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o Describe statistics of boundary layer relevant to triggering
convection and the sensitivity to presence of ditterent
phenomena
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e “What are the length-scales and magnitudes of
perturbations which trigger convection?”



Why?

* GCMs have too coarse resolution to fully represent convection (O(km))
= Trigger (and evolution) of convection must be parameterised

= These sub-grid teatures are known to be critical in predicting
formation of convection
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What are the length-scales of variability”?

Clouds

Ax=25m Large-Eddy Simulation, RICO test-case Rendered with VAPOR




pility”?
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What are the length-scales of var
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sections of scalar fields in RICO at z
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What are the length-scales of variability”?

Cross-sections of scalar fields in RICO at z=200.0m t=1440min
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Researching things relevant to convective
parameterisation

,}?DFW) Hierarchy of analysis:

/ a) \ertical profiles of horizontally integrated
| properties, e.g. PDFs of scalars (without
N

identifying triggering updrafts)

b) Vertical profiles of identified updraft
POF(w) regions (e.g. two-fluid partitioning)

- Wi = 2 * |s there an optimal partitioning of fluid
1 | between updrafts/environment?
| ‘ S * Interested in total BL vertical transport or

| W only thermals which trigger convection?




Researching things relevant to convective
parameterisation

,}?DFW-) Hierarchy of analysis:

/ a) \ertical profiles of horizontally integrated
| properties, e.g. PDFs of scalars (without
N

identifying triggering updrafts)

tools

\/ ready!
b) Vertical profiles of identified updraft
A"DFM regions (e.g. two-fluid partitioning)
- Wim = 2 e |s there an optimal partitioning of fluid 1 tink
;' | between updrafts/environment? “~— 7
J | S * Interested in total BL vertical transport or
| W only thermals which trigger convection?

Found method to identify these -J



Researching things relevant to
convective parameterisation

Hierarchy of analysis:

~ 8, 5? | 7 - c) Object-based decomposition of
)]

(A mien horizontal variability
/ )& » e.g. reconstruct PDFs using only N-

| > largest objects, construct object size

w vs scalar perturbation PDFs or identify
triggering objects
Q d) Identify cause of change in vertical
PDF(w) - S profiles and new scalar quantities which
T / — parameterise change

.2/{/ cr e * e.g. the presence of a cold pool with

magnitude ABy modifies the skewness
L of the PDF(w) by 0.8,



Researching things relevant to
convective parameterisation

Hierarchy of analysis:

~ 8, 5? | 7 - c) Object-based decomposition of
)]

(A mien horizontal variability
/ )& » e.g. reconstruct PDFs using only N-

| > largest objects, construct object size
W vs scalar perturbation PDFs or identify
triggering objects "\____some interesting

Its!
Q d) Identify cause of change in vertical o
PDF(w) - S profiles and new scalar quantities which
| parameterise change

/ T * e.g. the presence of a cold pool with
magnitude ABy modifies the skewness

I of the PDF(w) by aAB,

Ongoing \/



2 topics toaay

1. Statistical properties of bulk boundary layer and
cloud-feeding air

. Joint-distributions and characteristic length-
scales in boundary-layer

2. Statistical properties of individual boundary-layer
objects



1. Distributions of moisture and temperature
(at interesting heights)
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total water mixing ratio [g/kg] potential temperature [K]
r- BL mean r boundary-layer (350m) horizontal slice re below-cloud (562.5m) horizontal slice
rt cloud-base mean r+ surface (r¢) horizontal slice r+ at cloud-base height (only at cloud), Nceys X 100

Air that reaches cloud-level appears to be moister and colder than
boundary layer characteristic values

But what are the joint distributions (and their height variation)?



6 [K]

298.2 -

298.1 A
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How does water vapour and temperature
correlate in the boundary layer?

noshear_rico.tn6 t=21600.0

— z=12.5m
— 2z=112.5m
— z=212.5m
— 2z=312.5m
z=412.5m
z=512.5m
z=612.5m
-=—=into cloudbase

14.5

15.0

15.5
gt [9/kg]

16.0 16.5

* [nner and outer contour at
each height contain regions
with top 5% and top 90%
concentration of points
respectively (“garlic plot”)

* Red contour: air Ax below
tracked clouds within 3min of
appearance => air entering
clouds

e How can we isolate the air
that enters clouds”?



zt [m]

2000

1750 A
1500 A
1250 A
1000 A
750 A
500 A
250 A

 Two tracers (¢4, ¢,) with different half-life (t,=10min, T,=15min)

radioactive tracer

t=0.0s

Boundary layer thermals marked with

-3000 -2000 -1000 0 1000
yt [m]

released from surface

2000

» Time since release: t,g= T,Tl0g(d1/do)/(T;-T,)

* Thermal edge defined using deviation from std. div. in horizontal slice:

d'(x,y,2) > o(d(z)) (as in Couvreux et al 2010)

3000



Radioactive tracer picks out air entering clouds

noshear_rico.tn6 t=21600.0

noshear_rico.tn6 t=21600.0 masked by radioactive tracer-based envelope (¢’ > 2.00(¢))
298.2 - 298.2
— z=12.5m — 7z=12.5m
— z=112.5m — 7z=112.5m
298.1 — 2z=212.5m 298.1 - — 2z=212.5m
—— z=312.5m —— z=312.5m
z=412.5m z=412.5m
298.0 - z=512.5m 298.0 - z=512.5m
z=612.5m z=612.5m
— —-=—- into cloudbase . —-==- into cloudbase
% 297.9 1 % 297.91
“’ °° ANy
297.8 1 297.8 1 \‘%\3\
\ \% }
297.7 1 297.7 1
297.6 . T T T T 297.6 T T T T T
14.5 15.0 15.5 16.0 16.5 14.5 15.0 15.5 16.0 16.5
gt [9/kg] q: [g/kg]

* We can now identify the air that enters clouds and looks at its
properties

* |n this case the mean and distribution appears translated with
height => should be easy to parameterise



smthrmtop [m]

(we can also track them...)

Updated cloud-tracking code by Heus 2008 to track thermals, and clouds,
and interaction between them

smthrm = 487.0, smcloud = 263.0, cloudrel = 1.0... ° Both therma|8 and ClOUdS are
1200 - —— doud :
-=- bl thermal tracked separately (using rad.
1000 A / / ' .
/// l//:, tracer and liquid water)
800 - v : e
o » Can study properties of air
00 1 triggering specific clouds
00 | /Il _—‘fl,’/l:’r(,’ﬂ | /,” oy ,
: e » Currently ~60% clouds have
0 1000 2000 3000 4000 5000 6000 . . . .
time [s] triggering thermals identified.
Height of top of individual clouds and Another trigger mechanism?
thermals that each cloud was triggered Investigating cut-offs in traoking

by

...but that is part of object-based analysis, see later



What happens when we change the
Sowen ratio”?

v v

v B =5.00 v B=1.00
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« As Bowen ratio is increased change in mean of distribution has less
change in moisture (because less moisture is released from surface)

17



What happens when we ¢
(and pick out clo
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nange the Bowen ratio”?

ud-feeding air)
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Total water mixing ratio [g/kg]

 As Bowen ratio is increased change in mean of distribution has less change in
moisture (because less moisture is released from surface)

 All distributions show similar shape displaced with height as air is mixed with

boundary layer



1.b. Characteristic length-scales of
boundary-layer structures

e Two-point correlation of two scalar fields (¢ and ), here
taken at same height (z) for both fields

cop (&, 1, 2 (z + &y + v, z)dzdy

_LL

* Measures how correlation with distance (in xy-plane) of scalar fields

* Used by Tobias and Marston 2016 to identify principle length-
scales in 3D cuvette flow



Use of cumulants to study
characteristic scales

Covariance length-scale far

C(W'qt, wlq')
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Inertia tensor



Characteristic length-scales of vertical flux fields

1

600

height [m]

N [ o (&)
o - o o
o (= o o
| L | |

100 =

0 =

] I I | 1 1 1 1
0 50 100 150 200 250 300 350 400
limits of characteristic width [m]

- =+ C{w'q;, w'q;) no_shear C(w’'8/, w'8/) no_shear
— C(w'q;, W'q;) with_shear C{w’8/, w'8/) with_shear

* moisture (latent) and (sensible) heat flux similar length-
scale till ~300m.

e shear causes elongation of coherent structures



2. Object-based analysis

|[dentitying individual objects

 |dentify (and later, track in
time) boundary layer
structures which cause
convection to trigger

= Developing cloud-
tracking code with
Steven Boeing

e Use to partition
distributions of variability
by individual objects (of
zﬁ gcglce?éz)e’ volume, Buoyant elements defined by w > 0.5m/s

Pe, in boundary layer of RICO simulation at t=480min

= |Investigating using object topology as means of classification. Contour-
tree and fiber-surfaces analysis with Hamish Carr and PhD student, Leeds



What are characteristic sizes of objects In
the boundary layer?

 Use Minkowski functionals to compute characteristic
length-scales

V0:V:/dV
3V,
A 1 L =—
V1:—:—/ds 4V3
g 6 N w2
1 = —
Vo= —=—— [ dSV -n Vs
3 O Vo
T = —-
2V

L>W =T by construction

V: volume, A: area, H: mean curvature, k1 and Ko Intrinsic
local curvature (V- = k1 + ks )



dist. [m]

-Xxample:
coldpool influence on boundary layer structures

=112.5, time = 122400.0 . zt = 112.5, time = 122400.0 )
20000 ’ Z 9
175004 7, ? c 2 E
15000{ % Z 5
10000 o Py 7
b4 Al S /] © I =
0 - 12500 £ B 1t 2 I
8 £ %8, Ly /] * N
0 0.5 =! o 10000 A /'\;:,' 5--&:-27\ <' 0 g 0 -IEJJ
g z YD Gl N S 2
ke 7500 - T o R T § = I
-10000 . | oy N 2
5000 (& el HaE T, N Z
- shear direction § Sl REPRS
o000 2500 7 ) ur - | \ =
. >
O e T - — — T $_ _1
0.0 ~10000 -5000 O 5000
=20000 -10000 y t[ : 10000 20000 dist. Im]1
ISL. M
Using density anomaly (6,” < -0.1K) Using mean direction of ambient

shear and coldpool edge
orientation to identify up-shear/
down-shear edge

to define coldpool region



RKW-theory (precipitating clouds)

Rotunno, Klemp & Weisman 1980s

e Evaporation of rain creates density current

e At edge of spreading current (gust front) air is lifted, inducing local
vorticity

e When combined with shear of opposite vorticity convection is
more strongly forced, can trigger new clouds or self-reinforce
existing (super-cells)



Coherence length of BL structures

height [m]

Upshear and downshear coldpool edge

400
width

coldpool_edge downshear principle
+ coldpool_edge_downshear perpendiculs

|
600
m]

2
17500 1 7,
7
‘a, [ A 7
C(w'e, wo)) 15000 { 7
2 Fal e &
700 . . 1250014 7, AR
£ Y e 5N
1 - ’ e
600 - o 0000 . X
S 7 <
7500 - ’, \’\\\\ \\\\\\\\
500 - PR
5000 A :
E 400 - - shear direction
ey 2500 A -—
<
= =
.QCJ 300 ~ 0 T T —
—10000 -5000 0 5000
200 - dist. Im]
100
0 —
T T T T T
800 200 400 600 800
width [m]
- coldpool_edge upshear principle - =+ coldpool_edge upshear perpendicular

Flux-carrying structures appear
larger on up-shear side

up-shear/down-shear region

112.5m [m/s]

vertical velocity at z



What are the characteristic length-scales of
boundary layer structures??

Minkowski functionals of individual objects

Normalised distributions of w'q' > 0.3 kg/kg m/s objects at t=36hrs

0.06 - coldpool edge upshear -
outside coldpool
0.05 -
> 0.04 A
$ 0.03 A
0.02 A

0.01 -

O-OO I I I I I I I I I
0 100 200 0 100 200 0 100 200
length [m] width [m] thickness [m]

Objects in up-shear edge are longer, wider and thicker
than in bulk of domain



What is shape of objects in the boundary layer?

Calculate the planar
and filamentary (F) f

ity (P)

‘OIMm

Minkowski functiona
length-scales

— T
P—W

L-W

W+ T’

L+ W

1.0

0.8

o
fo)

Filamentarity

o
~

0.2

0.0

T
0.0

T
0.8

= Measures how pencil or disc-like an object is

T
1.0



horz. dist. [km]

horz. dist. [km]

shear/no-shear

condition = with shear
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- 0.00
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—xample:
RICO-like simulations

w [m/s]

Fixed fluxes (Fs=150W/
m2, Fi=7.0W/m2)

Convective cells instead
of rolls in boundary layer
with shear

In shear convection
appears at ends of rolls?

Without shear at nodes
of cells?



What is shape of objects in the boundary layer?

objects in LES synthetic objects
—— spheroid
0.5
¢ with shear
c no shear
0.6 — 0.4 -
0.5 -
> 0.3
> ©
= 04 =
ks @
o) =
)
£ L 0.2
S 0.3 =
4
0.2 -
0.1 A
—0
0.1 1/4
2 ®
14 : 0.0
0.0 -2 T ‘ T — T T T 1 0.00 0.05 0.10 0.15 0.20 0.25
0.00 0.05 0.10 0.15 0.20 0.25 030 0.35 040 0.45 pIanarity

planarity

= Shear causes structures to become longer and wider by ~30%
and ~50% respectively



|[dentifying large-scale forcing:
Topography test-case over India

» Based off 30th June R
2016 INCOMPASS 2re |-
flight B968 near 264 1=
LUCknOW’ |ndia 25:2 ’;374 5 é 77 7 7;3

e Convection develops
from midday over

shallow (~300m) EUMETSAT brightness temperature,
topography Emma Barton (CEH)

04:30 - 05:00 UTC



Case setup

»> JBEV LUKEK A

» Using MetOffice Unified Model b
because MONC/UCLALES can'’t G e
represent topography

e Setup developed by Chris Dearden
(CEMAC Leeds), currently have

.

N e As araleham

N
g

running: i r S

V Addis .3 - ,‘;

e Four-level nest with n320 global o g\.(_s-.f"“"mp"'_,{‘&
and dx=200m inner most nest "| 1000 km | ‘i‘i |

I 1000 mi I Leaflet | Map data: © OpenStreetMap, SRTM | Map style: © OpenTopc

e Still to resolve:

e Soil-moisture initiation, stochastic

sampling, feasible domain size Working on adding radiative tracer

release to UM.

Any MO people around Thursday? &




Does convection develop?

2016-06-30T12:00:06.000000256

Yes!

2016-06-30T13:00:06.000000256
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What does the flow look like?




Next steps

Papers being written

1. Demonstration of cumulants and Minkowski functionals as means to
quantify bulk and object-based properties of atmospheric fluids with
coherent structures

2. Investigation of the effect of changing Bowen-ratio on properties coherent
structures in the boundary layer

Ongoing work:

|. Developing topography test-case to do parameter study (bulk surface
moisture flux and topography height)

Il. Setting up/finding cases with deeper convection and diurnal cycle

Ill. Developing predictive model for properties of boundary-layer coherent
structures



Thank you!

Questions?



