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Abstract To improve understanding of land-atmosphere interac tions, it is imperative to better characterize atmos pheric boundary layer dynamics, particularly the oc currence of turbulence. We outline an
established method for estimating the turbulence di ssipation rate  using a tethered-kite/-balloon. This technique can not only probe the boundary layer (BL) but also the residual layer (RL), i.e. up to 1-2 km ([1],

[2]; Figure 2). Results from studying nocturnal stable boundary | ayers, which are believed to greatly suppress surfac e-atmosphere gas exchange, show that turbulence is persistent even during the most stable

BL conditions ([2], [3]). This weak but persistentt  urbulence can evolve into stronger and more intermi ttent turbulence ( Figure 4).

Based on our results, a parameterization for turbule nce at altitudes higher than meteorological towers is suggested for upside-down BLs, traditional and t hin traditional BLs [3]. It appears that the dissipat ion

rate of kinetic energy (TKE) is the predominant vari  able, hence playing a key role in the dynamics of s table boundary layers. The TKE production term W2 is one order of magnitude smaller than but plays the

2nd most significant role. Vertical temperature and win d speed gradients seem to compensate for each other  , i.e. when one represents a loss (of TKE), the othe  r represents a production (of TKE), and vice versa.
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TLS turbulence (lowest pkg) vs Tower turbulence [ha  ving adjusted TLS aliitude]
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The TLS (Figure 1) is capable of reaching heights up to 1-2 km. The ~ TLSisa
profiling system showing tremendous advantages to s tudy the particularly not
well understood stable boundary layer, including th e residual layer. Data
presented in this study come from the CASES-99 camp  aign that took place in
the plains of Kansas in October 1999.

The TLS provides high temporal and vertical resolut  ion (200 Hz) of wind speed
and temperature, from which the dissipation rate of kinetic energy
(turbulence proxy) and the temperature structure C 2, respectively can be
estimated. Figure 2 shows the vertical profiles of WS, WD, T and log fora
nocturnal stable boundary layer characterized as “u pside-down”. A weak low-
Upside-down BL: Fit 7, pkg 1, profile 1 (ascent) level jet is identified near 70 m, below which the atmosphere is very stable.
1000~ ™ ™ Note the correlation between and WS & T: as WS and T increase from 0 to ~
g\ e(m’s | | | 70m, decreases. Above 600 m, the atmosphere again shows  high stability.
k- — - — Interestingly, starting at ~ 750 m, the temperature profile becomes neutral Figure 4:
| while the wind speed decreases significantly and th e dissipation rate of kinetic
energy increases with altitude, from ~10 to~103m?2s3,
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The TLS turbulence proxy is compared to the 60-m tower turbulence proxy

w2 (Figure 3). The two examples clearly show that both quantiti  es are well Left-hand side coefficients* Right-hand side” }
correlated: (a) the shapes of the vertical profiles  are in very good agreement, = A £ < L E
and (b) both quantities are continuously 1-2 orders of magnitude apart. Upside-down BL 00001 00011 -0.9999  0.0173 -0.0001

700~ -

5001— - . . Fit8
The correlation is extended to the 3 types of stabl e boundary layers (BL): Thin traditional BL | 0.0030  -0.0011 -0.9999 00106 0.0000

traditional (Flights 9 and 11), thin traditional (F  light 8) and upside-down

(Flights 7 and 10) BLs ( Figure 4). While the overall R 2-value is rather high with T,ad“f:nga, BL
0.73, it can be distinguished that (a) higher corre  lation between and 2 at
stronger turbulence levels exists whereas (b) great  er data scatter at weaker
turbulence levels occurs. Our analysis also suggest s that high turbulence is
mostly persistent while weak turbulence is likely ¢ haracterized by intermittent Fit 11
bursts of activity. The figure also shows that weak turbulence levels ¢ an be Traditonal BL 0005200009 09999 0.0091 “0.000
captured by both methods, and that  turbulence remains low but finite during ‘Al data
the most stable conditions. "global fit" -0.0045  0.0045 -0.9982  0.0604 0.0001
We concluded that TL! i and tower d 2 behave aT au

proportionally over more than 4 orders of magnitude , leading to the possibility (%) The empirical equation is: - A* @t B* ot Cre+D*s;=
Figure 2: of using estimates to extend the 2 profiles to altitudes higher than tower
heights.
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Figure 5:

The second part of this study focused on providing a parameterization for 2
inthe ultimate goal to improve the mesoscale modeling of turbulence in stable
boundary layers . The provided parameterization of 2 is a function of primary Fit7 (upside-down BL): profile 2
Oct 18, ~11.86 UTC (116102 UTC) 0Oct20, ~7.37 UTC 72212 UTC) parameters: T (in terms of dT/dz), WS (interms of ~ dU/dz) and that can be 1 | I g Liy-calul

( ——TLSe ——TLSe easily obtained from TLS profiling. ~ Figure 5 displays the coefficients for each | 2 3l mmﬂzc\ yz-cazcu i
0| —a—Tower of, %0 —a—Tower of, parameter and obtained for each BL types. While thi s study is particular to our 09 — — T'ﬂ"é )1 - = ’A"\@ =
datasets, we notice that the dissipation rate of kinetic energy play an |
4 important role for all BL types.

a

Toillustrate the above calculated parameterization , Figure 6 provides a profile
of reaching nearly 900 m, the tower-calculated w2 and the empirically- 07— — —
calculated 2 using Flt 7 equation (from  Figure 5) and the corresponding TLS
data dT/dz, dU/dz and . While the resulting 2 profile cannot be verified, we
believe the provided empirical equations can help i mprove modeling
practices.
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This study shows that the  stable boundary layer is not as inert as previously
expected or currently modeled , and that stable boundary layers either show
strong and persistent turbulence activity or weak a nd intermittent bursts of Profiles of TLS-

activity. We believe that stable boundary layer dyn  amics (in particular, fine derived log ,, (m?s) (black),
scale turbulence) play a key role in the exchange o f energy, momentum and empirically-calculated log ;o
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matter between the surface (land, snow/ice, ocean)  and the upper layers of the |(:)T: s%) (Qhé::‘ez)vsg‘:‘;s:\;e';l;;sed
£ -4 B -4 10w
10,6 (1 7; log, (e} s7) 109,59 (1 5%; log o) s7) i Oct. 14 at - 5:45-6:10 UTC

(Flight7).
Two examples of vertical profiles of TLS (stars) and tower 2
(triangles): Oct. 18 at ~ 11:51 UTC (Flight 8; left ) and Oct. 20 at ~ 7:22 UTC ACKNOWLEDGEMENTS
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