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Near-the-surface air temperature in winter:
the INM model (top) and observations (bottom)
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Spatial distribution of continuous (purple color) and sporadic (blue color) permafrost
according to numerical experiments with the INM climate model: in 1981-2000 (top),
2081-2100 under scenario B1 (middle) and 2081-2100 under scenario A2 (bottom)
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Earth System Model
R. Loft. The Challenges of ESM Modeling at the Petascale

ESM Vision

Coupled Ocean-Land-Atmosphere Mod

Earth surface area: 510 072 000 km?
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FiG. 1. Variance power spectra of wind and potential temperature near the tropopause from GASP
aircraft data. The spectra for meridional wind and temperature are shifted one and two decades to
the right. respectively: lines with slopes —3 and —5/3 are entered at the same relative coordinates
for each variable for comparison. [Reproduced with permission from Nastrom and Gage (1985).]



Palmer T.N. Towards the probabilistic Earth-system simulator: a vision for the
future of climate and weather prediction. - Quart. J. Roy. Meteorol. Soc., 2012,
v. 138, no. 665, p. 841-861.

Macnrrab Bpementt: (k) ~k > "E " (k), [k]l=m"", [El=m"/C
ycts  7(k) XapakTEpHU3yeT BPeMs, 3a KOTOPOE OIIMOKH B CIIEKTPAIbHOM KOMIIOHEHTE

MOJEJILHOI'O PEIICHUS C BOJIHOBBIM YHUCIIOM k 32 CUET HEJIMHENHBIX B3aNMOJAEHUCTBUU TOBIUIIOT

HAa TOYHOCTH BOCIIPOM3BENCHHS KOMIIOHEHTHI C BOJNHOBBIM umciom K/2. Tlycts Tarke kL
COOTBETCTBYET (YCJIOBHOW) NpaBOil T'paHUIEC JIJIWHHOBOJHOBOM (KPYyHMHOMACIITAOHON) YacTh
CITEKTpA.

Bompoc: kakoBo BpeMsi 1 , 33 KOTOPOE OIIMOKH B KOPOTKOBOJIHOBOI! YaCTH CIIEKTPa (Ha GOJBIIHX

BoHOBBIX unciax 2Nk , N>>1) nosmmsror Ha Bocmpom3BemeHHE KPYITHOMACIITAGHBIX
IIPOLECCOB?

T(N)=t2" k) +t2" k) +..+7(2°k,) = Zr(2”k)
Ek)~k™ — t(k)=const — T(N)

Eh)~k™ = 1)~k > 1limT(N)~2.77(k,)

N—w



O0mmiee KoIMIeCTBO o3ep ¢ IIomaasio menee 10 km? cocraBasier 99,9 % ot
YIIC/IA BHYTPEHHHX BOOEMOB HA IOBEPXHOCTH 3eMJIN, A HX CYMMAPHAS
TeppuTopns cocraBjsier 5S4% or odIIell MIOIMAAH BHYTPEHHHX BOJT0€MOB
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Snowfall over the Great American Lakes

(lake-effect snow)

Lake Effect Snow
Conceptual Model
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Polymeric stresses, wall vortices and drag
reduction

Ronald J. Adrian

Arizona State University-Tempe

Mechanical and Aerospace Engineering

“High Reynolds Number Turbulence”, Isaac Newton Institute, Sept. 8-12, 2008



Eddies in Wall Turbulence

Near-wall vortical structures are closely related with production of Reynolds shear stress. (Quasi-
streamwise vortices, low-speed streaks, hairpin vortices, vortex packets, etc)
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Near-Wall Vortical Structures

Vortical structures in polymer solutions are:
Weaker

Thicker

Longer

Fewer

DR=61%

A.i: Swirling strength (the imaginary part of the complex
eigenvalues of the velocity gradient tensor)



Structural changes found in experiments

— Increased spacing and coarsening of streamwise streaks

— Damping of small spatial scales

— Reduced streamwise vorticity

— Enhanced streamwise velocity fluctuations

— Reduced vertical and spanwise velocity fluctuations and
Reynolds stresses

— Parallel shift of mean velocity profile in low Drag Reduction
— Increase in the slope of log-law in high Drag Reduction

Laminar flow

Newtonian ;
Turbulent flow |

\
LDR HDR Maximum DR limit



Simple model of katabatic flow with suspended snow particles
(Idea: Kodama et al., 1985)
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Stationary analytic model of katabatic tflow
with suspended snow particles
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Comparison of solutions to the Prandtl problem for wind
velocity with (solid line) and without (dotted line) impurity
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P. Viterbo et al. The representation of soil moisture freezing and
its impact on the stable boundary layer. — Q.J.R. Meteorol. Soc.,
1999, v. 125, p. 2401-2426.

Q Positive feedback between the temperature of the underlying
surface and the stable stratification of the boundary layer of the
atmosphere is realized in the "one-dimensional"
parametrization schemes of the surface layer of the atmosphere,
which is most strongly manifested at large Richardson numbers.

Q The process of soil freezing is an important mechanism for
regulating the seasonal course of temperature (in winter it
prevents excessive strengthening of the stability of the boundary
layer).
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Figure 15. History of monthly biases (thick solid and dashed lines) and standard deviations {thin solid and

dashed lines} with respect to observations of the daytime (72-hour: solid lines) and night-time (60-hour: dashed

lines} operational 2 m temperature forecasts, averaged over all available SYNOP stations in the Europcan area of
30°N to 72°N and 22°W to 42°E.



Volodina, Bengtsson and Lykosov (2000)
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The modelled snowpack structure with taking into account the phase transitions of
moisture for Valdai station (February-April 1977). Contours: snow density
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A study of the interaction of the atmospheric boundary layer in middle and
high latitudes with an active layer of the land and water bodies: the
development of parameterizations for the Earth system models

(RSF grant No. 17-17-01210, May 2017 — December 2019).

Theoretical and experimental study of the following processes:

1. turbulent dynamics and structure of the atmospheric boundary layer

over the thermally and topographically non-homogeneous underlying
surface;

2. interaction of turbulence and particles in the atmospheric boundary
layer (formation of two-phase stratified turbulent flows);

3. thermal regime, dynamics of greenhouse gases, and energy and mass
transfer in the system '"boundary layer of the atmosphere - the land
active layer / inland water body"'.

Particular attention will be paid to two types of underlying surface:
forests and inland waters.



Heterogeneous landscapes

Roof level wind
Background pollution

Ponds surrounded by forests,
forest glades — closed open Recirculating air
spaces

Direct plume

City streets — canyons

The forest — field boundary,
coasts

The conditions of applicability of the Monin — Obukhov similarity theory are not fulfilled

. Footprint analytical model for the method of turbulent fluctuations has not been developed

« The heat balance method gives only local heat flow, not representative for the landscape as a whole



SMEAR II
(Station for Measuring Ecosystem-Atmosphere Relations)
University of Helsinki, Finland
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Boundary layer above the lake

Logarithmic layer

;"] memes ™ Residual logarithmic layer
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TypOy/1eHTHbIII NMOTOK reHepHpYeTcsl BCMOMoraTeIbHOoli
MOJeJbIO (a) ¢ JBOSAKONEePHOINYeCKHMH IPAHIYHBIMH
VCJAOBHAMH U € 33JIJAHHBIM MACCHBOM O0bLEKTOB Ha
HOBEPXHOCTH. 3HAYeHUA Zg, H D coOoTBETCTBYHOT THIHYHBLIM
3HAYEHHAM 1 JIeCHOH pACTHTEIbHOCTI.
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HexkoTopble XapaKkTepHCTHKI TYPOYIeHTHOCTI, OCPeTHeHHbIE M0 Beeil miiomaiin “osepa”
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LES. Ilepenoc B3Becell TsReJIbIX YACTHI B IPH3€MHOM CJI0€

(mo3eMKa, NbLIICBOI IEPEHOC)
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Using the INM RAS LES-model with fine spatial resolution, the transport of ice and snow
particles suspended above a snow-covered surface under conditions of strong wind was
calculated. The balance of turbulent kinetic energy of the flow was analyzed, indicating
that, along with the contribution of the buoyancy forces, the inertia forces exerted on the
flow by particles have a significant effect. A series of calculations were carried out with
different surface slopes for a given constant background flow. It was found that at a
sufficiently large distance from the surface the size distribution of suspended particles
becomes not sensitive to the surface slope. It is established that suspension has an effect
on the average flow velocity: at altitudes of more than 8 meters in all calculations, the
flow speed with particles exceeds the speed of “pure” flow, which means a decrease in the
aerodynamic surface roughness in the presence of a suspension

114 — = clear air
10 — 0 ;
g _ —_— 5 :'f
gd [0 Profiles of the average velocity of turbulent
4 +5 o . .
P& N e flows with suspensions for different slopes of the
- underlying surface (color curves). The black

dotted curve is the flow without particles.
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a) Histograms of particle size distribution depending on the distance to the
surface. Thick lines — horizontal surface; thin solid and dotted lines —
calculations with a surface slope of +10 and -10 degrees.

b) The mass concentration of the particle suspension depending on the
height.



Diagnosis and numerical simulation of the atmospheric boundary layer dynamics
and the Arctic terrestrial ecosystems state under anthropogenic stress
(RFBR grant Ne 18-05-60126; June, 2018 — May, 2021)

Main objectives of the project

1. Development of new computational technologies for multiscale modeling of
turbulent flows and transport of gas and fine impurities in the urban environment
and in the boundary layer of the atmosphere over the city and its surroundings.

2. Diagnosis of the accumulation of impurities containing heavy metals in the
vegetation cover of the areas adjacent to the city, based on observations (Nadym,
Norilsk) and numerical modeling.

3. On the basis of remote sensing data, field observations and the results of
numerical modeling to assess the impact of urbanization on the evolution of snow
and ice cover of the surrounding areas, ice and biogeochemical regime of
thermokarst lakes.

4. Development of new physically based parameterization of heat and moisture
exchange in the moss cover, dynamic and thermal roughness and thermal balance
of various types of underlying surface, including urban environment.



MoTuBauua

O pekT ropoAcKOro ocTpoBa Tenna n3yyeH AN YyMePeHHbIX LWUAPOT, HO He ANs APKTUKA

N

LATE AFTER

Rural Suburban Commercial Downtown Urban Park
Residential

Suburban Rural
Residential Residential  Farmland

KatoueBble BOMPOCHI:

1) CylwecTBYIOT N1 OCTPOBA Tenna B ApPKTUKe?
2) Kakasi UX MHTEHCUBHOCTb (BenNMYnHa TepMMUYECKON aHOManNun)?

3) KakoBO ux BrnmsiHMe Ha oowWecTBO U 3KOCUCTEMDbI?




Scales of urban climate studies
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Figure 1.1 Time and space scales of various atmospheric phenomena.

The shaded area represents the characteristic domain of boundary layer

features (modified after Smagorinsky, 1974).
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Figure 1. Various scales linking urban environments to the environmental system
(modified after Oke (Oke 1987): urban canopy layer (UCL) and urban
boundary layer (UBL)).

(Oke, 1987)

(Shepard, 2005)
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Nadym topography

Nadym topography from Open Street Map and in situ measurements




Experimental campaign in Nadym

Location: Nadym, Russia, 65.3N, 73E
Period: 18-27 December 2018
Lowest observed temperature: -46 °C
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With contributions of Pavel Konstantinov (MSU), Arseniy Artamonov (IAP RAS), Artem Pashkin (IAP RAS)




Experimental campaign in Nadym

Aim of the research is to investigate the =
ABL behavior over the Arctic city in winter,
under strongly stable atmospheric
stratification
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the city center
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vertical temperature
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*UHIARC (LYrban Heat Island Arctic Research Campaign) AWS is deployed in Nadym since 2016 (Konstantinov et al., 2018
** Methodology of the quadcopter application for temperature measurements is described in (Varentsov et al., 2019)



Experlmental campaign in Nadym

e Near-surface temperature & UHI intensity
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Height [m]

Experimental campaign in Nadym
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e
LES of particles dispersion in city canyons

Large Eddy Simulation Wind components in street canyons
parameters (Glazunov, 2017): ¢ ‘

i

S LY ) o (S R

® Re =12000, 2% 107

@ Lagrangian transport of
passive particles

@ ,=0.025m

- street width W=30 m

o model grid step W/20,

W/40, W/80 (0.375 m)

0

(S
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Particles concentration in street canyons
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The results of calculations have shown that for correct reproduction of stable stratified
turbulence in the urban environment, sufficiently detailed grids are required (about 30
knots for the characteristic size of the building; the grid step should be about 0.5
meters).

The configuration of a coupled LES-models for calculation of the flow around an object that
simulates city building. Left: wind speed fluctuations calculated in the periodic computational
domain. Right: the wind speed interpolated to the new mesh and used as boundary condition at the
inlet (cross-section shown in colored field with contours); a streamlined object and fluctuation of
wind speed around it; the grid is depicted in light lines on the bottom face of the computational
region and thickens to the object.
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Air temperature and its fluctuations in the calculation with the coupled LES - model
of a stable stratified flow around a '"group of buildings". A fragment of the

computational domain is shown. The gathering grid in the vicinity approaching to an
equilateral steps of 0.5 m.




Alexander Varentsov, a student of the 3-rd year of education in
the Lomonosov Moscow State Unversity, has developed a
numerical model of Lagrangian transport of inertial particles in
an urban environment. The results of RANS calculations of
turbulence, namely, the averaged flow velocity, as well as the
Kinetic energy of turbulence and its dissipation rate, are used as
input data in the model. The calculation of the particle
trajectories is done by considering the force of buoyancy and the
resistance to air flow by a factor given by empirical function of
the Richardson number [Morsi, 1972]. Turbulent transport is
calculated using two different stochastic models: (1) an algorithm
that assumes turbulence isotropy and a normal distribution of
velocity fluctuations, and (2) a random walk algorithm [Gosman,
1983], in which the interaction time of a particle with a turbulent
vortex is limited.
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Results of test calculations of the
vertical velocity field and particle
concentration according to the

, =22 ENVI_MET model (right) and the
, ' ' ' i — ==t concentration of Lagrangian particles
| according to the model developed in the
= project (left) for the flow over a series
== of canyons. The vresults of the
“:== Lagrangian model are shown for two
variants of turbulence
== parameterization.
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Hagbim, 400x400 m

CKopocTb noToKa Ha 10m — 5 m/c, HelTpanbHaa cTpaTudmrKaums

CkopocTbBeTpaHa 1.2 m | KoHueHTpaumAa Ha NOBEPXHOCTH

Results of test calculations of the
velocity field according to the
ENVI_ MET model (left) and the
concentration of deposited
Lagrangian particles according to the
Lagrangian model (right) developed
in the project for one of the areas of
Nadym.
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Mosses

® "Mosses dominate the surface cover in high northern latitudes and
have the potential to play a key role in modifying the thermal and
hydrologic regime of Arctic soils. These modifications in turn feed
back to influence surface energy exchanges and hence may affect
regional climate. However, mosses are poorly represented in models
of the land surface." (Beringer et al., J.Climate, 2001).

Parameterizations of mosses are included in NCAR Land
® surface model (Beringer et al., 2001), MetOffice’s JULES
(Chadburn et al., 2015), ORCHIDEE (Drud et al., 2017).

All of them treat mosses as an additional soil layer of ~5 ¢cm, with
decreased heat and moisture transfer coefficients.

o Species diversity of mosses is not taken into account.

INM RAS-MSU terrestrial model



Machul’skava E.E. Modelling of processes of the atmosphere and cryosphere interaction
MLV
Permafrost area climate characteristics reproduced by the INM RAS climate model [ﬂm_ﬁ\l
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Laboratory studies of moss transfer properties
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Energy and Buildings 158 (2018) 1417-1428

Contents lists available at ScienceDirect

Energy and Buildings

journal homepage: www.elsevier.com/locate/enbuild

Effects of convection heat transfer on Sunagoke moss green r(
A laboratory study

M. Amir A. K*', Yasuo Katoh®*, Hiroshi Katsurayama?,
Makoto Koganei®, Makoto Mizunuma ¢
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Heat transfer coefficient in the moss
layer increases 5 times with increase
of the wind speed. The same mgnitude,

but of decrease, is observed in Bowen
ratio.
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Fluid dynamics in porous media?
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Figure 6.9. Compilation of experimental, analytical, and numerical results of Nusselt
number versus Rayleigh number for convective heat transfer in a horizontal layer heated

@ Springer from below (Cheng, 1978, with permission from Academic Press).

Numerous analytical and experimental results for free and forced convection in

porous media from literature are available.
INM RAS-MSU terrestrial model



A plan for targeted experiments

Nadym neighourhood

Objective: validation of new models
for roughness and heat transfer
IN Mosses
Tentative plan of measurements:

® Temperature, humidity, wind
speed at =2 levels in surface air
layer

o .
eddy covariance measurements of
heat and moisture fluxes

o L
radiation fluxes
o

surface temperature and soil
= temperature at different depths

heat flux and temperature
measurements inside moss layer

INM RAS-MSU terrestrial model
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Thanks for your attention!




