Prediction. J Geophys Res 115:D07101 

National Research Council (NRC) (2007) Earth science and applications from space: national imperatives 

for the next decade and beyond. The Academies Press, Washington DC, pp 2–14 

Nolan DS, Atlas R, Bhatia KT, Bucci LR (2013) Development and validation of hurricane nature run using 

the joint OSSE nature run and the WRF model. J Adv Model Earth Syst 5. doi: 10.1002/jame.20031 

Pichugina YL, Banta RM, Brewer WA, Sandberg SP, Hardesty RM (2012) Doppler lidar-based wind-profile 

measurement system for offshore wind-energy and other marine boundary layer applications. J Appl 

Meteor Climatol 51:327–349 

Pu Z, Gentry B, Demoz B (2009) Potential impact of lidar wind measurements on high -impact weather 

forecasting: a regional OSSEs study. Preprints, 13th conference on integrated observing systems for 

atmosphere, ocean, and land surface (IOAS-AOLS), Phoenix, AZ. Am Meteor Soc 13.5. 

https://ams.confex.com/ams/89annual/techprogram/paper_150417.htm 

Pu Z, Zhang L, Emmitt GD (2010) Impact of airborne Doppler wind lidar profiles on numerical simulations 

of a tropical cyclone. Geophys Res Lett 37:L05801 

Reale O, Terry J, Masutani M, Andersson E, Riishojgaard LP, Jusem JC (2007) Preliminary evaluation of 

the European Centre for Medium-Range Weather Forecasts’ (ECMWF) Nature Run over the tropical 

Atlantic and African monsoon region. Geophys Res Lett 34:L22810. doi: 10.1029/L031640 

Riishojgaard LP, Ma Z, Masutani M, Woollen JS, Emmitt GD, Wood SA, Greco S (2012) Observation 

system simulation experiments for a global wind observing sounder. Geophys Res Lett 39:L17805. doi: 

10.1029/2012GL051814 

Skamarock WC, Klemp JB, Dudhia J, Gill DO, Barker M, Duda KG, Huang XY, Wang W, Powers JG (2008) A 

description of the advanced research WRF Version 3. NCAR Tech. Note, NCAR/TN-475 + STR, 113 pp 

Stoffelen A, Pailleux J, Kallen E, Vaughan JM, Isaksen L, Flamant P, Wergen W, Andersson E, Schyberg H, 

Culoma A, Meynart R, Endemann M, Ingmann P (2005) The atmospheric dynamics mission for global 

wind field measurement. Bull Am Meteorol Soc 86:73–87 



Stoffelen A, Marseille GJ, Bouttier F, Vasiljevic D, Hann SD, Cardinal C (2006) ADM-Aeolus Doppler wind 

lidar observing system simulation experiment. Q J R Meteorol Soc 132:1927–1947 

Tallapragada V, Bernardet L, Biswas M, Gopalakrishnan S, Kwon Y, Liu Q, Marchok T, Sheinin D, Tong M, 

Trahan S, Tuleya S, Yablonsky R, Zhang X (2014) Hurricane Weather Research and Forecasting (HWRF) 

Model: 2014 scientific documentation. HWRF Development Testbed Center Tech. Rep. 99 pp 

http://www.dtcenter.org/HurrWRF/users/docs/scientific_documents/HWRFv3.6a_ScientificDoc.pdf 

Weissmann M, Busen R, Dörnbrack A, Rahm S, Reitebuch O (2005) Targeted observations with an 

airborne wind lidar. J Atmos Oceanic Technol 22:1706–1719 

Weissmann M, Cardinali C (2007) Impact of airborne Doppler lidar observations on ECMWF forecasts. Q 

J R Meteor Soc 133:107–116 

Weissmann M, Langland RH, Cardinali C, Pauley PM, Rahm S (2012) Influence of airborne Doppler wind 

lidar profiles on ECMWF and NOGAPS forecasts. Q J R Meteorol Soc 138:118–130 

World Meteorological Organization (1996) Guide to meteorological instruments and methods of 

observation, 6th edn. WMO-No. 8, pp I.12–31, I.13–1 

Wu W-S, Purser J, Parrish D (2002) Three-dimensional variational analysis with spatially inhomogeneous 

covariances. Mon Weather Rev 130:2905–2916 

Zhang L, Pu Z (2010) An Observing System Simulation Experiment (OSSE) to assess the impact of Doppler 

wind lidar (DWL) measurements on the numerical simulation of a tropical cyclone. Adv Meteorol Article 

ID 743863, 14 pp. doi: 10.1155/2010/743863 

Zhang L, Pu Z (2011) Four-dimensional assimilation of multi-time wind profiles over a single station and 

numerical simulation of a mesoscale convective system observed during IHOP_2002. Mon Weather Rev 

139:3369–3388 

 


