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Mesoscale Modelling in Nowcasting

Use of radar data, blending and beyond



Mesoscale and Convection Permitting NWP System of 
Hong Kong Observatory 

RAPIDS-NHM
- 2 km res., 305x305x60L

- 19.5 - 25.0 N; 111.2 - 117.1 E

- model top: 20.3 km

- 3DVAR analysis + 15 hour forecast

- hourly update using BC from Meso-NHM

Hong Kong

Hong Kong

Meso-NHM Topography

Meso-NHM

- 10 km horizontal res.

- Lambert-conformal projection

- 841x515x50L 

- 0.4 - 51.5 N;  62.1-168.1E

- 72/84 hour forecast

- 3-hourly runs (00,03,...,21 UTC)

- JNoVA 3DVAR first guess and forecast 

BC from ECMWF IFS forecasts



Wind

MoistureTemperature

Doppler velocity

Balance 

retrieval

reflectivity

An optimal model initialization using radar 
observations



Data Assimilation of Radar Observations in 

RAPIDS-NHM

Doppler velocity from radars in HK

multi-layer wind retrieval (u,v) using radar mosaic

CAPPI reflectivity volume for 1D retrieval

(mosaic from HK + Guangdong radars)

RAPIDS-NHM



RADAR

Forward model of Doppler Velocity
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d = radius of the Earth
h = height of radar site above MSL



Radar retrieval wind
ÅBased on Doppler velocity from Hong Kong and 

radars in Shenzhen and Guangzhou

Å Minimization of cost function to obtain (u,v,w):

ïJO is proportional to the square of difference 
between the observed radial velocity and the 
radial velocity derived from retrieved 3D wind 
field;

ïJB is proportional to the square of difference 
between the retrieved 3D wind field and the 
background;

ïJD is the anelastic mass constraintterm; and

ïJS is the smoothness constraintof retrieved 
wind field using Laplacian of wind components. 

Horizontal res.: 1 km
Vertical  res.:   500 m



~ 50 km

Rainstorm on 28 July 2010

>100 mm

14-18 HKT

about 4000cloud-to-ground lightning strikes over 
Hong Kong, esp. over the Airport

HK



òX ðtypeó mesoscale development 



Impact in model forecast of dynamics:

T+2 hour forecasts of streamline and vorticity (cyclonic in red) on 850 hPa

With radar 3D winds CNTL



4 hour forecast from RAPIDS-NHM

CNTL

Pick up short-wave 
disturbance in coastal 
waters at 0400 UTC and 
develop another NE-SW 
band of simulated 
reflectivity

With radar 

wind retrieval



With radar wind retrieval Control

Surface temperature (color) and wind forecasts
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Impact on QPF 

CNTL

Actual rainfall analysis

RAPIDS-NHM

3-hr acc. rainfall ending at 

1630H

With radar wind retrieval



Reflectivity
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Å explicit radar forward model to assimilate different forms of 

hydrometeors

Å both forward and adjoint models should take into account 

microphysical processes related to ice-crystal growth, aggregation, 

vapour-diffusion growth

Å Problem with non-linearities

Å Benedetti et.al. (2003):

Z is the equivalent radar reflectivity

Nt : is the number concentration

Dn : is characteristic size of hydrometeors 

they are predicted by non -linear cloud model

Observed profile

Last iteration

Initial model 

profile



Radar reflectivity Data Assimilation

Å maximum likelihood estimate of RH state vector ė 1DVAR minimization estimate:

Å Humidity adjustment to create RH vertical profiles where non-zero reflectivity is 
found over άdryέmodel grid points

Å In-cloud temperature adjustment using a moist-adiabatic temperature profile to 
generate a physically consistent temperature-moisture retrieval 

Å Retrieved RH and temperature profiles are assimilated into 3DVAR

y: observed radar 
reflectivity

h: forward operator
(radar simulator)

x: model state
of cloud variables



Effect of in-cloud thermal adjustment
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Hu et al. (2006)


