Similarity scales in the stable boundary layer : a test against data
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1. INTRODUCTION 4. RESULTS
» Figure 3 illustrates the ambiguity in the use of both Obukhov length and Richardson number: data points with a given Rb may have L different by one order of magnitude,
» Turbulence is the stable boundary layer is affected by local | - L anm especially for the large stability. This is not captured by parameterizations. Note from the figure that SBL with TKE increasing with height are typically more stable.
conditions (surface fluxes and the thermal and dynamic S0 (001300 1
c . . 1 200-1500 m . o 5 5 . 5 — —
structure of the atmosphere) as well as by non local effects like | 15701700 m » Figure 4 shows Velocity difference normalized according to the equation:: > 7z 3
_ _ _ E : >0 m AU 1 a a 3 2 \ 4 6. REFERENCES
gravity waves or horizontal inhomogeneities. e N8 = | —log| — | + 1+ 300 R . (8) -
- W | u (z ) k k Z I 9
: CIBA T > m _ 3 (@) ) . T
> In the perspective of a local description, different similarity ' vasoon . B [1] Sorbjan, Z., 2010: Gradient-based scales and similarity
scales have been proposed in the literature, and summarized ' Although the scatter of the data is large, the overall behaviour agrees well with Sorbjan formulation up to Rb<0.5. For larger values the velocity difference decreases. The laws in the stable boundary layer. Quarterly J. Royal Meteorol.
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. (Hogstrom) and the Beljaars and Holtslag expression. [2] Sorbjan, Z., 2012: The height correction of similarity
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temperature data obtained at CIBA (see Fig. 1) during the G0 - e i > The equivalent for temperature variance is presented in the figures 6 and 7. Meteorol., 142, 21-31.
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Covariances are CompUted for each CyCIe' Figure 3. z/A vs. Rb(3.55, 8, 3,10) from the observations. Here Sorbjan et al. Figure 4. Velocity difference normalised according to Eq.8 as function of bulk | | Figure 5. : Velocity difference normalised with u* as function of z/A. Open [8]_Be“aars’ A.and A. A. M. Holtslag, 19?1: Flux parameteri-

_ _ _ o _ _ (2010), Eq. 24 is used. Full squares: SBL with TKE decreasing with height; | | Richardson number. squares: data with Rb<0.5 (moderately stable), full squares: data with zation over land surfaces for atmospheric models. J. Appl.

» The differences between consecutive covariances represent the contribution to the total flux from structures of different time open squares: TKE increasing with height. Rb>0.5. Meteorol., 30, 327-341.
scales. Every MR heat cospectra is fitted to a 5-th order polynomial. The timescale of the spectral gap Is estimated according to
a criterion based on the first occurrence of a zero crossing or inflection point after the maximum of downward turbulent heat
transfer.
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Richardson number based on differences of mean values at different heights.: Figure 6. : Temperature difference normalised over t* as function of Z/A. Figure 7. Temperature difference normalised according to Sorbjan formulation, as function anks are also due to all the people participating in :
of the bulk Richardson number.
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(Hfgsﬂoﬁnsfﬁ?ariraﬁZrﬂiﬁijag,r&r?engfﬁdpgrriﬁi;?fzn'ﬁ?ir § 1.04 | > Scaling based on gradients of mean quantities are suitable to describe the local similarity of turbulence variables in SBL with moderate stability
heights typical for this data set. & 100l (Rb<0.5); the same holds for scaling based on fluxes (according to MOST) for z/L<1. Departures for large stability hinder the possibility to define
- 1 accurate similarity functions.
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S| > In spite of the different mechanisms producing turbulence, local similarity is verified both for cases with fluxes decreasing with height and for cases
| with increasing fluxes.
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Ry (5.8) > It appears that each scaling is not able to fully describe even the simplest case (decreasing fluxes), suggesting the need to use an extended similarity

which includes more parameters (besides L or Rb).

» It can be shown that using common parameterizations for profiles, Rb differs less than 10% from the gradient
Richardson number, for heights typical of this experiment.
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