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Advection



Today’s learning objectives

Photo: A. Christen

* Discuss when our 1-D
assumption in
micrometeorology isn’t
suitable.

* Explain what happens to the
wind profile if we introduce
horizontal changes in surface
roughness.

* Describe how horizontal
changes in surface properties
affect the surface energy
balance partitioning.

Knox / GEOG 321
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1-D view of surface layer.

It has been implicit in all derivations to
this point that the surface layer of the
ABL is a ‘constant flux layer’:

* Flux densities do not vary horizontally.
* Flux densities do not vary vertically.

This allowed us to assume that flux
densities measurements made
anywhere in the surface layer
represented the surface value.




1-D view of surface layer.

It also allowed us to describe a one
dimensional wind profile (‘log-law’)

Wind is only a function of height z, it
does not change with horizontal position.

Reynolds stress (expressed by u.) is
constant with height.




Variability in otherwise ‘ideal’ surface layer

Observations with eddy
covariance instruments show
that even over ostensibly
‘ideal’ flat, homogeneous and
extensive sites, horizontal
and vertical variability of r,
On, Ok etc. is in the order of 5
to 10%.

200

Sensible heat flux densities,26 m and 52 m apart (different heights)

150 —

Al (24 m)
—— A2(6m)
BI (2.4 m)
—— B2 (6m)
Cl (24 m)
—C2 (6m)

100

Qi (Wm?)

/

0

/

-50

Time PDT

- W T T T
0 6:00 9:00 12:00 15:00 1804521 0:00

Instruments within 50m horizontal distance

(EBEX-2000)
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Inhomogeneous surfaces

The real world is not made of ‘infinite, homogeneous, plains’. It is a
patchwork of different surfaces each with its own energy balance,
roughness etc. Hence microclimates at the surface vary greatly,
sometimes sharply, and often they are uneven, patchy, rolling etc.

Energy balance Roughness Relief

Knox / GEOG 321
Topic 27 - Advection
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Photo: A. Christen
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The complex surface

This is the geographical challenge
of boundary layer climatology - a
3D reality.

We shall see how our idealized
1D world of micrometeorology has
to be re-adjusted.

We start with the simplest 2D-
steps in surface properties.

Knox / GEOG 321
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Tile-approach used in weather forecasting

In a ‘tile approach’ we calculate the exchange of different patches
separately and then average them by factional occurrence:

Patchy landscape Tile 1 Tile 2

/

area-weighted average

Knox / GEOG 321
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Why the tile approach might not work

(a) ‘Tile approach’

Atmosphere

~
~~o
~
»

(b) Integrated vegetation

Vegetated
ground

Atmosphere

Soil

Soil-vegetation-atmosphere = SVAT
Urban Canyon Models = UCM
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Change in roughness - effect on wind?

How does mean wind u near the surface

change for a transition from a %’
smooth to a rough patch? mean wind smooth

¥ 3

Mean wind u

Join at:
vevox.app

ID:
433-971-976

smooth rough smooth rough

Knox / GEOG 321
Topic 27 - Advection 11



Mean wind is slowed.

The correct answer is C. Mean wind will be slowed once it reaches
the rough surface - but slowing does not happen immediately
(inertia)

smooth rough

Knox / GEOG 321
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Mean wind is slowed.

The correct answer is C. Mean wind will be slowed once it reaches
the rough surface - but slowing does not happen immediately
(inertia)

Wind Veloclty
=l
%
|

snibh FA T X —h
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Change of Reynolds stress?

from a smooth to a rough patch? //’

4 mean wind smooth

Reynolds stress

|
T T e
smooth rough smooth rough
| H .
C i D Join at:
i vevox.app
_/ ID:
! . 433-971-976
[ : I : ‘ ‘ | il
AN AN o N o X XA o N s X s N N -
smooth rougn smooth rough
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Reynolds stress is ‘overshooting’.

The correct answer is D. Reynolds stress ris strongest, where
mean wind and roughness are high:

D

AN AN Ao AL SN o AN s N b AN

ormannth
o THIOUO L

We conclude: Reynolds stress is ‘overshooting’ and readjusts
afterwards to its new value
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Reynolds stress is ‘overshooting’.

The correct answer is D. Reynolds stress ris strongest, where
mean wind and roughness are high:

—
d TRy il
) .
3 5
ﬁ -
tn
L
% =
L R LB
UREd P (1

X —i

We conclude: Reynolds stress is ‘overshooting’ and readjusts
afterwards to its new value 12
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Relevance of step-changes in landscapes.

<« Forest edges are generally more
susceptible to damage

i if
1) A“/[L;‘ \‘}

vl.;;.;’u/;.;«u.,li!

mlmummuu.h/m 5& |
il /]|

‘,N Uil -
e AV ."",,‘.:’,
7 i S DL weld
= Gl et = ety ol S 1

e

A Windbreaks protect crops from
,, wind erosion and excessive
p— Evapotranspiration (conserve water)
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Internal boundary layer.

As air crosses a sharp change in surface properties (zo, To, pvo, €tc.) the air
immediately above is affected (due to turbulent exchange) - the internal
boundary layer.

Modification affects an even deeper layer (6 - known as the internal
boundary layer depth) at greater distances (x - known as fetch):

Leading edge 0= depth of internal boundary layer
/ s _— = = ==
: _ I = = e
Wind (u) ™~ | o T IntelBal
74 : o Transition zone boundary
! i Z l layer l
" et iaikasiansoiansmsiiasii Wiasinan T 51555,
ToPvo-% ! ToPyorZo

fetch = distance to leading edge
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Changes to the wind profile across a step change.

%;jl
IS
IQ.;l
o)
=l
Z "cl
A o
Mast A St B C D
Z5o > | o > = > = J )
Z4|—| N I O N O S — - - S
23'_' > U ! = > ___...—-—'_"'""—d—-;. | A
Zzn N I | 5 "f (| : (- - ':
Z? o4 : EI,.L) ’:‘ o /) | | o1 v
ST L N M AN AN A X NN et AN N ML AN N A I een ER
|
smooth | rough
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Adjustment of wind profile

LOG HEIGHT

WIND SPEED
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Changes in evaporation.

(a) \
; Wind (a) ) .
A=u P, —f= 1
v
L |
oy
(b) 3
I Y
Rl
S
w =5
o F_)v i
Eo |
|
I
(c) Mast A i
w, 2
Wind (T = :
- ind (T) Z;u_ = |
Zzl:l_ A" i
‘ Z; o .
X

I
Dry, bare soil |

Moist vegetation
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Depth of the internal boundary layer

Only the lowest 10% of the internal boundary layer depth ¢ are fully in
equilibrium with the new surface (0’) and the rest (d-0’) is in transition.

Common rule-of-thumb is that height to fetch ratio is /x = 1:100.

A more accurate estimation is possibly by a power law:

®_,. (0"

— UIBL
<0(1) <0(1)
| Empirical constant b (0.8

|
Empirical constant a (0.35 - 0.75) for neutral, and 0.6 to 0.7
for unstable)
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Depth of the internal boundary layer

The parameter a can be also framed as a function of both roughnesses:

A
aigr, = 0.75 + 0.03 1n ( 0(2))
20(1)

Knowledge of IBL is relevant to see what a sensor at height 6 measures:

(a) Side view

Turbulence

Wind (4 ) EC system

A

A

\J

Turbulent source area
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Photos: S. Oncley, NCAR




Changes in the surface energy balance

1 km apart

A
A\ 4

Irrigated
Bare soil cotton field

60
50F 50F

940: 40F

E 3 3

3 L

s I

g | :

E 30 30F

= I ¥

20 20¢
]0: L 2 s P S R A A e A 10. G g
0 3 6 9 12 15 18 21 0 0 3 6 9 12 15 18 21 0

Time (h) Time (h)

Data from the National Center for Atmospheric Research's Integrated Surface Flux Facility / EBEX 2000 - August 15 to 21, 2000
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Changes in the surface energy balance

o 1 km apart '
Bare soil (Site #3) <« > Closed cotton canopy (Site #4)
Ll L 'I' L T 'I L L I L L I L T l T L l' Ll L 'I' L L L] L ' L] L] l L] L l Ll Ll 'l Ll Ll '[ Ll T 'I L] L ' L] L]

600 - 600

~ 400 400
E
S
=

E 200 200
>
3
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200 1 ] ] L. 1 1 1 200

12 15 18 21 0 0 3 6 9 12 15
Time (h) Time (h)

=)
w
I 3
o

Data from the National Center for Atmospheric Research's Integrated Surface Flux Facility / EBEX 2000 - August 15 to 21, 2000
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Photos: S. Onclex NCAR

To measure evapot anspiration
from the cotton field, would you
want to place a }(

mmrometeorqlogwl tower at th
edge of the field oq, n the mld




Photos: S. Oncley, NCAR

Importance of:
* Fetch

e Source area

i
> :‘.' ]
.




Oasis effect

Advectively driven Ok due to a wet
patch existing within a larger dry
environment (desert oasis, urban park,

irrigated field).

This contributes sensible heat to boost
Qe > O*. In some cases Ot can be 1.5

to 2 times O*.

Heated air

> )

dry land

downward directed

R 0 70 2%

irrigated land

144 Orad

TOTAL ENERGY FLUX DENSITY (M) m™? day*!)

JUNE

Figure 5.5 Average daily energy balance of an alfalfa crop
in June 1964 near Phoenix, Arizona (33°N). The crop was
irrigated by flooding in late May and this was followed by
drought throughout June (see Figure 4.16) (after van
Bavel, 1967).
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‘Clothesline’ effect

Photo: A. Christen -

Advective effects of drier air
penetrating through a vegetation
canopy. Especially seen at crop and
forest edge borders. Analogy of the
drying effect of air through a
clothesline of wet laundry. Enhanced
Or of edge plants often causes them
to be stunted, open to disease, and
soll moisture is drawn down.

— at> 2§¢PF—>
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Take home points

°* QOur one-dimensional approach is limited as the typical
geographical distribution of surface properties (roughness,
surface temperatures, evaporation) varies greatly, sometimes
sharply.

* This causes momentum, heat and moisture and the
corresponding fluxes to depend not only on the underlying
surface, but they show a ‘memory’ of surfaces encountered
upwind - advection.

* Advection can dominate the energy balances, or even invert the
direction of turbulent fluxes - oasis effect and ‘clothesline’
effect.
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