TE AMX

Multi-scaletransport ancexchange processes in the
atmosphere ovemountainsg programme and>@eriment

M.W. Rotach M. ArpagausJ. Cuxaft S.F.J. De WekKEr + & DNNHaithofO A 0
D.J. KirshbaumM. Lehnet, S.D. Moblds A. Paéj E. PalaZ# S. Serafin D. Zardi

www.teamxprogramme.org



Global

K1-Kapos et al., 2000 -
UNEP/WCMC
0} v ®
[+ K1 Mountains

[ ] K1 Mountain Classes

[ ]1. Elevation = 4500m

[] 2. Elevation 3500-4500m

M 3. Elevation 2500-3500m

[ 4. Elevation 1500-2500m and

Slope > 2°

M 5. Elevation 1000-1500m and

Slope = 5°

I 6. Elevation 300-1000m and LER

= 300m

[ 7. Isolated inner basins/plateau < b
2 G REINIGTE Chicago

25 km TAATEN -

K2-Koérner et al., 2011 - GMBA
@ ) ®
[+4H K2 Mountains

[ ] k2 Mountain Bioclimatic Belts
[ ] K2cl Nival
[ ] K2c2 Upper alpine
I K2c3 Lower alpine
I K2c4 Upper montane
M K2c5 Lower montane
I K2c6 Mountain area with frost
[ K2c7 Mountain area without frost

K3-Karagulle et al., 2017 -
EsrifUSGS
@ =} ®
[+ M K3 Mountains

[ ] k3 Mountain Classes
[ High Mountains
I Scattered High Mountains
M Low Mountains
I Scattered Low Mountains




Exchange processes over mountains

Momentum

Heat

Mass: water

Mass: CO

Atmospheric flow decelerates over mountains, due to orographic
blocking and gravity wave breaking. Orographic drag parameterizations
alleviate systematic biases in general circulation models.

At daytime, mountains heat the atmosphere at high altitudes above sea
level, generating breeze systems that favor horizontal and vertical
transport and mixing. At night, orography favors ealdpooling.

Flow over mountains enhancssatiform and convective precipitation,
RNEAY3I dzLJ G§KS FTOGY2AaLIKSNBED® azdzyidl Ay
surrounding plains.

CQ uptake by the land surface is the most uncertain term of the global
budget, and is often estimated as the residual from other terms.
Systematic deviations between modelled uptake and estimated residual
reveal inadequacies in Glux modelling over land. Poorly represented
exchange over orography may be one reason.



Relevance of mountain weather and climate

AGoes beyond local weather forecasting.

AHas broad implications on:
1. Hydrological processes, flooding
2. Hemispheric circulation
3. Atmospheric composition
4. Global carbon budget



1. Hydrological ensemble forecasts

A Small catchment in southern Switzerland: Valle — -
Verzasc4186 kn?) Nl ~

A Atmospheric EPS: COSM Klasaet al. 2018);
HO®H 1Y KEXZ HM YSYOSNEO®

A Hydrological model: PREVAHWjroliet al 2009);
semtdistributed, 25 different combinations of
physical parameters.

A 21x25=525 simulations per initiation time.
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1. Hydrological ensemble forecasts

Example: October 231, 2018

Uncertainty from meteorological ensemble

Model initialization: 2018-10-26 12:00:00 UTC
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2. Hemispheric circulatior ;.. > N

AThe accuracy of global NWP
simulations is heavily affected by
orographic drag parameterization.

A Scientific uncertainties in mountain
wave dynamics remain, e.g.:

- Role in transport of watevapour
and constituents

- Tropospheric response to
stratospheric gravity wave
breaking, e.g. downslope
wind/Fohn predictability

Z:NH 20° to 90°, 500hPa
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Forecast day

Fig. 4 Almost 1 day of skill is lost when the turbulent orographic
form drag parametrization'” is switched off in global 10-day weather
forecasts performed with the Integrated Forecasting System of the
European Centre for Medium-Range Weather Forecasts

Improving Global NWP Forecasts
500hPa Height Day 3 RMS Error vs. Analyses
Met Office 12 Month running Average

Sandu et al. 2019

~ Courtesy A. Brown (ECMWF)



3. Atmospheric composition

Almpacts at different scales:

A Atmospheric boundarjayer
pollution in mountainous terrain,
e.g. cold pooling, boundaiayer
venting

AEnhancement of troposphere
stratosphere exchange due to
orographicallynduced motions
(e.g., convection, waves).




4. Global carbon budget
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4. Global carbon budget

A Land uptake is the most uncertain of all budget components.
A Modelled uptake depends on methd#.3 vs. 2.7/3.8/3.8gCy 1 for 20062015)
A Modelling approaches are based on PBL conceptsihabt take into accounthe terrain

~NH (> 30N) land CQuptake

o - Dynamic veg models
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Major experiments in mountain meteorology

1950 1960 1970 1980 1990 2000 2010 2020 2030

T-REX Experiment

PYREX Experiment
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Technological drivers

AHuge technological advances in observational and computational
technology since previous largeale campaigns.

AObservational advances:

ARemote sensing:rgund based (radatidar, boundarylayer profiling,
tomographic) and satellitdased (resolution, parameters retrieved).

A Airborne sampling and remote sensing.

AModel advances:

A Steadily increasing resolution.

AHigh resolution implies challenges in model initialisation, parameterization of
sub-grid-scale physical processes, model evalution.



TEAMX

A Exchange processes induced by
mountains Transferof heat,
momentum and mass (water,
CQ, aerosols) between the
ground, the PBL and the free
atmosphere.

A Highresolution observation
and modelling possible, but
non-trivial. Model spatial
resolutions outpacing
observations.

A Special challenges over
mountains: Spatial
heterogeneity, wide range of

Exchange over Exchange over
flat Mountain
Boundary Layer Boundary Layer
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Aims

Process

knowledge

A Joint experimental effort® collect

observations of exchange processes in Transport
complexterrain areas. Use them for: and exchange

A Model evaluation.

A Parameterization
Improvement/development (SL, PBL,
orographic drag, convection).

A Process understanding.
A Field phase tentatively in 2023024.

Observations

MoU signed by? institutions. Atmospherespecial issue on First TEAMX

U. Innsbruck MeteoSwisg GAtmospheric Processes over Workshop

Meteo France / U. Virginia / Complex Terrait 0 SR A G 2 N 2830 August 2019
McGill U. / U. Trento / C2SM / Rotachand D.Zard). Rovereto(ltaly).
NCAS / KIT 8 papers published, 1 in 92 participants.

Open to new partners. preparation.

over mountains

Modelling
weather
and climate

White Paper
currently in
preparation;
finalized after
workshop.
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Coordination and Implementation Group

A Mathias Rotach University of Innsbruck (Chair)

A Marco Arpagaus MeteoSwiss

A JoanCuxart University of the Balearic Islands

A Stephan DaNekker, University of Virginia

A VandaD NXHzg Nabonad Center for Atmospheric Research
A Norbert Kalthoff, Karlsruhe Institute of Technology

A DanielKirshbaum McGill University

A ManuelaLehnet University of Innsbruck

A StephenMobbs, National Centre for Atmospheric Science

A AlexandrePacj Meteo France

A Elisa PalazzNational Research Council of Italy

A StefanoSerafiné Coordinator
A Dino Zardi, University of Trento

Programme Coordinator Office at the University of Innsbruck

Sponsored b¥arlsruhe Institute of Technology KMetéo FranceMeteoSwiss,
National Center foAtmosphericScience (NCAS), University of Innsbruck,
University of TrentoZAMG
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Review articles
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Mem
orandum of Understanding

Mu\ti-sca\e gransport and exchange processes in the g_tmosphere over
_n_\_ountains - programme and e;periment (TEAMx)

participants

This Memorandum of Understandlng is made petween the organisations listed in Annexes A and B
collectively referred 10 herein as the partners.

summary

2. The Partners have identified opportunmes and benefits 10 pe gained by working collectively
towards 3 \arge research programme on atmospheﬂc processes over mountainous terrain. \n
articular, the Partners propose to bring together the observationa\ and modelling infrastructures
across multiple nations t0 advance the understandlng of moumain’atmosphere interactions across
a wide range of scales. The prosramme will build on the success of previous \arge campaigns such
as ALPEX, PYREX and MAP, exploiting the latest obsewationa\ and modelling rechnologies and
addressing the latest priorities in predtction and impact. Through this Memorandum
Understanding the Partners express an intention 10 work collectively and with others 10 advance

nnflnn!'ﬁnl‘h\n and anahilit 1 thie iennareant aran N n'mﬂahavlf erinnen
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Partnership

The TEAMX Programme
coordination office I8 nosted
ot the University of nnsbruck,

Austria
tact
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First TEAMX Workshop

28-30 August 2019

ny &
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Rovereto -
ltaly

I 92 participants

11 countries

19



Progr

ﬂuth-scali
fExchange prucasses in the

ptmospher
Mountains
amme and nnp&rimnnt

transpnrt and

@ over

20



Science Plan

Micro- andmesoscale processes within an Quantitative understanding ahomentum,

Process above themountain boundary layefMoBL); energy and mass exchangeer
Interactionbetween scales. mountainous terrain
Collaborative use of muHplatform Quality-controlled observational data pool
TEAMXJoint Experiment(s) mstrume_ntatlon to sample the spatial available for process mve_s_tlga_tlon, high
heterogeneity of turbulence and mesoscal resolution model verification,
circulations over and near mountains parameterization development

Weather forecasts and climate simulatior
Improving Weather and Climate Models right for the right reasan.e., over mountains as good as over flat terra

Models identification and reduction of model biase  and less reliant on model output post
and uncertainties over complex terrain processing

Air pollution, hydrology, climate change Smaller uncertainty of impact models, du
scenarios (e.g., elevatiesependent climate to reduced errors in weather and climate
change). information.

Support to Weather and Climate
Service Providers
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Micro- andmesoscale processes within an Quantitative understanding of momenturr

Process understanding above themountain boundary layefMoBL); energy and mass exchange over
Interaction between scales. mountainous terrain
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Science Plan

Micro- andmesoscale processes within an Quantitative understanding of momenturr

Process understanding above themountain boundary layefMoBL); energy and mass exchange over
Interaction between scales. mountainous terrain
Collaborative use of muHplatform Quality-controlled observational data pool
TEAMXJoint Experiment(s) mstrume_ntatlon to sample the spatial available for process mve_s_tlga_tlon, high
heterogeneity of turbulence and mesoscal resolution model verification,
circulations over and near mountains parameterization development

_ _ _ Weather forecasts and climate simulatior
Improving Weather and Climate Models right for the right reasan.e., over mountains as good as over flat terra

Models identification and reduction of model biase  and less reliant on model output post
and uncertainties over complex terrain processing

Air pollution, hydrology, climate change Smaller uncertainty of impact models, du
scenarios (e.g., elevatiesependent climate to reduced errors in weather and climate
change). information.

Support to
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X and their interactions

Exchange of energy, momentum & mass

Processes @ scale
HEAT, MOMENTUM, MASS (H,0, CQs, ...)

Scale interactions

cyclogenesis, instability
PV generation
blocking

.

impact of synoptic flow
- stability/ strength/
direction

interaction between
flows in different valleys
» CO, uptake

moisture export

interaction orog.
precip. - valley drainage
ridge-area turbulence
impact of background
flow on exchange
chemistry-dynamics

« interaction slope flow -

turbulent exchange

« radiation — turbulence
* turbulence-chemistry

20-200 km 200-2000 km

2-20 km

<2km

A —osaw g —osaw 0 —osaL

oo

.

* Influence of Mountain

Terrain on

- Mountain drag

- Heat (energy) budget

- Mass exchange (CQO,;
H,O, ...)

Orographic precipi-

tation

- drying ratio

- local evaporation

Definition of mountain
boundary layer

Alpine venting
convective initiation (Cl)

impact of valley
geometry, orientation,
surface type(s), ... on
local exchange

valley turbulence (TKE)
convective initiation
(Ch)

turbulent exchange on
slope

data post-processing
scaling

surface character (e.g.,
soil moisture)

Processes at various
spatial scale
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Exchange of energy, momentum & mass

Processes @ scale
HEAT, MOMENTUM, MASS (H,0, CQs, ...)

* Influence of Mountain

Scale interactions

* cyclogenesis, instability
= PV generation
* blocking

* impact of synoptic flow
- stability/ strength/
direction

* interaction between
flows in different valleys

» CO, uptake

= moisture export

* interaction orog.
precip. - valley drainage

- ridge-area turbulence

» impact of background
flow on exchange

* chemistry-dynamics

« interaction slope flow -
turbulent exchange

- radiation — turbulence
* turbulence-chemistry

20-200 km 200-2000 km

2-20 km

<2km

A —osaw g —osaw 0 —osaL

oJoI

Terrain on

- Mountain drag

- Heat (energy) budget

- Mass exchange (CQO,;
H,O, ...)

+ Orographic precipi-

tation
- drying ratio
- local evaporation

+ Definition of mountain

boundary layer

* Alpine venting
+ convective initiation (Cl)

.

impact of valley
geometry, orientation,
surface type(s), ... on
local exchange

- valley turbulence (TKE)
* convective initiation

(Ch

* turbulent exchange on

slope

+ data post-processing
« scaling
« surface character (e.g.,

soil moisture)

Alnfluence of mountain
terrain on
- mountain drag
- heat (energy) budget
- mass exchange (GO

H,0O, X)

Aorographic precipitation
- drying ratio
- local evaporation
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Exchange of energy, momentum & mass

Processes @ scale
HEAT, MOMENTUM, MASS (H,0, CQs, ...)

Scale interactions

cyclogenesis, instability
PV generation
blocking

.

impact of synoptic flow
- stability/ strength/
direction

interaction between
flows in different valleys
» CO, uptake

moisture export

interaction orog.
precip. - valley drainage
ridge-area turbulence
impact of background
flow on exchange
chemistry-dynamics

« interaction slope flow -
turbulent exchange

- radiation — turbulence

* turbulence-chemistry

20-200 km 200-2000 km

2-20 km

<2km

0 —osaul

A —osaw

oo

g —osaw

.

* Influence of Mountain

Terrain on

- Mountain drag

- Heat (energy) budget

- Mass exchange (CQO,;
H,O, ...)

Orographic precipi-

tation

- drying ratio

- local evaporation

Definition of mountain
boundary layer

Alpine venting
convective initiation (Cl)

impact of valley
geometry, orientation,
surface type(s), ... on
local exchange

valley turbulence (TKE)
convective initiation
(Ch)

turbulent exchange on
slope

data post-processing
scaling

surface character (e.g.,
soil moisture)

ADefinitionof mountain
boundary layerioBL)

A Alpine venting

A convection initiation
(CI)
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Exchange of energy, momentum & mass

Scale interactions Processes @ scale
HEAT, MOMENTUM, MAsS (H,0, CQ,, ..)
* cyclogenesis, instability

PV generation

* blocking * Influence of Mountain
Terrain on
- Mountain dra
E M in drag
d - Heat (energy) budget
o 07 - Mass exchange (CQO,;
S 3 H,0, ...)
o~ I + Orographic precipi-
* impact of synoptic flow CID Q kel
o Q - drying ratio
) .stab!\lty/ strength/ ™ - local evaporation
direction
* interaction between
flows in different valleys
* CO, uptake
= moisture export
.g CSD + Definition of mountain
o o boundary layer
S o Alpine venting
[aY] + convective initiation (Cl)
S I
~N )

e Aimpact of valley
ridge-area turbulence

ppuct ko geometry, orientation,
| I — surface type(s)X 2 Y

* chemistry-dynamics
geometry, orientation,
e local exchange

- valley turbulence (TKE)

g~ | Avalley turbulence (TKE)

Aconvection initiation
(CI)

2-20 km

A —osaw

« interaction slope flow -
turbulent exchange

- radiation — turbulence

* turbulence-chemistry

turbulent exchange on
slope

+ data post-processing
« scaling

« surface character (e.g.,
soil moisture)

<2km
oJoIW
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Exchange of energy, momentum & mass

Scale interactions Processes @ scale
HEAT, MOMENTUM, MAsS (H,0, CQ,, ..)
* cyclogenesis, instability

PV generation
blocking

* Influence of Mountain
Terrain on
- Mountain drag
- Heat (energy) budget
- Mass exchange (CQO,;

H,O, ...)

+ Orographic precipi-
tation
- drying ratio
- local evaporation

0 —osaul

.

impact of synoptic flow
- stability/ strength/
direction

interaction between
flows in different valleys
» CO, uptake

moisture export

200-2000 km

Definition of mountain
boundary layer

* Alpine venting

+ convective initiation (Cl)

20-200 km
g —osaw

interaction orog.
precip. - valley drainage
ridge-area turbulence
impact of background
flow on exchange

* chemistry-dynamics

.

impact of valley
geometry, orientation,
surface type(s), ... on
local exchange

- valley turbulence (TKE)

Gy e Aturbulent exchange on
slope

Adata postprocessing
s | Ascaling

« scaling

—eenees | Asurface character (e.g.,
soil moisture)

2-20 km

A —osaw

« interaction slope flow -
turbulent exchange

- radiation — turbulence

* turbulence-chemistry

<2km
oJoIW




Acyclogenesis,
Instability

APV generation

Ablocking

Exchange of energy, momentum & mass

Processes @ scale
HEAT, MOMENTUM, MASS (H,0, CQs, ...)

Scale interactions

cyclogenesis, instability
PV generation
blocking

.

impact of synoptic flow
- stability/ strength/
direction

interaction between
flows in different valleys
» CO, uptake

moisture export

interaction orog.
precip. - valley drainage
ridge-area turbulence
impact of background
flow on exchange
chemistry-dynamics

« interaction slope flow -

turbulent exchange

« radiation — turbulence
* turbulence-chemistry

20-200 km 200-2000 km

2-20 km

<2km

A —osaw g —osaw 0 —osaL

oo

.

* Influence of Mountain

Terrain on

- Mountain drag

- Heat (energy) budget

- Mass exchange (CQO,;
H,O, ...)

Orographic precipi-

tation

- drying ratio

- local evaporation

Definition of mountain
boundary layer

Alpine venting
convective initiation (Cl)

impact of valley
geometry, orientation,
surface type(s), ... on
local exchange

valley turbulence (TKE)
convective initiation
(Ch)

turbulent exchange on
slope

data post-processing
scaling

surface character (e.g.,
soil moisture)
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Aimpact of synoptic
flow
- stabllity/ strength/
direction

Ainteraction between
flows In different
valleys

ACQ uptake

Amoisture export

Exchange of energy, momentum & mass

HEAT, MOMENTUM, MASsS (H,0, CQ,, ..)

Scale interactions

* cyclogenesis, instability
= PV generation
* blocking

* impact of synoptic flow
- stability/ strength/
direction

interaction between
flows in different valleys
* CO, uptake

moisture export

interaction orog.
precip. - valley drainage
ridge-area turbulence
impact of background
flow on exchange

* chemistry-dynamics

« interaction slope flow -
turbulent exchange

- radiation — turbulence

* turbulence-chemistry

20-200 km 200-2000 km

2-20 km

<2km

A —osaw g —osaw 0 —osaL

oJoI

Processes @ scale

* Influence of Mountain
Terrain on
- Mountain drag
- Heat (energy) budget
- Mass exchange (CQO,;

H,O, ...)

+ Orographic precipi-
tation
- drying ratio
- local evaporation

Definition of mountain
boundary layer

* Alpine venting

+ convective initiation (Cl)

.

impact of valley
geometry, orientation,
surface type(s), ... on
local exchange

- valley turbulence (TKE)
convective initiation
(Ch)

turbulent exchange on
slope

+ data post-processing
« scaling

« surface character (e.g.,
soil moisture)
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Ainteractionorog.
precip - valley
drainage

Aridge-area turbulence

Aimpact of
background flow on
exchange

Achemistrydynamics

Exchange of energy, momentum & mass

HEAT, MOMENTUM, MASsS (H,0, CQ,, ..)

Scale interactions

* cyclogenesis, instability
= PV generation
* blocking

* impact of synoptic flow
- stability/ strength/
direction

interaction between
flows in different valleys
* CO, uptake

moisture export

interaction orog.
precip. - valley drainage
ridge-area turbulence
impact of background
flow on exchange

* chemistry-dynamics

« interaction slope flow -
turbulent exchange

- radiation — turbulence

* turbulence-chemistry

20-200 km 200-2000 km

2-20 km

<2km

A —osaw g —osaw 0 —osaL

oJoI

Processes @ scale

* Influence of Mountain
Terrain on
- Mountain drag
- Heat (energy) budget
- Mass exchange (CQO,;

H,O, ...)

+ Orographic precipi-
tation
- drying ratio
- local evaporation

Definition of mountain
boundary layer

* Alpine venting

+ convective initiation (Cl)

.

impact of valley
geometry, orientation,
surface type(s), ... on
local exchange

- valley turbulence (TKE)
convective initiation
(Ch)

turbulent exchange on
slope

+ data post-processing
« scaling

« surface character (e.g.,
soil moisture)
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Ainteraction slope
flow - turbulent
exchange

Aradiationc
turbulence

Aturbulence
chemistry

Exchange of energy, momentum & mass

Processes @ scale
HEAT, MOMENTUM, MASS (H,0, CQs, ...)

Scale interactions

* cyclogenesis, instability
= PV generation
* blocking

.

impact of synoptic flow
- stability/ strength/
direction

interaction between
flows in different valleys
» CO, uptake

moisture export

interaction orog.
precip. - valley drainage
ridge-area turbulence
impact of background
flow on exchange

* chemistry-dynamics

« interaction slope flow -
turbulent exchange

- radiation — turbulence

* turbulence-chemistry

20-200 km 200-2000 km

2-20 km

<2km

A —osaw g —osaw 0 —osaL

oJoI

* Influence of Mountain
Terrain on
- Mountain drag
- Heat (energy) budget
- Mass exchange (CQO,;

H,O, ...)

+ Orographic precipi-
tation
- drying ratio
- local evaporation

Definition of mountain
boundary layer

* Alpine venting

+ convective initiation (Cl)

.

impact of valley
geometry, orientation,
surface type(s), ... on
local exchange

- valley turbulence (TKE)
convective initiation
(Ch)

turbulent exchange on
slope

+ data post-processing
« scaling

surface character (e.g.,
soil moisture)
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When?

XTowards an intensive field campaigm2023X

e.g.,Preparatorysimulation

2020 2021 2022 2023

‘ ApplyTor I securerunding ‘ ‘

e.g.,testexperiment

e.g.,climatologies
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Where?

AEuropean Alps

AMidlatitude region with
abundant moisture supply.

AHigh spatial heterogeneity in
small area.

ADense measuerement
network.

AExisting sempermanent
micrometeorological
observatories, numerous
high-altitude observatories.
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Funding

ATEAMxS bottomrup financed.

AWhile applying for funding, project Pls may requESBAMXx
GSYRZ2ZNBASYSY(£d 9YR2NASYSY Ul AYLIX .
common data pool. Data policy in preparation.

AProjects can be stanalone, bi or multi-lateral.

ACIG/PCO supports coordination and initiation of new collaborative
projects.

ATwo TEAMX projects already running...



AST ERurtesy of Manuela Lehner)

Atmospheric boundanftayer modeling over complex terrain

Evaluating surface forcing procesggsbulence parameterizations, larslirface models, and soil and
land-use characteristicgdr boundarylayer modeling over complex terrain

WRF model simulations Collaborators:

A University of Innsbruck
Idealized simulations: Realcase simulations: A ﬁ;i\%?;‘itt’e's;ifsgsfo
Quantify the sensitivity of North and South Tyrol (PI Lorenyz@iovannin)
modelled soll, surface, and |dentify and quantify A University of Bolzano
nearsurface parameters to deficiencies in current (PI Massimdagliaviny
these surface forcing representations of these
processes. surface forcing processes

Project start:

_ A July 2019
|dentify those parameters and processes that have a large

Impact and whose current representation in models is deficient.



C ROSS I I\I:Ntesy of Bianca Adler and Nevio Babic) A\‘(IT

Karlsruher Institut fiir Technologie

A Crossvalley flow in the Inn Valley investigated [ ==
by duaiDoppler LIDAR measurements : TR W

AMotivation: lack of knowledge of vallegiduced
circulations and their impacts on exchange of
momentum, heat and mass

A Obijective: sample the valley atmosphere in a |
single crossalley transect with high
spatiotemporal resolution

Alnnsbruck, Austrig AugOct 2019

A3 x Doppler LiDARgospheraNindcubs,
microwave radiometer (HATPR®Box flux
towers, DLR Cessnha




Possible GEWEX connections

AGEWEX Process Evaluation Studies, PR&&Sed approach:
defining observatiorbased metrics to understand physical processes
and improve models at the fundamental process level).

AGHP Crossutting project INARCHKThe International Network of
Alpine Research Catchment Hydrology), due to focus on mountain
hydrology and snow.

AGASSdue to ongoing activities on surface drag (esp. orographic drag)
and momentum transport, in particular the COORDMErcomparison
project.

AGABL$GEWEX Atmospheric Boundary Layer Study).



TEAMx and GABLS

ACommon approachntercomparisorbetween observations, largeddy
simulations and simplified versions of NWP codes.

AGABLS:

A considered flat/homogenous terrain;
A dealt primarily with stable boundary layer processes.

ATEAMX
AWill have greater focus on daytime, convectively driven exchange.
A Cannot use singleolumn model approach due to focus on terrain heterogeneity.
A Will need to address separatedyographic and landgover complexity.

A Will need to includemodels with different grid types (terrain following grids,
Immersed and embedded boundary methods).



Conclusions

A TEAMX has started: MoU, review papers, workshop.

A Scientific focus on mountaimduced exchange processes. Broad scope including related
disciplines such as air chemistry, climate science.

A Combination of field and modelling experiments.

A Plans for field campaign 20232024 in the European Alps.
A Implementation details currently being defined.

A Funding: bottoraup approach, partners fund themselves.

A First two funded projects:
A CROSSINN (PI Bianca Adler, KIT)
A ASTER (P!l Manuela Lehner, UIBK)
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Ekhart, 1948

MOUNTAIN
BOUNDARY

FREE MOUNTAIN VALLEY SLOPE
ATMOSPHERE ATMOSPHERE  ATMOSPHERE  ATMOSPHERE | | AVER

Figure 13: Diagram of the structure of the
atmosphere above a mountain range.

1. Shortcomings of parameterization schemes over mountains
2. Multi-scale interactions over mountains
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Parameterizing exchange processes

AThreeexamples of gaps between the staté-the art in
parameterizations and the state of knowledge about exchange
processes over mountains:

1. Scaling laws in the surface layer
2. Planetary boundary layer
3. Orographic drag

45



Example 1: MOST scaling laws

How parameterizations work
A SL parameterizations assume

oilon)  —

that the first model level lies ww's = =Camlh

within the constaniflux layer. v'w's = —Cqv1Uy
A Under this assumption, w'T’s = =CpUr (11 — T5)

surfacefluxes are estimated

from modellevel variables o % 2] 2

using bulk transfer Cq = k" |log (Z—) - U, (f)

relationships. : ’ S
A Bulk transfer coefficients Cj, = k? |log (ﬁ> ~0,, (ﬁ)

i 20 L7/

Include adiabatic corrections,
based on MOSR (Y=z/L).
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Example 1: MOST scaling laws

unstable stable

What we know (a) 1

A Over slopes, turbulent fluxes
may change considerably
with height above ground. &

A Even usindpcalscaling, flux 0
profile relationships are often _,,|
reported to match observed | . . TR
fluxes and gradients very 10 e 10 10° 10
poorly over complex terrain. ¢ ‘

Fig. 10 Dimensionless wind shear ¢; fora ¢ < 0 and b ¢ > 0 at site T2, 1.5 m normal to the surface. The

A The exam ple refe IS tO a stee pplid red lines represent the Businger—Dyer flux—profile relationships determined over flat and homogeneous
. surfaces (Businger et al. 1971; Dyer 1974)
mountain slope.

(b) 10

@} =1+47¢

Nadeau et al (2013)
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IBOX

IMGI INNSBRUCK

Example 1: MOST scaling laws

TEAMX plan

A Observation of the components of the
surface energy budget for extended S
periods in distributed observatories (e.g.,
I-Box).

A Fundamental investigations on turbulence
properties in the atmosphere over
complex terrain (e.g., anisotropy,
generalization of scaling laws).

A Systematic evaluation of SL SN . GGeEan
parameterization over complex terrain. - V .

--------

2011¢ ongoing 48



IB0OX

IMGI INNSBRUCK

Example 1: MOST scaling laws

TEAMX plan

A Observation of the components of the
surface energy budget for extended
periods in distributed observatories (e.g.,
I-Box).

A Fundamental investigations on turbulence
properties in the atmosphere over
complex terrain (e.g., anisotropy,
generalization of scaling laws).

A Systematic evaluation of SL
parameterization over complex terrain.

2011¢ ongoing 49



Example 2: PBL structure

How parameterizations work

A Regardless of the closure
type (Kkprofile or TKEbased),
the BL height#) is a key
parameter in determining the
eddy transfer coefficients.

Az is determined in a variety of
ways (e.d., gradient dr|,
methods).

APBL closures are often 1D

(they only model vertical
exchange).

|

|

I
Unstable|
case
|

L‘if(R;) [Eq. 10b)

6,(2)

Fig. 1. Geometric sketch of the boundary-layer depth relationship to the profile of potential temperature

above the surface layer (solid profile). For the unstable case, the first vertical broken line to the right of

the profile indicates the potential temperature after enhancement due to the temperature excess a