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Abstract: A three-dimensional variational data assimilation scheme (3DVAR) has been explored for convective scale NWP. In
this scheme, a cost function is defined with a background term, an observation term, and a weak constraint term. The background
error covariance matrix, though simple, is modeled by using a recursive filter. Furthermore, the square root of this matrix is
used to precondition the minimization problem. In its earlier development, only radar radial velocity data could be assimilated.
Recent developments include the capability to assimilate reflectivity directly in this 3DVAR framework. Based on this 3DVAR
framework, a real-time, weather-adaptive analysis system has been developed for the NOAA Warn-on-Forecast (WoF) project
to incorporate all available radar observations within a moveable analysis domain. The system has ability to automatically
detect and analyze severe local hazardous weather events at 1 km horizontal resolution every 5 minutes in real time based on the
current weather situation, and can identify strong circulations
PARE H: 2017 F8 A 11 B ; 4=HH: 2018 F2 A 26 H embedded in thunderstorms. The system performed very well
% —AF# : 14K (1974—), Email: Chenghaofu@hotmail.com within the NOAA Hazardous Weather Testbed Experimental
BIEMH : EAR (1965—), Email: Jidong.Gao@noaa.gov ~ Warning Program and received good evaluations from
KBHZ G - 25 NOAA Fofik £ 35750 K IR A K BH5RE forecasters. Several real data cases are given in this paper. In the
(NAOSOAR4320904) : 4, % B4 & FAIR L conclusion part, we shall briefly introduce two new methods —
4244 A & BT (YBGIXM 2017 1A-10): el?semble 3.DVAR, .and hxbru% 3DVAR and E.nKF schemes and
ERfAFEEA (41305092) ; E R E A discuss their potential applications for convective scale NWP.
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Fig. 3 Wind vectors and reflectivity (color shaded) through a vertical slice in Fig.2
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Fig. 4 3DVAR 0-3 km MSL updraft helicity accumulated
over the period from 14:00 to 17:00 CST on 20 May 2013
in Central Oklahoma. The dark blue lines indicate tornado
damage path as determined by the National Weather
Service Forecast Office at Norman, Oklahoma

E5 20114 A27H B SR TR BEIMEER
Fig. 5 Selected images of tornado damage area in
Alabama on 27 April 2011
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Fig. 6 The synthesized reflectivity (color shaded) and analyzed horizontal wind fields (vectors), and vertical vorticity (black
contours) at 3 km AGL, at (a) 17:00, (b) 17:15, (c) 17:30, (d) 17:45, (e) 18:00, and (f) 18:15 CST, 27 April 2011 near North
Alabama and nearby area. The small box in Fig. 6e is the domain shown in Fig. 7 and Fig. 8
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Fig. 7 The synthesized reflectivity (color shaded, unit: dBz) and horizontal wind fields (vectors, unit: m/s) which were
zoomed in from the box in Fig. 6e, at (a) 1.5 k m AGL, (b) 5 km AGL, (c) 10 km AGL, (d) vertical profile at y=140 km, on
27 April 2011 near Cordova, Alabama
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Fig. 8 As same as in Fig. 7, color shaded is for vertical velocity and contours are for vertical vorticity (pink curve indicates
the propagation of gravity waves)
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Fig. 9 The composite vertical vorticity and vertical velocity tracks derived from 3DVAR analyses at North and Central
Alabama and nearby areas
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Fig. 10 The storm report for tornadoes (red), hails (green)
and damaging winds (blue) in southeastern U.S. on 27
April 2011, from NOAA/storm prediction center
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Fig. 11 (a) Reports of the tornadic storm event in Texas Panhandle on 20 April 2010; (b) The 3 radars of WSD-
88D: the KAMA, KFDX and KLBB (in black box of 500 x 500 km) used for analysis, and the analysis area (internal
200 km x 200 km) (courtesy of the American Meteorology Society)
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Black box in Fig. 12a is the zoom-in area for Fig. 14 (courtesy of the American Meteorology Society)
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2010 (The internal domain is the analysis domain in

Hunan Province)
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