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Universal log-law

Fig. 9.7 Flow over forest canopy showing wind speed, M, as a function of
height, z. The thick canopy layer acts like a surface displaced a
JL distance, d, above the true surface. zo= roughness length.

Works well when the surface underneath is smooth or, in other words the flow is locally homogeneous
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But the world where we live
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... has rough surfaces

Viscous

sublayer

(a) Hydraulically smooth (kJ < kg, ooum)

- homogeneous (isotropic) turbulence
- Universal log law
- also called Inertial Sub Layer

(b) Transitionally rough (k;mootb< k: "~ k;ough)

- heterogeneous turbulence???
- Profile depends on the underlying roughness

(c) Fully rough (ki > k,{ou‘h) (d) Turbulent flow layers over s rough surface

M. Kadivar et al. (2021) A review on turbulent flow over rough surfaces: Fundamentals and theories
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Attempts to extend log-law in RSL over Forest canopies

Seem to work well over urban canopies as well.

.
g —4<z,/L<-05 h| -o5<zu<-01 I | -o1<z/<01
n =346 n =1527 n =3324
Table2 Methods used to calculate profiles for wind speed, with abbreviation (Abr.) used in the text
Abr. Name Equation(s) Assumptions 2.04 il i
LL Neutral logarithmic law u(z) = %" In (%) @ z0 and z4 use Macdonald et al. (1998)
KK&R Kastner-Klein and Rotach u(z) = ) AsLL
2004 =
(2004) s [1-0.610.12) — exp [06 - 0.072 (522)]]
MOST Monin-Obukhov  similarity u(z) =% [ln (Z;OZ” ) —Yum (Zf’i ) +Ym (%_Q)] ) As LL, stability functions following Garratt 1.5 ] i
theory (1992) .
MOST+ MOST with stability depen- Equation (9) with 2o = Zomac - €Xp [—wM (%Z—‘i)] (10) As MOST, with stability dependent
dent z where the aerodynamic roughness length zgqc aerodynamic roughness length, constant z; &IE
d following Macdonald et al. (1998) S~
dR De Ridder (2010) Empirical expression for Eq. (5) IilM @)= 1n As MOST+, assuming zx = zZm N
g corresponding to the highest measurement 1.0 g g
14— )&= | L1+ —2 e "M n | ) >
(] =71 el bt =71 height
_ - — H&F
20 =10mac-eXp[—¢M (Z—”LZ“)+1//M(Z=Z;,)], g
A, ipg, and v are assumed to be constants. Forest RSL ——= MOST
values: A = 1.5, up = 2.59,and v = 0.5. In the MOST
canopy: u(z <zh):u(z:zh)exp|:a(f; —l)] 0.5 1 1 1T#> LL w
(Macdonald 2000) KK&R
— LES
@ Obs.
@ Obs. corr
0.0 T T T T T 1 T T T T T 1 T T T T T 1
They alltake <U>_f(Z) 0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12

ui2)/u.(zm) U2)/u.(zm) U2)/u.(zm)

Gothenburg Tower, Sweden

yX C |_ A | M Theeuwes et al. (2018) Parametrizing Horizontally-Averaged Wind and Temperature Profiles in the Urban Roughness Sublayer



Is it fair to assume that <u> = f(z) in RSL for modelling
purposes?

Inn valley

Zurich city

»XCLAIM



Local homogeneity

* Implies that the mean quantities are
Invariant to changes in x
* Very powerful assumption

(u(x,2)) = (u(z)) = F(z)

« Demonstrated to exist over smooth surface
(Garrat 1992; Schlichting 1960)

» Unclear about RSL....that too at O(100m)!

* Moreover, literature rather vague about
mean.
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Therefore the question

What is the scale of homogeneity (or heterogeneity) over rough surfaces?
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u autocorrelation (south)
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u autocorrelation (middle)
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u autocorrelation (north)
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Observations so far...

e <uU> seem uncorrelated to itself over scales of 500-800 m

 Implies that the subgrid flow can be regarded homogeneous over grid
spacings of 500-800 m within the RSL over Zurich city

* Provided that <> = 30 min averaging
|t means, at Ax = 500m and dt = 5s averaging u over 360 time steps. Not reasonable!

* Need to investigate for shorter time averaging windows
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Let’s switch the scale

sXCLAIM



I-Box flux tower (Innsbruck, Austria)
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u autocorrelation

100 - -t  Time series on 13 sept 2019 from
0751\ " iffi-lﬁnm 8-18h

* On 4 |ocations.
» 30 min averaged samples

0.50 - Up valley flow max

0.25 A

0.00 -

—0.25 -

—0.50 -

-Same observation that local homogeneity seem valid for 30 min averages
- Qusetionable for higher resolution (dt = 1 s) samples!

sXCLAIM



1.25°N

That said, no one stopping us from doing the simulation
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suitable to assume local homogeneity
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Chen and Dipankar (2021) On the applicability of urban canopy parametrization in building grey zone
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so what happens when comparing with the runs where local
homogeneity is likely not valid?

Wind speed at 10m
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- Differences are significant. Gives a motivation to work towards a better surface treatment at O(100m).

- See Jacopo’s proposal next
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Thank you!



