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Tilted array modeling: Introduction

L. Rasmussen, Vejret, 2010; 122: 37.



Tilted array modeling: Introduction

Sass (2010), Hirlam Newsletter, 55B, 23–27.



Previous works

Varnai and Davies (1999)

Markowski and Harrington (2005)

Kathrin Wapler, PhD Thesis, München, 2007:

• TICA is a very good approximation for surface solar radiation, when
compared to exact 3D-modeling.

• When TICA is not applied, convective clouds have shorter lifetimes.

• The cloud shadows significantly affect the pattern of convection.



Tilted array modeling: Theory

xtilt(x, y, z) =
Z(x, y, z) tan(θ0(x, y))

λ(x, y, z)
sin(φ0(x, y)− ρgrid(x, y))

(1)

ytilt(x, y, z) =
Z(x, y, z) tan(θ0(x, y))

φ(x, y, z)
cos(φ0(x, y)− ρgrid(x, y))

(2)

ρgrid(x, y) = − tan−1

(
φ(x + 1, y)− φ(x− 1, y)

cos(φ(x, y))(λ(x + 1, y)− λ(x− 1, y))

)
(3)

Here,(x, y, z) are the regular array indices, (xtilt, ytilt, z) are the array indices of
the tilted array, ρgrid is the local rotation between the modeling grid and the
geographical grid, Z is the geopotential height, θ0 is the solar zenith angle, φ0 is
the solar azimuth angle, φ is the latitude and λ is the longitude.



Tilted arrays

• Cloud cover

• Cloud water

• Cloud ice

• Specific humidity

• Temperature

. . . used to calculate

• Surface short wave radiation



Tilted array modeling - First results
(2009-09-01)



Results for clear sky conditions

Station 6135: Flakkebjerg, 2009-11-20.



Results for overcast conditions

Station 6156: Holbæk, 2009-11-23.



Results for mixed cloud conditions

Station 6068: Isenvad, 2009-11-23.



Problem with tilted arrays

How to use tilted arrays on a parallel-processing computer?



Tilted array modeling - SLSWAP

Boerhut (2003).



With tilted array modeling



Without tilted array modeling



Without tilted array modeling

24-hour precipitation 2010-08-14 0 UTC +24h



With tilted array modeling

24-hour precipitation 2010-08-14 0 UTC +24h



Tilted array modeling difference

24-hour precipitation 2010-08-14 0 UTC +24h



Further aspects of 3D-radiation



Concluding remarks

• We have deviced a method for implementing tilted

array modeling, which is only 1.09 times slower than

a regular NWP run;

• Tilted array modeling significantly affects the

strength and distribution of convective precipitation;

• Further aspects of 3-D radiative transfer could also

be implemented;

• How to proceed?


