Mean vertical profiles of dry-bulb potential temperature over the rainforest (squares) and oil
palm plantation (circles) landscapes from observations using the FAAM BAel46 research
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Free Atmosphere

\nversion Tropospher
D === ~11/km

Heignt, z

Horizontal distance, x

Adapted from Meteorology for Scientists and Engineers A Technical
Companion Book to C. Donald Ahrens' Meteorology Today, 2nd Ed., by
Stull, p. 65. Copyright 2000. Reprinted with permission of Brooks/
Cole, a division of Thomson Learning: www.thomsonrights.com.
Fax 800-730-22150.



Stratus cloud deck

Photo by Ralph F. Kresge NOAA Central Library/NWS
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Big whirls have little whirls that feed
on their velocities,

and little whirls have smaller whirls,
and so on to viscosity

Lewis Fry Richardson




NASAMODIS imagery. NASA still images generally are not copyrighted and may be used for educational or informational purposes.

Le-bglger ved Hawaii. Kilde: NASA.




Synoptic scale (2-D) eddy

Monday 06 February 2017 0000 UTC ECMWF t+0 WT: Monday 06 February 2017 0000 UTC
Surface: Mean sea level pressure / B50hPa wind speed

http://www.ecmwif.int/en/forecasts/charts/
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Cumulus Cloud (convective eddy)




Turbulens | den frie troposfeeren

Dannes ved vindskjaer mellom to luftmasser



Turbulens ved vmdskjaer
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NASAMODIS imagery. NASAstill images generally are not copynghted and may be used for educational or informational purposes.
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production
subrange

Turbulence Kinetic Energy
per eddy size

large eddies medium eddies small eddies
(~2 km) (~100 m) (~1 cm)

Fig. 9.5 The spectrum of turbulence kinetic energy. By anal-
ogy with Fig. 4.2, the total turbulence kinetic energy (TKE) is
given by the area under the curve. Production of TKE is at the
large scales (analogous to the longer wavelengths in the elec-
tromagnetic spectrum, as indicated by the colors). TKE cas-
cades through medium-size eddies to be dissipated by
molecular viscosity at the small-eddy scale. [Courtesy of
Roland B. Stull.]
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~— The “spectrum”

A, A,
Wavelength A

Tilsvarende som for
straling:

Ogsa for turbulens er
energien fordelt pa "like”
strukturer,

men med ulike starrelser



Mass fluxes (mm w.e. yr 1)

Figure 10.

Energy fluxes (W m™%)
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Simulating the climatic mass balance of
Svalbard glaciers from 2003 to 2013 with
a high-resolution coupled
atmosphere-glacier model

K.s. Aas T. DI.II'ISE E. C0||I9I2 TV Schuler T K. Bermsen J. Kohler and
B. Luks®
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(a) Mean summer (JJA) surface energy balance fluxes. Qp: net radiation, Q,,: melt

energy, (g : sensible and latent heat flux, Qpgc: heat from precipitation, Q¢: ice heat flux and
Qpg: penetrating solar radiation. (b) Annual mass fluxes averaged over Svalbard. The resulting
CMB is indicated by white dots.



Anemometer: Instrument for maling av
vindstyrke og vindretning

3 cups spin Standard
N wind anemometer:
Lite egnet for & male
- Points deflect turbulens.
wind
Hvorfor?

~Vane aligns
with wind

——_ Dial for measuring
wind direction

T Wind speed on
LCD display

“Measuring instruments
in aluminum case
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Ultralyd anemometer. Maler 3-D vind- og
temperaturfluktuasjoner med hgy frekvens.

Maler
Dopplerforskyvning i
3-D med hgy
frekvens (=100 Hz)

=>» kan beregne 3-D
vind og temperatur
med hgy frekvens.
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Samvariasjon mellom ulike variable |
turbulensen (27 meter over bakken)
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Figure 4.7 Measured time series of velocity, tcmperature, and absolute humidity fluctuations at a suburban site in
Vancouver, Canada, during moderately unstable conditions. From Roth, 1990.
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(a) Statically unstable: Aoz < 0.



Height, Z

A =(+)

Potential Temperature, #
(b) Statically stable: 26/0z > 0.




10°E 20°E

80°N Ba}e/lva‘ \

1y
| £

Eddy covariance

/ system

" . Bayatva station
‘ Ny-Alesuﬂd

° i e ‘\M- .‘
Ll g L’bngyearpyen

j

Bayelva station

0 100 km

——

> system with a cumulative flux footprint (orange contours) depicted in the right panel. Leirhau-
intercepting the Bayelva climate station in the small left panel. Figure from Liiers et al. (2014)
in Westermann et al. (2009).




Eksempel pa stralingsflukser til og fra bakken
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Energiflukser til og fra bakkeoverflaten
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Under hvilke forhold er F, stor?
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Global energibalanse

PROGRESS ARTICLE NATURE GEOSCIENCE pol:10.1038/NGEO1580

Box 1| Updated energy balance

Incoming TOA imbalance 0.6+0.4

Outgoing
solar 340.2+01 Reflected solar 100.0£2 Clear-sky 2397433 longwave
emission radiation

Shortwave Al |—Sky 266.4+3.3

cloud effect T atmospheric
window
475%3 20+4
Longwave All-sky longwave
Sensible  Latent cloud effect absorption

Atmospheric

absorption ~ 75£10 -187.9+12.5

hfaating heating

Clear-sky emission
to surface

Clear-sky 27.2%4.6

refection g\ rface shortwave 1656

absorption All-sky emission

to surface

mbalance 0.6+17

Figure B1| The global annual mean energy budget of Earth for the approximate period 2000-2010. All fluxes are in Wm™= Solar fluxes are in yellow
and infrared fluxes in pink. The four flux quantities in purple-shaded boxes represent the principal components of the atmospheric energy balance.

Stephens et al., Nature Geos., 2012.



Hvilke forhold (tid
og overflateforhold)
som gir fluksene |
(a) Fa (b) a,b,c,og d

Bowen ratio: F,, / Fgo

Tarr overflate: Hay Bowen ratio.




Temperaturvariasjon nedover | bakken.
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Permafrost som tiner = metanutslipp?

The permafrost
H Emissions from permafrost accelerate
ti mebom b M 6 global warming, which then accelerates
the permafrost melt. Global
warming could be much worse
than predicted
" g4 Carbon is released
© Global into the atmosphere
:‘aur;en:t;g acel Y as the greenhouse gases
i “&' €O, and methane
e -

to rise

g ¢ Methane
(CH,)
Agreenhouse
gas 25 times
more effective
attrapping
heat than CO,

; b)) Permafrost

o : / CHQ : 4
< warms up | J rr"rgar:organk jlc R T

Permafrost _ s

is perenially frozen

ground covering 1,500

2 quarter of land billion tonnes

in the Northern of carbon,

Hemisphere 2X more than Forecasts

is currently in the for CH4 release
atmosphere over the next 200 years =
in billions of tonnes 2100

2200

AP Sowrce: UNER, Waods Hole Research Center

http://eesa.lbl.gov/spring-thaw-arctic-generates-pulses-co2-ch4-emissions/
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Ultralyd anemometer. Maler 3-D vind- og
temperaturfluktuasjoner med hgy frekvens.

=»Kan beregne turbulente flukser direkte (w'Q’)

= m/tilleggsutstyr : Ogsa flukser av vann og
sporstoffer



Alternativ: Automatiske veerstasjon (jfr. Finse)

Gir (2m)

* Temperatur

* Vind (styrke og
retning)

* Fuktighet

=» Bruker bulk-
formler for
beregning av
turbulente
flukser
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Kan vi bruke en veervarslingsmodell (her WRF) for a
beregne energifluksene ved bakken (slik at de blir brukbare
for f.eks. prediksjon av permafrost)?
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FIG. 3. Stmulated temperature (blue *) and dew point temperature (green *) profiles for
the five days with the highest LWy, bias during summer, together with corresponding

profiles from radiosounding (solid lines) at Ny-Alesund.



Hourly LWin at Ny—Alesund during Dark winter

_5{] —
* No low clouds (BSRN and WRF) 29.9% 2.2
+  Low clouds (only WRF) 4.1% —45.1 -
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F1G. 6. Hourly observed and simulated LW, (W m_gj at Ny-ﬁlcsund during dark winter
period, with colors indicating the presence of low clouds (<3 km) according to ceilometer
measurements (black), model (green), both measurements and model (red), or no low clouds in
model or measurements (blue). Gray dots show data that are excluded because of non-
stationary conditions in the ceilometer data. Frequency and average bias for each subset of data
are given in the label. Clouds in the model are here defined as at least one layer having total
condensed water content (cloud and precipitation) of more than 10 mgm_3. Solid and dashed
lines show the 1:1 line and =50 W m ™2, respectively.
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FIG. 4. a) Stmulated and observed daily averaged BR and b) soil moisture relative to

saturation at 0.05m depth in Bayelva for the entire summer period (July and August)

from original WRF simulation (blue), modified surface runoff stmulation (green).

modified surface and underground runoff stmulation (black) and observations (red).

Saturation soil moisture in observations 1s assumed to be maximum measured value in

this period.
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original WRF model (blue), modified surface runoff simulation (green), modified surface

and underground runoff simulation (black) and measurements (red).
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FIG. 9. Stmulated (blue) and observed (red) daily averaged a) 2m air temperature (b) skin

temperature and c) net radiation at Austfonna AWS for the entire sumulation period.



Netto oppoverrettet energifluks ved bakken
Basert pa re-analyser fra ECMWF 1958-2001
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Stratosphere
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Height, Z

FA: Free Atmosphere

EZ: Entrainment Zone

ML: Mixed Layer

SL: Surface Layer
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FA: Free Atmosphere

Cl: Capping Inversion

RL: Residual Layer

SL: Stable Boundary Layer
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Overflateflukser = Ekstremveer
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 Kald arktisk luft fra NV ut over isfri Lake Ontario
« Kraftig fluks av fglbar og latent varme fra sjgen til atmosfeeren
« "Skygater” dannes parallelt med vinden =» mesoskala nedbgrsystemer

« Kraftig sngfall: Mer enn 1 meter med sng
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Kan vi endre turbulensforholdene i grenselaget og
dermed temperaturen pa bakken?




nlz_llture h LETTERS
C mate C a'nge PUBLISHED ONLINE: 29 APRIL 2012 | DOI: 10.1038/NCLIMATE1505

Impacts of wind farms on land surface temperature

Liming Zhou'*, Yuhong Tian?, Somnath Baidya Roy?3, Chris Thorncroft!, Lance F. Bosart'
and Yuanlong Hu*
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Figure 2 | MODIS JJA night-time LST and daytime shortwave-albedo

differences for the period of 2003-2011. a,b, LST differences (°C):

2009-2011 minus 2003-2005 averages (a) and 2010 minus 2003 (b).



