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1 Total balance operator

The total balance operator consists of the dynamic nonlinear balance

(Fisher, 2003),
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saturation adjustment (this work and Hólm et al., 2002),
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and ω-equation balance (Fisher, 2003)
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2 Apply ω-equation after saturation adjust-

ment

By applying the ω-equation balance after the saturation adjustment, the

final divergence dynamically supports the water vapour and cloud con-

densate changes in an adaptive way without any special treatment. The

total operator is
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3 Linear saturation adjustment with subgrid

cloud distribution

When subgrid distribution of saturation is taken into account, the satura-

tion adjustment in different parts of the grid cell will be a combination of

a clear and overcast situation. The subgrid distribution or equivalently

cloudiness will determine the combination. We can not treat change in

cloud cover linearly without introducing switches, so the simplest linear

treatment is to only consider saturation adjustment in the overcast part

of the grid cell when Cb > 0, without change of cloud cover. However,

we can always make final nonlinear adjustment at outer loop level.

Background (T b,qb
v,q

b
c) and the increments (δTn,δqvu,δqcu) are given.

The increments δTn and δqvu we assume uniform over the gridcell. All

the saturation adjustments take place in the in-cloud portion Cb of the

gridcell. The background humidity is assumed to have different values

in the clear and overcast part, with the background water vapour in the

overcast part equal qs(T
b), so the adjusted cell average values are (fol-

lowing saturation adjustment as in Asai(1965)):
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In matrix from this becomes
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The balance operator above can be applied to cloud condensate, and

then use the assumed diagnostic split of condensate between liquid and

ice as a function of temperature, δql =α(T b)δqc, δqi =(1−α(T b))δqc.

Alternatively, it could be applied to cloud liquid water only or liquid and

ice separately.

4 Balance operator including linear saturation

adjustment

Inserting the linear saturation adjustment gives the following total bal-
ance:
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5 Nonlinear adjustment when adding incre-

ments to trajectory

We can do nonlinear adjustment at outer loop level when adding the in-

crement at the start of the window. This allows changes in cloud cover

at the start of the window for use in the balance operator of the next

minimization. We can also account for that above a critical value, cloud

condensate will precipitate without condensational heating. A general

benefit of saturation adjustment at outer loop level is that the low reso-

lution increments will be adjusted to the high resolution trajectory. We

can thus have three ways in which cloud condensate can be created or

dissipated at the start of the window: through the condensation balance,

through contribution from the unbalanced cloud condensate increment,

which can add increment to cloud condensate wherever the background

error variance is not zero, and through the time evolution of the linear

model that includes cloud liquid and ice.

6 References

•Asai, T. (1965): A numerical study of the air-mass transformation over

the Japan Sea in winter. J. Meteorol. Soc. Japan, Ser. II, Vol. 43,

1–15.

•Fisher, M., (2003): Background error covariance modelling. Proc.

ECMWF Seminar on Recent Developments in Data Assimilation for

Atmosphere and Ocean, 8–12 September 2003, Reading, UK, pp.45–

63, available from ECMWF, Shinfield Park, Reading RG2 9AX, UK.
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